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About Evonik
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Our positioning

Evonik Is the creative
iIndustrial group from
Germany and one of the

world’s leading specialty
chemicals companies.
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What we do
Living better with Evonik

CAR TIRES TOWELS MATTRESSES NUTRITION TABLETS

Countless products gain their special attributes through our creative power.
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Who we are
Evonik at a glance

~13 80%

Of turnover gained from
leading market positions
Billion Euro sales in 2016

>36.000] 2.165....

Employees in over 100 countries EBITDA 2016

~500

R&D projects
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Where we can be found

Evonik operates worldwide

North America

€ 2,699 M sales o

4,660 employees Parsippany

39 sites

Central & South
America

€563 M sales
793 employees
15 sites

Sales in 2016

8

Western Europe

(incl. Germany) Essen Eastern Europe

€5,534 M sales O € 767 M sales

23,919 employees Q 646 employees

45 sites _ 11 sites
Vienna

Dubai

Q

h
Middle East &
Africa

€ 403 M sales
194 employees
12 sites

Q

Sao Paulo

Asia-Pacific North

€ 1,947 M sales
3,688 employees
30 sites

Vv

Shanghai

Asia-Pacific South

o € 818 M sales

Singapore 1,746 employees

24 sites
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An attractive company | a modern structure

Evonik is one of the world’s leading specialty chemicals companies.

The central elements of our strategy for sustained value creation are profitable growth, efficiency, and values.

Around 80 percent of Evonik’s sales come from market-leading positions, which we are systematically expanding.

We concentrate on high-growth megatrends, especially health, nutrition, resource efficiency, and globalization.

Evonik

Nutrition & Care Resource Efficiency Performance Materials
Corporate / Other
Sales*: €4.3bn Sales™: €4.5bn Sales™ €3.2bn
Business Lines: Business Lines: Business Lines:
" Personal Care | SENROEE " Performance Intermediates = Administrative = Corporate Center
* Household Care * Catalysts * Agrochemicals & Polymer Services )
; ; - Additives = Creavis
* Comfort & Insulation » Coating & Additives ) ) * Technology & Infrastructure . Evonk Real Estat
: B . * Functional Solutions ) vonik Real Estate
» |Interface & Performance *» Coating & Adhesive Resins * Regional Platforms N
. = Non-core
= Baby Care = Crosslinkers Meth-acrylates o
= Health Care * High Performance Polymers ST Pl _ er
= Animal Nutrition = Oil Additives = CyPlus Technologies
* New Business Development! = Silanes
= Silica

* New Growth Business?

Specialty chemicals segments

* Fiscal 2016
1 Personal Care - PMD, Houshold Care - PMD, Comfort & Insulation — PMD
2 Coating Additives — PMD, Crosslinkers — PMD
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Breakdown of Product Line Fibres, Membranes & Specialties

Fibres,

Membranes & Specialties

Membranes Fibres & PI Specialties Medical Devices INN——
(incl. Evonik Fibres) & Systems pecialties

Sepuran Process Gases Sepuran Natural Gas

SEPURAN® Product Family
10
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Evonik Fibres GmbH, Austria
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Efficient Gas Cleaning with Sepuran® Technology

6eve
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Outline
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SEPURAN® Gas separation technology
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We achieve high performances with our polymers

= Pol from Evonik imi [
Il = Polymers from Evoni our polyimide product family

exhibits market leading gas
separation properties

) = Semi finished products
from Evonik

High-performance PPSU El
polymers PEI m

c
o
>
=
O
o
O
c
@M
S
S
o
Y—
|-
)
o

0
>E
= L2
o
[
N
T
>
[T
N

i i PPE PBP: — PET
i -
PUR

C | = ssssssssssssssmnsnmas ABS |ssssssssnssnsnnnnnnnn EE NN EEEEEE NN SN EEE NN NS EEEEEEN NS EEEEEEN NN NN NEEEEEEEEEEEEEEEEEEEEEEEE
_qé Commodity SN

a) polymers PVC lPED|  [PEHD]

2]

(@]

(O | amorphous crystalline
u @ evonik

POWER TO CREATE



EVONIK IMPACT ON FULL VALUE CHAIN LEADS TO SUPERIOR MEMBRANE PRODUCTS

Value chain of Evonik membrane business

——

2

. A . il "‘ \ :
Membrane
Monomer Polymer Hollow Fibre Cartridge / Separation Customer
Module Process

: . Technology Support &
Evonik Business Application Development
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Excellent materials alone do not make a good membrane...

