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1. Introduction 
 
In the BABETHANOL project the new process, called CES -Combined Extrusion-
Saccharification, is developed as a new pre-treatment of biomass for the production 
of 2nd generation ethanol, and tested from laboratory up t o semi-industrial pilot-scale 
with different feedstock: Blue Agave Bagasse (BAB), Oil Palm Empty Fruit Bunches 
(OPEFB), Barley Straw (BS) and Sweet Corn Cobs (SC). A Europe-Latin America 
lignocellulosic biomass catalogue is also developed as a further contribution to 
the identification and expansion of feedstock attractive for the production of 2nd 
generation ethanol and suitable for the CES process. 
 
This new pre-treatment process is found especially adapted to small size production 
plants that can be located in rural or urban areas where crop or agro-industrial residues 
can be available and concentrated in amounts of at least 30.000 tons dry matter per 
year (100t/day production capacity on t he basis of 300 oper ating days/year and 24h 
operation). There should be m any possibilities of this type of plants in the countries 
studies for feedstock selection in the project, and therefore many opportunities for 
economic development and employment at regional/local level. However, during the 
last years a large part of the agricultural, agro-industrial and forest residues have been 
utilized for different purposes like industrial and domestic energy, animal feed, soil 
conservation, etc. Therefore, a more detailed study at country and local level is 
required to get a real dimension of the availability of feedstock for 2nd generation 
ethanol plants using the CES pre-treatment process.  
 
Agricultural and a gro-industrial lignocellulosic residues, such as cereal harvest 
residues, sugar cane harvest residues and bagasse and forest-wood industrial 
residues are likely to offer some of the lignocellulosic feedstock available in significant 
quantities. Bagasse and wood industrial residues are concentrated at the processing 
plants and therefore available at relatively low cost, whereas other feedstock such as 
cereal straw and corn stover need to be c ollected from the field as a s eparate and 
more costly operation. Residues from the wood processing industry can provide low-
cost feedstock already collected on site. But bark, off-cuts, sawdust, shavings, etc. due 
to their high amount of lignin, low moisture content and uni form properties, are 
particularly attractive for thermo-chemical processing. The majority of them are already 
used as bio-materials (chip boards, garden mulch, etc.) and also on electricity and heat 
generation on boilers though some remain available for other uses. 
 
During the project, priority has been given to biomasses with specific chemical 
composition most suitable for the production of 2nd generation ethanol and the CES 
process: cellulose >34%, hemicelluloses <30%, lignin <22%, mineral content<10%, 
lipids <10%, proteins <10% and no t competing with human and animal feeding. 
Amounts available and geographical concentrations were the main selection criteria in 
order to be able to supply production plants of minimum 30.000 tons DM per year 
processing capacity at regional/local level. This study takes into consideration different 
stages of selection of biomass waste supply. The net availability of residues, its 
chemical composition and economical and logistics issues, were the main criteria for 
the screening and selection of the best materials appropriated for the production of 2nd 
generation ethanol with the CES process.   
 
This is the result of the cooperative work performed by IICA PROCISUR member 
institutes in the region that acted as third parties to the project (Brazil, Argentina, Chile, 
Uruguay & Paraguay), and UNIUD-DISA which carried out the feedstock selection for 
Western European Countries (France, Spain, Italy, Germany and U K). Professionals 
with high expertise in each area were appointed as national liaisons to integrate the 
South America BABETHANOL technical team.  
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2. Material and methods 
 

2.1 Stages for screening the feedstock 
 

Starting from the analysis of all the information available in order to fulfil the objective of 
the project, the partners of WP7: IICA/PROCISUR and its five third parties 
(INTA/Argentina, EMBRAPA/Brazil, INIA/Chile, MAG/Paraguay and INIA/Uruguay) and 
UNIUD-DISA have developed a methodology for the selection of potential feedstock 
candidates on a three stage screening: 
 
Stage 1:  
 
Broad selection of biomasses that can be found from crop and agro-food/agro-industry 
residues/by-products in Argentina, Brazil, Chile, Paraguay, Uruguay, France, Spain, 
Italy, Germany and UK based on: 
 
o Access to the feedstock: pre-conditioned biomasses already available in 

processing sites versus raw biomasses left in the fields or forests. 
o No competition with food (human and animal). 
o High volumes. 
o Bulk state: priority given to biomasses ready or easily prepared for extrusion 

(fibbers, chips, grains, small pieces). 
 

Stage 2:  
 
Chemical screening with complete chemical composition suitable for the production of 
ethanol and for the new CES process: including mineral, carbohydrates and l ignin 
composition, and lipids and protein contents.  

 
Stage 3: 
 
Finer selection of the feedstock candidates and their geographical locations from 
stages 1 and 2, based on the following criteria: 
o Costs along the supply chain: removal/collection, pre-processing, transportation, 

storage and conditioning while waiting for processing.  
o Volumes available: per country/region and geographical distribution 

(concentration/dispersion), and t ime of conservation before conditioning. For 
residues left in the field and partially used for land enrichment, it will be necessary 
to analyse which volumes can be removed. 

o Current use and competition with other potential applications: energy, textile, 
composite materials, building materials, pulp, paper and paperboard industries. 

o Local benefits: creation of processing plants and subsequent jobs, and protection 
of the environment.  

 
2.2 Biomass waste supply  

 
The available biomass waste supply was assessed as well as the current demand for 
alternative uses through the application of the WISDOM methodology (Woodfuel 
Integrated Supply/Demand Overview Mapping) of FAO, and by IICA PROCISUR, 
dumped into a Geographic Information System (GIS) that provides the information 
generated within a g eo-referenced framework that facilitates the handling and 
overlapping of layers of thematic information and spatial analysis treatments using 
ARCGIS software tools. 
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2.2.1 Consideration for the collection of specific data for crop residues 
 
The agricultural residues include the totality of by-products deriving from the cultivation 
of crops, generally with alimentary aim, otherwise not usable or with alternative 
marginal uses. Not all the residues coming from this section are usefully employable for 
energy production because of their physical and energetic characteristic and because 
of economic barriers (harvesting costs and low biomass density for unit of surface) 
which limit the possibility of their utilization. 
 
The straws which remain on the field after the threshing process represent the main by-
product of the fall-winter-spring or spring-summer crops. However, these residues are 
necessary to protect the soil from erosion and contribute to maintain soil organic 
matter, a key factor in most desirable characteristics of soil quality, and are positively 
related to soil and crop productivity. The impact of crop residue removal on soil quality 
and crop productivity must be as sessed before prudent decisions. As with most 
agronomic practices, results from studies reported in the literature do not provide 
consistent conclusions on the impact of residue removal on soil characteristics and 
crop yield. Reasons for the contrasting results are related to factors such as existing 
soil organic matter levels, climate and w eather, soil characteristics, and c rop 
management practices. Crop residues strongly impact the microclimate under which 
the crop residues decompose to form organic matter and conditions under which the 
crop grows and develops. The presence of surface crop residue has a greater impact 
on the amplitude of diurnal soil temperature than the mean. This impact is greatest 
when residue is fresh. Soil temperature effects of residues are involved in a complex 
set of processes that result in reduced evaporation of water from soil when it is covered 
with residue. The residues have tremendous impact on biota living in the soil and on 
biodiversity. Within limits, residues like wheat straw, barley straw, rye straw and corn 
stover can be har vested. Recommendation for removal rates must to be bas ed on 
regional yield, climatic conditions and cultural practices. 
 
South America 
 
Crop residues 
 
In order to calculate waste from the extensive agricultural crops proposed by each 
country of South America, management practices used in each country and weather 
conditions allowing for the use, or not, of a percentage of these waste intended for 
bioenergy was considered. 
 
In Argentina, Brazil, Paraguay and Uruguay the direct seeding system mainly used on 
soils with the highest productive potential renders the use of stubble unfit as the latter 
is not removed from the fields and, given regional weather conditions, it prevents soil 
degradation, restores fertility and provides structure to the soil. In the case of wheat, a 
prudential use of stubble was estimated at around 10% of the resulting volume.  In the 
case of Uruguay, conservative collection percentages were also considered due to 
sustainability reasons. 
 
In the case of Chile, wheat and corn wastes are not left on the soil because weather 
conditions do not  favour its degradation and c onstitutes a pr oblem when handling 
rotating crops.  In this case, the possibility to fully remove stubble within the limits set 
by the collection means was considered. Considering the same principle of wheat 
residues, corn waste calculations only contemplate the use of corncobs, which could 
be collected when grains are harvested by attaching devices especially designed for 
such purposes to harvesting machines. 
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Crop biomass waste left on the soil is a common practice that serves both to protect 
the soil from erosion and restore nutrients to the soil by decomposition. From the 
perspective of soil and environmental quality, determining the amount of excess crop 
biomass waste available for removal is a complex issue that will vary depending on the 
different climates, soils and management systems. In this study, IICA has used the 
best information obtained from agricultural research stations in each country.  
 
Sugarcane residues 
 
In order to calculate the amount of waste generated at sugarcane plantations at 
harvesting time (RAC), the different harvesting modalities in each country - Brazil, 
Argentina and Paraguay - have been considered:  manual or machine harvesting 
system %,  burning %, etc.  In order to evaluate the RAC % likely to be collected, the 
availability and efficacy of the machinery intended to these tasks in each country was 
assessed. In Brazil, the highest concentration of sugarcane plantations is located in the 
State of Sao Paulo and i n a per ipheral area of 300 k m around this state. Industries 
generating the highest volume of sugar and biofuel are also located within the same 
radius. 
 
The field waste (tops and leaves) of the harvested volume was estimated at about 25% 
(this would mean 230 to 250 kg per ton on wet basis and 115 to 139 kg lowered to 10% 
moisture, depending upon the country). Exploitation thereof depends on how the cane 
fields are managed.  Crop waste cannot be obtained once plantations are burned. 
 
Available waste was calculated in the regions where green crops are predominant 
(65% to 87%) and the estimated loss was determined by the need to leave part of the 
trash on the fields for soil preservation purposes.  Collectible RAC was estimated at a 
conservative 50% to 70% percentage of the available waste.  From the resulting 
volume, another 50% was deducted due t o moisture conditions at the time of 
harvesting in order to obtain the dry weight of the waste.  
 
Bagasse was estimated to generate 276 to 300 kg per ton of processed sugarcane (on 
wet basis), depending upon the country.  A high percentage of the resulting waste 
(nearly 90%) is used at plants to generate the necessary energy for production 
processes, therefore, plants engaged in sugarcane production would have a potential 
excess of around 3% from the total milling. 
 
In Argentina and Paraguay, the volume of potential waste to be used in lignocellulosic 
ethanol is being reduced by plants being modernized cogenerating electricity by using 
production waste and the spare energy from side process to industrialize sugarcane.  
The necessary technological transformation for this cogeneration is more likely to occur 
in large companies. In Brazil, the use of bagasse for cogeneration of electricity is 
already an important commercial practice and bagasse has already a commercial 
value.  
 
Fruit tree residues 
 
The waste from thinning and pr uning of fruit trees, olive groves, etc. was calculated 
according to data provided by the representatives of Chile and Argentina interested in 
this raw material. Brazil provided data on ag ricultural residues from plantations of 
pineapple, cotton, banana, cashew, coconut, cassava, corn, rice, soybean, sweet 
sorghum and wheat.  
 
Biomass resulting from agro-industrial processes such as sawmills (as is the case of 
Chile and Argentina), hull from industrialized crops (as is the case of rice in Uruguay), 
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olive or grape pomace (Chile and A rgentina), waste from the apple industry in Chile 
were considered as indirect supply. Brazil provided data on r esidues from agro-
industrial processing of pineapple, banana, cashew, coffee, coconut, orange, agave 
and sweet sorghum.  
 
Information on the location of industrial plants, processed volume and waste in South 
America was provided by the representatives of the countries members of IICA 
PROCISUR. 
 
Forestry wood residues 
 
This analysis was developed to assess the potential of native wood and forest 
plantation waste in the case of Argentina and Chile, and forest plantation waste in the 
case of Uruguay. 
 
The analysis and s patial representation of the biomass supply sources available for 
energy generation purposes have several approximation phases within the WISDOM 
methodology employed: 
1. Geographical distribution mapping of the ligneous biomass reserves derived from 

native woods and forest plantations. 
2. Estimation of sustainable and available productivity of biomass from native woods 

and forest plantations, after deduction of traditional commercial uses. 
 

In order to build this information in Argentina, a digital version of the Native Wood 
Inventory was used, which was developed by the National Secretariat for the 
Environment   (Environment and Sustainable Development Secretariat (SA y DS) -
updated as at 2009). For the mapping of forest plantations the digital inventory 
developed by the National Forestry Board of SAGPYA in 1997 was used, updated with 
satellite information collected in 2009. Data from INDEC was collected for the 
calculation of the dendroenergetic (or wood-based energy) biomass consumption. 
 
For the calculation of the potential of ligneous waste from native woods and forest 
plantations in Chile, data was obtained from the institutions participating in WISDOM-
Chile:  t he Forestry Institute of Chile (INFOR), in collaboration with the Forestry 
National Corporation (CONAF), the Centre of National Resources (CIREN) and FAO 
consultants. Consumption of dendroenergetic biomass in residences was obtained 
from CNE data and industrial consumption was calculated from data provided by the 
National Commission for the Environment (CONAMA). 
 
In the case of Uruguay, the information on forest plantations and on waste calculations 
per province was provided by Agronomist Fernando Resquin, Researcher of the 
Forestry Production Program of Uruguay, and the localization and m apping of forest 
plantations were carried out through a classification of LANDSAT 5 satellite images at 
the Technology Transfer Office of the Climate and Water Institute.  O ther direct 
sources of potentially available biomass for lignocellulosic biofuel considered in the 
study included waste from some annual crops and waste from the management of 
certain crops such as olives, vineyards and sugarcane. 
 
Forest residues are also increasingly being used for electricity and heat  generation, 
there are big power plants already in operation in the region and more are on the 
pipeline. This will change the future picture giving a base value for those residues. 
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Europe 
 
The proportion of residues that is optimal to incorporate back into the soil varies 
regionally and t his needs to be t aken into account in the development of any 
safeguards that are put in place. The removal rate refers to the percentage of available 
residues that can be collected without increasing soil erosion or diminishing soil fertility. 
It is hard to assess the amount of residue that can be removed as it depends on grain 
yields (Nelson R, 2002) which depends on l ocal conditions: weather, crop rotation, 
existing soil fertility, tillage practices and slope of the land and on the time frame of the 
study (Gabrielle B, Gagnaire N, 2008). Most studies examining global biomass supply 
assumed that about 25% of the total available agricultural residues can be r emoved 
(Ericsson K, Nilsson LJ.2006). Studies focused on t he US, Europe, and Fr ance 
assumed a removal rate which mainly ranges between 20 and 40%. The availability of 
these types of residues for energy purposes is restricted by several technical, 
environmental or economic factors that are difficult to quantify. According to Dalianis 
and Panoutsou (1995) from the total agricultural residues produced in EU15, 48% are 
being exploited in non-energy (e.g. animal feeding) or traditional energy applications 
and a further 40-45% of the unexploited quantity cannot be ex ploited for various 
technical and/or economic reasons. Some studies focusing on specific parts of France 
found higher results. Institut National de Recherche Agronomique (INRA) and Arvalis 
(technical institute in charge of applied research on agriculture) looked at agricultural 
practices in the French region Picardie and found that a removal rate of 33% seems to 
only decrease the organic matter by 2.5% in 50 years (Protin PV, 2007). Another study 
suggested an average removal rate of 53% and expected that the proportion of straw 
removable can go up to 50 to 60% under certain conditions (Tyner W, Caffe M, 2007). 
However these high rates can be usually linked with particular tillage practices (good 
fertilization due to inputs of manure in livestock regions or good soil). In Mediterranean 
climates frequent droughts accompanied by high temperatures tend to reduce the 
quantity of soil organic matter. When no specific data were found in the literature or 
obtained from the surveys, it was chosen to use a c onservative availability factor of 
30% residues.  
 
