


The Past



DYES &
PIGMENTS

COATINGS






1997 - Superabsorbents

1998 - All

pEE[ oo |

1999 - All

»'i i CIBA

%ELLIED COLLOIDSI
ECC [

}l I IMETAL

] 1998 - Carbon
UTCLIFFE SPEAKMAN |

}E WATERLINK

}E PETROFERM

} ILLINOISTOOLWORKS |

2000 - Agrochemicals

S T

1997 - Polyethylene

1999 - All
1998 - Renamed BANNER CHEMICALS I
N ] 1998 - All
W CANNING | :
] 1999 - Chemicals
% AVECIA MORGAN CRUCIBLE
2000 - Agrochemicals |
1999 - Speciality \ & | SYNGENTA
Chemicals .
1996 - Textile Colours
ZENECA 1993 1994 - Polypropylene A
1997 - Speciality Chemicals 1998 - Polypropylene Film

> UNILEVER Y P i e > I | ucB

| 1999 - Polyurethane & Titanium Dioxide

1997 - Polyester & EU Titanium Dioxide

= |

1998 - Fertilisers

1999 - Acrylics

} DUPONT
}E TERRA NITROGEN

1999 - Fluoropolymers

1998 - All

S| T
}l e | ASAHI GLASS |

BRUNNER MOND

1998 - Ackros

’EI CITICORP VENTURE CAPITAL |

RHEOX

N 1998
HARRISONS& CROSFIELD |—>
% COURTAULDS

1996 - Fine Chemicals

ELEMENTIS

1998 - All

1997 - Polyethylene

} AKZO NOBEL

1999 - Fibres

| Acorois

1999 - Some Coatings

SHELL [

1998 — Adhesives & Additives

P| SHELL/BASF

% CEMENTONE I

1998 - All

INSPEC

LAPORTE

1996 - Adhesives

P I ELFATOCHEM

2001 - All

1997 - Cellobond

2000 - All but Fine Chemicals

}- DEGUSSA AG

2000 - All

% HICKSON & WELCH

1999 - Formaldehyde & Resins

P! KKR
}El ARCH CHEMICALS |

LAGDEN CHEMICALS

1998 - Adhesives & Coatings

1997 - Leather &

Speciality Chemicals 1998 - Qilfield Chemicals

PIS| voResHire |
SI4| YORKSHIRE

}EBORDENCHEWCALS |
P> I | TOTAL

BTP (MYDRIN)

} ALBERMARLE
‘ + | CLARIANT

2000 - All
1997 - UK Pigments
1998 - All
%% YULE CATTO %% HOLLIDAY CHEMICALS
2001 - All f
=
1999 - All

2000 - All

% ALBRIGHT & WILSON [

}- CHEMETALL

] 1999 - Electronic Chemicals

l I RHODIA

>
}E| ALLIED SIGNAL |







SECTORAL BREAKDOWN OF THE EU CHEMICAL INDUSTRY PRODUCTION

PHARMACEUTICALS

SPECIALITY & PERFORMANCE
CHEMICALS

PLASTICS & POLYMER RELATED
PRODUCTS

FEEDSTOCKS & BASE
CHEMICALS

HOME PRODUCTS & PERSONAL
CARE

INORGANICS, CHLORALKALLI,
GASES, & NUCLEAR

FOOD CHAIN CHEMICALS

(BY VALUE)

PHARMACEUTICALS

SPECIALISED ORGANICS
ELECTRONIC CHEMICALS
DYES & PIGMENTS
COATINGS & INKS

RUBBERS
PLASTICS
MAN-MADE FIBRES

PETROCHEMICALS
FEEDSTOCKS
BASE CHEMICALS

SOAPS & DETERGENTS
COSMETICS & TOILETRIES

INORGANICS
CHLORALKALI 5
GASES

NUCLEAR

FERTILISERS
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TOP TWELVE R&D EXPENDITURE COMPANIESIN PHARMACEUTICALS
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Pfizer 3.35 22.3
GlaxoSmithKline =k 2.65 20.6
Johnson & Johnson 2.48 22.7
Aventis Bl 212 13.9
AstraZeneca 1.92 11.4
Novartis 3 1.72 13.2
Merck 1.70 33.3
Roche (= 1.60 12.0
Pharmacia 1.56 9.5
Bristol Myers Squibb 1.56 13.4

