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Clariant at a glance

A GLOBALLY LEADING COMPANY IN SPECIALTY CHEMICALS

5847

Sales 2016 (CHF m)
from continuing operations

203

Net result 2016 (CHF m)
from continuing operations

A

Business Areas

CLARIANT

887

EBITDA 2016 (CHF m)
before exceptionals

15.2%

EBITDA margin 2016
before exceptionals

140,53 17442

companies

countries

Employees 2016
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CLARIANT

Your committed partner for commercialization

CLARIANT GROUP BIOTECHNOLOGY

Munich R&D Center

Since 2006

118 employees

Lab and office space: 6,500 m?
Pilot plant since 2009

Over 15 different feedstock
tested on pilot-scale

Straubing pre-commercial plant

Since 2011
22 employees
Area: 2,500 m?

Wheat straw, corn stover, and
sugarcane bagasse and straw
converted to Ethanol
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Commercially Best in Class

FULLY INTEGRATED SUNLIQUID® PROCESS

-
Chemical-free Simultaneous fermentation
pre-treatment of C6 and CS5 sugars

Feedstock Fermentation rirserd
Integrated I
Enzyme
Production

specific enzymes

\9 Feedstock and process

Integrated
Enzyme
Production

7

®)

CLARIANT

The chemical-free mechanical and
thermal pre-treatment enables an optimal
hydrolysis. Purification steps are
unnecessary and makes for a safer and
more environmentally friendly process.

Through the process integrated enzyme
production costs can be reduced to a
minimum. Enzymes are produced exactly
when and where needed, there are no
costs for logistics or formulation and no
dependence on external suppliers.

Clariant can quickly adapt enzymes to
new feedstock and process conditions.
This achieves a most efficient hydrolysis
with maximum yields and makes the
process flexible for different boundary
conditions.

The organism used for fermentation is
highly optimized and able to
simultaneously ferment both C5 & C6
sugars in a one-pot reaction. Thus the
ethanol yield increases by 50% compared
to only C6 fermentation.
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The only validated integrated technology solution
THE SUNLIQUID® PRE-COMMERCIAL PLANT

2012 #1000 ~4500 ~5

Start of operation at t/a output of ethanol t/a feedstock * Years confirmation of
pre-commercial plant e bt stover, sugareane  commercial-scale design
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CLARIANT

Your committed partner for commercialization
PROCESS DESIGN PACKAGE

Comprehensive
process design

Technological
blueprint

for 50.000 to 150.000 Modular concept
metric tons of
cellulosic ethanol

production Standard, proven

hardware

For a 50 kt/a plant, a footprint of approx.
14-18 acres (5.5-7.5 ha) is required
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sunliquid® is certified as sustainable under high
German standard

§ h
- 0O
\ / ISCC certification
- Certificate =) _ ” : .
S ooy = Clariant certified the Straubing demonstration plant
{DRCCTVE J0RZAEC of s SUMGREAN PARUAMENT amd of 11 COUNCIL according to the ISCC-EU scheme (International
ey B Cort Qe T Sustainability and Carbon Certification)
c.';a...p.:.."l"?;u’:am,sm = Demonstrating the sustainability of the production and
- ,,: sgm_-_',lw,;; 5 management system so that the produced cellulosic
‘“'“"""""“‘“"""“Tsc"“c"“’"’""”':::”"‘" ethanol can be credited towards the target of the RED
(Intermational Sustatizhity and Carnon Certl ) . -
Wil & spproed by i Esropas (EU Renewable Energy Directive 2009/28/EC)
T T e - » High GHG savings of sunliquid® confirmed making it
TR the most sustainable biofuel on the market
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CLARIANT

Sunliquid cellulosic ethanol is non-waste technology
and with GHG savings over 95%

Non-waste technology and energy self-sufficient

» Chemical free pretreatment

« Water recycling >90%

* No waste solid, water and gas

« All by-products with high value and usage without complicated downstream process
« Energy self-sufficient

GHG savings of 95%

Production of Ethanol from Wheat-straw (steam from straw CHP) (no allocation of agricultural cultivation) Version 3 - Public

Overview Results GHG savings 95%

Emission reduction

9 CO2,¢q / MJ Ethanol results factor results Ethanol plant Fossil ence (petrol
Cultivation eq. 0.0 100.0% to ethanol 83.8 g COpeqf
Cultivation of wheat-straw 0.00 100.0% 0.00 _ 0.0% to lignin GHG emission reduction
Processing e, 13 95.4%

All resultsin Non- allocated Allocation Allocated

Ethanol plant 1.34 100.0% 1.34 ] ~N~———
Transport ey 2.5

Handling & storage of wheat straw 100.0% -

Transport of wheat straw 100.0% Calculations in this Excel sheet......