UNIUD-DISA used FAO Data 2010 f or feedstock production in the studied countries 
and calculated or determined by direct sampling the production in dry matter basis. To 
calculate the residues gross amount supply, the partner used the Harvest Index (HI) 
which is defined as the ratio between economic yield (grain production t/year and total 
dry biomass t/year). It was also possible to calculate the residues gross amount by 
acreage. Comparative studies between HI and acreage calculations show that figures 
from HI are always higher than figures with acreage (sometimes almost twice higher). 
Although it is considered that HI calculation is a more exact, UNIUD-DISA applied a 
conservative factor of 0.75 to the residues gross amount values obtained from HI. A 
number of publications/reports exists dealing with HI coefficients, and data may vary 
from one source to another, in which case average values were considered. UNIUD-
DISA followed the internationally standardized categorization of agricultural products 
presented in the methodological handbook for material flow accounting by the 
Statistical Office of the European Union (EUROSTAT, 2009). For cereals, fruits and 
vegetables for which no species-specific data was available, UNIUD-DISA used values 
of similar agricultural products. The percentage of current use of biomass residues (the 
category “competition”) was taken from the data already available at UNIUD-DISA or 
researched during the project in the literature or in surveys with agronomic technical 
centres.  
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2.2.2 Organization of the collection and processing of the biomass data in South 
America 
 
The data collection module under SIG support was developed in Argentina, within the 
framework of INTA’s National Bio-Energy Program at the Technology Transfer Office of 
the Climate and Water Institute, with the data provided by the different institutes from 
the countries involved in the project. The data collection methodology for lignocellulosic 
material, as well as the organization thereof, was generated under its responsibility, on 
a SIG platform in order to know the material’s potential, availability and distribution for 
its transformation into second generation bio-fuels.  
 
Each country presented the areas of interest in which it wished to develop the analysis, 
considering criteria such as available volume and logistic considerations. 
 
The raw materials elected by each country for the analysis were: 
 
- Sugarcane trash in Argentina (tops and leaves (RAC1) and bagasse), in Brazil (tops 

and leaves (RAC) and bagasse) and in Paraguay (bagasse). 
- Fruit tree pruning waste in Argentina (olives and v ineyards) and i n Chile (apple, 

table grapes - vineyards and olives). 
- Waste from the industrial processing of grapes in Argentina, grapes and apples in 

Chile, and pineapple, banana, cashew, coffee, coconut, orange, agave and sweet 
sorghum in Brazil. 

- Waste from forestry activities in native woods and forest plantations and from the 
forestry industry in Argentina and Chile, as well as from forest plantations and the 
forestry industry in Uruguay. 

- Agricultural waste from cereal crops (wheat and corn) in Argentina and Chile and 
from crops and industry in Uruguay (rice). 

- Agricultural waste from plantations of pineapple, cotton, banana, cashew, coconut, 
cassava, maize, rice, soybean, sweet sorghum and wheat in Brazil. 

 
Priority was given to agricultural waste from the transformation into foodstuffs and other 
derivatives at industrial plants, which were collected and transported as an integral part 
of the main product (when compared to waste that remains on the fields after harvests 
and left on the site to restore the nutrients and structure of the soil, except for those 
that disturb subsequent agricultural operations and are usually eliminated by burning or 
other practices). 
  
The biomass selection process included: 
 

- The determination of the available biomass volume of each raw material per 
country (quantity and geographic distribution, availability throughout the year 
and storage stability). 

- The determination of the percentage crop waste removal likely to occur without 
affecting the soil’s sustainability for the case of residues that usually remain on 
the fields for soil enrichment purposes. 

- The detection of the current use of waste included in the study and the 
calculation of the volume intended for animal feed, energy generation, textile 
compounds, pulp, paper, pressed items, laminates, etc. 

 
 
 

                                                 
1 RAC, from Spanish: ‘Residuos Agrícolas Cañeros’, meaning ‘Sugarcane Trash’ 
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2.3 Wood biomass waste demand in South America 
 
Biomass waste current use and competition with other potential applications: energy, 
textile, composite materials, building materials, pulp, paper and paperboard industries, 
feeding, soil protecting, etc. were considered for any of the studied feedstock. 
 
The consumption of woody biomass from native forests for fuel was considered in the 
three sectors: residential, commercial and industrial. 
 
Residential consumption was calculated based on the consumption at households that 
use timber and c oal for cooking, informal consumption being estimated at 3 t on/ 
household/year. 
 
Commercial consumption included activities that use timber for cooking (roasters, 
bakeries, restaurants, etc.).  For bakeries, consumption calculations were based on the 
estimated consumption of bread per person per day (0.2Kg) and the need of wood to 
bake 1 kg of bread (1 kg of wood: FAO 1987).  At locations having gas networks, the 
use of timber per consumed bread was estimated to be 10% .  A t locations with no 
access to gas, the estimated percentage was 90%. 
 
Industrial consumption considered brick factories, tobacco- and yerba mate-drying 
facilities, etc. Timber consumption at brick factories is high but no accurate data was 
available due to the informal nature of this activity.  For this reason, consumption was 
estimated on the following bases: in small- and medium-sized urban areas one br ick 
factory every 1,000 inhabitants was estimated, between 0.7  and 0.5 in medium-sized 
cities, and none in big cities where industries operate with gas.  The average 
production of each brick factory was estimated at 12,000 bricks per month and 1 0 
months of work per year. For a br ick weight of 1.55 kg the estimated timber 
consumption was of 0.39 kg (FAO, 1967). 
 
In Argentina, the drying process of yerba mate and tea consumes nearly 270,000 tons 
of wood each year, according to the information provided by the Yerba Mate National 
Institute (INYM). This consumption is concentrated in the provinces of Misiones and 
Corrientes (Argentina), where the crops are located. The volumes calculated for each 
of these activities were especially located within the various cities and localities where 
they are developed. 
 
2.4 Chemical characterization and screening    
 
Information sources 
 
Three different sources were used. In those cases in which the information was 
available from databases generated by the partners, this was the preferable choice. 
When this information was unavailable, specifically selected samples were analysed. 
These analyses were performed at partners’ laboratories or other local ones. If the 
previous mentioned alternatives were not feasible, local databases or scientific papers 
were used to obtain the results. 
 
Components analysed 
 
Partners agreed that the most important components to analyse were the lignin, 
cellulose, hemicelluloses and mineral (ash) contents. Besides, protein and lipids 
content were analysed whenever possible. Since the final goal of the project is to apply 
the CES process on different feedstock, the objective was to screen materials with 
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compositions attractive for the production of 2nd generation ethanol but also suitable for 
the new treatment. 
 
The table below presents the critical levels which were selected by the partners. 
Cellulose should be t he major compound and hemicelluloses and l ignin should be 
limited to a maximum level of 30 and 22 % respectively. Materials with high lignin 
content are very hard and difficult to treat in an extruder under mild chemical and 
temperature conditions (this was observed with the trials made with olive mill husks at 
the beginning of the project). Mineral content should be limited to 10% in order to avoid 
excessive wearing of the extruder metallic components. Lipids and p roteins critical 
values were set at 10% to avoid respectively excessive saponification and 
“plastification” of the biomasses. Proteins submitted to thermo-mechanical treatment 
such as extrusion have a t endency to reticulate and pr oduce rubber-like products. 
However, there is no previous study on this topic to support this choice of values. 
 

Table 2.4.1 Critical levels of chemical composition for the CES process 
 

Parameters Content % DM 
Cellulose ≥34% 
Hemicelluloses ≤30% 
Lignin ≤22% 
Mineral content (ashes) ≤10% 
Lipids ≤10% 
Proteins ≤10% 

 
Sample preparation 
 
Representative samples were quartered down to 1kg. If needed, samples were dried at 
room temperature or 45°C oven, to achieve 10% moisture. After drying, they were 
milled in a Wiley knife mill or equivalent, using 1mm sieves. The process was done 
slowly and carefully in order to avoid overheating the sample. Milled sample was used 
for all analysis, unless otherwise is stated in the text. 
 
Moisture 
 
French standard NF V 03-903 was followed. Basically, samples were dried to constant 
weight at 130 ± 2ºC. Moisture was calculated as: 
 

  m1-m2 
Moisture (%) = ————― x 100 

           m1 
 

m1 = sample initial weight 
m2 = sample final weight 
 

If initial moisture was too high (e.g. 14% or higher), samples were dried in two steps: 
first without milling, and the second after milling. 
 
Mineral content (ashes) 
 
French standard NF V 03-322 was followed. Basically, samples incinerated at 550°C 
for 5 hours. Mineral content was calculated as: 
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           m2 
Mineral content (%) = ————―  x 100 

                 m1 
 

m1 = sample initial weight 
m2 = sample final weight (ashes) 

 
Lipids content 
 
French standard NF V 03-908 was followed. Basically, 10 t o 15g of samples was 
extracted with 125ml of cyclohexane for 5 hou rs using a Soxhlet device. After the 
solvent is evaporated, the lipid residue was weighted. Lipid content was calculated as: 
 

           m2 
Lipid content (%) = ————―  x 100 

                 m1 
 

m1 = sample initial weight 
m2 = lipid residue 

 
Protein content 
 
French standard NF V 18-100 was followed, with minor variations. Basically, 0.5 to 
1.5g of the sample was mineralized with 12.5ml of concentrated sulphuric acid in the 
presence of copper sulphate at 400°C for 2 hours using a Tecator Digestor 2020 o r 
equivalent. Mineralized sample was alkalinized with 40% soda and di stilled with a 
Tecator Kjeltec 2200 or equivalent. The amount of nitrogen was estimated after a 
titration using diluted sulphuric acid. Protein content was estimated by multiplying by a 
factor of 5.7 for wheat and corn, and a factor of 6.25 for the rest of the materials.  
 
Lignin, cellulose and hemicelluloses content 
 
Van Soest and Wine method2 was followed, with minor modifications. Basically, 0.8-
1.0g of sample was extracted with two different solvents (ADF and N DF) following 
standardized procedures. After the ADF extraction, sample was further extracted with a 
potassium permanganate solution. In order to estimate the lignin (L), cellulose (C) and 
hemicelluloses (Hc) content, the mineral content (MC) was needed, and the following 
assumptions were taken: 
 

Residue after NDF extraction = Hc + L + C + MC 
Residue after ADF extraction = L + C + MC 
Residue after potassium permanganate extraction = C + MC 
 

Physical properties: cellulose crystallinity and sample porosity 
 
Additional physical properties related to the ability of the CES process to destructure 
and depolymerise the biomass and capacity of the enzymes to access the cellulose 
fibres, were determined by UCR (University of Costa Rica). 
 
Cellulose cristallinity was estimated by X ray diffraction. Cristallinity index was 
calculated by dividing the area under the curve of the cellulose cristallinity peak by the 

                                                 
2 Van Soest, P.J., Wine, R.H. 1968. Determination of Lignin and Cellulose in Acid Detergent Fiber with 
Permanganate. Journal of AOAC 51: 780-785. 
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total area of cellulose of the diffractogram; the lower the value, the better for the CES 
process. 
 
Porosity was estimated through drying curves: the critical moisture content (xc) was 
estimated plotting drying rate versus free moisture; the higher the value, the better for 
the CES process. 
 
2.5 Cost analysis of the feedstock in South-America 
 
Objective 
 
The members of the technical team have defined as an obj ective arriving at a bas ic 
approach of the costs of obtaining the selected residues of lignocellulosic materials, 
considering the stages of collection, storage, pre-processing and transport of raw 
material. 
 
Methodology 
 
Firstly, a conceptually and methodologically-based document was drawn to calculate 
the costs of collecting, managing, pre-processing, transporting and storing the residues 
of lignocellulosic materials.  A relatively simple methodology was defined, based on the 
identification and addi tion of the costs corresponding to each process stage, 
understanding as costs the aggregate amount of expenses, depreciation and interest 
or opportunity cost.  
  
Secondly, two schedules and instruction guides to assess relevant information for the 
calculation of costs were designed. The initial assessment schedule aimed at obtaining 
general information on the corresponding raw material and i dentifying and 
characterizing the technological processes the costs of which were to be calculated. 
This assessment aimed at collecting general information to characterize the average of 
each raw material in what regards the most representative locations within the country; 
the size of farms, the usual business model in the selected zone, as it is different to 
calculate costs for self-owned machinery (labour, fuel, amortization, etc.) than for hired 
labour and equipment (price paid to the contractor per ton or harvested or transported 
hectare, etc.); the existing commercial uses and prices of raw material, among others.   
Likewise, this assessment aimed at characterizing the process for the attainment of 
raw material, in order to identify the necessary activities to obtain wood and cellulose 
raw material and the requirements thereof (machinery, labour, inputs, etc.).The second 
assessment aimed at obtaining the necessary information for cost calculation (salaries, 
price of machinery and services rendered by contractors, transportation costs, etc.). 
 
The assessment of the basic information to calculate the mentioned costs was carried 
out by experts of the INIAs (Institutes of Agricultural Research) with know-how of the 
chains involved in each raw material, and who, apart from the data, also furnished 
reports that served as a basis for this document.  INIA experts found, in general, 
significant difficulties to access the information, either because the activities did not 
exists, were very incipient or because companies were not prone to provide sensitive 
data on their businesses. The said experts had in many cases interviews with qualified 
informants, who contributed the necessary data for the analysis.  
 
As these costs are representative of the chains of each raw material en each 
considered country, cases were presented according to the average.  This implied that 
all the cases considered were those of business models based on services provided by 
contractors. This implied that in the data provided by the experts, the items 
amortization and c apital interest and t he corresponding earnings were already 
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considered, appearing as implicit costs of the model and, therefore, not presented as 
explicit in the respective calculations.  In many cases, the gathered data corresponds 
to levels of aggregation that were higher than those foreseen, which made it impossible 
to obtain the detail of the desirable data to calculate costs more accurately and 
according to the initially foreseen cost calculation methodology. 
 
2.6 Spatial distribution of the feedstock in South-America 
 
The WISDOM analysis methodology used in data collection is a flexible system that 
can integrate information from different sources with different degrees of accuracy in a 
Geographic Information System allowing an approach to the problem that arises and 
could increase detail in successive steps. 
 
The application of the WISDOM analysis methodology implied five main steps:  
(FAO 2003) 
1. Definition of the minimum administrative/spatial unit of analysis.  
2. Development of the Supply Module. 
3. Development of the Demand Module. 
4. Development of the Integration Module. 
5. Definition of priority development areas with a biomass waste sustainable supply 

(bio-basins) to generate bio-energy projects. 
 

Raster-based grid cells were used as the unit of analysis in this project. The reason for 
this was because raster data is computationally more efficient than vector data, 
especially when carrying out algebraic and logical operations in multiple layers. 
 
For the work carried out the elected minimum spatial unit of analysis was a cell of 
approximately 250meters on eac h side (pixels).The minimum administrative unit of 
analysis was the provincial division provided by each country.  
 
All datasets were re-projected according to the Universal Transverse Mercator 
projection system, due to the need to calculate surface areas in metric units. 
 
The supply developed module consisted of the "direct offer": biomass resources from 
native and pl anted forests, and the "indirect supply": crop residues, agro-industrial 
waste or industrial forestry residues. 
 
The analysis and s patial representation of the sources of “direct “supply of biomass 
available for energy, consisting of several stages of approximation within the WISDOM 
methodology used: 
 

1. Mapping the geographical distribution of woody biomass stocks derived from 
native forest and plantations. 

 
2. Estimation on sustainable productivity and biomass available native forest and 

plantation forest, less traditional commercial uses. The mapping of native and 
planted forests was essential for a m ap layer WISDOM analysis, allowing 
assigning values of reserves and l ow productivity, average and maximum for 
each class, using available literature references. 

