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1.  INTRODUCTION  

 

Climate change has become an important issue to consider when defining a 

development strategy for a sustainable energy future. Greater sustainability in energy 

systems depends on a right mix of energy technologies and policies, in a situation 

where about one third of the energy con sumption in the world belongs to the industrial 

sector. 

The largest industrial consumers are those producing chemicals, iron and steel, non-

metallic materials, pulp and paper and non-ferrous metals. The interest in biorefineries 

has recently increased significantly as it is aligned with policies of diversification, 

considering conversion processes for heat and power generation simultaneously with 

biofuels production and chemicals.  

It is essential to turn around the present energy situation and get into a p ath of 

transition into decarbonisation. Biomass, especially ligno-cellulosic material, represents 

an abundant renewable carbon source. This is potentially convertible in energy, fuels 

and products. The integrated production of bioenergy, biofuels and bioch emical 

products, through advanced technological processes of separation and conversion that 

minimizes carbon cycle impact, defines the biorefinery concept, presented 

schematically as follows. 

 

Figure 1. 1 - Biorefinery concept . 
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A portfolio on combinations of raw materials, conversion processes as well as 

technology and final products portfolio, associated to biochemical or thermochemical 

platforms, will contain virtually unlimited  number of cases. Moreover, there is no 

defined border between these two tech nology concepts, since there could be plenty of 

synergetic interactions that can maximize environmental and economical product 

value. The final decision about biofuels, biochemicals and bionergy production pathway 

will depend upon raw material availability , technological know-how, regional policies, 

market regulations and dynamics, in addition to industrial capacity and performance.  

Annex XI of the Industrial Energy -related Technologies and Systems (IETS) 

programme aims at putting together competences in di fferent countries, bringing in 

projects in different industrial sectors focusing on industry based biorefineries.  

Areas for international cooperation which are considered relevant for implementation 

relate to exchange of information on the optimization of  energy efficiency in existing 

and new integrated industrial plants, to convert internal biomass and wastes to energy 

and bioproducts as well as the implementation of joint projects leading to promote the 

concept of Biorrefinery and support information rel ated to a Bio-economy strategy. 

During the period 2008-2015, projects were developed in addition to a survey carried 

out in 2008/2009 to identify existing biorefineries . Figure 1.2 shows the findings at that 

stage, showing a strong leadership of the United States of America with regard to 

biorefineries projects and installations. As it can be seen further in the report, the 

number of installations has been increasing worldwide, with focus on fibers and other 

bio-products in addition to biofuels. Also, in the case of biofuels, the trend is to 

produce advanced biofuels as an alternative to 1st generation biofuels. 
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Figure 1.2 ï Registered industrial type biorefineriesô projects and installations in 2008 .1 

 

A bio-based world economy poses many challenges for its sustainability, demanding a 

comprehensive approach to address the various flows, needs and impacts, namely 

ecological, environmental, energy, food supply and natural resources. It is believed 

that, with the right framework, the Bioeconomy will contribute to reduce adverse 

impacts on the environment as well as the dependence on fossil resources, mitigate 

climate change and move forward a new era succeeding the ñOilò Society.  

The role of research has been crucial to attain new technological solutions and the new 

developments have put in place biomass as a flexible resource able to provide energy, 

fuels   and materials. The concept of biorefinery emerges in this context in a par allel 

way to oil refineries. The fact is that a shift to biomass -based raw materials rather than 

fossil resources and the application of biological processing methods together with 

chemical or thermochemical ones will lead to substantial savings in terms of CO2 

equivalent of resources leading to new markets for bio -based raw materials and new 

bio-products.  

                                        

1 Annex XI Data Survey (2009), IETS. 
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Consolidating a ñBioeconomyò platform of cooperation also poses challenges. Industry-

based biorefineries have evolved significantly in recent years. The fact that food chain 

industry and integration with fuels and energy production have been proven in a few 

international projects show that competition might not exist in the future, and energy 

and food could be considered as two end products to integrate w hen considering 

process integration and industrial complexes.  
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2.  OVERVIEW OF THE SECTOR 

 

The planet faces nowadays great challenges as a result of a growing world population 

with an increasing need for food, energy and drinkable water. On the other h and, 

climate change is a menace needed to be faced, with the urgent need to take  

measures to reduce greenhouse gasesô emissions. 