Eli Lilly 1.54 7.9
American Home Productsg 1.29 9.8
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PHARMACEUTICAL COMPANIESLISTED ON THE LONDON STOCK EXCHANGE

THE TIMES — APRIL 1992 THE TIMES — APRIL 2002

Acambis
Alizyme
Glaxo Antisoma
Smith Kline AstraZeneca )
Axis-Shield

Bioglan Pharma
British Biotech
Celltech
CeNeS Pharmaceuticals
GeneMedix
GlaxoSmithKline
Goldshield
Intercare Group
KS Biomedix
ML Laboratories
Osmetech
Oxford Biomedica
Oxford Glyco
PPL Therapeutics
Pharmagene
Phytopharm
Powderject
Profile Therapeutics
Protherics
Provalis
Wm Ransom
SR Pharma
Shire Pharmaceuticals
SkyePharma
Theratase
Vernalis
Weston Medical
XTL Biopharm
Xenova

The 1992 list does not classify “Pharmaceuticals” separately, they are under “Industrials”.
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R&D Scoreboard for Pharmaceuticals - 2002
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Source: The 2002 R&D Scoreboard, URN02/215, DTI



UK R& D EXPENDITURE ASA PERCENTAGE OF SALES
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CHEMICAL COMPANIESLISTED ON THE LONDON STOCK EXCHANGE

THE TIMES — APRIL 1992 THE TIMES = APRIL 2002
Allied Colloids
Amersham
[ Amberley Group
Anglo United e o
BTP |
Bayer DM50 | BOC
} Bayer DM50
Blagden ye '
i British Vita
Brent Chemicals
i Croda
Caird Group
i Dyson
W Canning '
Elementis
Croda
i Euro Colour
Ellis & Everard
Hoechst
Euro Colour
ICI
Cyone Porvair
J Halstead
i Scapa
Hickson
Hoechst Syngenta
ICI Takeda Chemicals
Laporte Victrex
. Yorkshire Group
pyiiol Yule Catto
MTM

Norsk Hydro
Peterson Zochonis
Plysu
Porvair
Rentokil
Sutcliffe Speakman
Wardle Storeys
Wentworth
Wolstenholme
Yorkshire Chemicals
Yule Catto

The 1992 list was categorised as “Chemicals and Plastics”, and at that time BOC was in a section called “Industrials”.



R&D Scoreboard for Chemicals - 2002
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FACTORSPENALISING INNOVATION IN THE EU CHEMICAL INDUSTRY

Time
required
Costs of Regulatory
notification requirements
for R&D
INNOUATION

J
Number of Spending
notifications
on R&TD
of substances
Regulatory

principles
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COST & TIME OF BRINGING A NEW CHEMICAL (of >1tpa) TO MARKET
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EU CHEMICALS POLICY

SUMMER 2001

BACKGROUND TO THE EU CHEMICALS
POLICY WHITE PAPER

he European Comemizsion issued its While Paper
| on the “Strategy for a future Chemicals Policy” in
mid Fehruary 2001, The White Paper proposes
miajor changes in the way that the use of chembeals will
be controlled through legislation.

The White Paper addresses four existing pieces of
legislation: the Existing Subsiances Repolation; the
Dangerous Substances Directive (CHIF & NONS); the
Dangerous Preparations Divective and the Marlketing
andl Use Directive.