 
The estimation of natural forest volumes in Argentina was based on the results of the 
First National Inventory of Natural Forests conducted over the period 1998-2005. 
Volume data for the main forest types were taken directly from published data referring 
to “forest lands” while the values for lower density formations named “other forest 



Page 17 of 209 
 

lands” were inferred on the basis of the corresponding dense formations and available 
tree density parameters provided in the inventory reports.  
The potential productivity of these formations was estimated as that achievable through 
conventional sustainable management practices. The minimum, mean and maximum 
productivity in natural forest classes were estimated as percent of stock values, 
assuming respectively 2, 3 and 4 per cent for dense formations and 3, 5 and 7 per cent 
for other open formations. (Wabö, 2005) 
 
Once the mean (minimum, maximum) stocking, sustainable productivity and potentially 
available biomass were defined for each class, the GIS process started.  
In order to render the spatial variability within each land use class, it was used the 
MODIS product Vegetation Continuous Field Tree Cover (TC) Percent Map (Hansen et 
al., 2003). Through this spatial weighting process the individual pixel values were 
adjusted according to the additional TC layer to create the final map of available MAI 
and stock in each pixel of forest lands. 
The estimation for planted forest stock was based on S AGPYA Plantation Inventory 
report. The available amount (at harvesting site) available for bioenergy was limited to 
the branches and tree tops and to thinning production. 
 
In case of natural forests, the estimation of sustainable productivity potentially available 
for energy use was done by deducting from the estimated Mean Annual Increment 
(MAI) the volumes extracted in each Department according to natural forest extraction 
statistics. 
 
The estimated MAI could have restriction to physical or legal accessibility.  The 
physical accessibility to the forest resources defines the accessibility of a g iven 
biomass resource in relation to the distance of the nearest easily accessible place and 
to a “cost” factor based on terrain characteristics. A physical accessibility map was 
created using the DTM, road and railways networks and populated places (cities, 
villages, settlements). The legal accessibility map was created on t he basis of the 
available information on protected areas. 
 
Finally, the maps of the available increment according to its estimated accessibility 
(legal and physical) were created. 
 
The analysis of the “indirect supply”: crop residues or industrial residues from agro or 
forestry industrial processing was performed according to the provisions detailed in 
section 2.2.1 Consideration for the collection data of specific cultures. 
 
The Biomass Supply Basin to provide hypothetical ethanol plant locations is defined as 
the area surrounding the future plant location in which the accumulated sum of the 
biomass is sufficient to reach its estimate production. 
 
The procedure for determining a par ticular plant location is to expand the area 
surrounding the point of interest considering the accessibility of the resource until the 
accumulated biomass values (sum) in each pixel reaches the amount required for the 
plant production, without exceeding a radius of 25 km. This analysis has been made 
using the tools offered in ArcGIS spatial analysis module (FocalSum, Zonal Stadistic 
and Cost Distance). 
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3. Results and discussions in South-America 
 

3.1 ARGENTINA 
 
3.1.1 Preselected feedstock 

 
A. Main agricultural production 

 
Argentina is one of the largest countries participating in the project. The extensive land 
for cultivated crops, grasslands and forest contributes in a high proportion to the world 
food production; therefore, they have the potential for generating biomass residues 
suitable for other uses, including energy.  
 
Agriculture and l ivestock sector and agro-industrial processing represent 20% of the 
country's GDP and accounting for 53% of total exports and employs about 30% of the 
country labour force. 
 
Due to the existence of a large area with great difference in soils, temperatures, levels 
of precipitation and ac cessibility to markets, five main regions can be distinguished, 
each with distinct geographic and economic features: Northwest (NOA), Northeast 
(NEA), Pampean Region, Cuyo and Patagonia. 
 
Pampean Region production essentially comprising grains, oilseed crops and c attle-
raising to produce beef and dai ry products, is characterized by intensive use of 
equipment and management, while being land- and labour-extensive. 
 
In opposition, the other regions are characterized by regional productions adapted to 
local weather conditions:  grapes, olives and ot her fruits in Cuyo provinces; tobacco 
leaf, sugar cane, and citrus in NOA; and cotton, tea and mate herb in NEA. 
From 1996 onwards the increase in arable farming can be mostly explained by the 
dramatic increase in soy cultivation, coinciding with the period of higher rate of 
technology adoption through the combined use of GMO seeds with gliphosate and 
implementation of no-till cultivation.  An important expansion of the crop frontier to the 
NOA and N EA regions was detected following the adoption of the aforementioned 
technologies. 
 
Argentina is one of the world's larger soybean producers and the main exporter of 
soybean meal and oil. 
 
In Table 3.1.1.1 are shown the main agricultural productions of Argentina. 
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Table 3.1.1.1 – Main agricultural production in Argentina (ton) 
 

 
 
B. Reason to discard some residues 

 
In spite of the high volume of production of some crops, the net residues available for 
lignocellulosic ethanol production are not suitable. For example, Argentina represents 
one of the largest world producers of soybean, but the crop residues are very low and 
disperse. In addition, for reasons of sustainable soil fertility the residues are not 
removed and left in the soil. Part of the soybean is industrialized in the country, and in 
this process 18% is transformed in oil for human consumption and the rest, 82% in a 
high value animal food for its protein content.  
 
The same principle applies to sunflower; there are no significant crop residues after 
harvest, which are also incorporated to the soil for nutrient recycling, and the residues 
of the industry are processed for high value animal food.   
 
Potato is another important crop in Argentina, but it is cultivated in disperse areas and 
the amount of crop residues left after harvest is no significant. The industrialization is 
low because most of the product is for direct consumption. The residues from the 
industry are dried and exported for animal food.  
 
Sorghum is cultivated mainly for humid silage (90%), and a low proportion is used for 
direct grazing for animals, therefore the complete plant is utilized for these purposes. 
Some small amount of the sorghum is also utilized in combination with sugarcane for 
the production of first generation ethanol.     
 
Barley is cultivated extensively and highly dispersed.  The total of the crop residues 
are left in the soil. The sub product of the industry is also 100% utilized.  
 
Rice was not included because its industrial residues are utilized in project of 
bioenergy (electricity) and as a raw material for the chicken bed production.   
 
Citrus was not included because the volume of field and industry residues is very low.  
 

Culture Production 
Soya 52.677.400
Sugar cane 29.000.000
Corn 22.676.900
Wheat 14.914.500
Sunflower 4.650.370
Sorghum 3.629.000
Barley 2.983.050
Grapes 2.821.700
Potatoes 1.900.000
Apples 950.000
Oranges 942.541
Pears 740.000
Tomatoes 701.301
* Source:  FAOSTAT 2010
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Peanut was evaluated as raw material to be included in this project because of its 
geographic concentration and the high volume of industry residues (peel) of more than 
100,000 tons but these residues are fully utilized both in the manufacture of activated 
carbon as in rations for animal feed and power generation projects. For this reason was 
discarded. 
 
C. Preselected feedstock at stage 1 

 
Results of the different types of biomass waste supplies from Argentina, actual 
percentage of utilization of this biomass waste in other uses (competition) and potential 
net availability for the Babethanol project are presented in Table 3.1.1.2. 
 
Table 3.1.1.2 Argentina:  agricultural, agro-industrial and forest preselected 
feedstock 
 

 
 
In Argentina, the direct seeding system mainly used on s oils with the highest 
productive potential renders the use of stubble unfit as the latter is not removed from 
the fields and, given regional weather conditions, it allows for soil degradation, 
restoring fertility and providing structure to the soil. In the case of wheat and corn, a 
technical recommendation of use of residues was estimated at around 10% of the 
resulting volume. Therefore, both crops can contribute with net available residues of 
about 4.4 million ton.  
 
Sugarcane, field and industry, leave another 1.5 million ton available for second 
generation ethanol production. For sugarcane the residues concentrated in the industry 
are of mayor importance for this project. 
 
Fruit residues from grape and olive are cultivated in a more concentrated area. From 
pruning residues it is possible to account for 0.5 million ton and from the industry about 
0.4 million ton.  
 
The largest amount of residues from the native forest is quite variable in the chemical 
composition with high proportion of lignin, which makes difficult, under the scope of this 
study, to determine in a more precise way the available amount with chemical 
conditions for the CES process.  Implanted forest considers principally Eucalyptus, with 

Biomass Residues 
Gross amount supply Competition (%) Net Availability 

ton Food 
Energy              

current use Soil cover ton 
Wheat 22.000.000     90% 2.200.000 
Corn 22.000.000 10%   80% 2.200.000 
Sugarcane-field 2.400.000   10% 50% 960.000 
Sugarcane-industry 3.365.000   83%   572.050 
Grape-pruning 383.250     25% 287.437 
Grape-industry 241.958   20%   193.566 
Olive-pruning 207.000     25% 155.250 
Olive-industry 252.000   20%   201.600 
Forest-native 96.800.000   10%   87.120.000 
Forest-implanted 3.900.000       3.900.000 

Forest-industry 1.677.800       1.677.800 
Tons are considered on dry basis   -    Food includes animal and human food 
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about 1.7 million ton concentrated in industrial plant while another 3.9 million ton is at 
field level.  
 
D. Schedule of availability of biomass residues 

 
Table 3.1.1.3 - Schedule of availability of biomass residues 
 

Biomass J F M A M J J A S O N D 
Pomace               
grapes     X X X X X      
olive    X X X X X X X     
Pruning               
Vineyard        X X X X    
Olive        X X X     
Sugar Cane               
RAC     X X X X X X X X X  
Bagasse      X X X X X X X X X 
Crops residues               
Wheat X           X X X 
Corn    X X X X X       

 
X Green pruning carried out in the vineyards of high quality. 
X In this period 10% of production is cut and processed. 
X      In this period 25% of production is cut and processed  
 
3.1.2 Chemical screening of preselected feedstock 
 
Sugarcane 
 
Field residues (RAC) are usually collected as a composite of leafs and tops. Nine 
different samples were analyzed at the “Obispo Colombres” experimental station agro-
industrial laboratory, at Tucumán, Argentina. The results are reported in Table 3.1.2.1. 
Collected samples included both early and late harvest season. Sampling was done at 
harvest time and 15 days later. Mineral content is on the limit for most of the samples, 
while both lipids and pr oteins content were low in all the samples. Hemicelluloses 
content was over 30% for all samples, which is higher than the CES process 
recommendations but close to the limit. There was an i mportant variability in lignin 
content, but always at low levels which is good for the CES process. The cellulose 
content was close or over the suggested limit for CES process.  
 
Olives 
 
Industrial residue chemical composition of olive industrial process is informed in Table 
3.1.2.1. Protein, hemicelluloses and mineral content did not present any problem, but 
lignin contents are much too high for the CES process and cellulose content too low. 
This residue was therefore discarded at stage 2 level. 
 
Other Argentinean materials 
 
The rest of the materials presented good potential for the CES process as shown in 
Table 3.1.2.1. For wheat, the cellulose content was quite low, so this material will be 
considered as second choice. 
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Table 3.1.2.1. Chemical composition of preselected feedstock in Argentina 
 
# Description MC Lip Prot Lig Cel HC 

 Sugarcane field residues RAC       
1 Harvest time, early season 10.1 1.5 4.0 8.3 34.1 31.6 
2 Harvest time, early season 9.0 1.1 4.7 6.6 34.0 32.8 
3 Harvest time, early season 10.1 1.0 4.2 14.3 28.6 32.9 
4 Harvest time, late season 10.1 1.5 4.0 8.4 34.1 31.6 
5 Harvest time, late season 9.0 1.2 4.7 6.7 34.1 32.8 
6 Harvest time, late season 10.1 1.1 4.2 14.3 28.6 32.9 
7 15 days after harvest 10.3 1.0 3.5 8.8 35.1 32.7 
8 15 days after harvest 9.9 0.8 3.4 7.8 35.6 33.5 
9 15 days after harvest 16.2 0.8 3.5 9.1 31.3 35.1 

Mean 10.5 1.1 4.0 9.4 32.8 32.9 
Olive industrial residue 9.3 11.0 7.0 38.8 23.5 29.7 
Sugar cane Bagasse 1.1 1.4 1.3 12.2 38.4 29.0 
Vineyard Pruning 5.1 0.6 4.1 17.9 36.2 15.8 
Olive Pruning 5.1 1.2 8.7 15.1 15.4 13.2 
Wheat straw 5.3 1.1 7.5 16.0 20.2 14.3 
Corn stover 5.8 n.r. 4.3 5.3 33.4 34.5 
MC: mineral content (%), Lip: lipids content (%), Prot: protein content (%), Lig: lignin content (%), 
Cel: cellulose content (%), HC: hemicelluloses content (%), n.r.: datum not reported. All data are 
expressed in dry basis 
 
Forestry residues 
 
The chemical compositions used for the screening were those of the forestry residues 
analysed in the neighbour country of Uruguay presented in Table 3.5.2.1. Forestry field 
residues are suitable only from Eucalyptus species and forestry industrial residues are 
all high in lignin with values close to the limit for Eucalyptus. Since the content in 
cellulose was high, forestry industrial residues from Eucalyptus were also considered 
as potential feedstock suitable for the production of ethanol and the CES process. 
 
Crystallinity and porosity 
 
Crystallinity of corn cob was 0.65 and t he one of grapevine pruning was 0.59. Both 
values are considered acceptable. 
Porosity estimators of the same materials were 0.36 and 0.39 respectively, which are 
low values. 
 
After applying the chemical screening, the final volume of residues with chemical 
composition compatible with CES appears in Table 3.1.2.2. 
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Table 3.1.2.2 Argentina: feedstock selection at stage 2 
 

Residue types 
  

Gross amount 
supply 

Ton  

Competition (%) Net 
Availability 

Ton  Food Energy  Soil Cover 
Wheat straw 
(second choice) 22.000.000   90 2.200.000 
Corn stover 22.000.000 10  80 2.200.000 
Sugarcane field RAC 2.686.572  10 50 1.074.629 
Sugarcane industry 3.054.379  83  556.578 
Vineyard pruning 383.250   25 287.438 
Eucalyptus field 398.678    398.678 
Eucalyptus industry  413.810       413.810 

Tons are considered on dry basis- Food includes animal and human 
 
3.1.3 Cost analysis of selected feedstock 
 
A. Sugarcane RAC  

 
A.1 Generalities 
 
With a production of 20.8 million tons of sugarcane, the availability of sugar cane RAC 
in Argentina is estimated at around 1.1 million tons.  
 
This analysis applies to the province of Tucumán (Northwest of Argentina), having 
approximately 215,000 hectares of crop in the 2010 season (68% o the surface planted 
with sugarcane in Argentina).  
 
After the mechanized collection, between 15 and 25 t on/ha, approximately, of SCW 
(sugarcane waste) are left on the field, in wet weight. During harvesting months (May to 
October) it does not rain in this region, so after two weeks the moisture level is of 
around 10%.  T his waste then constitutes fuel material for the case of eventual 
accidental or induced fires, as it makes tillage difficult and increases the costs of cane 
field management. This practice represents a problem that deserves urgent attention in 
the territory of Tucumán as, apart from serious air and water pollution inconveniencies, 
it causes health problems in the population and c onstitutes a r isk for infrastructure 
(houses, electric lines, wire fences, etc.). 
 
The departments of the Province with the highest SCW production are: Cruz Alta, 
Leales, Simoca, Burruyacú, Chicligasta, Río Chico and Monteros (Anschau and others 
(2011): “Evaluación del potencial de generación de ener gía a par tir del residuo de 
cosecha de la caña de azúcar en la provincia de Tucumán”: “Assessment of the energy 
generation potential from sugarcane waste in the province of Tucumán”). 
 
The waste factor (waste dry ton/product ton) is within the range 0.07-0.12 tons of dry 
SCW (H10%)/harvested cane ton. The potential yield of raw material is within the range 
5.25-9 tons of dry RAC/hectare (considering a mean yield of 75 tons of cane/ha), while 
the sustainable percentage of waste removal is 50-70%, estimated according to the 
agricultural needs of soils in dry areas (50%) and wet areas (70%). 
 
The time available for this activity is estimated after 15 days from the harvest to ensure 
drying, and between 30-40 days depending on the time when harvesting is done. 
 