One way to reduce these emissions is the use of new and more efficient technologies 

and to ensure environmental sustainability in the long term while maintaining a 

balance with the necessary economic growth. 

The biorefinery concept is one of the promising technological solutions of todayôs world 

to meet the growing energy demand by providing power, fuels and chemicals.  

A biorefinery is a facility that integrates biomass conversion processes and equipment 

to produce fuels, power, heat and chemicals from biomass. Biofuels can be solid, liquid 

or gaseous; however, these are usually associated to a biomass liquid fuel, which could 

be used as an alternative to liquid fossil fuels, such as gasoline, diesel and jet fuel.  This 

means that a biorefinery can be a facility, a process, a plant, or even a cluster of 

facilities. The sustainability aspect is of major importance when establishing 

biorefineries; all biorefineries should be assessed for the entire value chain on their 

environmental, economic and social sustainability covering the whole life cycle. 

Various routes can be implemented in a biorefinery, either based on biochemical or 

thermochemical conversion processes.  

Biorefineries can be classified in different manners, usually depending on the type of 

feedstock used. Figure 2.1 presents the most used systems for biorefinery 
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classification, i.e. Whole Crop, Lignocellulosic Feedstock, Green and Two- or multi - 

Platform Biorefineries2. 

  

Figure 2.1 ïTypes of Biorefineries  (a) and (b) .                                                                          

(Figure taken from Kamm, B.; Gruber, B.R.; Kamm, M. (2006) ñBiorefineriesò.                                        

Industrial Processes and Products, Wiley-VCH).   

                                        

2 Kamm, B.; Gruber, B.R.; Kamm, M. (2006) ñBiorefineriesò. Industrial Processes and Products. Wiley-VCH.  

Birgit Kamm (2009). ñTechnical description of Green and Whole Crop Biorefineriesò. BioreFuture- Biopol 

Meeting. Brussels, March 30. 

(a)  

(b)  
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Figure 2 .1 ï Types of Biorefineries  (c) and (d) .                                                                              

(Figure taken from Kamm, B.; Gruber, B.R.; Kamm, M. (2006). ñBiorefineriesò.                            

Industrial Processes and Products. Wiley-VCH).   

 

The term ñbio-based productsò refers to three different product categories:  

¶ biofuels (e.g. biodiesel and bioethanol); 

¶ bio-energy (heat and power) ; 

(c )  

(d )  
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¶ bio-based chemicals (e.g. methanol, ammonia, succinic acid, bio-based 

polyethylene, bio-based polypropylene, p-xylene and polylactic acid) and 

materials. 

Although conversion techniques are generally classified in two main categories, i.e. 

biochemical and thermochemical processes), there could be applied other type of 

conversion paths, namely thermal processes with catalysis or hydrothermal processes. 

This is the case of hydrotreatment , which involves a chemical reaction of vegetable 

oils, animal-based waste fats or by-products of vegetable oil refining with hydrogen, 

producing hydrocarbons that can substitute fossil diesel or biodiesel. 

The following sections focus on the different types of conversion and technologies. 

 

BIOCHEMICAL CONVERSIO N PROCESSES  

FERMENTATION OF LIGNOCELLULOSIC BIOMASS 

Fermentation is a biological process in which enzymes produced by microorganisms 

catalyze chemical reactions to convert the sugar -containing polymers, cellulose and 

hemicellulose, to a rage of products. The lignin part of the biomass cannot be 

converted via the fermentation route . There is a great variety of bacteria, yeasts 

