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Global feedstock change leads to a regional diversification

-

S .'_‘:.:_ EL = ._ | o . )
US: | 277 Z Se < China:
Capacity of ethylene- T L until 2018 30% of
production increased | ethylene/ propylene-
about 33% 2 Global: Crude oil price slightly || production will be
above two years' low based on coal?

Malaysia: Rise of palm oll
production about 7% per year

Brasil:

Rise of sugar production
about 30% in the last

6 years 3

~

1) Korea IT Times 27/10/14, http://www.Kkoreaittimes.com/story/41908/chinese-coal-chemical-industry-poses-serious-threat-korean-petrochem-producers
2) PWHC, Shale gas — Reshaping the US chemicals industry, Oct 2012
3) http://www.agrarheute.com/welt/zucker-grosse-produktion-drueckt-die-preise, 29.8.2013




Composition of Natural Gases

,dry“ Shale Gas

(Haynesville Well)

,wet“ Shale Gas
(Marcellus Well)

Natural Gas

gen. *
Methane 70 - 90 %
Ethane 0-20 %
Propane 0-20%
Butane 0-20%
Carbon O0- 8%
Dioxide
Oxygen 0-0,2%
Nitrogen 0-5 %
H,S 0-5 %

Noble Gases traces

95 %
0,2 %

4,8 %

0,1 %

79,4 %
16,1 %
4,0 %

0,1 %

0,4 %

* Naturalgas.org; Oil & Gas Journal March 9, 2009
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Steam-Cracker- Output

Feedstock | Ethylene | Propylene

Naphtha 34,4 14,4 14,0 32,3
Gas Oil 25,5 13,5 4,9 12,8 43,3
Ethane 84 1,4 1,4 0,4 12,8
Propane 45 14,0 2,0 3,5 35,5
Butane 44 17,3 3,0 3,4 32,3

Source: http://chemengineering.wikispaces.com/Petrochemicals
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Power2Chemicals: Increasing Share of Renewable Energies for
Electricity Generation —, Surplus Electricity“
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Power2Chemicals: Increasing Share of Renewable Energies for
Electricity Generation —, Surplus Electricity“

EC DECHEMA

Gesellsdhalt fr Chemische Techaik

und Biotechnologie o\, TO E I CS :

* Inorganic Electrochemistry
OISKUSSIONSPAFIER (Chlorine Production a.o.)

Elektrifizierung
chemischer Prozesse

* Organic Electrochemistry

 Plasma- and Microwave driven
processes
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General Scheme

Electricity

from Wind
and Photovoltaics

H, C,H, Coal
co, : :
\ |
CO|/ H, |
y ¥
Carbohydrates,

T

Coal [—> CO/H, C,H,

|Petroleum Naphta F——> Basic . s and Oils < | Biomass
Chemicals Lianin ’

lShaIegasJ
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Renewable Energy

J,+C02, CH,
Gasification i (Metathesis)
|- (casiricator )| Synthesis chylene
Gas
B T
Methanol 2-Buten

Ethanol to Propene 30.000 t/a announced for 2014
,on hold*

amongst others:

Tianjin Bohua Chemicals Propane Dihydrogenation 600.000 t/a

PROPENE

Shenhua Ningxia and Methanol-to-Propylene 500.000 t/a
Dutang International Power

| \Ferernaion)

_ (Fermentation)
i-Propanol [€ Glucose

Ethane (Steam-Cracking)

E<' DECHEMA

Infraserv perspectives, 16 June 2015



o tH, Tetra-
1,4-Butindiol -H,0 hydrofuran
yy Ethanol
| A
Acetylene (Lebedev-Process)
A .
(Plasma) | +CH, Butadiene (Fer-

Optinol n-Butanol R&D
Cobalt n-Butanol Test
Green Biologics n-Butanol Test
Gran Bio/Rhodia n-Butanol 100.000 t/a announced for 2015
Rhodia/Cobalt n-Butanol R&D
Michelin / Axens / IFP 2,3-Butanediol to Butadiene R&D
Genomatica /ENI (Versalis) 1,4-Butanediol to Butadiene R&D

