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LCTôsnew vision



What is Process intensification? 

ñany chemical engineering development that leads to a substantially smaller,

cleaner, and more energy-efficient technologyò

A. Stankiewicz, J. Moulijn

Stankiewicz, A. I.; Moulijn, J. A., Process Intensification: Transforming Chemical Engineering. Chemical Engineering Progress 8500, 22.

https://www.ugent.be/csc/en

4/28

Academia

GovernmentIndustry

Society



5/90

Chemical engineering ïlength and time scales

Calfa, B. A. Multi-Scale Process Systems Engineering, AIChE Annual Meeting, Salt Lake City, UT, USA, 12015.
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Computational fluid dynamics (CFD)

Simulate fluid flow based on conservation equations

ñcleverly forged dataò

ñcolors for directorsò

ñcontract for differenceò
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Computational fluid dynamics (CFD)

Simulate fluid flow based on conservation equations

Species and global mass (~composition) Enthalpy (~temperature)

Momentum (~velocity)

CH4 O2+ CO2 H2O+2 2
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Control volume approach
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LCT: Innovation through Supercomputing
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Laboratory for Chemical Technology
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Design and optimization of sustainable products and processes

Molecular Modeling Kinetic Experiments

Characterization

Catalyst 

Design

Circular process design

Low carbon technology

Renewable chemicals and technology

https://www.lct.ugent.be/research/circular-process-design
https://www.lct.ugent.be/research/low-carbon-technology
https://www.lct.ugent.be/research/renewable-chemicals-and-technology


The chemical industry is the enemy
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Chemical industry
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ÅBelgium is the N°1 chemical country in the world (per capita basis)



Process transformation
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Source: MIRA op basis van EIL (VMM)

Å18,4 Mton/y

V 27,6% of total

ÅChemical industry

V 47,4%

V 8,72 Mton/y

Industrial CO2 emissions (Flanders, 85120)



Steam cracking
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atozforex.com; pnnl.org; districtenergy.org; scade.fr; schmidt-clemens.de; Linde Group; IHS Chemical Insight
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Steam cracking furnace 101

15S. Vangaever, P. A. Reyniers, C. Visser, D. Jakobi, G. J. Heynderickx, G. B. Marin, et al., 

"Computational Fluid Dynamics-Based Study of a High Emissivity Coil Coating in an Industrial Steam Cracker," Industrial & Engineering 

Chemistry Research, vol. 57, pp. 120782-120794, 12018.



Process Intensification in steam cracking

Thermal efficiency

Product selectivity

Decoking procedures

More reactor material needed

More friction with wall ~ ȹp

Disrupt the boundary layer

ὗ ὬὃὝ Ὕ

Improve reactor design by accelerating heat input
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3D reactor technologies for flow modulation
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Bumps or dents throughout the reactor wall 

Contort the entire reactor wall Static mixers to create decaying swirl

11200

11200

11120

X-MERT SCOPEFinned tube

MERT

SFT
IHT HCD

D. Bai, Y. Zong, M. Zhou, L. Zhao, ñNovel cracking coil design based on positive constructing of synergetic 

flowing field,ò submitted to International Journal of Heat and Mass Transfer.

I. Mayo, B. C. Cernat, M. Virgilio, A. Pappa, T. Arts, and Asme, "Aerothermal Investigation of the Flow and 

Heat Transfer in a Helically Corrugated Cooling Channel," (in English), Proceedings of the Asme Turbo 

Expo: Turbine Technical Conference and Exposition, 120120, Vol 5b, Proceedings Paper p. 11, 120120.



This sounds easy but reality is different

What do you need:

1. Accurate experimental data 

2. A kinetic model 

3. Accurate boundary conditions

4. Properly accounting for turbulence

5. Automated geometry optimsation
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V High temperature on-line product sampling

V Internal standard based product quantification

V On-line GCĬGC-FID/TOF-MS analyses

V On-line GCĬGC-SCD/NCD analyses

V Computer controlled process conditions

Pilot Plant Bench Scale Setup

V Elemental analysis

V D2887 SimDist

V D11200 distillation

V GCĬGC-FID/TOF-MS

V GCĬGC-FID/SCD

V GCĬGC-FID/NCD

Detailed Feedstock 
Characterization

Process Conditions
Detailed  Product 
Characterization

LCTôsSteam cracking setups
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ÅFurnace is originally built in 1968

ÅContinuous improvement:

Á12008: new RGA (GC)

Á12009: first GCĬGC

Á12010: improved flow regulation

Á12011: new TLE design 

Á12012: automation and feed section

Á upgrade

Á12013: Online sulfur speciation 

Á12014: Online nitrogen speciation

Á12018: new refractory/coatings and 3D coils

20

History of Pilot Plant



LCTôs Pilot plant

For operating companies or engineering contractors:

╖To explore ...

Wide range of feedstock 

- hydrocarbons ranging from gases to heavy crude oils

Wide range of operating conditions

- COT, dilution, COP, temperature profile, residence time ...

Inhibition of coke deposition by additives

- in the radiant coil

- in the transfer line heat exchanger

╖To get information about

expected product spectrum

optimal operating conditions

coke deposition (run length)
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Extreme flexibility - the major advantage of the pilot plant
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Furnace + Reactor

Pilot plant steam cracking setup

Control Room



Steam cracking pilot plant
Gas-Fired Furnace + Reactor

Online Analysis
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