
THINK AHEAD,  
THINK SUNLIQUID® 

Cellulosic ethanol  
from agricultural residues
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Market ready and highly efficient 
SUNLIQUID® PRocESS  
FoR THE PRoDUcTIoN  
oF cELLULoSIc ETHANoL

By developing sunliquid® techno-
logy, Clariant has cleared the way 
for  cellulosic biofuels. Its process 
converts lignocellulosic agricultural 
residues, such as cereal straw, into 
cellulosic ethanol or other biobased 
chemicals in a way that is highly   
eicient, extremely economic, 
 energy-neutral and sustainable. 

Until now, agricultural residues have held little attrac-

tion as a feedstock for the production of biofuels, since 

the stable structure of this lignocellulosic material is 

difficult to break down by conventional methods. As 

a result, the sugars contained in straw have remained 

largely unused until today. 

Thanks to Clariant’s sunliquid® process, this will 

change. Its key technology is based on feedstock- 

specific biocatalysts, which efficiently provide access  

to the sugars contented in the straw, an integrated  

enzyme production, simultaneous C5 and C6 fermenta-

tion and an energy-saving ethanol separation method. 

This gives rise to an efficient, extremely economic and 

therefore competitive process for the production of 

cellulosic ethanol. 

 

sunliquid® opens up new feedstocks 

The efficient sunliquid® technology is key 

for an economic and sustainable process. 

The facts:

 · The production costs are comparable 

with those of first- generation bioethanol 

– currently the world’s most important 

biofuel.

 · The lexibility of the sunliquid® process 

allows all lignocellulosic feedstocks to be 

converted – from wheat and corn stover 

to sugar cane  bagasse or energy crops, 

such as miscanthus and switchgrass.

cellulosic ethanol – biofuel  

of the future

 

SINcE 2009  

•	 sunliquid® pilot plant 

•	Capacity: 1 ton of cellulosic ethanol per annum 

•	Location: Clariant Biotech & Renewables  

Center, Munich

 

SINcE JULy 2012 

•	 sunliquid® demonstration plant

•	Capacity: 1,000 tons of cellulosic ethanol  

per annum

•	Location: Straubing-Sand, Bavaria

 

FRom 2013  

•	Licening of sunliquid® technology

•	Realisation of industrial sunliquid® plants

•	Capacity: 50,000 to 150,000 tons of  

cellulosic ethanol per annum

 · The ethanol yield lies between 75%   

and 95% of the theoretical maximum.

 · The entire process energy is generated  

from accumulated  residues – mainly 

lignin. No fossil-based energy sources are 

used.

 · The greenhouse gas balance is almost 

carbon neutral. Greenhouse gas emissions 

are reduced by 95% compared with fossil-

based fuels. 

 · No “food versus fuel” debate – the 

sunliquid® process converts agricultural 

residues which are not suitable for either 

food or animal feed. Feedstocks are avail-

able from existing agricultural production, 

meaning that no valuable arable land has 

to be converted. 

Lignin

Residues

Biogas

1 ton
cellulosic
ethanol

5400-6100
kwh Energy

sunliquid® eiciency in igures

4-4.5 tons 
straw*

* based on dry matter Fertilizers

Production costs

Minimum enzyme costs

No energy costs

Biomass is the main driver for  

production costs

Production costs are competitive to  

1st generation bioethanol



BIoTEcH & RENEwABLES cENTER4 5

Complete turnkey process 
FoR UP To 150,000 ToNS oF  
cELLULoSIc ETHANoL PER yEAR

he sunliquid® process is now fully developed, being designed for 
industrial plants with a production capacity of 50,000 to 150,000 tons 
of cellulosic ethanol per year. Clariant provides the know-how and 
technology for all unit operations on a turnkey basis, coupled with the 
expertise required for successful implementation.

FEEDSTocK
PRE- 
TREATmENT

HyDRoLySIS FERmENTATIoN
cELLULoSIc 
ETHANoL

INTEgRATED  
ENzymE  
PRoDUcTIoN

SUNLIQUID® – comPETITIvE AND SUSTAINABLE cELLULoSIc ETHANoL

ExAmPLE: BASED oN ENgINEERINg STUDy FoR 54,000 ToNS PLANT

gRoUND AREA: cA. 150 x 250 m  

Pre-treatment  

Chemical-free pre-treatment lowers production and 

investment costs. At the same time, environmental, health 

and safety risks are minimized.

Hydrolysis  

A bespoke enzyme mixture hydrolyses 

cellulose and  hemicellulose chains to form 

sugar monomers. This step is also termed 

 saccharification. The enzymes are highly 

optimized based on feedstock and process 

 parameters, resulting in maximum yields 

 and short reaction times under optimal 

conditions. 

Enzyme production  

A small percentage of the pre-treated feedstock is used for enzyme 

production, which is an integrated part of the process and takes place 

on-site at the ethanol plant. This makes a major contribution to the 

economic efficiency of the overall process, resulting in a  significant 

reduction in production costs and ensuring independence from 

 supply shortages and price volatility.

Fermentation

Using optimized micro- 

organisms, the sunliquid® process  

provides for efficient fermentation,  

giving rise to maximum ethanol yields.  