The mean or average size of sugarcane farms in the province for small producers (SP) 
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is: 9.6 ha; for middle-sized producers (MP): 137 ha; and for large producers (LP): 1,480 
ha. According to the 2002 Farming National Survey, 44% of farms were 0.1 to 5 
hectares, followed in significance by those that covered 10.1 to 50 ha (27%) and 5.1 to 
10 ha (20%); while at the other end of the size scale, farms with the highest surface 
percentages were: 29% covering more than 1.000 ha, 27% from 1,001 to 500 ha, and 
19% from 10.1 to 50 ha. 
 
In order to identify the business model of sugarcane farms in Tucumán, the following 
options are considered: a) Outsourced services rendered by contractors, b) 
Mechanized activities and storage carried out entirely by the farm, and c) Mixed, that is, 
different combinations of a) and b ). The latter model is the one pr evailing among 
sugarcane producers; while for the attainment of SCW the main modality is to 
outsource services rendered by contractors. 
 
The labour used by these farms is family labour plus harvesting staff in the case of 
small producers, and hired labour in the case of middle-sized and large producers.   
Usually, this waste is burned in the field. There are two contractors that pick it up and 
sell it for forage or fuel for boilers. There is no accurate data on the trade price of waste 
although, according to some informants, it would be between Є 6.00-6.86/350kg-bale 
free at destination3 during the 2011 season. 
 
The development of the RAC “market” is still incipient.  In Tucumán, cane production 
and industry (15 cane sugar mills) are independent, unlike other regions of Argentina 
and other countries (Brazil, for example), where both links are completely integrated.  
Traditionally, several cane sugar mills would sell part of their bagasse to a pulp mill.  
However, over the last few years, shortage of gas during the season led cane sugar 
mills to use more bagasse in their boilers and, consequently, discontinue supplying the 
pulp mill.  This company then decided to hire the services of the mentioned contractors 
to pick up the SCW from producers’ fields and transport it to the cane sugar mills to 
exchange it for bagasse.  Cane sugar mills mix a low proportion (10%) of SCW and 
burn it in their boilers. 
 
A.2. Characterization of technological processes  
 
Swathing: 
Star-shaped swathing rakes are used (ex. Mainero 5900), comprising a frame mounted 
on the tractor’s hydraulic lift, supporting four sweeping wheels provided with very 
flexible steel teeth or spikes that spin when in contact with the soil or waste.  The two-
grooved SCW is carried through the wheels and swathed along the field.  It requires 
35-40CV power. Max speed: 15 km/h. Some allow for a larger capacity. Estimated 
price is Є 2,570–3,430. Useful life is 20 years. Activity carried out by contractors. Value 
included in the price of end product. Tractor requires fuel + maintenance expenses. 
 

 
Figure 3.1.3.1- Star-shaped swathing rake 

                                                 
3  Equivalent to 6.5 - 7 litres of gasoil at the price of the 2011 season. 
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Collection/densification: 
Different alternatives in use: 

a) Collection/densification with rolling: round balers are used (ex. Mainero 5820), 
with a 60 CV tractor of minimum power, which allows to make rolls 1,200 mm 
wide and with a 1,500 mm diameter, of around 250-300 kg of SCW. No yield 
data is available. Value of new machinery, approx.: Є 17,150. Useful life is 15 
years. Input required: one tractor driver + fuel + tractor maintenance expenses 
+ chord to tie the bales. 

b)  

 
Figure 3.1.3.2- Round baler 

 
b) Collection/densification with baling: It uses conventional baler equipment (ex. 
Mainero 5700) that delivers bales 300 to 1,300 mm long, 460 mm wide and 360 mm 
high. Variable weight: 21 to 24 kg. Mechanic wire-type tier with automatic operation. 
Capacity 2 coils of 45 kg each. Estimated price is Є 12,000. Input required: one tractor 
driver + fuel + tractor maintenance expenses + wire rolls. 
 

 
Figure 3.1.3.3- Conventional baler 

 
c) Collection/densification with mega-baling: mega baler equipment (ex. New Holland 
BB9070 or Challenger LB/Caterpillar), with a 170 CV tractor. It delivers bales 120 cm 
wide and 70 cm high, with variable length, weighing between 300 and 600 kg, tied with 
chord. Estimated value of new equipment Є 125,000 (New Holland BB9070).  Input 
required: 1 tractor driver + fuel + tractor maintenance expenses + chord to tie mega-
bales. 
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Figure 3.1.3.4- Mega baler 

Loading: 
Loading requires 1 tractor driver + fuel + tractor maintenance expenses. A loading cost 
of Є 1.71/ ton4 is estimated, which is similar to that of harvested sugarcane. 
 

 
Figure 3.1.3.5- Tractor load 

 
Transportation to cane sugar mills: 
Different truck types are used, with varying capacities, generally with flat trailers. Input 
require: 1 driver + fuel + truck maintenance expenses. 
 

 
Figure 3.1.3.6- Trucks 

 
For calculating purposes, a hi gher value is estimated than for the transportation of 
sugarcane given the large volume and relative low weight of biomass.  For a 20-30 km 
average distance from the farm to the mill the price was calculated between Є 10.29–
25.72/SCW ton, depending on the type and weight of the bale or roll and of the truck’s 
loading capacity5. 
 
Pre-processing at cane sugar mill: 
So far, the only relatively relevant use known is as fuel for mill boilers. It was not 
possible to know the full process.  It is said that only 10% of SCW can be mixed with 
                                                 
4 Equivalent to 1.9 litres of gasoil at the price of the 2011 season. 
5 Equivalent to 11–28 litres of gasoil at the price of the 2011 season. 
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bagasse, as its high content of silica would damage the walls of boilers that are not 
suitable for this material.  It is understood that SCW must be chipped or ground in order 
to be assimilated to the size of bagasse particles.  No details are available as to how 
this process is carried out. 
 
Storage and conditioning at cane sugar mill 
No information is available but it is assumed that storage is done in the open ai r, at 
yards located near the boilers, as is the case of bagasse. 
 
A.3. Total cost of process 
 
According to the data assessed and the information provided by the experts in charge 
of the assessment, the following table of costs is drawn. 
 
Table 3.1.3.1: Argentina. Costs of collecting, managing, pre-processing, 
transporting and storing the biomass obtained from the sugarcane waste (SCW) 
(in Euros/ton) 

Selected location 
Departments of Cruz Alta, Leales, 

Simoca, Burruyacú, Chicligasta, Río 
Chico and Monteros 

Type of crop producers 
Small (SP): 9.6 ha, middle-sized 

(MP): 137 ha and large (LP): 1,480 
ha 

Average farm area (ha) 91% of farms have a surface of 0.1 
to 50 ha 

Yield of wood and cellulose material (ton/ha) 15 - 25 wet ton / ha and 5.25 - 9 dry 
ton / ha 

Sustainable percentage of waste removal 50 - 70% 

Distance to be covered with the waste (km) 20  - 30 
Operations (Є) 
Swathing 

18.37 Rolling 
Internal transportation 
Transportation to plant 18.00 
Total cost per ton (Є) sugar cane field residues RAC 36.37 
Sales 
350 kg-bales delivered at the field Є 6-7/bale 
 
B. Cereal crop residues 

 
B.1. Generalities 
 
This analysis is based on the study of corn and/or sorghum crop residues (hereinafter, 
stubble) as potential sources of raw material for the generation of bio-fuels, focusing on 
two particular study cases: the Core North Zone and South of Córdoba (ZN) and the 
Central-Southern region of the province of Buenos Aires (CS). 
 
In Argentina, the most interesting extensive crops to be as sessed regarding stubble 
exploitation are corn and sorghum, due to the extension of their production area, the 
large amount of aboveground biomass that remains as stubble after harvesting, the 
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time of the year during which the crops are produced and the physiological 
characteristics of these species.  A lthough there are other crops in the country that 
could be as sessed, they have been disregarded so far as the biomass volume they 
generate is lower and collection thereof could turn out to be unfeasible. Crops such as 
wheat, barley and oats, among others, contribute very inferior stubble volumes, for the 
case of wheat approximately 50% of the contribution recorded by corn or sorghum. 
This means that the likelihood of achieving extra stubble, above conservation criteria, 
are minimal for winter crops. 
 
In the selected zones, it can be observed that in the North Zone 62 % of Farms, 
encompassing 51% of the surface, are purely agricultural and 13 % (21% of the 
surface) are mixed agricultural and cattle-raising farms, the rest being mixed cattle-
raising and farming farms or purely cattle-raising farms. 
 
The predominant productive business model in the different zones is characterized by 
the activities carried out exclusively through contractors, as well as a mixed situation 
where tasks are carried out by contractors and by the owners of the productive units. 
Services outsourced to contractors include: sowing, fertilizing, spraying, harvesting, 
manufacturing forage reserves (rolls; traditional bales and forage silos); preparation of 
sacks to store grain and forage at silos. Among the outsourced services we can also 
mention control and follow-up of the different tasks during the stages of fallow and 
crops, such as monitoring weeds, pests and diseases by technicians and specialized 
staff. This scheme of outsourced services is not exclusive. Some producers keep 
equipment for spraying, tilling, sowing and preparing reserves as well as their staff and 
technical teams.  The operational machinery belonging to producers and contractors is 
constantly updated and scaled with a s ignificant inclusion of technology for precision 
agriculture. 
 
At present, the use of corn stubble as a source of wood and c ellulose raw material 
mainly competes with its use as a forage resource.  However, the environmental 
opportunity cost has to be considered as well. That is, the incorporation of stubble to be 
included as organic matter (OM) into the system and the maintenance of the covered 
soil to prevent losses on account of erosion. 
 
The demand for corn as a forage resource will depend on the importance of cattle 
breeding activities in each region.  Cows are the main users of this resource while 
feeder and finishing cattle eventually feed on stubble. The use of stubble as forage can 
be applied through direct grazing which is the most usual modality, or through reserve-
manufacturing (bales or rolls). The making of reserves allows for a deferred use in time 
and/or space and also has great relevance. 
 
The commercial price of stubble is not easy to estimate when it is used as a di rect 
grazing forage resource.  On the contrary, when it is used to manufacture rolls or bales, 
it is possible to achieve market prices. Market values oscillate between Є 14.03 and 
28.05/corn roll and m ay vary depending on dem and and s upply conditions (weather 
conditions, yields). 
 
B.2. Characterization of technological processes  
 
Collection: 
Availability of corn stubble for its different uses starts in February with the crops from 
North to South, and extends until August.  This period is subject to variations 
depending on sowing dates, crop cycles, varieties and hybrids and weather variations 
occurring each year.  In what regards the conditions that the material has to have in 
order to be harvested, the manufacture of hay reserves (applicable to the case of corn 
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and wheat stubble) can be carried out in general terms with a maximum moist level of 
20%. 
 
Collection procedures begin after harvesting the crop (corn/sorghum), upon cutting and 
raking (generally using star-shaped rakes).  This material is used to make rolls with 
conventional roundbalers, which are conveyed with individual- or six-piece-roll 
conveyers, usually to the farm’s storage facilities.  For short distance conveyance 6- or 
8-roll conveyers may be used, and for long distances, flat trailers with capacity for 20 
rolls, approximately. 
 
The three tasks: raking, roll manufacture and gathering of rolls in batches, require 
approximately between 3 and 6 litres of gasoil per roll and the estimated costs as at 
this date are approximately as follows: cutting Є 28.05 + VAT/ha; raking and roll 
manufacture: between Є 9.12 and 10.52 + VAT/roll; roll-gathering at the farm between 
Є 2.81 and 4.91/roll; truck loading/unloading operations oscillate between Є 1.40 and 
2.81 + VAT/roll per operation. 
 
It is important to highlight that these cost calculations are used for situations of pasture 
and crop roll manufacture intended for reserves. Roll manufacture from sorghum and 
corn stubble presents differences for contractors, therefore, costs will differ. 
 
In productive regions with good to high yields and w ith adequate technological 
packages, around 10 to 17 r olls/ha, of 320/450 kg each, are collected.  This is 
equivalent to a stubble volume of between 3,200 and 7,600 ton/ha. 
 
Unfortunately, we do not have any statistics and assessments available regarding the 
country’s currently operational rolling equipment. However, it is estimated that there are 
8,500 equipments of which at least 50% would operate under the contractor modality. 
In what regards equipment and the availability of companies providing forage chopper 
machines, it is estimated that in the country there are some 800 operational automotive 
choppers (Chamber of Contractors). 
 
An alternative to roll manufacture is the confection of mega-bales.  These mega-bales 
weigh between 250 and 800 kg each, the most frequent of them being 400 kg-mega-
bales. The dimensions of the most common mega-bales are 2.2 x 0.9 x 0.8 meters. 
The approximate manufacturing cost, depending on stubble yields and conditions, is of 
Є 17.53 to Є 24.54/mega-bale made at the farm of origin. Confection of these bales 
has some advantages when compared to that of rolls. Due to their shape, they are 
easier to transport and store than conventional rolls. One of the most significant 
advantages of mega-bales has to do with the logistics for load consolidation.  In 14 m 
conventional equipment between, 50 and 55 mega-bales/truck are loaded. Other 
advantages are the higher density achieved, less losses, higher practicality and 
effectiveness in transportation and storage logistics, as well as the improvement in their 
dismantling for supply purposes.  T he main disadvantage seems to be the low 
availability of equipment for their confection and the higher cost of the equipment.  
However, at present, availability of equipment suitable for this kind of bales is very low.   
The market value is variable for this type of bales due t o the variable conditions of 
forage supply/demand in each region and to their relation to the values of cattle-
breeding (main demanding agent of this kind of by-products today). By way of 
reference, a value of Є 52.59/mega-bale delivered at origin may be considered. 
 
During the collection practice of corn and, especially, sorghum stubble, a remainder of 
approximately between 20 and 45% normally remains on the field. 
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Storage 
There is great variability regarding storage, given by the different conditioning and 
environmental conditions (weather conditions, moisture and temperature) starting from 
practically null losses warehouse or shed preservation until reaching values of 35% 
and facing the possibility of losing the whole material (from the point of view of its 
forage/energy capacity). 
 
Transportation 
Trucks carry loads of approximately 34-40 rolls and t he estimated cost oscillates 
between Є 5.61 and 14.03/roll for the first 100 km. It is worth mentioning that, at 
present, the allowed diameter for roll conveyance on highways should not exceed 1.2 
meters when, traditionally, rolls have a diameter of 1.5 meters.   During transportation, 
losses are estimated to be below 5%. 
 
 
B.3. Total cost of the process 
 
According to the data assessed and the information provided by the experts in charge 
of the assessment, the following table of costs is drawn. 
 
Table 3.1.3.2: Argentina. Costs of collecting, managing, pre-processing, 
transporting and storing the biomass obtained from cereal crop waste (corn 
and/or sorghum) (in Euros/ton) 
 

Self-owned machinery 

Selected location North Zone (ZN) and Central-
Southern zone of Buenos Aires (CS) 

Type of crop producers Farming and mixed SP 

Farming surface of the selected zone (ha) ZN 3,249,606 + CS 16,325,869 

Waste available in the region (ton/year) 3.2 -7.6 
Surface of average farms (ha) 229.59 
Roll size (kg) 385 
Number of rolls per hectare 13.5 
Yield of wood-cellulose material (ton/ha) 5.20 
Distance to be covered with the waste (km) 100 
Transportation capacity (ton/transport means) 14.25 
Operations (Є) 
Cutting 10.11 
Swathing 4.75 
Rolling 14.44 
Internal transportation 3.13 
Transportation to plant 3.58 
Total cost per ton (Є) cereal crop residues 36.02 

Hired machinery 

  Rolls Mega-bales 

Size (kg) 385 400 
Number of rolls per hectare 13.50   
Yield (ton/ha) 5.20   
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Distance to be covered with the waste (km) 100   
Transportation capacity (ton/transportation means) 
 14.25   
Operations (Є) 
Cutting 5.40 

52.6 Raking and confection 25.50 
Gathering at the farm  10.0 
Truck loading/unloading 5.5 
Transportation 25.5 24.5 
Total cost per ton (Є) 71.9 77.1 
Sales: Є 14 - 28/corn roll 
 
C. Biomass of forestry origin 

 
C.1. Generalities  
 
In Argentina, waste produced by the forestry sector represents great biomass potential 
for the production of bio-energy.  H owever, success in using these wastes mainly 
depends on two parameters: the reliability of a s ustainable biomass supply and the 
costs incurred in during biomass processing. 
 
