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UNIHEAT

« Chemical engineer

« Academic: Co-founder/director
« Centre for Process Systems Engineering
* Energy Futures Lab

« Master in Sustainable Energy Futures
 UNIHEAT

« Entrepreneurship:

— Launched & managed 2 spinoffs
* Process Systems Engineering Ltd
« Hexxcell Ltd
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UNIHEAT

* Important
* Urgent

o Difficult

* Few clues
* Not In neat disciplinary boxes
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UNIHEAT

Science (data, methods ...)
Industrial feasibllity (scaling up, make..)

Process, plant, people ...
Technical and economic performance
Introduction, Impact

Q: What set-up to promote
research, technology transfer, uptake ?
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The Problem @J

UNIHEAT

Oil Refineries use 5-7% of crude Oil to operate - World-wide >5m bbl/day !!
(Saudi Arabia production ~10m bbl/day)
2.5% of all man-made CO2 emissions

Refined products

Crude oil

Key refinery processes

Reaction and conversion =» Boreskov Institute of Catalysis
wrong products, high temperatures

Thermal energy management =» Imperial College London
fouling, poor energy integration

Refinery design and practice =» BP, Industry partners

Support Service practice
© Copyright 2014-15
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UNIHEAT
Overall, over 25% of refinery energy losses
could be practically recovered.
In some process units more than 50% (US DOE 2006)
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The UNIHEAT Project 'mj
UNIHEAT

An international partnership between leading
research institutions and industry

A well funded applied research programme with
industrial engagement built-in

The largest interdisciplinary team anywhere in the
world in this area

Innovation by design
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www.uhiheat-project.com

UNIHEAT
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UNIHEAT

1

Research-driven innovation
to improve heat exchange and
catalysis during the oil refining process

Centre of Applied Research
"Energy efficient heat exchange
and catalysis: UNIHEAT"

ANNUAL CONFERENCE 12th
September 2013, Moscow

Global leaders in the oil and petrochemical
industries meet to discuss UNIHEAT in Moscow

Our colleagues from BP and BIC visit Imperial for
UNIHEAT's third project Workshop.

BP Napennville visits Imperial College, 6th March
2013

The Project team visits Moscow, 26t
February 2013

Global leaders in Russia meet on energy
efficiency, sustainable environment

Russia reaches for the stars with its own Silicon
valley

Russia’s Silicon Valley woos British investors

Russians aim to ease trade worries with a bid to
create "Silicon Valley'

Skolkovo, BP start a joint project




Imperial College
London

HIY

Skolkovo
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UNIHEAT

Imperial College London is a science & engineering based institution
consistently rated amongst the world's best universities.

Boreskov Institute of Catalysis is the world’s largest research and
development institution in the field of catalysis.

Novosibirsk State University is one of the best research and
teaching institution organisation based in Novosibirsk, Russia.

UNICAT Ltd is a spin-off company that focuses on R&D activities in
the fields of catalysis, engineering and energy efficient technologies.

BP is one of the world’s largest oil companies serving customers
every day in more than 90 countries across six continents.

Skolkovo Foundation is a Russian non-profit organization founded in
2010 to create a new science and technology development centre
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UNIHEAT Uy
UNIHEAT

Prof. G.F. Hewitt Imperial College London Heat transfer, multiphase flow, nuclear power

Prof. G. Jackson Imperial College London Thermodynamics

Prof. S. Kazarian Imperial College London Advanced spectroscopic imaging, supercritical fluids processing
Prof. V.A. Kirillov Boreskov Institute of Catalysis Chemical engineering, heat and mass transfer, catalytic combustion
Prof. 0.K. Matar Imperial College London Interfacial fluid mechanics, multiphase flow, first principle modelling
Prof. S. Macchietto Imperial College London Process Systems Engineering, UNIHEAT project co-director

Dr. C.N. Markides Imperial College London Heat transfer, thermodynamic cycles, energy conversion

Prof. O.N. Martyanov  Boreskov Institute of Catalysis Catalysts and nanostructured materials physicochemical
characterization, supercritical fluids , UNIHEAT project co-director

Dr. M. Millan-Agorio Imperial College London Catalytic upgrading of heavy oil, analytic characterization techniques
Prof. E. Miiller Boreskov Institute of Catalysis Thermodynamics, Molecular simulation
Dr. A.V. Porsin Boreskov Institute of Catalysis  Catalysts for air purification and fuel combustion, design of catalytic

reactors, development of methods for testing catalysts and reactors

Dr. V.N. Snytnikov Boreskov Institute of Catalysis Catalysis, mathematical modelling, parallel algorithms, spectroscopy,
chemical evolution, computational mathematics

Dr. V.A. Yakovlev Boreskov Institute of Catalysis Biofuels, hydrotreatment catalyst, combustion in FCB

+ PHd and MSc Students, Research Associates, Technicians 10
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UNIHEAT

Heat exchange
and pipeline
equipment design

Chemical Thermodynamics
Characterisation & molecular
f oil and deposits modelling Experimental ont & Reaction
Measurements
manangement
/ Reactor design \
ouling Mitigation Catalytic y N Y N Integration _
Heat processes Plant data analysis
Enhancement % A Energy recovery
AL Y networks
N/ A Efficiency Optimisation
Kinetics Waste Heat /
Physical Rheological modelling and Recovery and
Characterisation and transfer validation conversion
of oil and processes
deposits
© Copyright 2014-15
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Multi-scale modelling of crude oil 2 Crude oil and fouling deposit 3 Cataly’uc upgrade and combustion of
fouling: from molecular to plant scale characterisation heavy oils