/ 4,7 t Sugar / t Butadiene

| -A,U N-sutanol I<

BUTADIENE

(ABE-
Fermentation)
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Synthesis Gas: A Universal Platform for Chemicals Production

Methane
+
Carbon
Dioxide Hydrogen Coal, .
N N Methane Biomass
Renewable Carbon + +
Energies Dioxide Oxygen Oxygen

\ l l ...and/do not forget:

@=@ |CabonMonoxide + Hydrog Acetylene as a platform
| | (Reppe Chemistry)

Chemical Processes  Biotechnological Processes

SN N

Hydrocarbons Alcohols Organic Acids
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Raw Materials Change and Chemistry 4.0

= Driving forces ....

 Raw Materials Change
* Energiewende

e Digitalization

..... and/or Challenges!
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THE INDUS_TRY 4 0 PO RTAL o —

THE OPEN PLATFORM OF GE CENTRE FOR INDUSTRY 4.0 .
: o ‘net der Dinge

’r Dinge* kommuniziert

WIRTSCHAFT

China setzt

China will scine Abhan
verringern. Statt desse
DEL',,",‘,,'E,"%:‘,J‘:‘L‘%"

450615 | sehmid
Tndustre 4.

Infraserv perspectives, 16 June 2015

BLOG INDUSTRIES TOPICS 4.0 COMPANIES INITIATIVES AND ORGANIZATIONS EVENTS

Hannover Messe 2015 - Industry 4.0 i
everywhere, but in effect not really ... €4.0

o o
The management team of the German Innovation Centre for Industry 4.0 has visited the HMI "
2015 for several days. No doubt, Industry 4.0 was a major topic for many exhibitors. But how
much actual progress can be seen at the moment when it comes to Cyber-Physical-Systems,
Smart Products and Cloud Computing? Our impression is split. On the one hand, we could see .
exciting approaches. KUKA demonstrated with the LV iiwa concrete applications for human- 18-4'0“1\‘10t0r
machine-collaboration. 'He.hmen auf

On the other hand, many companies have not accepted the challenge i4.0 yet. All what they

Sach
can offer are traditional products with just a new label on it. Additionally, Industry 4.0 and the €0 Industrie

Produktion ms
connected production is often seen as an connectional and abstract future scenario which is ik ayf
not yet relevant. For cloud solutions in particular we could not find many answers. Rather, Nnappen Jahres

several exhibitors seemed to be very skeptical regarding cloud computing.

Our conclusion: Industry 4.0 requires a new mindset - still a long way to go.

Source: www.i40.de/en/hannover-messe-2015-industry-4-0-everywhere-but-in-effect-not-really/
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Industry 4.0 —a long way

g

i O DD),

Vierte
Seevseeeevesewes [rste Speicherprogrammierbare Industrielle Revolution
Steuerung (SPS), Modicon 084 auf Basis von Cyber-
1969 :
Physical Systemen
Dritte
Industrielle Revolution
durch Einsatz von
Erstes FlieBhand, Elektronik und IT zur
1870 der Produktion =
Iweite E
Industrielle Revolution £
durch Einfiihrung o
: arbeitsteiliger Massen- =
1E?18t§r mechanischer Webstuhl produktion mithilfe von E
elektrischer Energie
Erste
Industrielle Revolution
durch Einfiihrung
mechanischer Produktions-
anlagen mithilfe von
v Wasser- und Dampieat i S
Ende Beginn Beginn 70er Jahre heute
18. Jhdt 20. Jhdt 20. Jhdt Quelle: DFKI (2011)
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Internet of Things

= By 2020, an estimated 50 billion devices will be connected to the
Internet

= 1/3 of them: computers, smartphones, tablets, and TVs

= 2/3 of them: sensors, actuators, and newly invented intelligent
devices that monitor, control, analyze, and optimize our world

E<' DECHEMA
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Industrial internet data loop