Forestry resources: 
The total surface of native woodlands in the Republic of Argentina, including Forestry 
Lands and R ural Woods is of 31,443,873 hectares. The surface covered by other 
forestry lands, corresponding to bush lands of mixed use at different degradation 
levels, is of 64,977,548 hectares. 
 
In what regards implanted woods, according to the results of the first national inventory 
of forestry plantations, the forested surface in Argentina as at the year 2002 was of 
1.15 million hectares.  77% of the total forested surface was in the Mesopotamia 
region.   
 
According to the forestry and industrial survey carried out in the Province of Misiones in 
the year 2009, the theoretical availability of by-products from the timber industry 
reached 2.1 million tons per year. The proportions of the different types of by-products 
were:  Bark (7%), Sawdust (17%), Planks (19%), Shavings (8%), Toppings (1%) and 
Chips (48%). Most of the by-products were intended to be sold to other industries for 
different uses (72%). It was also observed that waste is used to generate steam (6%) 
and electricity (3%). 10% is still burned in the open and 9% is disposed of at garbage 
sites. 
 
The waste factor (dry waste ton/product ton) can be es timated at 0.10 bark 
ton/produced wood ton; 0.15 sawdust ton/produced wood ton; 0.25 plank ton/produced 
wood ton; 0.05 topping and other ton/produced wood ton. 
 
Although it depends on the species, the potential yield at plantations is generally 
positioned around 10 dry tons/ha. 
 
The sustainable percentage of waste removal is estimated at 70% of the forestry crop; 
100% of sawdust and planks and 50% of bark. 
 
There is no data available in the country on the yield of raw material per stage. The 
following losses are estimated: 5-6% in harvest/collection; 3-6% in pre-processing; 7-
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15% in storage and conditioning; and 2% in transport to plant. 
The existing uses of raw material are open burning, self-consumption for steam boilers 
at sawmills, energy generation, particle boards and MDF, wood pellets (for export and 
domestic consumption). 
 
The trade price of waste (2011) is as follows: sawdust at sawmill Є 3.43/ton; shavings 
at sawmill Є 8.23/ton; planks with bark at sawmill Є 4.29/ton.  
 
Argentine forestry industry 
Extraction of round wood at forestry plantations: According to the database of the 
Forestry Production Board of the Ministry of Agriculture, Livestock and Fisheries of the 
Nation (MAGyP), in 2009 8,463,453 tons of round wood were extracted from implanted 
woods in Argentina. It is worth mentioning that the highest consumption was observed 
in the regions of Mesopotamia provinces, Misiones being the province representing the 
highest round wood consumption in the country with more than 51% of the total, 
followed by Corrientes and E ntre Ríos with 18 and 17% , respectively. This is the 
reason why the Mesopotamia region was chosen for this analysis. 
 
The country’s forestry industry has a great diversity of farms engaged in different types 
of forestry production, ranging from sawmilling to pulp and paper production. During 
2009, in the forestry industry, 3.4 million tons of round wood were consumed. Within 
the forestry industry, the cellulose industry consumed 3.7 million ton of raw material, of 
which 2.4 million ton were round wood and app roximately 1.4 million ton were other 
raw materials including sawmill by-products such as chips. The rest was distributed 
among the industry of particle and fibre boards, sheets, impregnation and others. 
 
C.2. Technological processes 
 
It is very difficult to keep record or data on residue trading. One of the main reasons is 
that the forestry industry treats residues as “waste” and not as a by-product. 
 
Transportation:  
Waste transportation from production sites to conversion plants can be very complex, 
especially if production sites are scattered across the study area. 
The following factors can affect waste availability: Regional infrastructure such as road 
network and quality thereof; quality of roads in the different seasons of the year; 
physical barriers, such as rivers, lakes, marshes, etc.  The average distance between 
production sites and the closest road; energy densities of residues; moisture contents 
of residues; the number of available trucks, their allowed loading capacity  and 
efficiency; the existence of railways and adequate operation thereof, loading capacity 
per convoy and availability for use. 
Although there is no maximum distance for waste transportation, it is recommended 
that it does not exceed 100 k m. However, this depends on t he factors of local 
infrastructure and plant size. 
 
General logistics:  
When we refer to logistics, we do not only imply biomass transport but also pre-
processing and storage.  In some case, biomass requires pre-treatment (for example, 
densification, natural drying, etc.) and storage before and after being transported to the 
conversion plant. 
When logistics costs are calculated, transportation and s torage costs must be taken 
into account. Lengthy conversion pants need constant biomass flows and, at the same 
time, this requires large yards for storage thereof. It must be taken into account that 
biomass pre-treatment is always better when carried out during the first links of the 
supply chain, such as at production sites or at intermediary biomass processing hubs 
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or terminals. 
Decrease in the size of biomass at production sites -for example, chipping- is 
necessary to compress waste and reduce transportation costs. Likewise, waste drying 
and storage at production sites in some cases is an attractive option if there is storing 
room and if weather conditions allow for natural drying. It must be taken into account 
that when waste is stored at production sites for long periods, biomass suffers losses 
on account of decomposition and the risk of fire increases. 
 
C.3. Total cost of the process 
 
According to the data assessed and the information provided by the experts in charge 
of the assessment, the following table of costs is drawn. 
Table 3.1.3.3: Argentina. Costs of collecting, managing, pre-processing, 
transporting and s toring the biomass obtained from forestry operations (in 
Euros/ton) (1) 
 
Wood and cellulose raw material Pine or eucalyptus chips 

Selected location 
Mesopotamia region, encompassing 

the provinces of Entre Ríos, Corrientes 
and Misiones 

Forestry surface of the selected zone (ha) Entre Ríos: 144,732; Corrientes: 
373,269; Misiones: 352,392 

Waste available in the region (ton/year) 
There are no data or accurate statistics 

on the number of rolls extracted 
annually 

Business model Large scale industry 
Yield of wood and cellulose material (ton/ha) 10 to 15 
Distance to be covered with the waste (km) 50 – 100 
Transportation capacity (ton/transportation means  
truck with chassis and trailer) 25 

Operations (Є) 
Loading of forestry waste at forest 1.1 
Transport of forestry waste from the forests to 
forestry road  1.1 
Truck loading  0.9 
Chipping  5.7 
Transportation to plant (distance of less than 50 km) 8.9 
Total cost per ton (Є) forestry field residues 17.6 
(1) Forestry waste corresponds to biomass originated from forestry activities in forests (thinning, 
topping, pruning, etc.). The sequence of operations is: collection at the forest, transportation to 
roadside, chipping, loading on truck, transportation to plant. The cost in Є of 17.6 is an 
operative cost; it must not be mistaken for the total cost that includes the cost of machinery 
capitals and the cost of the raw material paid to the owner of the crop residues. 
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3.1.4 Spatial distribution of selected feedstock  
 
A. Sugar Cane residues 

 
A.1 Field residues (RAC) 
 
The geospatial location of field resources was performed by identifying the sugar cane 
plantations on satellite images. 
 
The amount of available residues on sugar cane fields was calculated in 23% of the 
harvested tonnage.  This volume must be reduced in 50% to bring it to a dry basis with 
10% humidity.  This number must be reduced in 50% considering field burns, needs 
soil conservation and harvesting losses. 
 

 
Figure 3.1.4.1: Location of sugar cane plantations in Argentina 

 
Actual uses of RAC 
 

 
Rolls                              Bales                         Briquettes                  Compost 

 
The estimated current use of the field residues is 10%: 119.403 Tn. 
 
Table 3.1.4.1 Available field residues (RAC) by Province in Argentina 
 

Province 
Surface 

(ha) 
Production 

(ton) 
Collectable 
RAC (ton) 

Actual  
Uses 

Available 
RAC (ton) 

Tucumán 214.722 14.171.652 814.870 81.487 733.383 
Salta  34.498 2.276.868 130.920 13.092 117.828 
Jujuy 65.413 4.317.258 248.242 24.824 223.418 
Total 314.633 20.765.778 1.194.032 119.403 1.074.629 

Tons are considered on dry basis 
 
With the information available in a raster format it was possible to determine two 
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biomass waste sustainable supply basins for the location of future ethanol production 
plants: the north one with 260.000t available in a radius of 20Km and the south one 
with another 220.000t available within the same distance. 
 

 
 

Figure 3.1.4.2 - Main supply-basins for the location of ethanol plants from 
sugar cane field residues RAC in Argentina 

 
A.2 Industrial sugar cane residues 
 
The amount of industrial residue (bagasse) was calculated around 30% of the 
processed volume (Approximately 20.000.000 ton).  The amount which is used to 
generate energy for mills operation (estimated at 250K of bagasse per ton of 
sugarcane) must be reduced. After deduction of additional volumes derived to paper 
production, the rest 5% reduced at dry basis could be considered available as 
lignocellulosic feedstock.  
 
Table 3.1.4.2 - Available bagasse (t) in the mills in 2009 (Source: Centro 
Azucarero Argentino) 
 

Sugar cane mills Processed 
cane (ton) 

Bagasse 
used for 

energy or 
paper 

Available 
bagasse 

(17%) 

Bagasse 
dw 

Aguilares 451.364 112.841 22.568 14.669 
Bella Vista 920.839 230.210 46.042 29.927 
Concepción 2.674.873 668.718 133.744 86.933 
Cruz Alta 398.254 99.564 19.913 12.943 
La Corona 487.575 121.894 24.379 15.846 
La Florida 1.489.155 372.289 74.458 48.398 
La Fronterita 950.414 237.604 47.521 30.888 
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La Providencia 1.361.072 340.268 68.054 44.235 
La Trinidad 1.281.441 320.360 64.072 41.647 
Leales  431.708 107.927 21.585 14.031 
Marapa 513.286 128.322 25.664 16.682 
Ñuñorco 701.427 175.357 35.071 22.796 
San Juan 363.766 90.942 18.188 11.822 
Santa Bárbara 835.135 208.784 41.757 27.142 
Santa Rosa 561.602 140.401 28.080 18.252 
Total Tucumán 13.421.911 3.355.478 671.096 436.212 
La Esperanza 685.006 171.252 34.250 22.263 
Ledesma 3.541.459 1.062.438 0 0 
Rio Grande 590.330 147.583 29.517 19.186 
Total Jujuy 4.816.795 1.204.199 63.767 41.448 
San Martín del 
Tabacal 1.940.030 485.008 97.002 63.051 
San Isidro 435.484 108.871 21.774 14.153 
Total Salta 2.375.514 593.879 118.776 77.204 
Inaza S.A.(ARNO) 40.734 10.184 2.037 1.324 
Las Toscas 0 0 0 0 
Total Santa Fé 40.734 10.184 2.037 1.324 
San Javier 11.979 2.995 599 389 
Total Misiones 52.713 13.178 599 389 
TOTAL COUNTRY 20.707.667 5.176.917 856.274 556.578 

 
Those mills where the amount of industrial residues in dry basis are enough for the 
establishment of processing plants for lignocellulosic ethanol using the CES process 
were highlighted in the Table 3.1.4.2. 
 
The location of the industrial mills is indicated in Figure 3.1.4.3 
 

 
 

Figure 3.1.4.3 – Location of sugar cane mills 
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With the information available in a raster format it was possible to determine the 
location of the main supply basin for potential ethanol plants around Concepción sugar 
cane mill with 100.000 ton available in a radius of 5Km and almost 200.000 ton in a 
radius of 30km. 
 

 
 

Figure 3.1.4.4 - Main supply-basin for the location of ethanol plants from sugar 
cane bagasse in Argentina 
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B. Vineyard residues 
 
B.1 Vineyard pruning residues 
 
The estimation of vineyard pruning residues and replacement of vineyards was based 
on information provided by the Foundation IDR of Mendoza, and confirmed by studies 
conducted in Spain led by AVEBIOM in comparable agro-ecological zones. The value 
applied was 2.7 ton of dry biomass / ha.  The geospatial location of field residues was 
performed by identifying the vineyard plantations on satellite images. 
 

 
 

Figure 3.1.4.5 - Location of vineyards 
The analysis conducted shows that the provinces that have enough volume of residues 
to provide a second-generation ethanol plant are San Juan and Mendoza. 
 
Table 3.1.4.3 - Vineyard pruning residues in Argentina 
 
 Province Vineyards 

surface 
Pruning 
residues 

ton  

Available 
pruning residues 

ton  

Ha 75% 
Salta 1.855 5.009 3.756 
Catamarca 2.133 5.759 4.319 
La Rioja 3.714 10.028 7.521 
San Juan 17.948 48.460 36.345 
Mendoza 116.294 313.994 235.495 
Total 141.944 383.249 287.437 

 
With the information available in a raster format it was possible to determine two 
biomass waste sustainable supply basins for the location of potential ethanol plants in 
Mendoza province. One in San Martin department with availability of more than 
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100.000 ton in a radius of 25 Km, and the other in Maipu department with an availability 
of 35.000 ton in the same distance.   
 

 
 

Figure 3.1.4.6 - Main supply-basins for the location of ethanol plants from 
vineyard pruning in Argentina 

 
C. Crop residues 

 
C.1 Corn residues 
 
Corn cobs that are not being ensiled or milled for cattle or poultry feeding were 
considered as possible feedstock for Babethanol the cobs of corn. According to local 
experts it was estimated to be 50% the volume harvested as grain. Regarding the 
residue left in the field, a 20% of cobs were considered. These cobs are usually 
dismissed by the tail of the harvesters and could be collected with a proper device. 
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Figure 3.1.4.7 - Corn cobs residues in the field: 2.192.378 ton 
 
The residue calculated at department level in each of the provinces was distributed 
between pixels that integrate them. The provinces that count with enough volume with 
adequate geographical concentration were:  Córdoba, Santa Fe, Buenos Aires and 
Entre Ríos.  
 
On Table 3.1.4.7 the departments where the residues in field could contribute to reach 
a volume 30.000 ton within a radius of 30Km were highlighted. 
 
Table 3.1.4.4 - Corn cobs residues in field at department level 
Provinces  Departments  Amount available  in t 

Buenos Aires 

General Arenales 21.150 
Chacabuco 24.820 
Colón 10.331 
Salto 16.732 
Junín 23.035 
General Villegas 72.000 
Rojas 20.160 
General Pinto 24.705 
Alberti 10.220 
Florentino Ameghino 14.488 
Leandro N. Alem 12.751 
Rivadavia 30.654 

Santa Fé 
Belgrano 23.630 
General Lopez 95.680 

Córdoba 

Marcos Juarez 137.137 
Unión 126.280 
Tercero Arriba 45.300 
Pte. Roque Saenz 
Peña 72.124 
Río Cuarto 155.350 
Colón 19.500 

Entre Ríos Diamante 21.390 
La Pampa Chapaleufu 18.690 
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The departments of Marcos Juarez, Union and Rio Cuarto appear as suitable for the 
installation of a Babethanol production plant based on this raw material. 
 

 
 
Figure 3.1.4.8 - Supply basin for ethanol plant location from corn field residues in 
Argentina 
 
C.2 Wheat residues 
 
In order to prevent soil damage a reduced percentage of residues extraction (10%) was 
considered. 
The industrial residues were not considered because everything is exploited as a 
derivative for human food or animal feeding. 
2007-08 yields were considered as representative of normal production volume (with 
average rainfalls).The residue is considered to represent 133% of the harvested 
volume. 
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Figure 3.1.4.9 - Wheat residues in the field: 2.170.000 tn. 
 
The residue calculated at department level in each province was distributed between 
the pixels that comprise them. The provinces that have sufficient volume with adequate 
geographic concentration were: Cordoba, Santa Fe, Buenos Aires and Entre Rios. 
 