(including genetically modified yeast) and fungi able to ferment these sugars. These 

microorganisms digest sugars to produce energy and chemicals, producing carbon 

dioxide, organic acids, hydrogen, ethanol, and other products.  However, cellulosic or 

starch biomass need to be broken up into sugar molecules prior to fermentation.  The 

lignocellulosic material is usualy and firstly mechanically degraded, i.e. chipped, 

grinded or milled in order to increase the surface area. Generally, two routes are 

employed to hydrolyse the lignocellulosic material. One is the use of acid hydrolysis 

and the other is the use of a pretreatment process prior to en zymatic hydrolysis. In 

both cases there are several possible methods or operation modes. In all fermentation 

routes it is very important that all sug ar residues are fermented with high product yeld 

in order to use resources efficiently and get good economic performance. That means 
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that the chosen fermentation microorganism must be able to convert all 

monosaccharides present in the stream to the desired product with high efficiency 

level. After the fermentation , the solid fraction containing lignin can be used to 

produce heat and electricity.  

ANAEROBIC DIGESTION 

Anaerobic digestion is a biological process to breakdown biomass by using 

microorganisms in the absence of oxygen, producing combustible gases. 

The anaerobic degradation of organic matter is due to the coordinated activity of 

microorganisms (Bacteria and Archaea) that operate interdependently in the absence 

of oxygen, and in successive stages (hydrolysis, acidogenesis, acetogenesis and 

methanogenesis) that attack structures of complex organic materials by converting 

them into simple compounds, such as methane (CH4) and carbon dioxide (CO2). Two-

stage anaerobic digestion processes are known to be frequently applied to the 

sequential production of hydrogen and methane from various organic substrates and 

wastes in a cost effective manner [1]. Figure 2.2 illustrates a schematic two stage 

anaerobic digestion process3 developed for biogas production from green waste and 

animal droppings by the University of Western Australia. 

  

Figure 2.2 ï A schematic two stage anaerobic digestion process.   

                                        

3 Process diagram and information of R&D in the UWAôs Energy Centre (consulted April 2017) 

http://www.cfe.uwa.edu.au/research/coal   

Source: http://www.cfe.uwa.edu.au/research/coal ) 

http://www.google.pt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiyydzVgeXSAhVDvxQKHXdcCpIQjRwIBw&url=http://www.cfe.uwa.edu.au/research/coal&psig=AFQjCNG4OhrAOqH2_ixHit6alid_Y6tINw&ust=1490096873689012
http://www.cfe.uwa.edu.au/research/coal
http://www.google.pt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiyydzVgeXSAhVDvxQKHXdcCpIQjRwIBw&url=http://www.cfe.uwa.edu.au/research/coal&psig=AFQjCNG4OhrAOqH2_ixHit6alid_Y6tINw&ust=1490096873689012
http://www.cfe.uwa.edu.au/research/coal
http://www.google.pt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiyydzVgeXSAhVDvxQKHXdcCpIQjRwIBw&url=http://www.cfe.uwa.edu.au/research/coal&psig=AFQjCNG4OhrAOqH2_ixHit6alid_Y6tINw&ust=1490096873689012


 

 

 

 

IETS-ANNEX XI Industry -based biorefineries 
9 

THERMAL CONVERSION PRO CESSES 

BIOMASS GASIFICATION 

Gasification is a thermochemical conversion process that involves thermal 

decomposition of biomass in a reducing atmosphere of steam or air (or both) ; a 

medium- or low-calorific value gas is produced which can subsequently be converted to 

other fuel forms or chemicals. In gasification process biomass is submitted to a 

complex series of reactions, which involve drying of biomass, pyrolysis, reduction and 

oxidation. There are various types of gasifiers and plants installed in various countries, 

given its potential to generate gas that can be converted into liquid fuels and chemicals 

as well as energy. However, its dissemination has been slow due to economic 

considerations. Figure 2.3 presents a schematic diagram of a two-step biomass 

gasification process developed by Biomass Technology Group4. 

 

(Source:  www.btgworld.com ) 

Figure 2.3 -  Schematic diagram of BTG  two -step gasification process .                                  

