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Presenter
Presentation Notes
Good afternoon, I am Karen and I will be presenting on my project with the COMO group, titled “Reducing the Carbon Footprint of Transportation Fuels” today.
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Welcome to the website of the CoMo Group. We develop and apply maodern numerical methods to problems arising in Chemical
. 1 Engineering. The overall aim is to shorten the development period fram research bench to the industrial production stage by
° I h el I le N M Od E| | I n g acrOSS th e providing insight into the underlying physics and supporting the scale-up of processes to industrial level.
The group currently consists of 26 members from various backgrounds. We are keen to collaborate with people from both within

Ie n gth Scal eS industry and acadermia, so please get in touch if you think you have common interests.

The group's research divides naturally into two inter-related branches. The first of these is research into mathematical methods,
which consists of the development of stochastic particle methods, computational fluid dynamics and gquanturn chemistry. The
other branch consists of research into applications, using the methods we have developed in addition to well established
technigues. The main application areas are reactive flow, combustion, engine modelling, extraction, nano particle synthesis and
dynarnics. This research is sponsared on various levels by the UK, EU, and industry.

Markus Kraft - Head of the CoMo Group
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Presentation Notes
The Computational Modelling Group applies a range of computational techniques in a multi-scale modelling approach to a variety of reaction engineering problems. Our main focus is combustion, in particular pollutant emissions from internal combustion engines, and nano-material synthesis in flames (titania and silica nano-particles, carbon black, carbon nanotubes, etc.). Further important applications include kinetic fuel modelling of transportation fuels, reaction kinetics on catalyst surfaces, and detailed population balance modelling of granulation processes. More generally, the group develops methodologies for robust model creation which include data standardisation for large-scale systematic optimisation, error propagation, and Bayesian statistical analysis. Throughout its existence, the group has maintained close relationships with large numbers of internationally leading academics and industrial collaborators (Shell, Toyota, Ford, Lotus, Siemens, Procter&Gamble, etc.).


Computational Modelling Group

Emphasis: Combustion

 Particulate processes
(nanoparticles, soot)

e Emissions from Internal
Combustion Engines

Methods:

e Quantum chemistry

* Population balance modelling
e Computational Fluid Dynamics
* Process optimisation
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The Computational Modelling Group applies a range of computational techniques in a multi-scale modelling approach to a variety of reaction engineering problems. Our main focus is combustion, in particular pollutant emissions from internal combustion engines, and nano-material synthesis in flames (titania and silica nano-particles, carbon black, carbon nanotubes, etc.). Further important applications include kinetic fuel modelling of transportation fuels, reaction kinetics on catalyst surfaces, and detailed population balance modelling of granulation processes. More generally, the group develops methodologies for robust model creation which include data standardisation for large-scale systematic optimisation, error propagation, and Bayesian statistical analysis. Throughout its existence, the group has maintained close relationships with large numbers of internationally leading academics and industrial collaborators (Shell, Toyota, Ford, Lotus, Siemens, Procter&Gamble, etc.).




Computational Modelling Group

Emissions from internal
combustion engines:
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» Stochastic Reactor Model
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detailed chemical kinetics

* Soot through detailed
population balance models
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Computational Modelling Group

Process Informatics:

- Effective use of cost-intensive
experimental data through data
standardisation

s
* Robust model development %
through systematic optimisation, é
accounting for uncertainties £
%
e Design of experiments g, 0 . . .
40 =20 0 20 40

Crank angle [CAD]
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Reducing CO,

Reducing CO,

Improve Low Carbon
Feedstock Fuel Blends

Help Prevent Climate

Change
Protect Human Health
Methodology Model
Development Development
Automated Experiments —« > Chemistry Flow Interaction
Automatic Model Building Reaction Kinetics
Standardised Data Particle Formation
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Typical Oll Refinery
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Presentation Notes
I am sure everyone is quite familiar with an oil refinery and know how complex it is. After crude oil is extracted from the ground, it goes through physical separation and then complex chemical processing. After that, various  streams are blended to form different products, one of which is gasoline. We see the value in optimising the gasoline blending so as to reduce the carbon footprint of the process. 

My project has focused on the very last part, gasoline blending.


Make clear an optimisation problem exists.



Blending to Specifications

Table of key specifications for commercial gasoline, as set out by EN-228

Property Units | Minimum | Maximum

Density at 15°C keg/m? | 720 775

Research Octane Number 95 .
Motor Octane Number 85 Chem|Ca|
Summer Vapour Pressure kPa 15 GO

Distilation (1013 mbar) Yovol 20 18

Distillation Residue Yovol 2

Final Boiling Point oL & 210

Copper Strip Corrosion (3h at 50°C) | Ratimg | Class 1 )
()}:lizlhﬂinn slmmnu- hrs § Physical
Olefins Yo vol e

Aromatics Y vol 35

Benzene Yo vol ]

Oxveen Y0 wi 2.7

FEthanol Yo vol 5

Tert-butyl alcohol Y vol 7

Sulphur 70 vol L0
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Presentation Notes
Gasoline is blended to meet legislative requirements. In the EU, this is given by document EN-228. Refineries meet this requirements using linear optimisation programmes where all properties are summed linearly. This is satisfactory for most of the properties, but is unable to predict octane numbers accurately. This is a problem since octane number is a key indicator of fuel quality.

