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The Urgency of Net-Zero
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Global surface temperature continue to increase

Mega-trends in Energy sectors

Hydrogen: Key Enabler for Decarbonization

More Energy Density Carbon Emission at
than Hydrocarbons Point of Utilization

Sustainability

Emission reduction; Carbon capture

Digitalization/Automation
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To Lead the global shift to Industry 4.0 by To Empower companies to achieve greater ‘

delivering digital transformation solutions that innovation and efficiency through digital

2 0 2 5 create exceptional value for our customers, transformation solutions & helping clients
keeping industry best practices in mind & a across the globe reduce costs and time-to-
God centered culture at heart. market as your key global partner.

Found since 1991
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Engineering Simulation with Ansys Technology
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Mixing Process and Flow in Pipe
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Process industry

Absolute Tmn;'l:;:;mal Velocity Wear_Magnitude (Custom)
000 038 075 113 150 000 100 200 300 4.00 *1’
[ 3 [
Newtonian Fluid-mixing . )
Pipe Bend Erosion

Uneroded

Eroded corners 1600 _
\ = \
1500 =
= g
1400 ;‘7,_,:;'"‘5&«
1300 <
1200
[psi]
Pipe Conjunction Erosion Piping vibration
Agitator-comparison Bubble distribution \ CERTIFIED
nsys ELITE CHANNEL
PARTNER



ﬂlll-'ll->

F Furnace, Heat Exchanger, Combustion & Reaction @//

Process industry
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Safety, Maintenance equipment

Process industry

Strength analysis for Maintenance
and services
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Simulation Empowers Hydrogen Innovation

Driving Innovation and Sustainability toward Net-Zero World with Engineering Simulation Technology
Spotlight on Hydrogen applications



Challenges in Hydrogen Value Chain
i

* Modeling SMR ¢ Design of cryo-coolers e Auto-ignition * H2 combustion

* Modeling electrolysis e Liquefaction e Hydrogen embrittlement e Flashback | NOx | H2-

* Integration of CCUS with * Storage tank design  Adsorption in hydrides Blends | NH3- Blends
reformer e Ammonia Conversion e Fuel cell design

Main Challenges
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Hydrogen
Characteristics
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Lighter than gasoline
vapor. Prone to leak

15x

Smaller ignition energy
requirement
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Vol% in air flammability
limit
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Higher flame speed than
methane
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Hydrogen Production: Steam Methane Reforming
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Objective \ » Temperature of the
Mixture : furnace-side wall of the
— To improve hydrogen yield and thermal efficiency in a Reformer tubes (NI gsc)tgang%g‘tk) HHcIigrgec:n Z:EELI_:::F’;U; reforming tube
Steam Methane Reforming (SMR) process Co\:weriion problenE: > 50 Kincrease results in a
- ;;g‘:("_‘flt;g(‘;":": 50% reduction of tube life

Ansys Solution Increase in the outer wall T
Conventional industrial
top-fired SMR plant ) ) ) ] ) ) )
L ) . . Cold outlet Aguirre, A. (2017). Computational Fluid Dynamics Modeling and Simulation of Steam Methane
— Use CFD to optimize burner layout and flame profiles, including manifold system Reforming Reactors and Furnaces (Doctoral dissertation, UCLA).
radiative and convective heat transfer in the furnace. (Fluent) Kevin Bakey (2015), ENGL 202C *The Production of Hydrogen
Gas: Steam Methane Reforming” — Process Description.
— Use reacting flow models help tune catalyst performance B
using: L e
. . tube hotspot 3
e 1D plug flow models (detailed chemistry) Max. wall tube Stalc TompeL Ty «
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Hydrogen Purification: Post-Combustion -
Carbon Capturing Using MOFs —

