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Outline

Background

Research topics involving CO

• SCC conversion-energy model

o Riser reactor

o Integration of the energy

• Carbon black furnace

o Preheat stage Gibbs reactor

o Carbon formation Gibbs reactor

• GTL: COCO

o Air supplied ATR-FT recycle system 

o ATR-Reformer air based energy coupling

Summary

o Work is ongoing



Process Modelling & Optimisation Group

Background

COCO, Scilab and Cape Open tools used for

• Teaching

• Research

The presentation is about the ongoing research work

• Advantages

o Simple flexible platform, fast prototyping, integrates well

o There is prior knowledge

• Limitations

o Database, performance

o Often study anomalous systems or systems with large number of species

o Need for extensive customisation, compromises needed (nice to have versus 

the thesis must be completed on time)

o We are still not experts
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SCC (superflex catalytic cracking)

KBR Technology, 2013 

Schematic flow diagram for a SCC unit Operational details of the SCC unit

Some notes

• Energy integration

• Catalyst:fuel ratio >> 10

• Products used for 

regeneration, heating

• Catalyst is the energy 

carrier

• T>>600C

• Products: target light 

olefins and aromatics
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SCC – reactions and NG

Reaction families that occur in the SCC NG (Temane, Mozambique)
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SCC – Feed, measured products

FEED to SCC Products, Coke(=pyrene) added as 4wt%

coke

measured
lumped
species
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Matrix method – COCO fixed conversion

FeedProducts Stoichiometric matrix Conversion x reference
Extent of reaction

inversion possible to get extent of reaction
IF reactions are independent
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Least squares method used

• Error based on species

• Cannot fit uniquely for more conversions (extents) than there are 

reactions

When there are lumps

• Works as long as the number of errors > number of equations

• More species measured (lump=species) than equations

Missing species, lumped species
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Fixed conversion reactor – to use in COCO

Need to regress data to obtain product species

Approach 1

• Use elementary reactions

• System does not solve uniquely, 

• complicated by series reaction steps

Approach 2

• Premise: It does not matter what happens inbetween, as long as the 

input and output are correctly represented, this ensures

o Mass balance correct

o Energy correctly accounted for

• 2 stage reactor system
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SCC - Two stage riser section

Feed converted to propene + H2
Propene + H2 converted to all assumed products
N reactions < N measured species

All reactions parallel, easy to tune selectivity

Assumptions about 
the products made
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SCC – regression, stage 2 conversions

Prediction of the data Conversions

The unpacking of the lumped analysis
• Based on assumed product distributions
• Prior knowledge from the process
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SCC – COCO
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SCC – COCO, energy integration

The “circulating catalyst” as 
energy carried

• Catalyst:oil >20

• Assume near isothermal (T=625)

• Coke (pyrene) separated and 

combusted with tail gas

• Q preheat feed (Q1) and  stage 1 

(Q2)

• Stage 1 – Endothermic, 

• Stage 2 – Exothermic

• TControl 1: Feed preheater via split 

(Q1=0.286Q)

• Tcontrol 2: Tout riser via air flowrate

• Tout,stage1 = 490C
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SCC – the whole flow sheet

MSc Thesis, University Eduardo Mondlane, Maputo, Mozambique
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Carbon Black furnace simulations

Carbon black furnace model
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Carbon Black furnace simulations

Carbon black furnace model

Focus on these two reactors
1. Combustion preheat (Gibbs)
2. Carbon Formation, Carbon solids (Gibbs)
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Carbon Black – COCO and Gibbs

approximated as carbon black Gibbs solutions oscillate
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Carbon Black – Scilab-ipopt-ThermoImport

Gibbs minimisation

• Ideal gases

• Analytical derivatives

• Properties using ThermoImport

Adiabatic operation

• External loop, energy balance to get T and properties

• Maintains the simplicity of the minimisation

• Only few iterations (typically <5) needed.
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Carbon Black – Scilab-ipopt-ThermoImport

Gibbs minimisation, with solid carbon

• Solid activity = 1, thus ln(activity)=0, f modified as follows, n=solid

• Ideal gases

• Analytical derivatives

• Properties using ThermoImport

• Robust method

Need to build ScilabUnitOperation
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Carbon Black – Scilab-Gibbs-test

Total flow rates including carbon

Total flow rates of gases only
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Carbon Black – Scilab-Gibbs-test

Isothermal, 1000C Adiabatic
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Carbon Black – Scilab-Gibbs-test

Isothermal, 2480C Adiabatic
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ATR-SR-syngas-energy coupling

Objective:

• Combined autothermal reforming and steam-reforming

• Using air as a oxygen source

• Energy coupling between the ATR and SR

• Maximising formation of Syngas for Methanol and ammonia 

production

• Sensitivity of the operating conditions of the ATR-SR on syngas and 

energy

MSc

• University Eduardo Mondlane, Maputo, Mozambique
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ATR-SR-syngas-energy coupling

Heat exchanged reformers

• A,B are standalone, while C is integrated

• C is the target, energy for the SR is supplied by the ATR

• Conceptual COCO design
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ATR-SR-syngas-energy coupling

• Some limits

o Tout C-3 > Tmin SR

o Sensitivity analysis: must 

ensure that heat coupling 

is automated

o Tout, C-3 fixed

o Q converted to W/m
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Summary Remarks

Research

• On Going

• Good vehicle for process modelling

• Other languages, Fortran, OpenFoam,…

• We are not yet experts!
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