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Structure of the chemical industry: chemistree

Plastics, electronic materials,
Fibers, solvents, detergents, 
insecticides, pharmaceuticals

Acetic acid, formaldehyde,
Urea, ethene oxide,
Acrylonitrile, acetaldehyde,
Terephtalic acid

Ethene, propene, 1,3-butadiene,
Benzene, synthesis gas, ammonia
Methanol sulfuric acid, chlorine

LPG, gasoline, diesel
Kerosene

Oil, natural gas, coal, biomass,
Rock, salt, sulfur, air, water  

Raw materials (±10)

Fuels (±10)

Base chemicals (±20)

Intermediates (±30)

Consumer products (±30000)
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Article 87B 

EPC 2000



SHALE GAS
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WHAT ABOUT PROPYLENE? 
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HOT TOPIC
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New trends in olefin production 

1. Production technologies for olefins

2. How mature is steam cracking?

3. Electrification of the chemical industry
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ETHYLENE PRODUCTION TODAY

828/10/2017 STEAM CRACKING
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FEEDSTOCKS RANGE FROM ETHANE TO HEAVY FRACTIONS



WHAT ABOUT CRUDE OIL? 
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21ST INTERNATIONAL SYMPOSIUM ON ANALYTICAL AND APPLIED PYROLYSIS, NANCY, FRANCE, 12/05/2016

Naphtha

Ethane

NGL
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Xylenes

Steam Cracker
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?



12

Naphtha

Ethane

NGL

Ethene

Propene

C4 stream

Pygas

Benzene

Toluene

Xylenes

Steam Cracker

Bio-derived

Hydrocarbons

Triglyceride and fatty 

acid biomass

Catalytic upgrading:

Hydrodeoxygenation

Hydrocracking

Isomerization
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SCHEMATIC OVERVIEW
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Catalytic upgrading:
Hydrotreating and

Hydrocracking/Isomerization
Steam cracking

Normal and
branched alkanes

Vegetable oil
Waste fats

H2, CH4, 
C2H4, C3H6, 

C6H6, …

Fundamental 
reactor model

Optimal operating 
conditions

Kinetic
model

Reactor
model

Product 
specifications

Optimal steam cracker 
feedstock composition

Fuel

21ST INTERNATIONAL SYMPOSIUM ON ANALYTICAL AND APPLIED PYROLYSIS, NANCY, FRANCE, 12/05/2016



PLASTICS PRODUCTION KEEPS ON INCREASING
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http://libraryeuroparl.wordpress.com/2013/11/07/plastic-waste/

EU-2016



EU TARGET
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CHEMREACTOR-21, DELFT, 23-09-2014
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WHAT ABOUT FLUID CATALYTIC CRACKING?
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NEW TRENDS IN OLEFIN PRODUCTION
Abundancy of cheap methane from shale gas and stranded gas

→ Develop processes to valorize methane to higher hydrocarbons
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Syngas / MeOH

Avoid syngas

Avoid intermediates

Success for implementation will require:

� Breakthrough in catalysts, reactor design and separation processes

� Fundamental technology development

� Industry / government / academic partnerships

Oxidative Coupling of 

Methane



OXIDATIVE COUPLING OF METHANE (OCM)

Recent history
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Keller and Bhasin: pioneering work 

DOW Chemical awards “methane challenge 
grants”

Small firms are developing technology for 
converting natural gas to fuel and chemicals

Siluria Technologies successful start-
up of demonstration plant for OCM

Demonstration unit for OCM in La 
Porte, Texas

• Strongly exothermic reaction(s)

• Inverse relationship between C2 hydrocarbon 
selectivity and CH4 conversion: low C2 yields

Key challenges

Reactor design!
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REACTOR DESIGN FOR OCM
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Static
Fluidized Bed

Riser/Circulating 
Fluidized Bed

Drag force

Gravitational 
force

Limitations:

• Entrainment of particles at high gas flow 

rates

• Limited slip velocities (~ 1 m s-1)

Advantages:

• Better heat and mass transfer

Conventional Fixed Bed

Limitations:

• Thermal control of the reactor is difficult: 

• Potential formation of hotspots



REACTOR DESIGN FOR OCM
Centrifugal instead of gravitational force field → Process intensification 
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Static
Fluidized Bed

Riser/Circulating 
Fluidized Bed

Drag force

Gravitational 
force

Limitations:

• Entrainment of particles at high gas flow 

rates

• Limited slip velocities (~ 1-2 m/s)

Rotating Fluidized Bed

Centrifugal 
force

Advantages:

• Dense particle bed

• High gas feed flow rates

• Higher slip velocity 

→ better heat and mass transfer

Limitation:

• Mechanical moving parts (abrasion)



GAS-SOLID VORTEX REACTOR (GSVR)
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Gas injection through 
inclined slots

Advantages:

• Dense particle bed

• High gas feed flow rates 

→ high throughput operation

• Higher slip velocity 

→ better heat and mass transfer

Fluidized Bed in

FC

FD

Vortex Reactor

GSVR emerges as an excellent reactor choice

to demonstrate the OCM process
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OXIDATIVE COUPLING OF METHANE (OCM)
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Pearl project Shell



PROPANE DEHYDROGENATION
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A LOT OF ACTIVITY
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WHAT ABOUT COAL?
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New trends in olefin production 

1. Production technologies for olefins

2. How mature is steam cracking?

3. Electrification of the chemical industry
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Renewable fuel characterization

- experimental activity

- kinetic mechanisms

Innovative Furnace System developments and integration

- oxy-fuel combustion - emissivity coating

- coke formation - 3D reactor testing

Advanced 3D modeling

- CFD RANS/LES

- Reactor optimization

- pilot plant simulation

Upscaling and Demonstration

WHAT CAN BE IMPROVED? 



A SPIRE project



CONCEPT AND OBJECTIVES
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1. Novel combustion technology using 
alternative fuels and oxy-fuel combustion

2. Demonstrate the individual impact of novel 
emissive, reactor and refractory materials 
on pilot scale (TRL5)

3. Demonstrate the power of advanced 
process simulation (high performance 
computing and CFD) for furnace design 
and optimization

4. Demonstrate the technical economic and 
environmental sustainability of the 
IMPROOF furnace at TRL6

5. Coke formation reduction and real time 
optimization



3D COILS
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3D geometries to enhance heat transfer by

• Increased internal surface area 

• Fin-like structures

• Enhanced mixing 

• SCOPE (S+C)

• Swirl Flow Tube (SFT)

• MERT

SCOPE®
SFT®

Major drawback: 
Increased pressure losses

Models can help to 
descide on the optimal 

geometry 



NEW TRENDS: HIGH TEMPERATURE RESISTANT MATERIALS
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Higher temperatures & shorter residence times

Improved energy efficiency

Reduce catalytic coke formation

Problem of ceramics: producing coils

http://www.nrel.gov/docs/fy01osti/28265.pdf



New trends in olefin production 

1. Production technologies for olefins

2. How mature is steam cracking?

3. Electrification of the chemical industry
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GOVERNMENT INITIATIVES
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21-09-2015



THE PETROCHEMICAL INDUSTRY
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THE ENERGY SYSTEM OUTLOOK
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VARIABLE SUPPLY
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CHALLENGES FOR ELECTRIFICATION

Electrochemical conversions are currently economically not feasible: 

Primary reason: High reactor CAPEX (expensive electrodes, you scale based on 

surface and not on volume, a  lot of reactors are needed)

Important parameters: - Electricity price

- On-stream time 

- CO2 price has limited impact
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CONCLUSIONS

New trends in olefin production: 

1. the dominant technology for at least the coming 30 years

2. From a CO2 point of view: New trends in olefin production lowest emissions per ton 
HVC

3. New innovations will allow to decrease emissions even further and increase 
selectivity

Alternative Technologies

1. Propane dehydrogenation: many new projects

2. Catalytic cracking of naphtha bright future

3. OCM: reactor technology and separation are challenging

4. Electrification not economically viable
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New trends in olefin production

Thank you … for your attention ! 
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A SPIRE project
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