Table 3.1.4.5 shows the departments where the residues in field could contribute to 
reach a volume 30.000 ton within a radius of 30Km. 
 
Table 3.1.4.5 Wheat residues in field at department level in Argentina 
 

Provinces  Departments  Amount available  in t 

Buenos Aires 

Coronel Dorrego 72.298 
Tres Arroyos 67.709 
General Alvarado 17.982 
Necochea 48.884 
L.N.Alem 15.641 
Capitan Sarmiento 5.005 
Arrecifes 10.580 
San Cayetano 25.399 
Rojas 16.160 
Salto 12.360 
Cnel. de M. L. Rosales 9.685 

Santa Fe Belgrano 24.211 
San Lorenzo 18.490 
Iriondo 25.270 
Rosario 14.238 
Constitución 24.411 

Córdoba Río Segundo 49.875 
Marcos Juárez 86.376 
Unión 80.409 

Entre Ríos Diamante 22.982 
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The departments of Coronel Dorrego, Tres Arroyos, Unión and Marcos Juarez appear 
as suitable locations for potential ethanol production plants based from wheat residues. 
 
D. Forestry residues 

 
D.1 Field residues 
 
The estimated annual volume of available biomass from eucalyptus in Argentina was 
estimated to 398.178 tons field residues that are distributed at the provincial level as 
reported in Table 3.1.4.6. 
 
Table 3.1.4.6 - Available residues from eucalyptus planted forest at province level 
in Argentina 
 

 Province Woody Biomass  (ton) 
Eu CORRIENTES 169.400 
Eu ENTRE RIOS 227.459 
Eu MISIONES 1.320 
TOTAL 398.178 

 
 

 
Figure 3.1.4.10 Spatial data and calculation of volume of woody biomass 
available and accessible in kg / pixel / year from eucalyptus planted forest 
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Figure 3.1.4.11  Residues in the fields from Eucalyptus forest at province level 
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D.2 Sawmills residues 
 
The estimated annual volume of available biomass from eucalyptus in Argentina was 
estimated to 413.810 tons field residues that are distributed at the provincial level as 
reported in Table 3.1.4.7. 
 
Table 3.1.4.7 – Available eucalyptus residues from sawmills per province in 
Argentina 
 

 Province Eucalyptus sawmill residues 
Eu Corrientes 275.440 
Eu Entre Rios 138.370 
Total 413.810 

 
50% of the volume entering the mills was considered as residue. From this volume the 
amounts currently used in other industries (cellulosic industries, etc) were subtracted. 
 
The residues from sawmills that work mainly with planted forest wood were estimated 
on the basis of the flowchart of planted forest chain, and it were distributed according to 
actual location of major industries, or in the locality to which belong minor industries. In 
the cases where the data was available only at the departmental level, it was 
tentatively pointed near urban areas. 
The available biomass from sawmills that process planted forest was 0.84 million tons 
dry base.  
Implanted species used in industry or sawmills are pine (60%) and eucalyptus (25%). 
Poplar and willow represent 10%. 
 
Considering the chemical constrain for pine the better location for future plants could 
be in eastern Corrientes and Entre Rios where the sawmills processing eucalyptus are 
located. Poplars, willows and euc alyptus are used in the pulp industry where no 
residues were detected. 

 
Figure 3.1.4.12 - Available eucalyptus residues from sawmills: 413.810 ton  
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3.1.5 Conclusions 
 
Although Argentina is one of the largest producers and exporters of agricultural goods 
generating large amounts of residues, coming from the agricultural and agro-industrial 
sector, only a few were selected according to the required characteristics, availability 
and geographical dispersion. 
 
Precautious measures were taken into account for agricultural production systems 
since there are most under no tillage, cover and organic material and nutrients must be 
reserved in the soils in order to avoid a rapid deterioration. 
 
In the case of agro-industrial products the competitiveness with other end uses, the 
physical and chemical behaviour and the availability in volume and dispersion during 
the year were the main concerns. 
 
The ones that the studies found as the most suitable feedstock for the production of 
ethanol and the CES process were corn cobs, vineyard pruning, sugar cane field 
residues (tops and leaves) and bagasse, and eucalyptus field and industrial residues. 
In less importance was wheat straw because of its relatively low amount of cellulose. 
 
Corn cob 
 
Corn that is not being ensiled or milled for cattle or poultry feeding was estimated at 
50% the volume harvested as grain. Within the residue left in the field dismissed by 
harvesters, 20% are cobs that could be c ollected with a pr oper device. Three 
departments in the province of Cordoba: Marco Juarez, Unión and R ío Cuarto 
producing each of them over 100.000 T/year corn cob, were highlighted since they 
could match with minimum volume availability requirements at a cost ranging from 70-
80 €/t. 
 
Vineyard pruning 
 
Regarding vineyards pruning the provinces that have enough volume of residues to 
supply ethanol plants were San Juan and Mendoza. Two supply basins in a 25  km 
radius were detected at San Martin (100.000 t/year) & Maipu (35.000 t/year) 
departments in the province of Mendoza. 
  
Sugar cane field residues 
 
The amount of available residues on sugar cane fields was calculated in 12 % of the 
harvested tonnage due to the needs of soil conservation and harvesting losses of this 
type of material. Two supply areas for ethanol plants were identified: the north with 
260.000 t/year and the south with 220.000 t/year, both in a 20 km radius and at a cost 
of 36 €/t. 
 
Sugar cane bagasse 
 
The amount of industrial residue (bagasse) was calculated around 30% of the 
processed volume. Other uses such as electricity generation, mill operational heat and 
paper compete for the same resource. Bagasse is a very active and changing source 
of material. The principal changing forces come from overall mill efficiencies and other 
competitive uses as paper. A main supply basin for ethanol plants was identified 
around Concepción sugar cane mill in the province of Tucuman with 100.000 t/year 
bagasse available in 5 Km radius and almost 200.000 t/year in a 30km radius.  
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Eucalyptus residues 
 
Planted forest residues from eucalyptus are mainly composed by harvesting plus saw 
mills residues. Eucalyptus spp presented very high cellulose content and good values 
for all the other components. In both cases, the residues are concentrated in the 
provinces of Corrientes and E ntre Rios. Forest residues amount to 170.000 and 
230.000 t/year in each province respectively. Sawmills residues amount to 275.000 and 
139.000 t/year in each province respectively. The costs for field and sawmill residues 
are estimated at 25.69 and 19.44 €/t, respectively. New technology being implemented 
could eventually increase the availability of harvesting residues use.  
 
Wheat straw 
 
Wheat agricultural residues were considered with a s trong restrictive condition of a 
harvesting maximum volume of 10 % since this crop is responsible of carbon input in 
farming rotations mainly with soybean. The departments of Coronel Dorrego and Tres 
Arroyos in the Province of Buenos Aires and the departments of Unión and M arcos 
Juarez in the province of Cordoba appear as suitable locations for potential ethanol 
production plants each of them producing over 70.000 t/year wheat straw. 
 
Regarding cost and ha rvesting, concentration and transporting of all the material, 
Argentina has as the advantage of a v ery sophisticated and w ell developed system 
where farm machinery, human resources and logistics are the main factors. Costs are 
variable according to the region and material considered. For long term considerations 
internal strong shifts in prices, inflation rate and governmental and agro-industrial 
policies must be evaluated. A big range of costs were estimated with main differences 
between materials, harvesting and t ransporting costs are one o f the main factors. 
Although this study was arranged as country specific results, the dimensions of a 
country like Argentina deserves provincial and regional specific studies since there are 
important agro-ecological and industrial differences between them. 
 
As the Partner Institutions of the BABETHANOL consortium have not yet established a 
benchmark for the cost of lignocellulosic residues for the CES process, we cannot 
make inferences about the adequacy (or not) of the above residues to the process in 
terms of costs. 
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3.2 BRAZIL  
 
3.2.1 Preselected feedstock 
 
A. Main agricultural production 

 
Brazil is the largest country participating in the project. Brazilian agriculture is well 
diversified, and the country is largely self-sufficient in food. Agriculture accounts for 
28% of the country's GDP, and employs about one-quarter of its labour force in more 
than 6 million agricultural enterprises. 
 
Brazil is the world's largest producer of sugarcane and coffee, and a net  exporter of 
cocoa, soybeans, orange juice, tobacco, forest products, and other tropical fruits and 
nuts. Brazil is a net exporter of agricultural and food products, which account for about 
35% of the country's exports. Table 3.2.1.1 shows the main agricultural production of 
Brazil. Among the main agricultural products in Brazil, the following were considered for 
evaluating the potential for generating lignocellulosic residues for the production of 
bioethanol: sugar cane, soybean, maize, cassava, orange, rice, banana, wheat, coffee, 
coconut and pi neapple. Other products, such as cotton, cashew, agave and s weet 
sorghum, which are not included in the main agricultural products of Brazil, were 
considered in the analysis because of their regional importance (cotton, cashew), of its 
particular interest for the project (agave) or of its potential for the bioethanol 
agribusiness (sweet sorghum). 
 
Table 3.2.1.1 – Main agricultural production in Brazil 
 

Culture Production (ton) 

Sugar Cane 719.157.000 

Soybean 68.518.700 

Maize 56.060.400 

Cassava 24.354.000 

Oranges 19.112.300 

Rice 11.308.900 

Bananas 6.978.310 

Wheat 6.036.790 

Tomatoes 3.691.320 

Potatoes 3.595.330 

Beans 3.202.150 

Coffee 2.874.310 

Coconuts 2.705.860 
Pineapples 2.120.030 

Source: FAOSTAT 2010. 
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B. Reason to discard some residues 
 
There are several reasons to discard agricultural residues as feedstock available for 
the production of bioethanol, such as: 
1. the solid residues generated from some products have low volume, they are highly 

dispersed geographically, or they present a hi gh volume / low density nature, 
making their collection unfeasible; 

2. despite the high volume of production of some crops, the net quantity of 
lignocellulosic residues available for production of second generation ethanol is 
small or nonexistent, given the competition with other current uses; 

3. some crops have residues that are unstable, with very short shelf-life, usually due 
to their high moisture content and chemical composition that favours their 
degradation by microorganisms; and 

4. the solid residues generated in a highly dispersed geographical fashion, especially 
in urban areas, that are collected as part of the urban garbage and disposed of in 
landfills. 

 
According to the IBGE (Brazilian Institute of Geography and Statistics), in 2010 the 
cultivation of sugarcane had a harvested area of 9.076.706 hectares and production of 
717.462.101 ton of stalks. The major producing states were São Paulo, Minas Gerais, 
Paraná, Goiás, Mato Grosso do Sul, Alagoas and Pernambuco. Brazil has 416 
industrial processing units of sugarcane, distributed among plants that only produce 
sugar, plants that only produce ethanol and mixed units producing sugar and ethanol. 
The most relevant residues in the sugarcane production chain are the trash (an 
agricultural residue composed of tops and leaves) and the bagasse (an industrial by-
product resulting from the extraction of the juice). Now-a-days most of the trash is left 
in the field and the bagasse is used for stem generation therefore allocating credit for 
the LCA (Life Cycle Analysis) of the production plants. The gross amount supply of 
residues from sugarcane in 2010 were estimated at 119.600.930 ton of dried bagasse 
(10% moisture) and 44.901.804 ton of trash (10% moisture). An estimated 90% of the 
bagasse is being used for energy generation by the industry and about  30% of the 
trash needs to be l eft in the field for reasons of maintaining soil fertility. Thus, the 
amount of residues available in the sugarcane production chain suitable to be used as 
feedstock for second generation ethanol production were estimated at 11.960.093 ton 
of dried bagasse (10% moisture) and 31.431.263 ton of trash (10% moisture).. 
 
In 2010, the cultivation of pineapple in Brazil had a harvested area of 58.507 hectares 
and production of 1.470.391.000 fruits. The major producing states were Paraíba, Pará 
and Minas Gerais. The most relevant agricultural residues generated in the field were 
estimated at 441.117 ton of dried leaves (10% moisture) and 1.191.017 ton of dried 
stems (10% moisture), totalizing 1.632.134 ton of dry residues (10% moisture). 
However, these residues are not available for ethanol production, since 100% of them 
are either not removed from the field (left in the soil for maintaining its fertility) or used 
as animal feed. About 50% of national production of pineapples is processed in the 
industry, and 50%  is consumed as fresh fruit. In 2010, the 1.060.015 ton of fruits 
processed in the industry yielded about 689.010 ton of residues (shells, ends and 
discards), which were fully used for the manufacture of animal feed. 
 
The cultivation of cotton in Brazil had a har vested area of 829.753 hectares and 
production of 2.949.845 ton, in 2010. The major producing states are Mato Grosso and 
Bahia. The most relevant agricultural residues generated in the field were estimated at 
37.609 ton of dried stems and leaves (10% moisture). However, these residues are not 
available for ethanol production, since 100% of them are not removed from the field, 
being left in the soil for maintaining its fertility. In industrial terms, the fibre is the main 
product from cotton, directed mainly to the textile industry. The seeds are used in the 
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extraction of edible oil, where the main waste is the extraction meal, fully used for the 
manufacture of animal feed. So there are no residues available in the cotton production 
chain suitable to be used as feedstock for second generation ethanol production. 
 
In 2010, the cultivation of banana in Brazil had a har vested area of 486.991 hectares 
and production of 6.962.792 ton of banana bunches. The major producing states were 
São Paulo, Bahia, and Santa Catarina. The most relevant agricultural residues 
generated in the field were estimated at 12.986.427 ton of dried pseudo stems and 
leaves (10% moisture). However, these residues are not available for ethanol 
production, since 100% of them are either not removed from the field (left in the soil for 
maintaining its fertility). 
In Brazil, only about 3% of national production of banana is processed in the industry, 
and 97% is marketed as fresh fruit (internal or export markets). In the packing houses, 
where the selection, cleaning, and sorting of the fruits is made, the stems are usually 
discarded in the process of separation of the fruit bunches. The 209.884 ton of fruit 
bunches processed in the industry yielded about 74.362 ton of residues (stems and 
peels), which were also fully discarded. The stems, as well as the peels, have a rapid 
deterioration, due to their high humidity (about 93%), and their chemical composition 
favours the proliferation of insects and microorganisms. Thus, the stems and peels 
from packing houses and industrial processing units are very unstable and cannot be 
stored. They are disposed on the ground or, along with household garbage, in landfills. 
Thus, there are no residues available from the banana production chain suitable to be 
used as feedstock for second generation ethanol production. 
 
The cultivation of cashew in Brazil had a har vested area of 758.988 hectares and 
production of 104.342 ton of cashew nuts, in 2010. The major producing states were 
Ceará, Rio Grande do Norte and Piauí. The most relevant agricultural residues 
generated in the field were estimated at 758.988 ton of dried stems and leaves (10% 
moisture). However, these residues are not available for ethanol production, since 
100% of them are not removed from the field, being left in the soil for reasons of 
maintaining its fertility. 
During harvest, about 80% (eighty percent) of the cashew pseudo fruits are left in the 
field, because the most valuable and important product of the cashew production chain 
is the cashew nut. Thus, of the estimated 939.078 ton of cashew pseudo fruits (85%  
moisture) harvested to recover cashew nuts, about 751.262 ton were actually not 
removed from the field, being left in the soil for economic reasons, and thus helping 
maintaining its fertility. 
Of the 187.816 ton of cashew pseudo fruits collected, about 53% was processed in the 
industry, and 47% marketed as fresh fruit. 
The 99.542 ton of cashew pseudo fruits processed in the industry were directed to the 
production of juice, where bagasse is a residue (0,20 ton bagasse / ton of processed 
pseudo fruits), or of solid sweet products, where the pseudo fruit is completely used. 
The bagasse has a rapid deterioration due to its high humidity and chemical 
composition that favours the proliferation of insects and microorganisms. Thus, the 
bagasse from industrial processing units is very unstable and cannot be stored, being 
disposed on the ground as fertilizer or dumped in landfills. 
Thus, there are no residues available from the cashew production chain suitable to be 
used as feedstock for second generation ethanol production. 
 