Thermodynamlc power generatlon ion in oil pipeli Laser induced ethane pyrolysis of
cycles for |mproved energy efficiency light hydrocarbons

,_'.‘,' E——
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Thermo & Molecular modelling
Prof. E. Miller and Prof. G. Jackson

Experimental
data

2%

Equation of
state

<

Parameters
intermolecular
potential

~

Molecular
simulation

o

Properties of
bulk fluids

2

Interfacial &
transport
properties

Fundamental transport phenomena

___________t____________._________

Prof. O. K. Matar

Heat
balance

$ »

Heat transfer
coefficient

¢

Momentum
balance

¢

Shear stress
& pressure
drops

Chemical
reaction &
equilibrium

¢

Fouling
deposition &
removal
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UNIHEAT

Industrial scale modelling
Prof. S. Macchietto

Shell-side coupled
to multi-pass
tube-side model

b

Costing and
impact model

'S

\ 4

REPNE

; i

lmracco ~rAativrkoacy, ~fF Udavveall 1+A4



[T

UNIHEAT

Imaging - FTIR spectrometer with Infrared

Microscope and Macro Chamber
(128 x 128 infrared array detector)

HIPOR rig - Crude oil fouling measurement
in industrial conditions

Catalytic reactions: partial oxidation of
hydrocarbons ; thermocatalytic oxydation

High Performance
computing and
modelling

© Copyright 2014-15 14



Imperial College
London

ATR-FTIR Spectroscopic Imaging (Chemical Imaging)
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UNIHEAT Project - Industry engagement

Dr. Francesco Coletti
Industry Engagement
Manager

Paul Docx
Managing Director
Imperial Consultants

Ivette Trinidad
Assist. Project Manager




Ul

UNIHEAT
UNIHEAT Industry partners
« Advanced Research Engagement

methods, data, software focus, trust, relevance

Data, materials
oroof of concept

« Lab Demonstration
small/medium scale

 Industrial feasibllity
full scale, real

Plant, people

nerformance, benefit,
... Steps for use

Greater probability of Technology Transfer success

17
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UNIHEAT

« Fouling in oil refineries (measurement, modelling
and mitigation)

« Crude oll characterisation

« Catalytic heating for pipelines and industrial heaters
« Catalytic combustion of heavy olls

* Heat recovery through catalytic Stirling engine

« Laser induced pyrolysis of light hydrocarbons

7 patents filed (5 + in preparation), demonstrators, spinoffs ...

© Copyright 2014-15



Research to uptake llﬁj

UNIHEAT
’ | , The UNIHEAT Office & Portal llﬂl
; UNIHEAT

www.uniheat-project.com
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UNIHEAT

www.uniheat-project.com
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Imperial College

Utilities infrastructure for Dubai Waterfront Project
New urban development for 1.om people with ARUP
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Imperial College

A new petrochemical complex for Vietnam @

Refine
Basic Raw
Material

Crude ail Methane >

HDPE
Natural gas Ethane

Condensate | Propane

Butane
LPG Ethylene * MDPE

Naphtha

Natural *» LDPE
Gasoline

Gas oll

* LLDPE

=+ P

PP

v

Propylene

Ethylene

0.5 % of global energy consumption

35 MMTA of CO2 emission

—»
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Plastic bottles

- Fuel tank/ chemical

storage

- Plastic hoses, pipe

and tubing

- Shopping bag

-Water tank
- Outdoor fumiture
- Playground

- Plastic bag , food

packaging bag/film

- Kitchenware

- Stretch wrap film
- Garbage bag, packaging
-Plastic pipe

-Rigid pipe and fittings
-Plastic bottles
-Cable covering

-PV( rlnth | leather

-Food packaging
-Kichenware
-Woven bag
-Cable

-Battery casing

SCG

SiAM CEMENT GROUP

CHEMICALS

CHIMNA

* Greenfield site

* Primary energy + sourcing

* Infrastructure (port, storage, ..)
* Several plants

* Energy, utility integration

* 30 yr plan

* Max NPV  Min CO2



Profit or environment?

Max NPV and Min TCO2 @ iﬁﬁ
AT 7 100% """ * Mainly coal
| 2 somorgam—| 7 . (domestic + regional +interregional)
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$351M

Biomass + electricity

A CO2 price of 36%/t would give max NPV with 70% reduction of CO2
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Imperial College
London

Postgraduate training — MSc in Sustainable Energy Futures

MSc in Sustainable Energy Futures

Uniquely structured one year masters course for
students from varying backgrounds

Highly interdisciplinary

Innovative format

“MBA for engineers”

Beetle hires
sustainable
energy
expert

Mr Veys recently took
time out from his money
management career to do
an MSc in sustainable
energy futures at Imperial
College London.

Powerthoumse: mliphe input power Statiom are more efficient .

‘l’_mir}terested in
sustainable energy,
50 | just went for it’

Ad aclentiet i introduces youto
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UNIHEAT

Important ?
* Urgent ?

Difficult ?
* Few clues ?
Not in neat disciplinary boxes ?

LET'S START!

25
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