airw/
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Objective H20 ‘
J 0 B N CO2
— Evaluate the performance of Metal-Organic o MOF free air
Frameworks (MOFs) on adsorption of carbon dioxide 20 Packed bed y
from ambient air 18
. . . - 16
— Predict particle bed porosity and permeability. |
) . . 14 Metal-organic-framework materials act as a sponge
— Evaluate effects of partlclle swelling/deswelling on 12 to capture the CO2 chemically
pressure drop and porosity. 10
8
6 Average of co2 Mole Fraction CO2 Mass
A A 9 ;003 k) o 1.472=2 _
Ansys Solut’on =12 Average CO2 Mass - Particles
2 =4
0 0.00225 7.5e-06 ﬁ 1.0
— Particle bed generation with real particle shape of the pathlines-1 2 e
MOF. (Rocky, Fluent) 0.0015 |- § e
— Custom model for adsorption/swelling in DEM-CFD S0,
. . m U.
coupled simulations. o.0007% 256-06 g
(Rocky, Fluent) 02
25000 0 . 0.0} 5 7 z z
— 20000 Time (s)
£ 0.040
Outcome %_ 15000 - —— Average CO2 Mole Fraction - Fluid
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' 10000 5 0.030
= %]
The DEM-CFD approach enables analyzing species % 000 £ 9%
concentration for each particle in the domain, as well as x § 0.020
volume and mass change of the particles. 0 5 B , . . o UMY Time =524 go"”s //l
© 0.010
Find the particle shape and size distribution that ____Fluid Inlet Velocity [m/s] Auid Velocily L g 0.005 //
provides the desired pressure drop and porosity Reference CFD data @ Huilin & Gidasoow ® Svamlal & O'Brien (c1=0.7) | R — 0000 . - - . )
conditions. Time (s)
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Hydrogen Storage & Transportation: Embrittlement
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Material Selection Safety: Catastrophic failure in presence of Hydrogen PHM: Fatigue Life
Granta Fluids
Cha”enges Environmental Loads Material
(temperature, Stress, > Database — Diffusion Simulation
. . . Hydrogen Conc H, spatial
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Mechanical Mechanical
Selection T Stress + Crack

- Lack of standardized testing of material properties as Tool/Database Stress Simulation Calculate Fracture Propagation Simulation

a function of hydrogen concentration i Toughness/ SIF

Mechanical/nCode/
. L. . . . Alloy/ Polymer ; i
- Prediction is complex due to material microstructure, v/ Poly — Fatigue Life
d hvd diffusi Composition Extract Limiting Loads for compromised by
stress states, and hydrogen diffusion. c stat Catastrophic Failurein the presence Hydrogen Presence
urrent Status
+ Test data in National Lab databases of Hydrogen TwinDeployer
/ \ * H-Mat consortia stores data internally in
USERFLD . (CSrTlnt;-Ml' ith DOE. Sandia f Current Status Current Status
ollaboration with DoE, Sandia for *  Stress simulation with material properties as a function of H2 conc. e Fatigue Law may be made H2 conc.
database . SIF as a function of H_2 concentration maybe possible with scripting Dependent by mapping the
concentration field as temperature
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Granta Workbench /pyAnsys
H2 Stress P —
Diffusion Analysis
\\ / SW i —— ‘ i :
fE‘ T— Time: 15
Base Material = R et 5.022¢-6 Max e
Base Material : : 5 Secllls 3.5956e-6
M\\\\\mm\\ “ :'ggszse'g 3‘5472:-6
N e, g e-| 5
g as005e-s st
- 4.8701e-6 3.4019%-6
luwinum, 7150, Te1s1 4,8397e-6 Ciribs 'S
4.8093e-6 3.3051e-6  0.000 {m) PL‘V
779e- 0.000 0.030 2566e-6 Min T— .
il T . E— ot R e Crack propagation
Yield strength (elastic limit) (MPa)
. . . Deformation Deformation
. Granta Selector for light, brittle resistant without Diffusion with Diffusion
Degraded Material and cost-effective material identification

CERTIFIED
ns s ELITE CHANNEL
PARTNER



H2 Utilization: T
A MmMmon | a CO m b u St| on Predict Change in flame shape with the increase in cracking ratio

(represented H2-N2 percentage, KAUST Flame)

W

FNH;-0 FNH;-25 FNH;-50
* External dia. =50 mm

Cha”enge * Jetoutlet dia. = 4.6mm.
* Co-flow air : 150 mm air

contractor.
— Utilize ammonia effectively to produce hydrogen through A * Airflowrate : 12.9 m/s2

thermal cracking

18 million Poly-Hexcore

— Manage low reactivity of ammonia (NH3) e
— Control NOx emission and avoid ammonia slip (unburnt
Ammonia)
FNH,-0
Solution 2000,

