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From fossil- to bio-based refineries.
Stepwise implementation of integrative plant concepts.
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—  Why bioethylen?
— Future integrative scenario

Conclusion & Outlook
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THE LINDE GROUP

The Linde Group Profile

The Linde Group

Sales: 12.7 billion EUR (2008)
Employees: >50 000
! v
Gases Division Engineering Division Other Activities
Leading supplier Engineering & Gist logistics solutions
of industrial gases contracting specialist Cleaning Enterprises
Linde-KCA

p Chemical and gas plants

P Biotech & pharma plants
competence center Linde-KCA
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THE LINDE GROUP

Linde-KCA - Competence center BIOTECHNOLOGY
,white/industrial” & ,,red/biopharma”

Synergistic cooperation of divisions — Integration of biotechnology & chemistry

Biotechnology Plants (B) Chemical and Gas Plants (C)

— Biotechnology —  Chemistry
— process technology — process technology
— basic know-how — basic know-how
— design & construction of large-scale — own and licensed processes

biotech plants — design & construction of large-scale

— process technology fine chemistry chemical plants

,key to success” for BIOREFINERY projects

Linde-KCA-Dresden GmbH 4 Bioraffinerie 2009/Dr. K. Bronnenmeier



THE LINDE GROUP

Selected reference BIOPHARMA -
Large-scale cell culture plant for production of MABs

Client
F. Hoffmann-La Roche AG

Location
Basle /Switzerland

Type of plant
New cell culture plant for production of
monoclonal antibodies (MAB)

Investment
400 mio CHF

Product
Anticancer drug Avastin

i

s |

Scope of work
Project coordination, Conceptual design,
Basic engineering, Detail engineering,
Support in procurement,
Engineering support during
installation and commissioning

. .il |'F_ -

o PP
iy ¥ :

Commissioning
2007
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THE LINDE GROUP

Selected reference INDUSTRIAL BIOTECH -
Starch-based first generation biorefinery

Client
FRP CS GmbH

Location
Zeitz / Germany

Type of plant
Plant for production of
modified wheat starch and gluten

Scope of work

Conceptual design,

General contractor technology *)
(Engineering, Procurement,
Construction, Commissioning)

Planning period
2006 -2009

*) in consortium with firm Kaefer Construction GmbH
as general contractor building
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THE LINDE GROUP

Selected reference REFINERY - Linear alpha olefin plant

Client & development partner
United Petrochemical Company

Location
United Olefins Complex in Al-Jubail /Saudi Arabia

Process
Sabic Linde “o-Sablin” Process

Capacity
150 000 t/a a-Olefine
Process steps
Feedstock and catalyst handling, reaction and

catalyst removal, primary separation, product
separation

Scope of work
Turnkey lump sum: Detail engineering,
procurement, construction, precommissioning,
commissioning support

Start-up
2006
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THE LINDE GROUP

Selected reference CHEMISTRY - Polyethylene plant

Client
Eastern Petrochemical Company (SHARQ)

Location
Al-Jubail /Saudi Arabia

Process
PE process licensed by SABIC

Capacity
800 000 t/a HDPE and LLDPE

Process Section
Raw material purification, catalyst preparation,
polymerization, additive handling, pelleting,
vent recovery, pellet blending and storage,
bagging and palletizing, bulk loading

Scope of work
Turnkey lump sum

Start-up
2009 (planned)
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From fossil- to bio-based refineries - Key drivers

Feedstock change - trend to renewable raw materials

— securing supply in view of the looming shortage of fossil feedstocks
— rising costs of fossil feedstocks

— autonomy of supply

Sustainability
—  neutral/positive C02-balance
— withrespect to energy, water, resources, environmental burdon

Political will

—  toestablish a bio-based economy in Europe

—  tokeep Europe in a leading position in White Biotech
—  tosupport European agriculture

Economics
— new/innovative products
—  cheaper production processes

THE LINDE GROUP

Triple P
principle

Linde-KCA-Dresden GmbH
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THE LINDE GROUP

From fossil- to bio-based refineries - Status &
development trends

Use of renewable raw materials TODAY FUTURE trends

A 1G biorefineries
(e.g. bioethanol, starch, pulp & paper)

2nd/next
SE— generation

biorefineries

2
o
wvy

B (petro)chemical sites with
individual biotech plants

fully integrated

; blotechnolo.glcal
and chemical

production sites

: Press photo BASF
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THE LINDE GROUP

From TODAY'S 1G bio-based refineries to
FUTURE Biorefineries

el

A /\ new integrative
. lant concept
expansion of P P
raw material basis
- LC biomass
improve || improve
efficiency " | sustainability

~ Quelle: Pressef

expansion of
product range
- chemical intermediates

F_________________
L__________________
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THE LINDE GROUP

Expansion of the raw material basis -
Strategic alliance Linde/Siid-Chemie for 2G Biofuel plants

Linde Engineering
= A1
SUD-CHEMIE &% ! k
Creating Performance Technology %‘W‘“
M\

Sid-Chemie: Linde:
- biocatalyst and process supplier - engineering all scales
- process know-how lab-scale - construction all scales
- process know-how demo-scale - know-how unit operations
Target:

Development and construction of Cellulosic Bioethanol plants

Optimised biocatalysts and processes Linde as global acting design
from SC are the key for economical company ensures efficient transfer
process and low production cost inlarge scale plant
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THE LINDE GROUP

Expansion of the product range -
Ethanol as building block for chemical intermediates