The aim of my project is to link the optimisation from the well to tank and tank to car.


Overview

Optimisation Programme
« Use cost to indicate carbon intensity of fuel
« Octane number important parameter.

Knowledge of
Blending Pots
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.~ <{Z Octane Tests
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Chemical Kinetic
Fuel Model
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Presentation Notes
This project aims to create an optimisation programme that can more accurately determine octane number from the detailed chemistry of the fuel.

Here, it is worth noting that I have chosen to use cost as an indication of the carbon intensity of the fuel as a first step. This is a good assumption as component costs in a refinery are strongly related to the energy required to produce the fuel and thus the carbon intensity of the fuel. Minimising cost of the blend will ultimately relate to a minimisation of carbon footprint of the blend.

To solve this problem, we need knowledge of what is blended into gasoline, and then create a chemical kinetic fuel model and  then somehow relate our model to the linear optimisation programmes using octane tests.



Choice of Chemical Surrogates

GASOLINE BLENDING SURROQGATE
POTS SPECIES
PARAFFINS ETBE Ethanol
 C4-C7 range
NAPHTHENES C3 Alkylate N-heptane
« C6 — C7range | .
C4 Alkylat so-octane
AN OLEFINS ylate
 C5-C7range
— - Cat Cracked Light Naphtha N-butane
* AROMATICS
» CO=CB8range Cat Cracked Heavy Naphtha Toluene
)(L/ OXYGENATES
« Ethanol or MTBE Isomerate Methyl-cyclohexane
= ANTI-KNOCK
A ' Reformate Di-isobutylene
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Presentation Notes
Gasoline is a complex blend of hundreds of components; and is itself produced from a blend of streams, all of which are themselves complex blends of other components. By matching functional groups present in both the blending pots and gasoline, and considering what surrogate species we have, I chose a list of 7 surrogate species to represent the blending process.

ETBE = Ethyl Tert Butyl Ether
MTBE = Methyl Tert Butyl Ether



Overview

Optimisation Programme
» Use cost to indicate carbon intensity of fuel
« Octane number important parameter.

{~ Octane Tests
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Chemical Kinetic
Fuel Model
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Presentation Notes
The next part of the project is then to create a chemical kinetic fuel model.

4. Minimisation of Cost

3. Engine Test focus is on prediction of fuel quality with model – octane number that’s all! Worth knowing done using engine test with detailed chemical model.

2. Chemical Mechanisms should be called combustion chemical kinetic fuel model.

2. Feeds into 3.

Centre is the optimisation rather than anything else.

Explain optimisation problem that is central to the entire thing – key bit of the problem
�Rest is putting in data that is relevant to the optimisation 

SO FAR NO MODEL FOR OCTANE NUMBER.LINEAR MODEL AND NO MODEL THAT FITS… FUDGE FACTORS want to determine from chemical composition



Chemical Kinetic Fuel Model

Reduced mechanism for
ISO-0ctane, n-heptane,
toluene and ethanol
chosen as base
mechanism.

*Di-isobutylene,
methylcyclohexane and
butane added.

Iso-Octane

0.8

T/ ms
[ ]

0.5

0.05

1000K/T

» Resulting model contains 215 chemical species and 1192

chemical reactions.
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Presentation Notes
I  started with a reduced mechanism for iso-octane, n-heptane, toluene and ethanaol as my base mechanism and added the other three components, DIB, MCH and butane using very very simple chemical steps. 

The resulting model contained 215 chemical species and 1192 chemical reactions. 

I then validated the results using ignition time delay tests and obtained satisfactory results for quite a few of the components, as my graph indicates.


Mechanism Reduction

C6H4CH3

> C6HSOH

>-{OC6H40
C6H303
C5HS | (cHCCHCHC 2

¥ ]

\ .
(cm2cHCHCH] (Cc2m3 212

v

(HccHCcHKk—(cmcHCcH)

Removal of species
and reactions

Toluene Flux: Full Mechanism Toluene Flux: Skeletal Mechanism
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Fuel Model Optimisation

Heptane Ignition Delay Time Comparsion

4

Ethanol Ignition Delay Time Comparison
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Overview

Optimisation Programme
» Use cost to indicate carbon intensity of fuel
« Octane number important parameter.

{~ Octane Tests
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The last step is to relate my chemical kinetic fuel model to the optimisation programme.



Modelling Octane Number

sIndustrially, octane number determined using engine test.

Model used to predict octane number from fuel composition.

Pressure against Crank Angle
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e Engine test required to
predict octane number
accurately.
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Octane tests are usually carried out using standardised equipment. To determine octane number using our model, we needed to create the engine test and the graph to the left shows the results of our efforts so far. 


Further Work

Optimisation Programme
» Use cost to indicate carbon intensity of fuel
« Octane number important parameter.
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Presentation Notes
We’ve now come to a point where things can be put together in the optimisation programme. Further work will involve refining all the work carried out so far, as well as finding a relationship between the composition and octane number. These can then go into the optimisation programme.
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