In essence, it is proposerd that legislation for new and
existing chemicals should be merged inte one, with all
chemicals manufactured al over one lonne being
registered. Higher tonnage of manufaciure will attract an
increasing degree of testing. Chemicals of high concern
will hiave 1o be positively Ested, with manufzerer and
nge approved prior b marketing, Whilst there is a clear
improvement for new substances, the proposal has the
potential Lo be extremely burdensome for all other
subslances, nat least as it is proposed that all testing be
completed by 20012, The proposed system will be knewn
a8 REACH. The assessment of chemicals will be
controlled centrally through & centrzl hody, possibly the
European Chemicals Bureau,

The White Paper was discnssed and recommendations
made for progression al & meeting of EU Environment
Ministers on 7 June 2001, The Commission was given
insiructions to produce a regulatory framework which is
likely to reach an unolficial deaft by early 2002, with an
official first draft Regulation () by end 2002 znd entry
into foree by 2004 at the latest,

The European Parliament is drafling a report on the
White Paper. This will be agreed in mid-Cetoler and
will help form the views of the European Commission in
its drafting of the legislation.

The events leading Lo the White Paper can be broadly
described as follows:

= Wide recognition of the proldems of the current

regulatory regime for exisling subslan

*  Confidence i Chemsioals pragramme initiated

voluntarily by the Eurcpean chemical industry

*  Industry voluntary global Initiative - 1000 high
production volume chemicals by end 2004,

= EU process started Spring 1998,

* UK policy agreed December 19595

= loint White Paper of DG Environment znd DG
Enterprise in February 2001

#  Little consultation with industry - or member states

The White Paper sets out propesals for learning more
about all manufactured substances, aking &
precautionary approach should anvthing ke found of
concern, ensuring all uzers of the substance are aware of
the hazard and exposure and making imlormation fownd
more widely ace sle. A broader degree of resezrch is
called for in examining various mechanisms and
stakeholders will be invited to help sieer the process.

Confidence in Chensicals and the White Paper share
many goals and propose similar mechanisms, As ever,
concerns lie i the detal,

CONTENTS N
Bachgrownd to the U Chemicals
Policy Whtte Paper ..........ccceoeisiioeeinniind
New EU Chemicals Srategy o
Respoaise Iy the Chesiical Industries

Association ..o P
General Comments ... T ST e 3
Aspects We Welcome ... A
Froposed vs Curvent Regime 4

Issires fo-be Addressed ....uveeiiesnsssensmsninind

Important Unresolted ISSHES <1 veaneiivesenn odF
A CIA Interpretation of the
UK Governsment Fosftion ... &

Chpportienities Presented by the
White Paer.
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INDUSTRY UNDER PRESSURE

Global markets & competition

« Rapid pace of technology change

« High cost & risk of R&D

« Stockholder demand for near-term profits

« Government regulation

. Customer pressure on costs

« Technology / product complexity

« Competing materials



£23.2 billion

Contribution to the balance of payments in 2009: £5.5 billion
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PHARMACEUTICALS

R&D
INTENSITY

HIGH CUSTOM
VOLUME SYNTHESIS

SERVICE REQUIREMENT



PROPORTION OF CHEMICAL INDUSTRY IN HIGHER ADDED VALUE
SPECIALITY CHEMICALS

100+

90+

80




GOAL

MARKETS

Impact on growth
Healthcare
Electronics

Large but low impact
Automotive
Defence / Aerospace
Housing
Technical innovation slow to impact
Energy
Food
Environment

ENABLERS

Intellectual property
Legislation & regulation
R&D / technology management
Interdisciplinarity

TECHNOLOGIES

Pacing
Nanotechnology
Process intensification
Biosciences (biotechnology, genomics, proteomics)
Combinatorial (including high-throughput) technologies
Catalysis / synthesis
Key
New materials
Environment
Formulation
Computational (informatics, data analysis, modelling)
Processing
Separation
Platform / base
All branches of chemistry and chemical engineering and their interface with other disciplines (e.g. biology & materials)




