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sunliquid® – an efficient production process for 
cellulosic ethanol 
 

Bioethanol is the world´s most important biofuel, the majority of which is still supplied in the form of 

first-generation bioethanol made from plant material containing sugar or starch. In recent years 

however, biofuel has become the subject of increasing discussion. The use of raw materials such as 

wheat, maize or sugar cane creates competition for the production of food and animal feed. In addition, 

new arable land is required, for which ecologically valuable areas must possibly be converted. And in 

terms of the CO2 balance, newer technologies are also far superior.  

 

Cellulosic ethanol 

A solution is offered in the form of so-called cellulosic ethanol, i.e. bioethanol made from material 

containing lignocellulose, such as agricultural residue (e.g. cereal straw, corn stover, bagasse) or energy 

crops (e.g. miscanthus, switchgrass). Lignocellulose provides structural support in plants and consists 

of cellulose, hemicellulose and lignin. The exact composition may differ depending on the type of plant. 

Cellulose and hemicellulose are long-chain compounds made up of individual sugar molecules which 

must first be split into sugar monomers before being fermented to form ethanol. Combustion of the 

lignin component, which cannot be converted into ethanol, provides the process energy needed to 

produce cellulosic ethanol. 

 

Even today, the production of cellulosic ethanol is almost climate neutral. The standard value for 

reduction in CO2 emissions is 86%, technologies like sunliquid® today already achieve about 95 percent 

compared with fossil-based petrol. Only the CO2 extracted from the atmosphere and bound by the 

plant during growth is released during the production and combustion of ethanol. Further 

technological developments will enable an entirely carbon neutral cellulosic ethanol production.  

 

 
Fig. 1: Greenhouse gas emissions from various biofuels compared with gasoline  
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Various advantages are offered by agricultural residue. The use of non-edible materials avoids 

competition with food and feed resources. Nor is additional arable land required. Hence, cellulosic 

ethanol is a new, domestic energy source, derived from a renewable resource that is available without 

having to generate additional production capacity.  

 

sunliquid® process 

Breaking down lignocellulose has long been a topic of great interest in research and industry. Due to its 

stable structure, it is however difficult to break apart. Clariant, a world leader in specialty chemicals, 

has successfully developed an efficient and economic process for the production of cellulosic ethanol - 

the sunliquid® process.  

 

The feedstock, for instance cereal straw, is firstly chopped before undergoing pre-treatment, which 

makes it easier for biocatalysts, which are added at the next stage, to access the cellulose and 

hemicellulose chains. This pre-treatment is carried out in a kind of vapour pressure pot using hot water 

vapour.  

 
Figure 2: The sunliquid® process for the production of cellulosic ethanol from agricultural residues 

 

This is followed by conversion into a sugar solution, or saccharification, based on a biotechnological 

process known as enzymatic hydrolysis. The pre-treated raw material is mixed with enzymes, so-called 

biocatalysts, which split the long chains of sugar molecules making up the cellulose and hemicellulose 

into single sugar monomers. To achieve high yields based on the shortest possible reaction times, the 

enzymes used are highly optimized to each individual feedstock and the selected process conditions.  

 

Unlike other process designs, enzyme production facilities form an integral part of the sunliquid® plant. 

This offers key advantages in that no additional substrate costs are incurred since the enzymes are 

produced directly on a small portion of the pre-treated raw material. Furthermore, there are no extra 

costs for formulation and logistics and producers are no longer dependent on external enzyme 

suppliers. Up to now, enzyme costs have made up the largest part of the process costs. Using integrated 

enzyme production, these are drastically reduced and as a result, the costs involved in the sunliquid® 

process are linked mainly to the raw materials.  
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During the next stage, namely fermentation, microorganisms ferment the sugar monomers to create 

ethanol. Another key feature of the sunliquid® process is that, unlike conventional cellulosic ethanol 

processes, not only the C6 sugar in the cellulose, but also the C5 sugars derived from hemicellulose is 

converted to ethanol simultaneously in a one-pot reaction. Thus, the sunliquid® process results in a 50 

percent higher ethanol yield.  

 

At the final stage, the ethanol has to be extracted from the reaction mixture. To date, the classic method 

has been to use a distillation column. Since this calls for tremendous energy input, Clariant has 

developed and patented and innovative purification process based on an adsorbtion technology which 

uses only about half as much energy to finally obtain pure alcohol. The entire energy for the process is 

gained from the residues, mainly the non-fermentable lignin fraction, which means that no additional 

energy sources, such as brown coal or gas, are required and this in turn has a positive influence on the 

CO2 balance.  