Polymer

Dope solution tailored to
membrane needs

Optimized polymer properties for
CO,/CH, separation (selectivity) and
N2 generation (productivity)

... but it all starts with the right material

16
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Global presence with strong focus on regional Application Technology

® Business MGMT and/or AT
® Production and AT
® NBDin progress
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SEPURAN® Product families

= Market leading selectivity = Market leader in Biogas upgrading

= Long term stability
» |ndustry standard productivity

4 — — .

On site nitrogen generation
Purities from 95-99.5%
Superior air-factor

High productive modules = H2/CO ratio adjustment
= CO concentration

= He recovery from Source gas or
Diluted streams

= H2 recovery

2

0j; le g\ 3
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MEMBRANES ARE OFTEN CHARACTERIZED BY THEIR SELECTIVITY AND PERMEABILITY

Feed (Preeq) Permeate (Ppermeate) Transport mechanism
pFeed pPerm pFeed > pPerm
&) 8, S &) @ 4, @ @ Sorption feed side

o G 0 (2] Diffusion through membrane
QO 8,

G G Q © Desorption permeate side

@ Separation mechanism

Differences in flow across the membrane
lead to enrichment of the quicker component

S |
o O G Oo G Q in the permeate.

:I
! |
Membrane thickness
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ILLUSTRATION OF A GAS SEPARATION PROCESS IN A HOLLOW FIBRE MEMBRANE

Selective layer on the
outside

Fast

Porous substructure for
mechanical support

20

Ar

N, | [eIRE!

Slow

Relative permeation rates of various gases
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Outline
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SEPURAN® Green for biogas upgrading
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CO, Separation from Biogas with Sepuran® Green

Fast Slow

22

@ evonik

POWER TO CREATE



SEPURAN® Green for upgrading biogas

Evonik’s contribution to an efficient biomethane purification process

Biogas from
organic waste

Biogas from
(liquid) manure

. C
Biogas from e
renewable —_— — T
resources -

Biogas plant Gas separation Distribution

23

Filling station

Combined heat
and powerplant

Natural gas grid
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Traditional technologies dominate the biomethane market in EU today

Main Biogas
Upgrading

Technologies

-y
P\
\s 650
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The membrane removes CO, and dries the biogas at the same time

Process steps of biogas upgrading with SEPURAN® Green Membranes

25

Raw Biogas

A 4

Desulphur-
isation

\ 4

Y

Condensate
separation
A

Control Filter

A

Compressor

CH, CoO, N, o, H,0
Biogas 4
e \/ \'.-" \‘#
5 \
Ll
L]
L

\

| 4

Methane-enriched
retentate
e
|
R

€0, enriched
permeate

Removal

Biomethane
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Single stage process with SEPURAN ® Green

100 m3/h, 16 bara

O

48,3 m3/h, 16 bara

[
»

CH,| 52,9% CH, 97,1%
CO, | 46,0% COo,|  2,2%
52,5 m3/h,
1,0 bara
Y CH, 11,8%
Advantages CO,  87,7%

Methane yield: 87,1%
» Few membrane modules required

»Especially useful for fuel gas stations
Disadvantages

» Low methane yield

>
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Three step biogas upgrading process patent with
SEPURAN® Green is a game changer!

For the first time membrane technology could offer complete separation!

Crude biogas from
e e G
’ ' biomethane (>97%)

47% CO
. @ > Connection of 10- 20 bar
- SEPURAN?® Green

modules

v

Reverse stream

Off-gas, predominantly CO,
with <1% methane
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Evonik Process with SEPURAN® Green

CH, £2.9% 100 m¥'h 54,3 m¥h CH, 97,0%

: 16 bara e 16 bara Co, | 1,7%

= 45’{}:5 "N, 09%

NE D’E:L T 02 {}!4?"'

DE D’EJ{' HEG '-'-'-ﬂ,ﬂ-1 o5

O 1T Dew Point -B3°C

Dew Point 5C
2.8 bara _
I Area ratio:

456?m3fh,
_ . 1 bara o
PG E 0, w0
(4%5555858992) 0| oo
H.O | 0,13%
Dew Point -21°C
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Stage 1: Stage 2: Stage 3=1:1:1,5

Methane yield: 99.6%

BB BTV 1 ETH G AT AE
(IR E &Y=V AL DKIE
AT BE)

78 rel% less
double compression
with SEPURAN® Green
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SEPURAN® Green References
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Substrates are changing from crops to waste streams.