EUROPEAN CHEMICAL COMPANIES

94% of all chemical companies employ fewer than 250 employees,

generating over 25% of sales and employment

80

75%
73%

70 -
Number of enterprises
- sales by employment 60 7

Size-class (share in %) 53%

Number of Enterprises Sales Employment

irce: Cefic and Eurostat

Employment
class

0to 9
10to 49
@50 to 249
250+




INNOVAYION METRICS

Amount spent on R&D
per annum
Proportion of turnover coming from new

products (<5 years old)

Proportion of profit coming from new products

(< 3 years old)

Number of extra employees arising from new

product introductions







SPIN-OUTS FROM CHEMISTRY DEPARTMENTS

IMPERIAL

Photobionics
Casect
Proteom Ltd
IC-Vec Ltd
Argenta Discovery Ltd
Molecular Vision
Powewrlase Ltd

CAMBRIDGE

Polight Technologies Ltd
Biotica Technology Ltd
Akubio
Solexa
Astex Technologies
Millenium Pharmaceuticals Ltd

OXFORD
Opsys
Biosensors Ltd
Pharminox
Inhibox
Oxonica Ltd
Zyentia

UMIST
Advanced Hall Sensors
Gentronix Ltd
Microarray Ltd
Oncoprobe
Osmetech plc
Phototherapeutics Ltd

SHEFFIELD MANCHESTER QUEENS, BELFAST HUDDERSFIELD
Luminaries Ltd Manchester Organics Quill TDL Sensors
Shefcote Ltd Muscagen QuCHEM Bioscrubb

Webelements Ltd Nanoco Technologies Ltd Questor Technologies Ltd
Cavendish Instrunents Ltd
LIVERPOOL LEEDS SALFORD YORK
Stylacats Gluco Ltd CUD Technologies Vistatec York Ltd
Charterhouse Therapeutics Lumenia Ltd Photonic Research Systems Ltd DMD Chiral Ltd
WARWICK STRATHCLYDE LOUGHBOROUGH SCHOOL OF PHARMACY
Warwick Analytical Services Smart Tech Ltd Charnwood Catalysis Lipoxen Technologies Ltd
Warwick Effect Polymers Ocutec Ltd Phlogiston Scientific Ltd PharMaterials
UCL EAST ANGLIA EDINBURGH GLASGOW
Capteur Sensors Ltd Photodynamic Therapy Albachem Ltd XstalBio
LEICESTER ST ANDREWS CARDIFF DUNDEE
Scionix Ltd Innov8ive Muscagen Ltd AMCET Ltd
HULL PLYMOUTH KINGS GALWAY
Kingston Chemicals Ltd Daviron Instruments Ltd Katamid Ltd Aran Chemicals




SPIN-OUTS FROM MATERIALS SCIENCE DEPARTMENTS

Start-ups
< 3years old

Start-ups
> 3 years old

Acquired or floated as a
public company

Electronics / Optics

Kingston Chemicals (Hull)
Ecertec Ltd (Leeds)

Cambridge Display Technology (Cambridge)

IQE (Cardiff)

Optiglass Devices Ltd (Leeds) Opsys (Oxford)
Oxonica (Oxford)
Riohm Tec (Oxford)
IMPT (Imperial) Disperse Technologies (Leeds)
Nanotechnology Mesophotonics (Southampton) Nano Instruments (Oxford)
NanoCo Technologies Ltd (Manchester)
NanoMagnetics (Bristol)
. Kindbrisk (Oxford)
Sensors / Analytical Microarray Ltd (Leeds)
Instrumentation - SensAlyse Ltd (QMC)
International Interstitial Technologies (Manchester)

Manufacturing Novarc (Oxford)

equipment / software

IPSA Power Engineering (UMIST)

Osprey Metals Ltd (Swansea)

Healthcare

Adaptive Screening Ltd (Imperial/Glasgow)
Birmag (Birmingham)
Novothera (Imperial)

CellTran Ltd (Sheffield)
Hybrid Systems (Birmingham)

M Gill (Leeds)

New materials

Auxetic Materials (Bolton Institute)
Gluco Ltd (Leeds)
Smart Tech (Strathclyde)
Surfactant Solutions (Napier)