In 2010, the cultivation of coffee in Brazil had a harvested area of 2.158.564 hectares 
and production of 2.906.315 ton of green coffee. The major producing states were 
Minas Gerais, Espirito Santo and São Paulo. The processing of coffee may be 
performed by two main technological routes: 1) the dry process, i.e., drying the whole 
fruits giving rise to natural coffee, or 2) the wet process, comprising drying the fruits 
without shells, or without bark and m ucilage, resulting in shelled and pulped coffee. 
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The dry process generates no waste, and the wet process generates coffee pulp and 
mucilage as wastes. For the production of 2.906.315 ton of green coffee, the quantity 
of coffee beans processed were 5.231.367 ton by the dry process and 363.289 ton by 
the wet process. Thus, in terms of agricultural residues, in 2010 there were generated 
84.283,14 ton of coffee pulp and 14.531 ton of mucilage. However, these residues are 
not available for ethanol production, since 100% of them are used on coffee farms as 
fertilizer and soil conditioner. They have a rapid deterioration, due to their high humidity 
and chemical composition that favours the proliferation of insects and microorganisms. 
The process called “milling” is a post-harvest industrial operation carried out after 
drying the coffee beans, aiming at removing its shells and other impurities. The main 
residues of this operation are the shells (of the fruits that come from dry processing) 
and the parchment (of the fruits that come from the wet process). In 2010, the residues 
of coffee “beneficiation” were 2.615.684 ton of shells and 72.658 ton of parchment. 
Again, these residues are not available for ethanol production, since 100% of them are 
used as fuel (in boilers, furnaces etc.), fertilizers and animal feed. 
The processed coffee can be divided into two groups: roasted and ground coffee and 
soluble coffee. The steps that precede the processing of coffee beans into roasted 
coffee are common to both processes. In the industrial production of soluble coffee, the 
solid waste produced is known as "coffee grounds". In 2010, 235.411 ton of green 
coffee was used for making soluble coffee, yielding 112.998 ton of “coffee grounds”. 
These “coffee grounds” are not available for ethanol production, since 100% of them 
are used, mostly as fuel for generating steam at the industrial plants and some as 
fertilizers. Thus, there are no residues available from the coffee production chain 
suitable to be used as feedstock for second generation ethanol production. 
 
Coconut is considered worldwide as a raw material for the production of vegetable oil 
production. In Brazil, beyond this use, a substantial amount is also consumed as green 
coconut, a source of coconut water, a much appreciated beverage. Thus, we have 
considered these two uses of the product: i) the ripe coconut, for the industrial 
production of grated coconut, coconut oil, etc., and ii) the green coconut, widely used 
as a source of coconut water. 
In 2010, the cultivation of ripe coconut in Brazil had a har vested area of 274.773 
hectares and a total production of 1.891.687.000 coconuts, weighing on average 0,60 
kg/each. The major producing states were Bahia, Ceará and Sergipe, from the 
Northeast region. The most relevant agricultural residues generated in the field were 
estimated at 436.926 ton of dried stems and fruit bunches and 681.007 ton of dried 
husk (exocarp and mesocarp) (10% moisture). However, these residues are not 
available for ethanol production, since 100% of them are not removed from the field, 
being left in the soil for reasons of maintaining its fertility. 
The coconut reaches the processing industries already without the husk (exocarp and 
mesocarp). Another part of the coconut which is removed together with water in 
industrial processing is the hard shell (endocarp), weighing about 160 g per coconut, 
which totalized about 302.670 ton in 2010. The shell (endocarp) is entirely used for 
heat generation in the coconut processing industry. 
The production of green coconut in Brazil in 2007 w as 566.000 ton, and 85% of its 
weight is waste (exocarp, mesocarp and endocarp), equivalent to about 481.000 ton of 
waste. The sale of green coconut water is very popular and highly scattered in urban 
areas, since it involves bars, restaurants, supermarkets, beach points, etc. Thus, the 
generation of solid residues from green coconut is also highly scattered and, usually, 
given their high volume / low density nature, they are collected as part of the urban 
garbage and disposed of in landfills. 
Thus, there are no residues available from the coconut production chain suitable to be 
used as feedstock for second generation ethanol production. 
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In addition to the fruit in natura, the orange agro-industrial chain involves the 
production of orange juice (frozen concentrated, reconstituted juice from concentrate, 
pasteurized and natural). In Brazil, on average, about 70% of oranges are destined for 
the production of juice, mainly frozen concentrated. In the citrus belt, between São 
Paulo and the southern triangle of Minas Gerais, almost 87% goes for processing. 
In 2010, the cultivation of orange in Brazil had a harvested area of 775.881 hectares 
and production of 18.101.708 ton of fruit. The major producing states were São Paulo, 
Bahia, and Minas Gerais; the state of São Paulo alone is responsible for almost 77% of 
the nation’s production. 
The process of obtaining the orange juice, frozen concentrated and not concentrated, 
consists of a series of large-scale industrial operations. The residues from this process 
are utilized to produce mainly: (i) essential oils from orange peel, used as inputs in the 
food industry, beverages, cosmetics and perfumes; (ii) d-limonene, used in the 
manufacture of paints and solvents; (iii) meal from citric pulp (bagasse), for the 
production of feed; and (iv) orange “pulp wash”, used by industries of food and drinks. 
Thus, in 2010, 12.671.196 ton of oranges were processed by the Brazilian industry 
producing 31.057 ton of essential oils, 13.976 ton of d-limonene, 63.356 ton of “pulp 
wash”, and 1.304.388 ton of meal from citric pulp. 
As indicated, bagasse, the main lignocellulosic waste that results from processing 
oranges, is fully utilized in the production of meal from citrus pulp, an ingredient in 
animal feed formulation. Thus, there are no residues available from the orange 
production chain suitable to be used as feedstock for second generation ethanol 
production. 
 
The cultivation of cassava in Brazil had a harvested area of 1.787.467 hectares and 
production of 24.524.318 ton of cassava tubers, in 2010. The major producing states 
are Pará, Paraná, Bahia and M aranhão. The most relevant agricultural residues 
generated in the field were estimated at 17.874.670 ton of dried stems and leaves 
(10% moisture). However, these residues are not available for ethanol production, 
since 100% of them are not removed from the farms: most of them are incorporated 
into the soil for maintaining its fertility, and a small part is used as animal feed. So there 
are no residues available in the cassava production chain suitable to be used as 
feedstock for second generation ethanol production. 
 
In 2010, the cultivation of maize in Brazil had a harvested area of 12.703.373 hectares 
and production of 55.394.801 ton of grains. The major producing states are Paraná, 
Mato Grosso, Minas Gerais and Rio Grande do Sul. The most relevant agricultural 
residues generated in the field were estimated at 114.273.898 ton of dried stems and 
leaves (10% moisture) and 21.002.910 ton of dried corn cobs. However, these residues 
are not available for ethanol production, since 100% of them are not removed from the 
farms: most of them are incorporated into the soil for maintaining its fertility, and a 
small part of corn cobs are used as animal feed. 
Considering the industrial chain of maize, 80% of its demand is for feed and 20% for 
other industrial uses. None of these processes generates significant amount of waste. 
So there are no residues available in the maize production chain suitable to be used as 
feedstock for second generation ethanol production. 
 
Agave, also known is Brazil as sisal, is grown in four Brazilian states and 80 cities 
around the semiarid Northeast region. It is used for making threads, ropes, mats, bags, 
broom, handicrafts, accessories and automobile upholstery. It shall be stressed that, in 
Brazil, the product of the agro-industrial processing of sisal is the fibre, and the juice 
and mucilage are the residues. 
In 2010, the cultivation of sisal in Brazil had a harvested area of 264.016 hectares and 
produced 246.535 ton of processed (dried) fiber. Sisal has great social importance 
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especially in the states of Bahia, Paraiba, Ceará and Rio Grande do Norte, but much of 
the plant is still wasted during processing, which is very artisanal. 
In the processing of sisal, only about 5% of the plant is utilized, i.e. actually is marketed 
in the form of processed (dried) fibre. About 90% of the plant corresponds to the 
residue (juice and mucilage) that is disposed during the defibring process. Thus, in 
2010, 246.535 ton of processed (dried) fibres were obtained and about 4.437.630 ton 
of residues (88% moisture), equivalent to 591.684 ton of dried residues (10% 
moisture), were discarded. The residue from the defibring (juice and mucilage) of sisal 
plant has quick decomposition because of its high moisture content and chemical 
composition favourable to the degradation by microorganisms. It is usually discarded in 
the field and, in some cases, used as animal feed. 
So, since the main product of the industrial processing is the fibre, there are no 
residues available in the Brazilian agave production chain suitable to be used as 
lignocellulosic feedstock for second generation ethanol production. 
 
In 2010, the cultivation of soybeans in Brazil had a har vested area of 23.327.296 
hectares and p roduction of 68.756.343 ton of soybeans. The major producing states 
were Mato Grosso, Paraná, Rio Grande do Sul and G oiás. The most relevant 
agricultural residues generated in the field were estimated at 74.647.347 ton of dried 
stems and l eaves (10% moisture). However, these residues are not available for 
ethanol production, since 100% of them are incorporated into the soil for maintaining its 
fertility. So there are no residues available from the soybean production suitable to be 
used as feedstock for second generation ethanol production. 
 
In 2010, the cultivation of rice in Brazil had a harvested area of 2.722.459 hectares and 
production of 11.235.986 ton of paddy rice. The major producing states were Rio 
Grande do Sul, Santa Catarina, Mato Grosso and Maranhão. The state of Rio Grande 
do Sul alone was responsible for 61% of the nation’s production. The most relevant 
agricultural residues generated in the field were estimated at 15.700.418 ton of dried 
stems and l eaves (10% moisture). However, these residues are not available for 
ethanol production, since 100% of them are incorporated into the soil for maintaining its 
fertility. So there are no residues available from the rice production suitable to be used 
as feedstock for second generation ethanol production. 
 
The cultivation of wheat in Brazil had a harvested area of 2.181.567 hectares and 
production of 6.171.250 ton of wheat in husk, in 2010. The major producing states were 
Paraná and Rio Grande do Sul; these two States together were responsible for 90% of 
the nation’s production. The most relevant agricultural residues generated in the field 
were estimated at 9.215.733 ton of dried stems and leaves (10% moisture). However, 
these residues are not available for ethanol production, since 100% of them are 
incorporated into the soil for maintaining its fertility. So there are no residues available 
from the wheat production suitable to be used as feedstock for second generation 
ethanol production. 
 
Considering the production of bioethanol, sweet sorghum is similar to sugar cane, as 
it stores simple sugars in the stalk, generating a bagasse after juice extraction that can 
be used in the generation of thermal or electric energy or the production of cellulosic 
ethanol. The sorghum stalks can be harvested with the same harvester used for sugar 
cane and its harvesting period takes place exactly in sugarcane’s off season. 
Moreover, this culture is fully mechanized (by planting seeds, mechanical harvesting) 
and has a f ast cycle (four months). Thus, sweet sorghum is a pr omising species to 
increase the amount of ethanol produced annually in Brazil.  
Currently, Embrapa estimates the following production indices for sweet sorghum: 
productivity of total biomass (stalks + trash) of 40 – 60 ton per hectare and between 1 
and 13 t on of trash per hectare. For the seasons 2011/2012 and 2012/2013, the 
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estimated planted areas of sweet sorghum are 20.000 and 120.000 hectares, 
respectively. With an average yield of 40 – 60 ton of total biomass per hectare (50% of 
this is bagasse, with 50% moisture), we would have in these scenarios a dry bagasse 
(10% moisture) production of 222.200 – 333.340 ton in 2011/12 season and 1,333,200 
- 2,000,040 ton in 2012/2013 season. If we consider that 90% of the bagasse should 
be used for cogeneration of energy at the industrial plant, we would have a surplus 
amount of at least of 22,220 ton of dry bagasse in the 2011/2012 season and 133,320 
ton of dry bagasse in the 2012/2013 season that could be used for ethanol production. 
However, although large alcohol producers are already planting sweet sorghum in an 
attempt to supplement the supply during the off season of sugar cane, the production 
of this culture is so far experimental and it is still necessary to develop technologies for 
the production system of sweet sorghum for ethanol production. Thus, since sweet 
sorghum is not a commercial culture yet, we cannot consider its residues as suitable to 
be used as feedstock for second generation ethanol production. 
 
C. Preselected feedstock at stage 1 

 
From the previous information, it appears that sugarcane residues (bagasse and trash) 
are the most promising ones for their high volume available. On the other hand, there 
are biomasses produced in high quantities but not available now-a-days under the 
current uses (see annex BR-04). These agro-industrial residues may become partially 
(or fully) available if the strategy for use changes when the market for second 
generation ethanol develops. Table 3.2.1.2 shows a selection of residues available now 
and some “potential” residues that could become interesting if the second generation 
ethanol market develops as well as the biomass demand, considering that at the end it 
will be a matter of price competition and the most attractive market will win.  
 
Table 3.2.1.2 – Brazil: preselected feedstock at stage 1 
 

Biomass Residues Gross Amount Supply 
(ton) * 

Sugar Cane bagasse 
Sugar cane trash (tops and leaves) 

11.960.093 
31.431.263 

Potential feedstock 
Soybean: stems & leaves 74.647.347 

Maize: stems & leaves 114.273.898 

Cassava: stems & leaves 17.874.670 

Banana: pseudo stems & leaves 12.986.427 

Wheat: straw 9.215.733 

Coffee: hulls 2.615.684 

Pineapple: stems & leaves 1.632.134 
(*) tons of dry material with 10% moisture 
 
The residues from the production chains of soybeans, maize, cassava, banana, wheat, 
coffee and pineapple, indicated in Table 3.2.1.2 may offer a second list of additional 
biomasses that are not available now under current uses but have the potential of 
being used in the future if the production of second generation ethanol picks up. 
 
Thus, from this first level of screening in Brazil, sugarcane was selected as the culture 
that can offer most possibilities for residues to be utilized now in a possible plant for 
producing second generation ethanol.  
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3.2.2 Chemical screening of preselected materials 
 
Both field and industrial sugar cane residues were analyzed. Field residues are named 
“trash”, which consist in a mixture of leaves and tops of the sugar cane plant (Figure 
3.2.2.1 and 3.2.2.2). The sugar mills receive the stalks and extract the juice; the 
residue is called bagasse. The chemical composition of bagasse, trash, tops and 
leaves were analyzed and informed in this section. Further information and procedure 
details are available at the ANNEX BR-03. 
 
Samples were obtained from the 12 most planted cultivars (representing around 70% 
of the national area), from four different sugarcane mills, localized in the most 
representative sugarcane regions: Usina Bioenergia (Lucélia, São Paulo, Southeast 
region), Usina da Pedra (Serrana, São Paulo, Southeast region), Usina Jalles 
Machado (Goianésia, Goiás, Centre-West region) and U sina Sumaúma (Marechal 
Deodoro, Alagoas, Northeast region). Sample collection was carefully protocolled, in 
order to ensure representativeness (see ANNEX BR-03). 
 
Since different parts of the plant were collected and anal yzed, the weight of each 
fraction was obtained in order to estimate the contribution of each plant part. The 
average proportion of each fraction is presented in Table 3.2.2.1, while the yield is 
presented in Table 3.2.2.2. 
 