 

                                        

4 Source consulted in October 2016, at www.btgworld.com . 

http://www.btgworld.com/media/cms_block/rtd-technologies-gasification-3.jpg
http://www.btgworld.com/
http://www.btgworld.com/
http://www.btgworld.com/media/cms_block/rtd-technologies-gasification-3.jpg
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Anaerobic digestion and gasification are processes that complement each other in that, 

together, can be applied to the conversion of a large part of the effluents produced into 

utility products. While anaerobic digestion is suitable for degradation of high moist and 

liquid organic effluents, gasification applies better to lignified materials of low moisture 

content which are usually difficult and long to decompose by biological processes. 

PYROLYSIS OF BIOMASS 

Pyrolysis is the thermal decomposition of biomass occurring in the absence of oxygen. 

It is the fundamental chemical reaction that is the precursor of both the combustion and 

gasification processes and occurs naturally in the first two seconds. The products of 

biomass pyrolysis include biochar, bio-oil and gases including methane, hydrogen, 

carbon monoxide, and carbon dioxide. Depending on the residence time, the thermal 

environment and the final temperature, pyrolysis will yield mainly biochar at low 

temperatures, less than 4500C, when the heating rate is quite slow, and mainly gases 

at high temperatures, greater than 8000C, with rapid heating rates. At an intermediate 

temperature and under relatively high heating rates, the expected product is bio-oil. 

Pyrolysis can be performed at relatively small scale and at remote locations which 

enhance energy density of the biomass resource and reduce transport and handling 

costs. Heat transfer is a critical area in pyrolysis as the pyrolysis process is 

endothermic and sufficient heat transfer surface has to be provided to meet process 

heat needs. Pyrolysis offers a flexible and attractive way of converting solid biomass 

into an easily stored and transported liquid, which can be successfully used for the 

production of heat, power and chemicals. However, there is a need for further research 

to improve oil yields and reduce technology costs, especially when dealing with high 

moisture content feeding stocks where hydropyrolysis has a potential. Usually, higher 

moisture contents than 10%, such as waste streams (sludge and meat processing 

wastes), are subjected to drying before applying pyrolysis.  

.  

CONVERSION OF SYNGAS TO METHANE 

Methane can be produced from syngas, this composed usually by methane, hydrogen, 

carbon monoxide and dioxide. CO and CO2 streams can be converted to methane by 



 

 

 

 

IETS-ANNEX XI Industry -based biorefineries 
11 

means of a catalyst. Methane can also be found as a by-product of Fischer-Tropsch 

biofuel synthesis. Synthetic natural gas (SNG) is a substitute for natural gas that can 

be fed directly into the national grid, and used as a transport fuel if liquefied. 5 

SNG production can also involve the conversion of biodegradable waste or energy 

crops into a gaseous fuel called biogas, made up largely by methane and carbon 

dioxide. Commercial conversion processes typically run via anaerobic digestion or 

fermentation by anaerobes. This biological process is used as a renewable substitute 

for commercial natural gas and is estimated to have a conversion efficiency of 70%. 6 

 

1 STGENERATION VS 2 ND  AND 3 RD  GENERATION BIOREFINE RIES  

Biofuels are referred to solid, liquid or gaseous fuels derived from organic matter. They 

are usually divided into primary and secondary biofuels. Primary biofuels are used in an 

unprocessed from primarily for heating, cooking or electricity production. Secondary 

biofuels such as bioethanol and biodiesel are produced by processing biomass and are 

able to be used in vehicles and various industrial processes. The secondary biofuels 

can be categorized in three generations: first, second and third generation biofuels on 

the basis of different parameters, such as the type of processing technology and type 

of feedstock. Figure 2.4 shows a classification of biofuels according to Dragone G. et 

al7. 

 

                                        

5 Hofbauer, H. (2008).  Fischer-Tropsch Fuels and Bio-SNG, Vienna University of Technology. 

6 Van der Drift, A. (2008). Status of biomass Gasification. Energy research centre of the Netherlands. 
7  Dragone, G., Fernandes B., Vicente A. A., Teixeira J. (2010). ñThird generation biofuels from 

microalgaeò. Technology and Education Topics in Applied Microbiology and Microbial Biotechnology. Ed. A. 
Méndez-Vilas. 
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Figure 2.4 ï Classification of biofuels .7 

First generation fuels refer to those that are most widely commercially available today. 