Organic
Waste
) Pipeline Food &
Agricultural Sewage Injection Beverages
Waste Sludge Ve N vV g ~
Industrial CNG Greenhouse Industrial
Rawmaterial Fuel plants processes

Landfill Biogas Kitchen I ‘ I
Waste CH4 - CO2 Waste Industrial Biomethane LNG Drv Ice Carbon dioxide
\ Processes CH4 Fuel y cO2

Energy Crops Heating

S,  POME

Government Support Industrial & private motivation
+ Legal Framework & Standards * Sustainability & GHG saving mind-set
+ Tax benefits & incentives Promote ,,greener” produced products as such
 Environmental restrictions * Giving up convenience

30 DENA| June 1st, 2017 | SEPURAN® Green @ EVUI"IIK
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2017: > 140 Global references of upgrading plants supplied with
SEPURAN® Green

31

Sepuran® Green membrane can be used in small-,

mid- and large scale installations.

Slze [Nm?/h]
Country Quantity 1-199 200-499 500-999 = 1000
Austria 3 e [
China 2 . .
Denmark 2 . .
France i . [(TTTITTT .
Germany 13 . (1L LI .
ltaly 1 .
lapan 1 .
Korea 2 . .
MNetherlands & senee .
MNorway 1 []
Sweden 2 . .
Switzerland ] seseee .e
Thalland 2 T
United Kingdom 23 . sssssss HHHHHHY

* not all installations are displayed here yet

And 60+ more plants already...
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EnviTec-Biogas GmbH, Saerbeck DE — “Minhe-Project” in China

32

Penglai, Shandong Provence, China EnviThan Container, Gasholder

Client:

Biogas:
Upgrading:

Methane:

Shandong Minhe Biological
Sci-tech Co. Ltd.
Chicken Manure
2 x 1,000 Nm3/h Biomethane

97,0 Vol% CH4

Operator and membrane container

Operating Pressure:

Process:

Downstream:

16,0 bar
3-stage membrane

CNG — bottle trailer
filling plant -
distribution at public
CNG stations
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Yesco ES, Seoul City SK — City Gas Project in South Korea

33

Seoul City, Seoul, South Korea

Client:

Biogas:
Upgrading:

Methane:

Yesco’s upgrading “Mefin”

Yesco, ES, City Gas Seoul
Sewage sludge from WWTP
1,500 Nm3/h Biogas

97,5 Vol% CH4

SEPURAN® Green piped in a rack

Operating Pressure:
Process:

Downstream:

3-stage membrane

Gas grid injection to
supply private
households &
industry
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Tecno Project Industriale, Curno IT — “Montello-Project” in Italy

Montello, Region Bergamo, Italy Montello Waste Treatment Plant Disgester — 5 new ones installed

- ey T
’ zi{‘

‘ F;l::‘ )

Client: Montello Operating Pressure: 16,0 bar

Downstream: CNG & gas grid

Upgrading: 5 x 1,250 Nm?3/h Biogas injection CO2-

liquefaction sold to
respective industry

Methane: 97,0 Vol% CH4
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Hipotech, Hokkaido Japan — 1St reference in Japan

Hokkaido, Japan Upgrading unit and storage 3-stage membrane unit

S —

Client: Hipotech/Tomoe Operating Pressure: 10,0 bar

Biogas: Food Waste Process: 3-stage
membrane

Upgrading: 10 Nm¥h Biogas Downstream: CNG - distribution

Methane: 99,0 Vol% CH4
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Outline
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SEPURAN® Noble in He application
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Helium Purification from Natural Gas with Sepuran® Noble

Fast Slow
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Helium applications

Helium upgrading and purification

from natural gas source
g | ﬂ) | 5
T -
Helium recovery from end user applications -\
MRI's . W
Electronics i |\ 5 :\
Leak detection l "5. L‘-,“in
Lifting/ballooning 4., 002602

Optical fibers
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Conventional Helium upgrading and purification process

Natural Gas
0.4% He

Natural Gas Processing

Cryogenic
distillation

ﬁ

Helium Processing

Crude Helium He
50-70% He

Purifying

Helium
99.99% He

Helinum Distribution

Matural Gas Flant

Matural Gas
Regannir

39

Upgrader  PSA

High-Purity Helium (Gas)

