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This part of the tutorial will deal with Biorefineries covering in a broader 
perspective the main concepts, the raw materials, some applicable 
technologies and finally the biorefineries based on the sugar cane as raw 
material.   
 
Nowadays there exist a large perspective and even incentive to obtain 
biofuels taking into several aspects including environmental concern, 
strategic safety and the relatively high costs of the available oil. A glance 
at the oil industry makes clear that not only the fuel (in the case of oil 
based fuel gasoline, diesel and kerosene) but rather several products such 
as chemicals and solvents add value to entire oil refining operation.  If a 
parallel with the oil industry is considered a natural approach when biofuel 
is took into account is to use all the available material as feedstock to 
produce valuable products as chemicals and energy. This is in fact what 
already happens, in the bioethanol production from sugar cane, but it still 
may be improved in terms of a broader range of products.  
 



According to the Biomass Research and Development Technical Advisory 
Committee (2002) of the U.S. Departments of Energy and Agriculture1 
defines a biorefinery as:  
 
“A processing and conversion facility that  (1) efficiently separates its 
biomass raw material into individual components and  (2) converts these 
components into marketplace products, including biofuels, bioelectricity, 
and conventional and new bioproducts.” 
 
Basically, when lignocellulosic crops are considered is expected that after 
fractioned cellulose, hemicellulose, lignin, and other compounds are 
available to be converted in other products, whereas grains will generate 
starch, oils, proteins and fibers.  Some crops already produce a 
fermentable sugar just after simple smashing, that is the case of sugar 
cane. Another possible via is to break plant into small building blocks as  
carbon monoxide (CO) and hydrogen (H2), from which the desired 
chemical products are synthesized through chemical routes. The concept 
of biorefinery is general and broad so that it may consist of some few 
units as paper or sugar mill which may generate bioelectricity by burning 
residues or may be very complex, having a large set of unit operation and 
conversion sectors making use of the available raw material.  Depending 
upon the possible routes the biorefinery may  potentially make use of a 
broader range of raw material as feedstock and generate a large set of 
products when compared to biofuel plants. 
 
The success and viability of the biorefinery will depend of many factors 
and among them the extent of biomass availability at relative low price, 
the conversion process and its performance, including efficient use of the 
energy, and the value and marked of the products to be produced.  
Biomass availability may be region dependent and logistic will pay an 
important role. When biomass is a byproduct a much better scenario is 
foreseen. 
 
Bearing all these in mind the sugar cane appears to be a quite suitable 
and competitive raw material to embrace the biorefinery concept. The first 
generation process, that means to produce bioethanol through the 
fermentation of glucose from the molasses originated from sugar cane 
smashing, is very well established running commercially for several years, 
producing bioethanol as biofuel, bioelectricity and sugar. The process is 
environmentally safe and approved with a very high productivity. Even so 
many improvements are expected to be placed in the first generation 
process and in fact there exist many possibilities, covering since 
fermentation as proposed by Rivera et al (2010a) and many possible 
advances in separation processes (Junqueira, 2010). In this scenario, 
processes based on second and third generation making use of sugar cane 
bagasse as feedstock appear to have significant advantage compared to 
other possible approaches. Dias et al (2011) shown how the second 
generation is fitted when bioelectricity is also a valuable product.  As 



mentioned by Rivera et al (2010), bagasse, the by-product of bioethanol 
manufacture from sugarcane fermentation, is a very promising raw 
material for bioethanol production in the large scale process perspective. 
It is already available on the ethanol plant site, since it is produced in the 
mills where sugar is extracted from sugarcane, and better technologies of 
cogeneration are already being use in some units, showing a significant 
increase in surplus of bagasse at the plant site. Bioethanol and other 
products from sugarcane bagasse may share the infrastructure where 
conventional bioethanol is produced, such as fermentation and distillation 
units, which diminishes equipment costs. The product obtained after 
hydrolysis may be diluted in the sugarcane juice, thus decreasing the 
impacts of potential fermentation inhibitors, such as furfural and its 
derivatives formed during cellulose hydrolysis. Recent works by Mariano et 
all (2011a, 2011b) have shown the potential to produce biobutanol trough 
glucose fermentation and Lunelli et al. (2008, 2010, 2011) and Lasprilla et 
al (2011) have shown the potential for acrylic and lactic acid production, 
also, from molasses fermentation. These are some few examples of the 
sugar cane based biorefinery potential. 
 
In this tutorial the biorefinery concepts and technologies will be presented 
and discussed. It is shown how a first generation plant is organized and 
how second and third generation may be coupled with the existing 
industrial facilities. The steps for second generation implementation will be 
depicted and especial concern for the pre-treatment methods will be given 
since they are fundamental for the hydrolysis and consequent fermentable 
sugar release.  Alternatively, will be discussed the possibility to generate 
syngas from sugar cane bagasse and other possible residues (Peres, 
2009), which may be used through chemical route for chemical production 
(Calais, 2010). The use of bioethanol as feedstock for chemicals is also 
addressed which enlarge the range of options for biorefinery 
establishment (Morais et al., 2011, Rho 1984).  
 