Generally, these are obtained from food crops and commodity agricultural products as 

raw materials. The most common concern related to the first generation biofuels is 

that as production capacity increases, so does the competition with agriculture for 

arable land used for food production. The increased pressure on arable land currently 

used for food production can lead to food shortages and/or increase in food prices. In 

addition the intensive use of land with high fertilizer and pesticide applications and 

water use may also cause significant environmental problems. 

Second generation biofuels are intended to be derived from lignocellulosic biomass, the 

woody part of plants that do not compete with food production. Main sources include 

forest harvesting residues or wood processing waste as leaves, straw or wood chips as 

well as non-edible components of corn or sugarcane, but special energy crops or 

municipal waste can also be used. Making the transition to this second generation is 

widely regarded as being the only sustainable way in which biofuels can continue to 

grow their share of the fuels market. However, whilst there are up to forty 

organizations focusing on second generation bioethanol in the US alone, there remain 

technological hurdles to be overcome. Converting the woody biomass into fermentable 
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sugars requires costly technologies involving pre-treatment with special enzymes, 

which is a challenge for an economic production on a large scale. 

Concerning third generation biofuels, they are obtained from microalgae, and are 

considered to be a viable alternative energy resource. Microalgae are able to produce 

15-300 times more oil for biodiesel production than the traditional crops on an area 

basis. As microalgae have a very short harvesting cycle (1 to 10 days depending on the 

process) comparing to the conventional crop plants which are usually harvested once 

or twice a year, a significant increased yield can be obtained. There are several ways 

to convert microalgal biomass to energy sources, which may be classified into 

biochemical conversion, chemical reaction, direct combustion, thermochemical and 

hydrothermal conversion. Figure 2.5 illustrates pathways from feedstock into final 

products.  

 

Figure 2.5 ï Conversion processes for biofuel production from microalgal biomass .       

(Diagram taken from Dragone, G., Fernandes B., Vicente A. A., Teixeira J. (2010). ñThird generation 

biofuels from microalgaeò.In: Technology and Education Topics in Applied Microbiology and Microbial 

Biotechnology, Ed. A. Méndez-Vilas. 
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Next generation fuels will be those obtained from CO2 fixation producing primarily 

methane with the use of catalysts. The challenge is on cost reduction and closing the 

cycle in an efficient manner in energy terms.  

In a global way, Fig. 2.6  presents a diagram of conversion processes to biofuels as a 

function of the feeding stock. 

 

Figure 2.6 - Conversion processes of biofuels as a function of raw materials and final use . 

(Diagram taken from www.eubia.org, consulted in October 2016) 

 

CURRENT STATUS OF BIOREFINERIES  

One way of evaluating the current state of worldwide development of biorefineries is 

through the number of existing biorefineries as well as by their increasing production 

capacity facing previous years. In terms of biofuels, biodiesel has increased its share 

significantly, having the largest  share in the biofuels market in Europe. Figure 2.7 

http://www.eubia.org/
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confirms this increase from 1998 into 2013 , with exception of a decrease in 2011 that 

is attributed to the oil procesô variation. As it can be seen, Germany is the leading 

production country in Europe.  

Data shows that biofuel production has maintained its increase up to 2015. Figure 2.8 

shows the production pattern  for the period 2009 ï 2015.  

 

Figure 2.7 - Biodiesel EU production (1998 -2013) .                                                                      

(Diagram obtained from www.ebb-eu.org, consulted in October 2016). 

 

Figure 2.8  ï Total biofuel production capacity in the period 2009 -2015 .  