INSTRUMENTED

Intelligence flows INDUSTRIAL MACHINE
back into machines

Extraction and storage
of proprietary machine
data stream

PHYSICALAND
HUMAN NETWORKS

" INDUSTRIAL
' DATA SYSTEMS

SECURE, CLOUD-

Data sharing with BASED NETWORK

the right people
and machines

Machine-based
algorithms and

10308 data analysis

i
10010 1100001101
0 10110000111 100101
JUIUUT
1001011030001103000011
ol
10110010010100011010000101
REMOTE AND 110010001011010001101001
CENTRALIZED DATA

ASHRHEATION BIG DATA ANALYTICS

© GE (modified), KSB (pump)
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What about your company's digital maturity?

Einschatzung der eigenen digitalen Reife Chancen der Branche aus der Digitalisierung
[l 'Sehr hoch” oder "hoch” [ "sehr grof" oder "grog”

Durch-

dringungs-
licke [4] 28% 18% 18% 18% 16% 13% 12% 94%expect digitalization to

revolutionize the chemical
industry

87 % believe that companies
failing to embrace digitalization
face extinction

1) Luft- und Raumfahrttechnik sufgrund nicht reprdsantativer Zahl van Artwortan von Industrievergleichan ausgeschlossen
Quelle: Roland Barger, Umfrage unter 300 Top-Managem der deutschen Wirtschaft

Source: Roland Berger, Survey among 300 top manager of german companies Source: Accenture, Digital Chemical Survey, August 2014
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Value-creation potential

DIGITALE TRANSFORMATION EROFFNET DER EUROPAISCHEN INDUSTRIE
EIN ZUSATZLICHES WERTSCHOPFUNGSPOTENZIAL VON 250 MILLIARDEN EURO P.A.

Branchentibersicht

Zusatzliches Wertschopfungspotenzial
im Jahr 2025 [Milliarden Euro] ¥

Automobilindustrie

+89 mrd. EUR BWS
Logistik

%

Maschinen- und Anlagenbau

Elektroindustrie N\ +12 6 mrd. EUR BWS
@i '
Medizintechnik :
Chemie - ll-..-Il‘-.l-.lliil-.llidll-lﬂill\;:lg
N
N { +35 mrd. Eur BWS

Luft- und Raumfahrttechnik n o}

1) Energietechnik in Maschinen- und Anlagenbau inkludiert
Quelle: Roland Berger Source: Die digitale Transformation der Industrie, BDI/Roland Berger
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Challenges on the way to Chemistry 4.0

Overall Goals:
* Improving operational effectiveness
* Reducing unscheduled downtime
» Driving higher returns on investment

IT Challenges:
e Big Data analytics
* Cybersecurity
« IPR
« Data protection
e High investments

High impact on work environment
* Need for qualifications
* Technology acceptance
« Digital natives with high expectations (inside and outside the company)

Legal implications

Customer data mining

Standardization

20 Infraserv perspectives, 16 June 2015 E DECH EMA



International standardization

Strive for

dominance

Leading provider of web *Leading mechanical
software and IT enginnerings

*Less mechanical «Country of hidden
engineering champions

*Top 20 dotcom (German Mittelstand)
companies: Leading provider of
83 % market business software

capitalization

Source: Wahler, DFKI; Roland Berger; modified

Infraserv perspectives, 16 June 2015

Leading provider of IT
hardware

*Big market for
mechanical engineering

*Top 20 dotcom
companies:
17 % market
capitalization (Asia)
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Digital revolution of the chemical industry