The whole contents make in this tutorial allow to have a flavor of the 
potential of biorefineries that are not only contributing as possible  
alternative but rather as a potential tool to couple with environmental 
problems and possible draining of oils reserves or too high prices.  A 
comprehensive list if references covering the several topics related to 
biorefineries will be provided.   
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Different scenarios have been published recently which predict the 
depletion of fossil carbon resources for the production of fuels and 
chemicals in face of the increasing demand of a growing world population. 
Despite the uncertainty of such predictions, the switch from fossil to 
biorenewable carbon feedstock seems to be inevitable, if we aim at 
equilibrating global CO2 binding and release to stop the increasing trend of 
the average surface temperature on our planet. This switch of feedstock 
provides a unique opportunity to redesign the value chain from raw 
materials to new molecular and functional products if we are willing to 
exploit the rich molecular structure of biomass to the extent possible.  

Rather than breaking the molecular structure of the biomass into C1 
building blocks either by gasification to synthesis gas (CO and H2) or by 
anaerobic fermentation to a methane-rich gas (CH4, CO2 and H2), the 
synthesis power of nature should be preserved by refunctionalizing the 
existing molecular structures in biorenewable feedstock into new 
chemicals, materials and fuels. Such future products should differ from 
current products by their oxygen content. Current molecular products 
contain little oxygen because the processing effort to oxygenate fossil 
carbon feedstock is avoided if possible. In contrast, future bio-based 
products will contain higher oxygen content. Surplus oxygen has to be 
released in biorenewables processing. Reduction of the highly oxygenated 
raw material can be either reached by releasing CO2 or H2O. While the 
former reduces the carbon efficiency and contributes to the climate 
problem, the latter requires large amounts of hydrogen, which has to be 
produced sustainably, e.g. by means of solar water splitting.  

Such future perspective calls for a radical change in chemical and 
biochemical catalysis, in the associated process technologies, and in the 
strategies towards novel molecular and functional products. The 
presentation will concentrate on evolving process systems engineering 
problems in this context. We will argue that a holistic systems approach 
orchestrating experimental and model-based methods and tools in a 
complementary manner offers an enormous potential for sustainable, 
first-time-right solutions.  

In particular, we will touch in the first part of the tutorial on the whole 
value chain from raw materials to target products in a future bioeconomy 



from the perspective of process systems engineering. In particular, we 
look at the production of carefully selected or even specifically tailored raw 
materials, on novel methods for biomass pretreatment based on green 
solvents, on the design of novel reaction pathways to promising candidate 
fuels, on processes, equipment and supply chains, as well as on an 
integration of process design with product design. These research issues 
will be put into the context of both, a large collaborative research project 
aiming at the development of 3rd generation biofuels, and the strategic 
reorientation of chemical engineering research at RWTH Aachen 
University.  

In the second part of the tutorial, a more detailed exposition will be given 
for selected areas emphasizing our current research interest in the field.  

First, recent results on the pretreatment of woody biomass with ionic 
liquids and subsequent fractionation into major biomass constituents will 
be presented. In particular, we will look at the mechanisms of 
disintegration and dissolution kinetics of wood in the presence of ionic 
liquids. Major emphasis is on the mesoscopic phenomena which can be 
observed by high resolution measurement devices. It is shown that 
swelling, disintegration and dissolution processes are executed in a 
sequence of steps. Such understanding is a prerequisite for the design of 
sophisticated production processes using wood as a starting material.  

The design of sustainable processes producing next-generation chemicals 
and fuels from biorenewable resources constitutes a complex systems 
problem. The decisions to be taken include the selection of feedstock, the 
decision on target products which satisfy the functional requirements of an 
application, suitable reactions pathways linking the starting materials with 
the target products and most economical process designs for the 
individual catalytic transformations.  

To this end we will present a novel methodology for the screening of 
promising reaction pathways to a list of candidate bio-based products. 
This methodology aims at an assessment of the major process 
performance characteristics of the complete value chain in the very early 
phases of the design. 

This methodology assumes that the target products are known. However, 
this is not the case if we hypothesize that future bio-based products will 
be of a different molecular nature than fossile-based products. In 
particular, these products will be richer in oxygene but still fulfil the 
requirements of an application. This perspective leads to model-based 
product design problems which aim at identifying molecular structures 
which fulfil certain requirements of an application. A very prominent 
example is a biofuel which has to fulfil a full set of thermodynamic and 
combustion kinetic properties. We present recent work on model-based 
fuel design using targeted QSPR and related approaches. We will show 
how this product design problem can be linked with the reaction pathway 
design problem. Obviously, the choice of a certain molecular structure 
should not only be guided by the functional requirements of the product 



but also the effort of its production. This combined process and product 
design problem will be formulated and solved. First results will be 
presented to demonstrate the validity of the concept.  

Last but not least, novel processes need to be designed for all the steps in 
future bio-based value chains. These processes have to meet 
sustainability requirements in general, but also have to be competitive 
now to facilitate the migration from value chains based on fossil carbon to 
those using biorenewables. We will present a generic process synthesis 
framework which involves the creation of alternative process structures, 
their evaluation by means of thermodynamically sound short-cut methods 
and rigorous mixed-integer optimization. Various examples in the context 
of biofuels production will be presented.    
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