(Data taken from Advanced Biofuels Project Database published in Biofuelsdigest)
8
 

                                        

8 Data taken from www.biofuelsdigest.com (consulted in October 2016). 
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With respect to advanced fuels production, data show that there is a positive trend to 

imcrease its production as production capacity has been increasing, but still further 

progress is needed. The following figures compare levels of production in different 

regions. The low levels of production of most of the fuels show that it is still needed 

further development to take place to i mprove its push into the market.  

The following data and figures were taken from www.biofuelsdigest.com  and refer to 

the following regions: Europe, North America, South America, Asia and Oceania. 

Europe:  

 

 

Figure 2.9  ï Advanced biofuel  and total production  in Europe in the period 2009 -2015 .  

0%

50%

100%

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

Advanced Biofuels Production in Europe 

Other

Biodiesel

Bio oil

a) 

0,00

100,00

200,00

300,00

400,00

500,00

600,00

700,00

2009 2010 2011 2012 2013 2014 2015

m
ill

io
n

s 
o

f 
g

a
llo

n
s 

p
e
r 

y
e
a

r
 

Europe Total Production capacity 

Total
tǊƻŘǳŎΧ

b) 

http://www.biofuelsdigest.com/


 

 

 

 

IETS-ANNEX XI Industry -based biorefineries 
17 

North America  

 

Figure 2. 10  ï Advanced iofuels production in Noth America in the period 2009 -2015 .                             
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Figure 2.11  ï Biofuels  and  total production capacity in South America . 

 

As it can be seen in Fig. 2.11, South America had a sharp rise in installed capacity from 

2011 to 2013, maintaining a constant value in the last three years. However, the 

installed capacity in South America is about 12 times lower than that of Europe. 
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Figure 2.12  ï Biofuels  and  total production capacity in Asia in the period 2009 -2015 . 

The production capacity of advanced biofuels in Asia was kept almost constant over 

the period 2010-2012, increased slightly in the following two years (2013 -2014) and 

almost doubled the previously installed capacity in 2015. The reason for this behaviour 

is linked to the growth of fast pyrolysis capacity  raise. 
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Figure 2.13 ï Biofuels  and total  production c apacity in Oceania for 2009 -2015 .  

Although there has been an effort to implement advanced technologies for algal 

feedstock in the last three years, the contribution of Oceania to the overall world 

biofuels production capacity is very small. 

North America, especially in the recent years, has shown the greatest increase in its 

biofuel production growth, outstanding when compared to other regions. Figure 2.15 

confirms this leading role.  

 

Figure 2.1 5 ï Biofuels total production capacity in the period  2009 -2015 . 
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3.  MARKET POTENTIAL  

 

Mankind lives now a brief period on its history, at which dependence from fossil 

resources stands for the structural basis for primary energy supply and products 

production. These fossil resources allowed the relevant technological leap that our 

societies have seen within the last century, however, no matter how optimistic the 

studies are, all are unanimous in concluding that this brief period of humankind history 

(massive use of fossil fuels, particularly for mobility ), may not be kept within a few 

decades, making it necessary to find alternatives . We may still have / use oil for more 

100 years but its economic feasibility will decline, as it become harder to extract, purify 

and refine, and consequently more expensive. Coal and natural gas may last longer 

due to massive reserves, and replace part of the oil, but if natural gas seems to be less 

pollutant, the same cannot be  said regarding coal, unless carbon capture and 

sequestration technologies are installed. Will the price of these energy sources be kept 

acceptable within the next decades? Will a fast growing world population and 

consumers willing for more ecological and sustainable products allow fossil age to last 

many more decades? 

In the last decadeôs biorefinery has been an exciting subject for researchers, 

discussed at scientific forums, conferences, within universities and research institutes, 

but in the last years this subject has also grabbed the industry attention and 

nowadays many industrial projects are already at the field. It cannot be forgotten that 

some of the bio refinery concepts were developed long ago, for example during the 

Second World War, but recently technological developments and process optimization 

have driven to more efficient and co st competitive processes / products / fuels . 

The oil price instability along with consumers willing for ecological and sustainable 

products has progressively been made viable the production and trade of biomass 

base chemicals, fuels and polymers, replacing the ones with petrochemical origin. 

