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Trends in chemical production

Examined trends in all sectors
of the chemical industry

Chemical economy
Commodity chemicals
Pharmaceuticals
Fine/speciality chemicals

Custom automated
synthesis

Proteins and nucleic acids
Agricultural chemicals
Reqgulatory issues
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1 he worksnop discussed In 10 different ses

Chemical Industry and the Chemical Weapons Convention
Mr Cheng Tang (OPCW SAB Vice-Chairperson), Moderator

Trends in the European and global chemical industry
(Dr René van Sloten, cefic)

Industry inspections and Chemical Weapons Convention policy: looking
toward the future
(Dr Stephanie Dare-Doyen, OPCW Office of Strateqy and Policy)

WWW.0pcw.org 8



Commodity and Platform Chemicals
Professor Ferruccio Trifir6 (OPCW SAB), Moderator

Future directions of the modern chemical industry
(Professor Fabrizio Cavani, University of Bologna)

Sustainability in Chemistry
(Dr Detlef Maennig, Evonik Industries AG)

Chemical production by conversion of carbon to products through gas
fermentation
(Dr Sean Simpson, LanzaTech)

Bio-based Production |
Professor Isel Alonso (OPCW SAB), Moderator

Manufacturing: current status and future of biologicals in therapy
(Dr Florian M. Wurm, ExcellGene SA)

European bio based industries sector
— (Mr Andrea BoZi¢, Saponia)
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Specialty and Fine Chemicals, and Small Scale Production
Dr Koji Takeuchi (OPCW SAB), Moderator

Fine chemicals - current trends and challenges in industry
(Dr Olaf Burkhardt, Evonik Industries AG)

Custom synthesis in chemical production
(Dr Tony Bastock, Contract Chemicals UK)

Trends in bioproduction and bioreactor design in relation to specialty
chemical production (Dr i.r. Nico M.G. Oosterhuis, Director of Technology,
Celltainer Biotech BV)

Pharmaceuticals
Dr Renate Becker-Arnold (OPCW SAB), Moderator

Highly active pharmaceutical ingredients
(Dr Andreas Beyeler, F. Hoffmann-La Roche AG)

Safety and quality by design: minimizing risk and environmental impact in

pharmaceutical production
— (Dr Ernest Mestrovié, Teva Group)




Agricultural Chemicals

Ms barbara Hedler (OPC

Industry Verification Branch), Moderator

£ Pesticides (Dr Syed Raza, OPCW SAB)

Synthesis Tools

Continuous flow reactor technology
#= 1Y, (Dr Kerry Gimore, Max Planck Institute of Colloids and Interfaces)
N

Dr Christophe Curty (OPCW SAB), Moderator

- Dial-a-Molecule (Professor Richard Whitby, University of Southampton)

Nucleic Acids

Dr Pal Aas (OPCW SAB), Moderator

Next-generation DNA synthesis: a biological tool driving innovation in
metabolic engineering (Dr Devin Leake, Ginko Bioworks)
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Chemical Analysis and Informatics
Professor Roberto Martinez-Alvarez (OPCW SAB), Moderator

Transferable learnings from a decade of mutagenic impurity analysis (Dr
Dave Elder, CMC Consultant)

Machine learning in chemical synthesis
(Dr Marwin Segler, Westfdilische-Wilhelms Universitdt Miinster)

Regulatory Frameworks
Dr Stephanie Dare-Doyen (OPCW Office of Strategy and Policy), Moderator

Regulation in the chemical industry (Dr Renate Becker-Arnold, OPCW SAB)

Biomediated processes and industry verification under the Chemical Weapons
Convention (Ms Barbara Hedler, OPCW Industry Verification Branch)
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Highlights of the tirengisim

chemical production amnd tthe
implementation of CWIC
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Trendlsimtthe Eousopeamand

global chemical imdlustny

Dr René wanSloten from Cefic (Europe Chemical
Industry Council)discussedithe evolutioniof.chemical
production after entry into force ofithe(Convention.