 

Additional information - enzyme and strain optimisation 

The efficiency of the sunliquid® process is based on the high specificity of the enzymes and 

microorganisms used. This is the only way to achieve the highest yields under optimal process 

conditions. Using highly-efficient screening methods, Clariant is able to test the suitability of entire 

libraries of microorganisms containing some 1,000,000 variants. This allows for fast and effective 

optimisation of the most diverse parameters, such as enzyme production, efficiency or thermostability. 

In the case of enzymes with increased thermostability, it is for example possible to run the process at a 

higher temperature, preventing the growth of certain slime producing microorganisms, causing 

processing problems.  

 

On the path to commercialisation 

At the beginning of 2009, Clariant (back then still Süd-Chemie) commissioned a pilot plant with an 

annual capacity of up to two tons of cellulosic ethanol at its research centre in Munich. In July 2010, a 

decision was subsequently taken to construct a demonstration plant located in the Bavarian town of 

Straubing. The plant officially started into operation in July 2012, using about 4,500 tons of wheat 

straw, corn stover or other lignocellulosic material to produce around 1,000 tons of cellulosic ethanol 

each year. This proves the high maturity reached by sunliquid® technology and represents an interim 

stage necessary prior to erecting production plants with annual capacities of between 50,000 and 

150,000 tons of ethanol which will operate at the highest levels of efficiency while achieving optimal 

savings in CO2 emissions. Clariant intends to license out this technology to partners.  
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Figure 3: The sunliquid® demonstration plant produces up to 1,000 tons of cellulosic ethanol each 

year – energy self-sufficient and almost carbon neutral. 

 

Additional information - facts and figures 

Each hectare of arable land provides between four and five tons of straw, which is approximately 

equivalent to the quantity required to produce one ton, or 1,200 litres, of ethanol using the sunliquid® 

process. On average, a normal medium-sized car uses 6 litres of petrol or some 8 litres of ethanol per 

100 km (ethanol having a lower calorific value than petrol). This means that with one ton of ethanol – 

or the straw from one hectare of arable land – one can drive approx. 15,000 km.  

 

A sunliquid® plant with an annual capacity of 50,000 tons requires approximately 227,000 tons of 

straw. Based on 10 percent land use, this gives rise to an area of some 4,700 km² or a collection radius 

for straw of a good 35 km. This is enough to operate a fleet of 62,500 vehicles (approximately the 

number of gas-powered vehicles in Germany) with an average mileage, yet with almost zero CO2 

emission in its total balance - and without any additional investment in new infrastructures.  

 

Potential 

A technology like sunliquid® offers high potential for realisation in many markets worldwide. It is 

flexible and ensures efficient conversion of various lignocellulosic feedstocks into ethanol. 

 

The most important type of agricultural waste in the EU is cereal straw, of which some 240 million tons 

accumulate across the EU´s 27 member states each year. Several long-term studies have shown that 

depending on the region and prevailing local conditions, up to 60% of the residual straw can be 

collected from the fields and made available for recycling. Using the sunliquid® process, 27 million tons 

of cellulosic ethanol could be produced from this volume of straw, which is equivalent to the energy 

content of almost 18 million tons of fossil-based petrol. This means that around 25% of the EU´s 

demand for gasoline predicted for 2020 could be met by cellulosic ethanol. A study conducted by 
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Bloomberg New Energy Finance includes other types of residue and various scenarios in its calculations 

and forecasts gasoline substitution potential of up to 62%. 

 

In the US, corn stover is the main residue available for conversion into cellulosic ethanol, the second 

most important feedstock being cereal straw. The Billion Ton study released by the Department of 

Energy estimates the volumes of corn stover and cereal straw available in a sustainable way at 190-290 

million tons. In Brazil, where sugar cane has already been used to produce bioethanol for many years, 

some 545 million tons of sugar cane are forecast for the 2011-2012 harvest, which will in turn give rise 

to approx. 73 million tons of bagasse. Even after deduction of the amounts used to generate energy in 

existing plants, around 11 million additional tons of cellulosic ethanol could be produced. This is 

equivalent to about 50% of Brazil´s current ethanol production. 

 

The biomass availability in itself offers significant potential. Taking into account the fact that engine 

and vehicle technology are also developing it is clear that cellulosic ethanol made from crop residues 

can globally guarantee a major contribution to a more sustainable mobility. As a domestic liquid energy 

source cellulosic ethanol reduces the dependence on oil imports, generates income for the agricultural 

sector and creates new, green jobs. 

 

 