Transport of ethanol : 100% : . . .

Filling station ! 100% ! | S AR R S ST

Land use change g, | 100.0% | 0.0
€scat €cor * Eccs . 100% . 0.0
Totals 3.9 3.9 As explained in "About" under "Inconsistent use of GWP's"

v follow JEC calculations by using GWP
values 25 for CH4 and 298 for N20O
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sunliquid® - En route to commercialization

PRE-COMMERCIAL
PLANT OPERATIONAL

Capacity 1,000 t/a

Ethanol
Validation on wheat p— J
straw .. '
2012 2013 @
FEEDSTOCK
VALIDATION
Corn stover &
sugarcane bagasse
ISCC

SUSTAINABILITY
CERTIFICATION OF
PLANT

E20 FUEL TESTING

With Mercedes Benz &
Haltermann

PROCESS DESIGN PACKAGE

For commercial-size plants
> 88

2015

PERFORMANCE
RUNS

With sugarcane

& leafs)

With wheat & barley
straw

Vil F?g

residues (bagasse, tops

COOPERATION WITH
WERNER & MERTZ

sunliquid® ethanol in
cleaning supplies

GERMAN INNOVATION

PARTNERSHIP WITH
SCANIA

Ecotrucks use sunliquid

Brasil

./ Y ) ~
d ¥ | "

2G EtOH from bagasse in

|

CLARIANT

1ST LICENSE DEAL

Enviral to build
commercial cellulosic
ethanol plant with
sunliquid® technology

PRICE / ENVIRAL
for Climate & ‘< J Member of Envien Groug
En 'r nment "':““‘“"f”f.";‘-.'fi
(IKVLIDO €

2016 2017
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Enviral licenses the Clariant sunliquid® technology
for a commercial cellulosic ethanol project

¢ ENVIRAL & CLARIANT'

"
announce commercial cellulosic ethanol project

Largest ethanol producer in World-leader in specialty
Slovakia chemicals

Current annual production sunliquid technology offers
capacity is 145,000 ms. best-in-class performance
1G Production plant located in Only validated technology
Leopoldov, Slovakia. solution

Slovakian government has set Committed partner for
targets for advanced biofuels project realization

market share
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// ENVIRAL CLARIANT

Enviral licenses the Clariant sunliquid® technology
for a commercial cellulosic ethanol project

_b to realize a full
L scale commercial cellulosic ethanol plant

The 2G plant is planned to be
in Slovakia

e ——

Project is based on at

Clariant’s precommercial sunliquid® plant in Straubing (Germany) — a service
we offer to all our customers!

E’l
@ Annual production
i

% Next steps are detailed engineering studies before the
which is
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CLARIANT

Clariant to build flagship sunliquid® plant

= Clariant approved investment in commercial
scale plant for the production of 50,000 ton/yr
ethanol in Romania

» Further step in the commercialization of
cellulosic ethanol, technology licensing and
enzymes

= Mid double digit millions peak sales potential
= Ground breaking and construction planned
for 2018

www.clariant.com/corporate/news

CLARIANT

Comunicado de imprensa

Clariant construirad uma fabrica-modelo comercial de
etanol celulésico sunliquid® na Roménia

» A Clariant aprova o Investimento em uma nova fabrica para producao
comercial de etanol celulésico em larga escals com base em sua propria
tecnologia sunliquisd®

« O proximo passo para a comercializacio de bicetanol, icencas & enzimas

« O potencial de vendas de etanol celuldsico sunliquid® se encontra na faixa
de dois digitos de milhdes de francos suicos