1997 tripagarol wi th the European L
United States of America (USA), and Japan as the top
three chemical producing regions;

The world has since witnessed the emergence of multiple
new production platforms in Brazil, India, the Middle East,
South East Asia, and Korea. Roughly 40% of world
chemical production now occurs in China.

WWW.0pCW.org 14



Trendls imttine Housopeamand

global chemical iimdlustny

EU chemicals sales increase by nearly 60% in &3
20 years, while its world market share halves

EU share of global chemicals market

g

We see also
a worrying
decline in

-
=

-
E

domestic
EU market
share over
the past ten
years

EL chemicals sales (€ bilkon)

g

1995 1999 2003 2007 2011 W5

. EL chemicals sales (€ billion)
m World share (%)
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Trendlsimtthe Eousopeamand

global chemical imdlustny

Asia chemicals production outpaces 0
other regions

World chemicals sales: geographic breakdown

Wonld chemkals sales (€3.534 bilion)

China dominates
chemicals world

Source: Cefic Chemdata Internationa!
* Restof Europe covers Switzerland, Norway, Turkey, Russia and Ukraine
** Morth American Free Trade Agreemen t

WWW.OPCW.Org 1 6
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World landscape of the chemical industry is R

changing rapidly

GROWING OUR ECONOMY & CREATING JOBS

$164 billion

in new capital mvestment
mn

426 thousand

direct & indirect jobs by 2023
LK 24 ji goraraiod by hovsoheid toandny)

301 billion
neW l§ new economic output
chemical

industr ' e
projects du! $22 billion

to shale gas* in new tax revenue by 2023

©

“13th Five-Year Plan”
NEW MANUFACTURING PROJECTS ARE .

From “following the lead”
to “taking the lead” and
from a big country of
petroleum and chemical
industry to a “great
power”

Leading on technology
innovation and trade

Prevailing in international
markets

Page 7
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U A shale gas boom has revived the chemical industry in

the USA;

U EU chemical industry are seeking to move up the
iInnovation ladder by developing products that provide
solutions to global challenges that include climate change,
energy, water, health, and food.

Several significant developments in the global
chemical industry observed over the past 20 years

were not recognized until they actually took shape
(e.g. they were unanticipated in the years just before
they happened).

18



Future directions of the modern chemical industry

Fabrizio Cavani

Dipartimento di Chimica Industriale “Toso Montanari”,
ALAM MATER STUDIORUM Universita di Bologna




Future directions of the modern chemical industry




The new Sustainability Paradigma: Replacement of fossil-derived

building blocks with renewable raw materials

existing C6 .
carbohydrates Chemo-catalytic or
bio-catalytic

existing transformation
carbohydrate —

feedstocks ——

future
lignocellosic
carbohydrates

emergent
lignocellulosic
feedstocks

WWW.0pcw.org
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Conclusions

The chemical industry is facing important challenges, and is now
committed at maintaining the competitiveness but also at
improving its environmental performance

One of the most important target is the replacement of fossil-
based raw materials with renewable-based building blocks
(bioplatform molecules). The main issue here is the economic
sustainability. The co-location model may help in achieving
substantial savings of investments.

However, also the environmental sustainability has to be
carefully evaluated, since a truly better performance can be

achieved only under specific conditions.
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Sustainability in Chemical Industry

Dr. Detlef Maennig
OPCW Workshop on Trends in Chemical Production
Zagreb, Croatia, October 3 -5, 2017

WWW.0pcw.org 23
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Sustainability is not a fashion or a marketing

gimmick, let alone a cost driver. It is a driver
for innovation, profitability and social progress.

Why is that so?

67% higher returnon equity

50% lower volatility of earnings

21% stronger dividend growth?

1.COP SBP 300 Cimate Change Report 2014

* =2 . (1
Sustainability as a value driver e —-.