Consequently, a bio base industry is emerging, showing steeply growing rates. 



 

 

 

 

IETS-ANNEX XI Industry -based biorefineries 
22 

International legislation is being drawn to prevent raw material supplies with its origin 

on agricultural lands, thus forest biomass and agricultural residues may become the 

source for these new bio industry raw materials. Industrial bio refineries have been 

identified as the most promising route for  the creation of a new bio based industry  / 

economy. Various sources (Chemical industry, consultancy companies, European 

Union, other entities) estimate a rapid growth in the production of products such as 

bioethanol, bioplastics, biogas or biochemical, in a 10 year time span. Following, some 

of these studies will be mentioned.  

 

¶ Pöyry Management Consulting estimates the renewable chemicals market will 

worth 40 bnú in 2020, providing 43.600 new jobs within the biochemical 

industry only.  [1; 2]  

 

¶ Royal DSM evaluated biochemical building blocks market in 4,5 bn$ in 2015 and 

estimates  9 bn$ in 2020 [3]. This company production affords to target the bio-

based succinic acid and bio-based adipic acid. 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 ï Biochemical Building Blocks.  

 

¶ Brew Project, predicts that by  2050, 17 to 38 % of the organic chemicals will be 

produced based on renewable sources (e.g. biomass). This represents 26 to 
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113 kton / year. The same study predicts that 42 kton of polymers, presently 

produced in Western Europe (from petrochemical sources) could be replaced by 

biopolymers. [4] 

 

¶ In 2010, the Sillicon Valley Bank released a report that evaluated the renewable 

chemicals and biofuels market in 148 bn$. It predicts that by  2025, 17% of 

chemicals and fuels are bio-based, accounting for 1.4 trillion$ (Figure 50). [5] 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2  ï Renewable Chemicals and Biofuels Market . [5] 

 

¶ Market value for bio-based products might triple until 2020 to an estimated 

ú250 billion globally, which could result in a similar increase in jobs (380.000). 

As of 2005, bio-based products already accounted for 7% of global sales and 

around 77 billion euro in value within the chemical sector.  The EU industry 

accounted for approximately 30% of this value . 
[6]

  

 

¶ European Bioplastics predicts that global bioplastic production will grow 300% 

from 2012 to 2018 to reach approximately 6.700 kton per year. Bioplastics are 
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a broad family of materials with widely varying properties. Ultimately, 

bioplastics have the same properties of conventional plastics and can be used in 

all market segments where the latter are used. Several kinds of bioplastics are 

being produced (Figure 51), not only conventional plastics (e.g. PE, PET) but 

also other plastics, with  lower applications so far (e.g. PLA, PHA, PHB).
[7]

 

 

 

 

 

 

 

 

 

Figure 3.3  ï Global Bioplastics Production Capacity . [7] 

 

¶ A market overview for key fermentation products in 2013 and annual growth 

projection until 2020 was published by Deloitte on a 2014 study. According to 

this study this market value reached 127 bn$ in 2013, and will continue rising 

within the next years , between 4.6% /year for alcohols and 6.5%/year for other 

products, as can be seen in Table 3.1 [8]. 
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Table 3.1 - Market overview for key fermentation products in 2013 and annual growth 

projection until 2020 . [8] 

 

 Source: BCC Research, FO Licht Renewable Chemicals Database, NOVA Institute, FAO/OECD - 

Deloitte Analysis. [8] 

 

BIOETHANOL  

Bioethanol is a biofuel already spread worldwide, but major consumption is verified at 

USA, Brazil and Europe. According to Deloitte [8], in 2013 alcohols market value 

reached 110 billion $. At Europe, bioethanol consumption and productions has not 

grown so steeply as at Brazil and USA, nevertheless, according to LMC International, 

consumption at Europe reached the 8 billion liters at 2013 and 14 billion litters are 

predicted to 2020 [11]. Europe is also a net importer of bioethanol, having imported 

nearly 1 billion litters at 2013. By 2020 it is expected that importations may reach 4 

billion litters.  


















































































