Muttenz. 33 & cstubro de 2007 - A Clanam, Hdec mundial em especialidades quimicas
atiuiion hoje a agrov:
para a peodugho de etanct celudisseo em Jarga escals & partir de residuos agricolas com base

3. Diredorss gy invesdin e wms nova fibeica comescial

ey oo tecnokogia senbgud®, A nove fbeica, cows capacidade de prodigio anual de
30,000 toackdas, serd construlda no sudoeste da Romiuss. As instalagdes serdo um Jocal
mode)o, confrmando 8 competitividads ¢ 3 sustentabibdade & tecoodogin sunigod® em

spaldando assiom s eatratégin de negicios da Clariast pars o
0 do sunliquid®

ombustivels avangados, ef
plataforms de tecoolog sta & mmals wma
dastragho do suces sta tecnologia
acresventa potencial de

Kohlpaintuer, membro do Execw

Para s coacsntrar ainda mals na comarcinkizacho do Boetancl. licengas o snzimes, a
Clasmant criou uma wova Busness Line Biofuels & Derivatives, como parte da area de
pegocos Catalvas. A partic de janeiro de 2018, todas s atividades ¢ custos relacionados A
glataforma de tecnologsa sunliquid ® sesho transforidas do setor Corporate Costs para a
Business Line Baofiesls & Dernvatives

Em setetnbro deste ano, o Clarian! anuncou um passo importante que viss sametitar 2
atratividade coenercial da tecaclogie sunliquid® ao sssinar o peuseiro contrato de licenga
Secuclogien cot 2 Emiral, wm nsembro do Esvies Group

Apds cinco anos de oparacdo da nossa fibrca de sunbiquid® peé comercial, em Stracbing,
v Absrnandia, & cont & deamonstragho do processn, estainos Proasos pars Angr Wit ove
patamar”, explica Markus Rarbach, Head do nove setor Biofoels & Derivatsves da Clanant

“F o proéodise grande prooo pars ingrassar s wns meaoado strseste o Ui svaeco
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Your committed partner for commercialization
OFFERING A COMPREHENSIVE PACKAGE

INTEGRATED PROCESS
TECHNOLOGY

Conversion technology

SERVICES (

Project development

- Microorganisms for

. — Process Design Package
enzyme production
Feedstock testing,

procurement & logistics

3 Starter cultures for
\»\ fermentation organisms

— Performance guarantees Training
Wi

Integrated Technology Package: Service Package:
— Integrated process technology package including all steps — Develop project customized to specific needs of client

along the ethanol production chain — Process Design Package to provide technical specifications
— Starter cultures for proprietary process-integrated enzyme and input for engineering

production — Testing of customer-specific feedstock in our pre-commercial
— Starter cultures for the proprietary fermentation organism which plant and pilot plant

converts C5 and C6 to ethanol — Support for feedstock logistics and sourcing, off-taking and
— Energy efficient design to ensure overall cost efficiency regulatory affairs

— Training of customer employees in pre-commercial plant

4
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Commercial site location characteristics for potential
licensors

Feedstock Products

e Yearly feedstock dry tons Main product
g ~250,000 ~50,000t
2 Ethanol

Feedstock 1 Side product
(corn, wheat, sugarcane, rice)
~100,000 t
Straw . .
Lignin (dry)
Feedstock 2 Side product
Bagasse ~50,0001

Vinasse (dry)
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CLARIANT

sunliquid® is the ideal technology platform for highly
sustainable bio-based products

== Biotechnology
===3p Catalytic conversion

Cellulosic
Sugars

Biotechnology

Bio-based

L _ .
sunliquid Catalytic conversion chemicals

= Sugar platform standalone

= Development opportunities for
biobased products

= Extensive know-how in
biocatalysis, strain optimization
and heterogenous catalysis
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For further information please contact:

Martin A. Mitchell
Global Business Development Manager
Group Biotechnology, Biofuels & Derivatives

Clariant Corporation

309 Court Avenue
Des Moines, lowa 50309 USA

Phone: +1 515 699 8518
E-mail:

For more information on sunliquid® technology visit

b |
CLARIANT
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