@ EXP (FNH;-0)
1800 m EXP (F_\:H;,-Qb)
— Accurate combustion simulations using finite rate (FR) 600 ifﬁg((;\}i‘o“)m

and Flamelet-Generated Manifold (FGM) combustion s e
.«r« LES (FNH;-50)

models|Ability to include larger reaction mechanisms in the 14007

simulations. (Fluent) = 12001
S
— Fast solves using the highly scalable CFD solver on hundreds of oo ; ;
thousands of cores for faster design iterations. (Fluent, HPC) 800 - ii s . 2ee,
500 .'l.‘ ALY bl
. R el | Fuel vol.: 0% Fuel vol.: 25% Fuel vol.: 50%
0o NH3, NH3, NH3,
Benefits 2000 50 100 150 200 250 300 72% Hzl 25% 56'25% H2, 37.5% HZ, 12.5%
Axial Coordinate [mm] N2 18.75% N2 N2
Adamu A., Ayman M. E., Jiajun L., Suliman A., Hong G. Im, . . L . . .
—  Understand flame characteristics of ammonia and ammonia Bassam D., Combustion and Flame, Volume 258, Part 2, 2023, Lf: effective flame length, Zone A: mixing & recirculation, Zone B:

. . . . “neck” zone, Zone C: expanded jet flame
blended fuels | ammonia slip | stable operating points.

Flame length decreases as NH3 increases, and the global mixture reactivity reduces
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https://www.sciencedirect.com/science/article/pii/S0010218023004418?via%3Dihub

Accelerating Hydrogen adoption with Digital Twin

Objective

— ENGIE is helping their customers accelerate the
transition to zero carbon.

—
CNGiIC

Lab
CRIGEN

/Ansys

— To achieve this, they need to optimize combustion
system, operation, reduce system failure risk, and
reduce maintenance cost ;

H2 flow rate

Gas flow rate

Solution & Value

0.0 30,0 00 30.0 00 400.0

Flame temperature  Flame length Exhaust 02 Exhaust CO Exhaust NOx

— Through its collaboration with Ansys, ENGIE Lab
CRIGEN —the ENGIE Group’s corporate center for R&D

and high-level expertise is developing an ultrafast and
high-fidelity simulation based digital twin to:

* Maximize the efficiency

* Make industrial equipment sustainable by boosting

product reliability

* Help evaluate new concepts in energy production

Q_Air (Nm3/h).
Q. Fumées (Nm3m 3=}

3 ,C02_Tron (%)
Q_Gaz&H2 (Nm3/h
Q_Gaz (Nm3h)

(hydrogen etc.)

Puissance_BR (kW)

* Improve product performance during operation
through predictive maintenance and asset
performance management decisions.

© 2021, ANSYS Inc., all rights reserved.
Ansys’s trademarks and Ansys copyright material contained in this video are reproduced with Ansys' permission.
Ansys, Ansys logo and all other Ansys, Inc. product names are trademarks or registered trademarks of ANSYS, Inc. or its subsidiaries in the United States or other countries.

® Control industrial processes, anticipate carbon
reduction challenges and lower maintenance costs

\nsys

Q_H2 (Nm3/h)

© 2021, ENGIE, all rights reserved.
ENGIE and ENGIE logo are trademarks or registered
trademarks of ENGIE or its subsidiaries.
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Energy’s Sustainability Pillars

Low-Carbon Energy Efficiency Advancing Energy Acceleration Through
Solutions Improvements Reliability and Affordability Digital Transformation

* Hydrogen value chain *  Fuelproduction * Safe and reliable energy * Digital assets, simulation
*  Carbon capture *  Up/ Mid/ Downstream production and transmission *  Digital twins
* Renewable energy *  Energy conversion *  Energy storage solutions *  System simulations
* Nuclear energy *  Electricity/ Heat/ Motion  « |ntegrated energy systems *  Al/ML applications
* Electrification * Operational efficiencies, assets  « | ife and performance prediction «  Additive manufacturing
* Material circularity & processes « AR/VR

* Internet of Things (loT)
& € = * Edge computing

2 i

FOOTPRINT " a
Cryogenic pumps Flaring of hydrocarbon
L ) gases

/‘ o
-
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Identify critical location and failure mode

Fluidized beds Gas turbine

Simulation is playing a vital role in helping industries transformation to green energy effectively
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THANK YOU

CADIT (Thailand) Co., Ltd.

Tel: (662) 645 3127-9

Email: thailand@caditglobal.com
Website: www.caditglobal.com

Connect with us to find out more!
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