Liquafar

Gas Tuba Trailer

Bulk Liquid Hisium Transport

*Picture taken from www.praxair.com

- —

End-LUza
Customars

l .
| ¥ Gas Lylinders

Cistribubors g For End-L15¢

CUSIonmiEes
End-Usa
Cusiomars
Tulb Trailers,
Bulk Cylingers,

Distribubion g Deovwars

Ganbers For End-Use

Cuslomers
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Conventional Helium upgrading and purification process

Natural Gas SEPURANE® Crude Helium SEPURAN® Helium
0.4% He Noble 50-70% He Noble 99.99% He

Natural Gas Processing Helium Processing Helium Distribution

Matural Gas Flant |
i . End-LUza
High-Purity Helium fﬂasﬁ.__H s Customars
| C i ey Gas Cyliuders
(3as Tuba Trailer Cistrbutors el For End-Li5a
l Custonmers
Upgrader PSA "'
i ) End-Ussa
=== [S==n, l O, Cusiomars
e i — 00 Tube Trailers,
e e | e i EJEEI! —_—l ENMI
H . Bulk Liguid Heliom Teanspart =4 Hon EWArs
W I Liquefiar | a ’ per Centers For End-Use
= i i Cuslomers
===
Matural Gas
Resarvoir
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Example: Upgrading of pretreated He to Crude He

v Low He containing Feed gas can be upgraded

Feed: to crude He in_ one compression step.
He 0.4%
N, 16.1%
CH, 83.3%
l v" Calculations are based on 20 bar(a).
Mixer | v The He recovery is > 95%.
Recycle

Evonik membrane cascade for Membrane state of the art was:

Helium upgrading A Helium containing fuel gas can be upgraded in one
step from 0.4% He to 10% He. The He recovery is
62% (at 25 bara)

Product Vent
He > 60% He < 0.05%

a @ evonik
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Helium upgrading and purification process —first large scale reference

THE LINDE GROUP

Source: The Linde Group

42
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Example: Upgrading of Crude He to pure He

43

16 bar(a)
He 50%
N, 46%
CH, 3%
H, 1%

Crude He with only 50% can be upgraded to more than 90% in a one stage process.

The He recovery is > 99%.

This gas can go into the further processing to reach high purity He (Grade A).

Product:

1 bar(a)

He 90.2%
N, 7.7%
CH, 0.3%
H, 1.8%

Off gas:
16 bar(a)
He 0.7%
N, 93.0%
CH, 6.3%
H, 0.1%
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Helium recovery in optical fiber industry with SEPURAN® Noble
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NEXTROM

EMEL S T

ROl B b

MANUFACTURING SOLUTIONS

Lakduesc. ¥ R BTN A EXTROM N

SERVICE CORPORATE NEWS & MEDIA CONTACT

NEWS

HELIUM RECOVERY DURING FIBER DRAW

Rosendahl Nextrom Oy, working in collaboration with its
development partner EVONIK Industries AG, has developed a
system that collects and cleans helium gas for re-use.
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From Nextrom website

http://www.rosendahlnextrom.com/fiber-optics/helium-recovery/
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SEPURAN® Noble in H, application
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H, & CO, Separation from e.g. Biomass Gasification with Sepuran® Noble

Fast Slow
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To close the CO2 cycle, Crude Gas upgrading Is the key step

"

Use for

Transportation

Electricity
Heating

e.g. pure CH4

Crude Gas

CO, in the air

CO, fixed as
biomass

Biomass
Gasification

H,, CO,, CO, CH,
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H2 & CO2 Separation from Biomass Gasification with Sepuran® Noble

Biomass Biom EPURAN®
> lomass S >

Gasification Noble

Crude Gas:

CH,

Co,
4 H,
l e H, rich gas
| CO2

High recovery of CO & CH4 due to high membrane selectivity
Separation of CO2 & H2 for recycle from CO & CH4

48

CO & CH4
Further uses as
- Fuel

- Feedstock
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Sepuran® Membranes for your

separation applications
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Sepuran® Membranes for your separation applications

Evonik wants to become a leading supplier for Membrane applications

Evonik produces membranes with backward integration to tune chemistry

Evonik shows an increase number of references for Membrane applications

Membranes are an effective way for CO2 Separation
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