Lignocellulosic Biomass

v
Cellulosic Ethanol
d d

Ethylene —>

—
— Acetic acid —>
—

Acetaldehyde C—>
others —>

Chemicals & Polymers
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THE LINDE GROUP

From TODAY's chemical sites to FUTURE integrated
bio/chem sites - Leuna as an example

B Leuna chemical site - Refinery at night Site internal network -
companies and major feedstock/product lines

[J""iLinde Gas/Linde Gas shareholder

Crude oil Natural gas Benzene p— Ethylene
Ammonia

Refinery

o | E=rm

Heron/Latex =

3

ARKEMA
CHEMTEC

TBA

I Methanol
K T Polymers
LEUNA-TENSIDE TAMINCO | TAMINCO | Hexion SC Forest ILE InfraLeuna Energiegesellschaft,
Products G envia THERM, Evonik

: Infraleuna

Source of picture and diagram: Infraleuna Pamssmsmsmsmsm

LEUNA-Harze
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Leuna chemical site - infrastructure & service on site

Advantage for bio-based processes upon integration:

use of existing site facilities (infrastructure, utilities, services)

integrated energy concept
support in approval processes

[ . . . . . Road
Production units and service provider on site oa .
D Fire brigade
A A A A A Security
\ 4 A 4 A 4 I
Road Rail Pipe racks Waste water Security and emergency
management
—> Terminals | Stations < I ZAB 1
1 Site coordination
Energy production 1
and distribution Site development
Vehicle cleaning 4 4 1
service Facility management
1
v W t" Communication
Water supply | = .
. ! Disposal Medical Service
—  Logistic service < N 1
k Laboratory
A r
J
v v v v
Road Rail National grid River Saale

Source: Infraleuna

THE LINDE GROUP

cheaper than
N

investment!
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THE LINDE GROUP

Vision ,Biorefinery Leuna”

Catalysts H, S p—— H,
e ¢ I LDPE
~ HaS reformer
NaHS < Y Caprolactam, .
S — l H2 P I 1 ] |
Methanol * : oyarmde 6, X
MMA <+ Refinery Hydrogen- Fiber ! PE-Wax |
Ethanol S > peroxide production ) '
Butanol !
Glues |_ <« 8 R I EVA- |
Formaldehyde etc. —» — > \| Copolymere, |
ropylen ' Additives
. o
DMF <«  Amines |(e— co| _ N, A'¢ 2 : |
— Methanol  |° Irt' PA- !
, < separation
Lubricants |e— 0 |9 pl t Compounds | !
FE— Bio-oils lMethanoI iCOZ plan T !
-surfactants| H, PAG/PAG6.6 |
—> Surfactants |« < .
FR— —> * Bioethylene !
Glycerin !
—  Resins €mmmm e - Bi - CO,
. , ,BIo- <
el Epichlorohydrin . P >
Fine Refinery EBS Power-
Chemicals |« i
=0 1 Complex gromafies _» New Investors plant
Plastic- Chemicals Prot);ines
dispersions otc | A
—_— . |

Sugar, Starch, Cellulose, Hemicellulose, Lignin, Algae, etc.

INFRASTRUCTURE

Source: InfraLeuna
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Ethylene market - a heterogenous business with
potential for renewable raw mateials

Mega plants
1mt/aethylen
~1bn€invest volume

ca. 1000 €/t
when transported by pipeline

Bioethylen
5000-100 000 t/a ethylen

ca. 1200 €/t
when produced on site
with a 30-50 kta plant

THE LINDE GROUP

Container & Cylinder
<1000t/aethylen

+ liquefaction/filling (300 €/t)
+ transport (400 €/t)

from 1 700 €/t
when transported by trucks

Linde-KCA-Dresden GmbH
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THE LINDE GROUP

Bioethylen -
Alternative production routes & preferred option

Raw Materials Ethanol Ethylen

sugar cane
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Biorefinery - potential future integrative scenario for e.g. Leuna
with 2G bioethanol plant as central module

Existing Production in Leuna

Refinery / Linde Gas / Polymers / Chemicals ...

Step 1
2G Bioethanol Plant

B'lomass. e Ethanql oo Bioethylene
Desintegration Production

Step 2

fermentation "green" "green"
product (bulk) polymer
plant chemicals plant

THE LINDE GROUP

inte
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THE LINDE GROUP

Integration bioethanol & bioethylen - real life scenario
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THE LINDE GROUP

Conclusion & outlook

Future trend - from "1G reality" to integrated next generation biorefining

Challenge:

— from established mature technology with easy-to-process food & feed raw materials and
well-known products

— toemerging technologies under development with difficult-to-process LCB raw materials and
either established or novel products

Option:

— replacement of fossil-based refineries by new large-scale greenfield biorefineries?

Preferred short to midterm solution:

Integrative bio/chemical "Verbund" concepts tapping the full synergy potential of existing sites

Linde-KCA-Dresden GmbH 21 Bioraffinerie 2009/Dr. K. Bronnenmeier



THE LINDE GROUP

Thank you for your interest.

Dr. Karin Bronnenmeier

Know-how Manager Biotechnology Plants
Phone +49.(0)351.250-3364

Fax +49.(0)3 51.250-4817

E-Mail karin.bronnenmeier@linde-kca.com

LINDE-KCA-DRESDEN GMBH
Bodenbacher Strasse 80
01277 Dresden

Germany
http://www.linde-kca.com
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