This highly-optimized, one-pot system 

simultaneously converts both C5 and C6  

sugars to ethanol, delivering up to 50% 

more  ethanol than conventional processes 

which convert only C6 sugars.  

Separation 

The innovative and highly energy saving purification method 

reduces energy demand by up to 50% compared with conventional 

distillation. It is based on thorough process planning and energy 

integration, resulting in an entirely energy self-sufficient process.
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sunliquid® key facts

 High sugar yield through feedstock  

 and process specific enzymes 

 Process-integrated enzyme production

 Simultaneous C5 and C6 fermentation

 Energy-saving separation technology

Licences and services 
EvERyTHINg yoU NEED –  
FRom A SINgLE SoURcE

he sunliquid® process opens up new opportunities on the 
booming global market for second-generation biofuels. he 
potential is enormous – in the EU alone, around 25% of the 
demand for petrol could, according to various studies, be met 
by sustainably produced cellulosic ethanol as early as 2020. 
Clariant has already begun to issue licences for construction 
of commercial sunliquid® plants, as well as providing all the 
technology needed for their successful implementation. 

The sunliquid® licence package provides 

Clariant customers with a complete  

turnkey process. The package includes: 

 · An integrated process technology  

package – for all unit operations in the 

ethanol production chain

 · Starter cultures for process-integrated, 

 on-site production of feedstock and  

process specific enzymes 

 · Starter cultures for process-optimised 

fermentation organisms to convert C5  

and C6 sugars into ethanol

 · Clariant materials for the adsorption-

based separation process

Bundled know-how –  

the sunliquid® licence package

Regardless of whether cereal straw or corn 

stover, bagasse or special energy crops 

are used to produce cellulosic ethanol or 

manufacture bio-based chemicals, Clariant 

adapts its flexible sunliquid® process to 

meet the relevant requirements and  

develop a  suitable plant concept geared  

to the customer’s specific needs. 

clariant services for customised  

sunliquid® plants  

 

comPREHENSIvE BIoTEcH KNowHow The 

sunliquid® process owes its efficiency to the high 

specificity of the enzymes. These are individually 

optimised by Clariant experts at the Biotech & 

 Renewables Center, in line with the relevant feed-

stock and processing conditions. To achieve this, 

use is made of the sunliquid® pilot plant, coupled 

with the most advanced screening and genetic 

engineering methods which allow up to one million 

bio catalyst variants to be analysed simultaneously.  

 

vALIDATIoN oN INDUSTRIAL ScALE Since July 

2012, Clariant has been validating both its techno-

logy and its biocatalysts on an industrial scale at the 

demonstration plant constructed in Straubing-Sand. 

In the case of wheat straw, validation has already 

been successfully completed and all other feedstocks 

are now to be tested here too.

 

FULL-ScALE SERvIcES AND TRAININg Qualified 

personnel are needed to operate sunliquid® pro-

duction plants. Clariant therefore offers customers 

full-scale staff training courses at its demonstration 

plant in Straubing – ensuring successful ethanol 

production from the first day onwards.  

Based on our expertise in the fields of biocatalysis, strain and enzyme  

optimisation, the customised plant concept is rounded off by a regular supply 

of starter cultures for enzyme production and yeast propagation, as well as all 

other components needed for cost-effective operation of the plant. 



coNTAcT

You would like to learn more about sunliquid®? If so, 

we look forward to talking to you. You can reach us at:

Clariant Produkte Deutschland GmbH

Biotech & Renewables Center

Staffelseestrasse 6

D-81477 Munich, Germany

Tel. +49 (0) 89 71 06 61 - 0

E-mail: sunliquid@clariant.com

Simply scan, save the contact and give us a call 

Direct link to www.sunliquid.com

CLARIANT PRODUKTE (DEUTSCHLAND) GMBH

Staffelseestrasse 6

81477 Munich

Germany

WWW.CLARIANT.COM

This information corresponds to the present state of our knowledge and is intended as a general descrip-

tion of our products and their possible applications. Clariant makes no warranties, express or implied, 

as to the information’s accuracy, adequacy, sufficiency or freedom from defect and assumes no liability 

in connection with any use of this information. Any user of this product is responsible for determining 

the suitability of Clariant’s products for its particular application. * Nothing included in this information 

waives any of Clariant’s General Terms and Conditions of Sale, which control unless it agrees otherwise 

in writing. Any existing intellectual/industrial property rights must be observed. Due to possible changes 

in our products and applicable national and international regulations and laws, the status of our products 

could change. Material Safety Data Sheets providing safety precautions, that should be observed when 

handling or storing Clariant products, are available upon request and are provided in compliance with 

applicable law. You should obtain and review the applicable Material Safety Data Sheet information before 

handling any of these products. For additional information, please contact Clariant.® Trademark of  

Clariant registered in numerous countries.

*  For sales to customers located within the United States and Canada the following applies in addition: 

NO EXPRESS OR IMPLIED WARRANTY IS MADE OF THE MERCHANTABILITY, SUITABILITY, 

FITNESS FOR A PARTICULAR PURPOSE OR OTHERWISE OF ANY PRODUCT OR SERVICE.

sunliquid® and SL-Fuel are registered trademarks of Clariant.

©  2014 Clariant Produkte (Deutschland) GmbH, Staffelseestrasse 6, 81477 Munich, Germany 

®  Product and service marks protected by Clariant