= Some application areas of Chemistry 4.0

Digitale
Daten

Automati-
sierung

Ver-
netzung

Digitaler
Kunden-
Zugang

Rohstoff- Produzenten Produzenten
(Auftrags)forscher . Basis- und . Distributoren
lieferanten . Spezialprodukte
Zwischenprodukte
> Bessere Produkie > Verbesserte > Kombination von
durch Big Data Bedarfsplanung durch Chemikalien und
Predictive Analytics Anwendungsdaten
(z B. Agrochemie)
> Reduzierte > Hahere Liefer- > Weitere Auto- > Dezenfralisierte,
Entwicklungszeit sicherheit entlang der matisierung der absatznahe
durch virtuelle Test- Supply Chain Praduktion Produktion durch
verfahren, Prototypen > Automatisierte Mikroanlagen
Dispositionsplanung
> Bessere Vernetzung
innerhalb von Ver-
bund- und zwischen
Einzelstandorten
> Digitale > Eigene Online-Vertriebsplaftformen > Zulieferung von
Einkaufsplattformen Chemikalien far
Industriekunden

© BDI/Roland Berger
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Digitalization as driving forces for ideas

= Augmented reality assists in maintenance
* Reduces downtimes and installation times

« Users can perform difficult operations with
lower error rate

 Integration of real-time information and
data for quick access

= Apps for business use

e e.g. enabling mobile devices to appraise
the pump and motor load situation by
smartphone listening

 Analysis within seconds |
«  World wide direct contact to manufacturer Source: C. Emde (KSE), ACHEMA Fachpressetag
* Improving operational effectiveness

E<' DECHEMA
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Digitalization as driving forces for ideas

= Smart Contact Lenses

= Decision Agriculture®

Infraserv perspectives, 16 June 2015

Eyewear monitors blood-sugar levels for diabetics L
Designed by Google, under license from Novartis 2—%

Sensor relays data on glucose contained . |

in tears via an antenna (thinner than human hair)
Electronics are “so small they look like bits of glitter” Source: Googllovars

Real-time field monitoring
* Weather monitoring and simulations

« Agronomic data, machine performance,
soil moisture, etc

Big Data-optimized seeding
Weather insurance
Advanced analytics to optimize yield

Monsanto invested more than $1bn in e ‘
recent anl.“SlthnS Source: Precision Planting, The Climate Corporation
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Process Analytical Technology (PAT)

= PAT: part of Cyber Physical Production Systems (CPPS)

TOPIC

Integrated analysis of products, resources and production
systems

Real-time analytics

|dentifying optimum production levels

Getting early warnings

Variable and automated continuous GMP production possible
Shift in optical metrology from NIR to MIR

Strong emergence of Raman-based methods

= Innovative PAT enables the German chemical and pharma
industry to improve operational effectiveness
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PAT @ agriculture

Annual cycle of variety — silage maize
Nordeuropa

ol i o gg Prozessanalytik p— §
T | B K
1 2l I

A | g | Qualitatsbestimmung
Ny ' wahrend der Ernte

o Selektion der
§ leistungsfihigsten

Benefits:

» Cost savings of > 40%

» More efficient phenotypic selection

* Quick and accurate information on the dry matter of beets, maize, sorghum
 Better calculation basis for biogas plant operators

 Calculation of harvest

» Determination of optimal harvest time

Stidamerika

Source: Hilscher (KWS SAAT AG), Tutzing Symposium 13 Oct 2014
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PAT and Industrial Water Management

Process analytics is helping to tackle challenges in
water treatment
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Important to avoid potential environmental and
legal consequences — all over the world

L \

\ o
Source: T. Track/ DECHEMA

Real-time control of all water streams in industrial water systems

Smart digitalized water management (incl. innovative process
analytics) ends in an efficient energy management:

« water will not be transported, heated or contaminated more than
absolutely necessary to meet process needs

In the next years, digital water management solutions will grow from
a niche sector into a mass market: Water 4.0
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Raw Materials Change and Chemistry 4.0 — Wrap up

= Major Challenges and driving forces:
« Multi-feedstock supply with regional diversification
* Energiewende and use of Surplus Electricity
« Digitalization and connectivity across the value chain

= Chemical industry must join the digital journey now.
This will help the industry to

« achieve feedstock flexibility,
* Dbuild operational intelligence
e achieve further intensification and modularization,

« translate customers' needs into applications
(better and faster than ever)
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Thank you for your attention

We are looking forward
to your guestions
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