Bodycote SHU Coatings (Sheffield Hallam)
Newlands Scientific

Miscellaneous

Ceres Power (Imperial)

Adelan (Birmingham)

General
Consultancy

CAPCIS (UMIST)
Kingston Polymer & Composites Consultancy
Swansea Tribology Services (Swansea)
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Faraday Partnerships

concept modelled on

Fraunhofer Gesellschaft




THE INNOVATION STRETCH (STEP CHANGE)
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It Is difficult, if not Impossible, to engage in noble
enterprises without money to spend on them”

Aristotle




ENHANCING THE
COMPETITIVENESS AND
SUSTAINABILITY

OF THE UK CHEMICALS
INDUSTRY

A report' by the

chemicals

innovation and

growth team




TECHNOLOGY ROADMAP LOGIC
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TYPES OF TECHNOLOGY ROADMAPS

INDUSTRY
Broad Large

TECHNOLOGY
SPECIFIC

&
&

PRODUCT
Limited
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WHAT'S IN IT FOR YOUR COMPANY ?

Reduce the cost and risk of R&D

Leverage technical resources

Guide technology investments

Boost corporate image

Capitalize on existing research

~N NN N

Co-ordinate access to R&D funding resources




US — FIELDS POISED FOR EXPLOSIVE INTELLECTUAL AND COMMERCIAL GROWTH

ADVANCED MATERIAL@

MOLECULAR BIOLOGY

INFORMATION smmc&

US Vision 2020




KEY THEMES FOR THE UK

ENERGY
MEDICAL
 Imaging
« Tissue engineering
INFORMATION & COMMUNICATIONS
« Photonics
SYSTEMS FOR LIFE
« Water
« Food Safety

e Security



EPSRC 22

Chemistry at the Centre

An International Assessment of University
Research in Chemistry in the UK

New Dimensions
for Manufacturing




Develop your career with the

TRATHCLYOE  MSc in CHEMICAL TECHNOLOGY
‘ & MANAGEMENT

ation Modules in

Cl : Process Engj

designed for industry-hased graduates mass and energry balances

fluid flow
entry fram a range of backgrounds and reactors
disciplines safiely

Process economics
designed and managed in partnership with
industry
modular and flexible structure with core MANA(F:EMENT
and elective modules BUSINESS
delivery by distance leaming accounting & finance
: : project & operalions
tutorial support with workshops and management
summer schools :

management funclions

foundation modules in chemical \ zeneral & strategic
engineering managemenl

financial management
work-hased project =

normal duration of M5c - three years

Diploma available

individual medules available

RE&D iTechnical) MAMNAGEMENT
Managemenl of Technological Innovation
Regulatary Affairs
Safely & Laboratory Managemenl
Intellectual Property Rights
tolecular Modelling
Analylical Methods & Actomation

For further information, please comtact:

Brian Dickson

Department of Chemical & Process Engineering
University of Strathclyde, James Weir Building
Montrose Street, Glasgow G1 1X)

heal transfer
separation processes
process control

PROCESS
TECHMNOLOGY
clean processing

safely & environmaent
madelling & simulation
process control stratesies
process design
multi-phase processing

separalion processes

manufacturing technology

INFORMATION
TECHNOLOGY

IT steateqy

, networking & communicalions

databases

Tel: 0141-553 4131
Fax: 0141-552 2302
Email: brian.dickson@strath.acask




ANAGING THE LINKTG

(LORPORATE STRATEGY
FOURTH
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- | “Innovation is a difficult and complex problem
| that is constrained in many dimensions, but it is
¥ also an important activity and its mastery is vital
for long-term well-being of nations, companies,
communities, and families. Only innovation
Increases the size of the pie, which means
that only innovation leads to improved

\ standards of living.”

Managing Knowledge,
Technology, and Innovation

William L. Miller and Langdon Morris

"



“It may be innovative but there is no way we
can try it. It's never been done before”