Lega mmm, Neva \\ Flagship programs to drive sustainability
s " g \ in chemical industry are
e Responsible Care®
= and

i
License to operate Profitable growth

Global Product Strategy

WWW.0pcw.org
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OPCW

Organisation for the Prohibition of Chemical Weapons

Industry inspections and Chemical
Weapons Convention Policy:
looking toward the future

Dr Stephanie Dare Doyen
OPCW Office of Strategy and Policy




. dinspectable Industrial Facilities

(data from 2015 OPCW Annual Report)
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3,023 “Inspector Days” for Industry Inspections in 2015




Article VI Inspections - Overview (up to
31 August 201.7)

www.opcw.

Facilities/Sites 5Ps with Declared Inspectable | Inspections Inspection
By Type Declared Facilities/Sites Facilities/ Conducted days

Facilities Sites since EIF since EIF

Schedule 1 23 26 26 288 4.955
Schedule 2 36 492 201 310 18893
Schedule 3 35 402 362 468 7.165
OCFF 80 4,288 4128 1932 24 120
Total 5,219 4,717 <’ 3,498 >55,13?

e ——

A total of 3,498 industry inspections was conducted until 31 August 2017
and over 55,100 days spent on-site by our inspectors.

A
S 'f* OPCW
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Adapting to changing realities

@8 opcw | 19972




Emerging questions

2. Each State Party shall ...ensure that toxic chemicals and their precursors are only
developed, produced, ...or used ... for purposes not prohibited under this Convention.
To this end, and in order to verify that activities are in accordance with obligations
under this Convention, each State Party shall subject $4, $2, $3....other facilities ...
to verification measures as provided in the Verification Annex.

In light of new threats, having in mind
the provisions of Article VI, what should
be the focus of the inspections?

+ Only declared activities / scheduled
chemicals?

» Or all toxic chemicals in the plant site?

.
(#8) opCcw
W=

WWW.OPCW.Org

29



.
'J fr) s !J{)

u@ﬁ e

Dr Tony Bastock

"ICihairman Contract Chemicals Ltd

b\/ice President Cafic

WWW.OPCW.Org
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. Contract Chemicals
Company Profile

.A employ a
A based in Knowsley, UK

-
V) [ 42

Contract Chemicals



CIMO:=0- €ustom, Toll, Contract
Manufacture

ACMO: Custom/Contract Manufacturing Organisation
ACustom manufacturing:

the process of making products or
product lines to a customer's unique
specifications.

Aroll Manufacturing:

the process of a company providing its raw materials or
semi-finished goods to a third-party CMO who often
has specialized equipment or chemistry, to carry
manufacturing processes on its behalf using those
materials or goods for a fee or toll.

AContract Manufacturing:

either of the above, with a
term/conditions contract in place

WWW.0pcw.org



CIMO:=0- €ustom, Toll, Conig
Manufacture

ACustom manufacturing:

the process of making [

specifications.

Aroll Manufacturing:




The Need for Contract Manufacture

The customer company:-
A fills its capacity, but needs more product

A develops a new product and wants to test the market
before investing in a new plant

A does not have the equipment and/or chemistry to produce
a new product

A wants to outsource early stages, but produce the final
compound in-house

A wants local production for local markets

A needs building blocks (intermediates) for its products or
formulations manufactured to bespoke specifications

Page 34



Choosing a CMO

w6w,we need to sign a non-disclosure agrééﬁ{é;t
to attend the office Christmas party this year!

A Every chemical company is a CMO!

A Almost every toll manufacturing process is carried out
under a non-disclosure agreement

-These can be onerous and restrictive

. ¥ 4
A Choose a company whose equipment, chemistry -f{w

and reqgulatory position fits the process/product %

-Large amounts of information available through
Web, trade shows, trade press and company literature

A Be prepared to invest

WWW.0pcw.org
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Chemical Weapons Manufacture

R
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Chemical Weapons Manufacture




I nematic DIScussions: tour topics consiaere

Interactive
Discussions




Topic 1::
Advancesimchemicalpoduoivondenhnalggies

and the symthesis dfcchemicadsssobeadlded nimeler
the Chemical WeaponrsiConvension

Facilitated by Jonathan Forman

What has changed-andwhatimpact

might it have on recognizing a relevant
process?

If the answer changes when considering
different production scales?
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