 
Figure 3.2.2.1 - Representation of a sugarcane plant and its fractions. 
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Figure 3.2.2.2 - Sugarcane, its fractions and residues of economic importance 
 
Table 3.2.2.1 - Average of different locations of the proportion (%, by weight) and 
moisture content (%, by weight) of fractions (stalks, tops, leaves), that make up 
the total biomass of the 12 selected sugarcane varieties 
 

Variety 
Proportion (%, by weight) of the 

fraction in the total biomass 
 

Moisture content (%, by weight) of 
fractions of total biomass 

Stalks Tops Leaves Trash 
 

Tops Leaves Trash 
SP813250 82.0 10.8 7.2 18.0 

 
62.2 10.4 41.5 

RB867515 81.4 11.4 7.1 18.6 
 

64.7 14.2 45.1 
RB855453 80.2 12.9 6.8 19.8 

 
68.7 9.2 48.2 

RB855536 82.9 9.9 7.3 17.2 
 

65.5 7.8 40.9 
SP803280 80.3 9.5 10.2 19.7 

 
70.6 12.5 40.4 

SP832847 80.4 11.6 8.0 19.6 
 

66.2 7.8 42.2 
RB855156 78.3 14.4 7.3 21.7 

 
68.3 9.9 48.7 

RB722454 79.5 13.6 7.0 20.6 
 

61.1 10.0 43.6 
SP801842 79.8 14.5 5.8 20.2 

 
73.8 9.2 55.2 

RB835486 81.1 12.5 6.4 18.9 
 

67.0 9.4 47.4 
SP791011 82.4 9.5 8.1 17.6 

 
64.5 15.0 40.8 

RB92579 77.8 13.3 8.9 22.2 
 

63.2 15.0 43.9 
Mean 80.5 12.0 7.5 19.5 

 
66.3 10.9 44.8 

 
 

  

Bagasse 

Stalks 

Trash (tops & leaves) Bagasse 

Sugarcane field 
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Table 3.2.2.2 - Productivity (ton/ha) of fractions (stalks, tops, leaves) that make 
up the total biomass of 10 selected varieties 
 
Variety Stalks Tops Leaves Trash 
SP813250 57.9 7.7 5.9 13.6 
RB867515 75.1 10.2 6.1 16.4 
RB855453 91.9 16.4 7.5 23.9 
SP803280 98.1 11.6 12.5 24.0 
SP832847 57.3 8.4 5.7 14.2 
RB855156 99.4 18.2 9.2 27.4 
RB722454 40.7 6.9 3.6 10.5 
SP801842 77.5 14.0 5.6 19.6 
RB835486 56.4 11.0 3.9 15.0 
SP791011 67.2 6.8 7.5 14.3 

Mean 72.1 11.1 6.8 17.9 
 
Sugarcane field residues chemical composition is presented in Tables 3.2.2.3 (tops) 
and 3.2.2.3 (leaves). In all cases, each variety presented an average value of the lipids, 
protein and m ineral content below 10% for both tops and leaves, which is desirable.  
Besides, lignin content was much lower than the 22% suggested as high limit. 
Hemicelluloses content average of some varieties (RB855453, RB855156 and 
SP801842) was below 30, but for the average value was at 34% (slightly over the 30% 
limit recommended for CES process). On average, leaves had lower hemicelluloses 
content than tops, but more varieties (RB855453, SP803280, RB855156 and 
SP801842) had hem icelluloses content below 30%. If we consider the trash (leaves 
and tops), only three varieties (RB855453, RB855156 and S P801842) presented a 
convenient low hemicelluloses content. Although the tops cellulose content averages of 
some varieties were below the suggested 34%, all of them had leaves with high 
cellulose content. Therefore, the overall field residues presented recommendable 
cellulose percentages for the CES process and production of ethanol. 
 
The chemical composition of the sugarcane industrial residue bagasse is informed in 
Table 3.2.2.3. The average of the twelve most planted varieties grown at different 
environments is presented. In all cases, the lipids, protein, lignin and mineral content 
percentages are recommendable low values. 
 
Although the hemicelluloses content average of some varieties (RB855536, RB855156, 
RB722454, RB835486 e RB92579) was over 30%, for most varieties the average value 
was below 30%, which is recommended for CES process. At the same time, the 
cellulose content is over 34%, making the sugarcane bagasse suitable for the CES 
process and production of ethanol  
 
Even though slight differences were observed when the results of the two main 
sugarcane producing regions were compared (North-Northeast and Centre-South), the 
same comments were valid for both regions. Detailed information is available in 
Document ANNEX BR-03. 
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Table 3.2.2.3 - Chemical composition in % of tops, leaves and bagasse r esidues 
obtained from selected varieties of sugarcane grown in Brazil 
 Tops - Varieties MC Lip Prot Lig Cel HC 
SP813250 3.9 2.9 4.1 7.3 32.5 37.7 
RB867515 4.5 2.4 4.4 8.4 36.7 36.2 
RB855453 7.5 1.6 4.9 10.4 33.5 28.9 
RB855536 3.8 3.1 3.7 6.8 37.0 37.4 
SP803280 4.2 2.6 3.8 9.8 36.3 34.5 
SP832847 4.1 2.2 3.3 7.9 33.3 37.3 
RB855156 6.8 1.8 6.8 9.7 30.7 27.5 
RB722454 3.0 2.4 3.5 8.2 33.5 35.1 
SP801842 5.7 2.1 5.0 10.9 32.9 25.2 
RB835486 3.8 3.3 3.5 7.4 35.9 39.2 
SP791011 3.6 2.0 2.8 7.7 35.1 36.3 
RB92579 3.3 2.2 4.2 6.0 35.6 37.5 
Mean 4.5 2.4 4.2 8.4 34.4 34.4 

 Leaves - Varieties 
SP813250 2.1 2.3 1.4 11.4 41.1 35.0 
RB867515 3.2 1.5 1.5 11.4 41.7 34.4 
RB855453 8.2 1.4 1.3 11.1 38.5 24.7 
RB855536 4.8 1.9 1.2 8.6 39.4 32.8 
SP803280 5.9 1.7 2.0 14.4 40.7 28.5 
SP832847 1.7 1.5 1.3 11.5 41.8 34.6 
RB855156 6.5 1.5 2.7 8.8 39.2 27.0 
RB722454 4.1 1.9 1.8 12.1 40.6 34.5 
SP801842 4.0 1.8 1.6 12.7 44.1 29.8 
RB835486 3.7 1.7 1.4 10.6 41.4 33.9 
SP791011 2.3 1.9 1.0 11.1 41.1 35.1 
RB92579 2.1 1.7 1.1 11.3 39.9 37.1 
Mean 4.0 1.7 1.5 11.3 40.8 32.3 
 Bagasse - Varieties 
SP813250 1.0 1.3 1.6 11.3 35.3 25.7 
RB867515 0.8 1.5 1.1 12.0 38.8 26.1 
RB855453 2.8 1.0 1.7 12.1 39.5 24.7 
RB855536 1.2 1.6 1.2 11.0 38.7 33.1 
SP803280 1.0 2.2 1.4 13.4 39.7 24.0 
SP832847 0.3 1.1 0.9 10.5 35.2 24.0 
RB855156 1.7 0.9 1.5 12.9 37.0 32.3 
RB722454 0.7 1.4 1.2 10.8 37.2 35.8 
SP801842 1.0 1.1 1.4 13.8 40.9 26.5 
RB835486 1.0 2.3 1.2 13.9 45.2 36.7 
SP791011 0.8 0.8 1.2 13.8 34.7 28.5 
RB92579 0.9 1.7 1.2 10.9 39.1 31.0 
Mean 1.1 1.4 1.3 12.2 38.4 29.0 
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 In summary, both field and industrial residues from sugar cane production presented 
good chemical composition suitable with the CES process for the production of ethanol. 
All samples presented recommended low values of lipids, protein, lignin and m ineral 
content, combined with high cellulose content. 
 
As indicated in the previous section, the residues from the production chains of 
soybeans, maize, cassava, banana, wheat, coffee and pi neapple, which are not 
available now-a-days under current uses, may offer a s econd list of additional 
feedstock that have the potential of being used in the future if the production of second 
generation ethanol picks up. For this reason their chemical composition was 
investigated and is indicated in Table 3.2.2.4. 
 
Table 3.2.2.4 Chemical composition of other potential feedstock in Brazil 
 
Other potential feedstock MC Lip Prot Lig Cel HC 
Banana: leaves n.a 3.1 6.8 6.0-17.0 24.1-26.1 24.0-28.6 

Banana: pseudo-stems n.a 3.2-4.1 1.7-2.7 8.1 44.0 16.5-19.8 

Cassava: stems & leaves 5.9-6.1 7.9 2.1-9.2 10.7-14.87 28.5-29.4 14.9-20.4 

Coffee hull 5.8-8.5 1.0-2.8 8.2-9.9 16.9 35.9-37.3 11.8-24.9 

Maize: stems and leaves 5.2 n.a 3.1-7.7 6.0-18.0 35.8-48.0 29.0 

Pineapple: stems & leaves 9.2 1.3 9.2 10.0 37.7 31.7 

Soybean: stems & leaves n.a n.a 3.5 5.7 53.6 19.7 

Wheat: straw n.a n.a n.a 7.7 39.5 24.1 
 
From Table 3.2.2.4 it can be s een that residues from soybeans (stems & leaves), 
maize (stems & leaves), banana (pseudo-stems), wheat (straw) and coffee (hulls) have 
good chemical composition for the CES process. Other residues have limitations in 
their chemical composition, such as the low cellulose contents of cassava (stems & 
leaves) and banana (leaves). Also, the residues from pineapple (stems & leaves) might 
be considered as a s econd choice feedstock due to the relatively high content of 
hemicelluloses.  
 
Regarding sugar cane, both field and i ndustrial residues presented good chemical 
composition for the CES process. All samples presented recommended low values of 
lipids, protein, lignin and mineral content, combined with high cellulose content.  
 
Thus, from the first and second levels of screening in Brazil, sugarcane was selected 
as the culture that can offer most possibilities for residues to be utilized now in a 
possible plant for producing second generation ethanol.  
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3.2.3 Spatial distribution of selected feedstock 
 
From the first and second levels of screening in Brazil, sugarcane was selected as the 
culture that can offer most possibilities to be utilized now in possible plants for 
producing second generation ethanol. Brazil is the world’s largest producer of 
sugarcane followed by India, Thailand and Australia. An overview of the Brazilian 
sugarcane sector conducted in 2006 showed that agribusiness is responsible for 28% 
of Gross Domestic Product (GDP) and t he sugarcane accounts for 7.5% of GDP, 
generating about 4 million jobs (direct and indirect). 
 
According to the IBGE (Brazilian Institute of Geography and Statistics), the 
geographical distribution of sugarcane production in the country is very heterogeneous: 
11.2% and 88.8% of total production are located in the North-Northeast and Centre-
South regions, respectively. The State of Sao Paulo alone is responsible for about 60% 
of the Brazilian crop. Figure 3.2.3.1 illustrates the geographical distribution of 
agricultural production of sugarcane in Brazil. Figures 3.2.3.2 and 3.2.3.3 illustrate the 
distribution of agricultural production of sugarcane in the Northeast (NE) and Centre-
South regions, respectively. 
 

 
Figure 3.2.3.1 – Geographical distribution of agricultural production of sugarcane 
in Brazil. 
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Figure 3.2.3.2 - Distribution of agricultural production of sugarcane in the  
Northeast region of Brazil 

 
 
Figure 3.2.3.3 - Distribution of agricultural production of sugarcane in the Centre-
South region of Brazil 
 
In one hectare of arable land in Brazil it is possible to harvest about 80 ton of stalks of 
sugarcane. From a ton of stalks are produced approximately 143 kg of sugar and 80 
litres of 1st generation ethanol. Recently, about 50% of the annual production of 
sugarcane is used to produce ethanol and 50% to produce sugar. 



Page 62 of 209 
 

Since 2000, the production of sugarcane in Brazil has increased about 35 million ton a 
year. This expansion represents almost the annual production of Australia, eighth 
largest producer in the world. According to statistics from the Ministry of Agriculture, 
Livestock and S upply (MAPA), in the 2010/11 season Brazil processed about 624 
million ton of stalks of sugarcane. 
 
For the 2010/2011 season, MAPA estimated the harvested area of sugarcane at 
8.091,5 million hectares with an average yield of 82.103 kg / ha, 0.6% more than the 
crop of 2009/2010. Of the total crushed sugarcane stalks of 301.517,2 million tons, 
45.4% were used to produce 38.7 million ton of sugar, and 54.6% to produce 28.5 
billion litres of ethanol. 
 
In Centre-South region, the harvest of sugar cane occurs predominantly between the 
months of April and N ovember and i n the North-Northeast, between September and 
March (Figure 3.2.3.4). 
 
Due to the topography of the Centre-South region, a significant portion of the harvest of 
sugar cane in this region is mechanized, while in the North-Northeast region it is almost 
entirely manual. 
 
The first sugarcane in the field, called "plant cane", is harvested 18 months after 
planting. The other cuts, done in the so-called "ratoon cane", resulting from the sprouts, 
are done once a year and usually extend for about five years, with gradual reduction of 
productivity. After the period in which the ratoon cane is economically viable, the 
plantation is reformed, with the planting of a variety usually more productive, and a new 
cycle of production starts. A portion of the total sugarcane produced can be directed to 
reform the sugar plantation, about 8%, which indicates that the annual production of 
sugarcane effectively processed is lower than the annual production of cane harvested. 
 
The harvesting of sugarcane is still held by the burning of sugarcane prior to harvesting 
and subsequent manual cutting of the whole sugarcane, in approximately 100% and 
50% of the cultivated areas in the North-Northeast and Centre-South, respectively. It 
should be noted that this procedure eliminates the trash. Due to environmental 
restrictions to the practice of burning and agreements established between government 
and producers, the firing procedure is slowly being replaced by mechanized harvest. It 
is expected that, by 2020, the harvesting of the stalks in the Centre-South region will be 
entirely made mechanically. 
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Figure 3.2.3.4 - Timing of harvesting of sugarcane (% per month) in the 
production regions of Brazil 
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Table 3.2.3.1 illustrates an important aspect of the culture of sugarcane in Brazil, which 
is the wide range of variation of the average productivity of sugarcane plantations, 
using data from the harvested area and production of fiscal year 2011 from IBGE. 
 
It is found that the average productivity of Brazil in 2011 was 79 ton stalks / ha, and 
that there were significant differences between the regions North-Northeast (N / NE) 
and Centre-South (SE / S / CO) regions, with yields of 56 and 83 ton / ha, respectively. 
The region of higher productivity in the country is the Southeast (SE), with 84 ton / ha, 
where the state of Sao Paulo is the champion of national productivity with 85.5 t / ha. 
The region of lower productivity in the country is the Northeast (NE), with 56 ton / ha, 
where the state of Paraiba has the lowest productivity of 46 ton / ha. 
 
Brazil has 416 industrial processing units of sugarcane, distributed among plants that 
only produce sugar, plants that only produce ethanol and mixed units producing sugar 
and ethanol (MAPA, 2011). It should be noted that the cogeneration (steam and 
electricity) from bagasse is a widespread industrial practice. 
 
ANNEX BR-01 contains a list of all plants processing sugarcane in Brazil. Table 
3.2.3.2 contains data on the number of plants producing ethanol, sugar and m ixed 
plants (producing sugar and alcohol), in every region of Brazil. Figure 3.2.3.5 shows 
the geographical distribution of industrial plants processing sugar cane in Brazil. 
 
It is worth to highlight the high concentration of industrial plants in the following states: 
Alagoas and Pernambuco (Northeast); Goiás and Mato Grosso do Sul (Centre-West), 
São Paulo and Minas Gerais (Southeast) and Paraná (South). This feature of the 
geographical distribution of industrial plants processing sugar cane in Brazil is showed 
in Figures 3.2.3.6 and 3.2.3.7 in the Northeast (NE) and C entre-South regions, 
respectively. 
 
The PECEGE (2011) contains information, obtained in the 2010/2011 season from 
about 230 processing units of sugarcane, of costs for the production of sugarcane, 
sugar and et hanol in the three producing regions of Brazil: Centre-South Traditional 
(states of Sao Paulo, Rio de Janeiro and Paraná), Centre-South Expansion (states of 
Minas Gerais, Mato Grosso, Mato Grosso do Sul and Goiás) and Northeast (states of 
Pernambuco, Alagoas and Paraiba). 
 
The plants located in areas of high industrial concentration (as in the State of Sao 
Paulo), in the traditional region, have typical processing capacity between 1.5 and 2,0 
million tons of sugarcane per season. In areas of lower industrial concentration, in the 
expansion region, the capacity of milling stalks is bigger reaching 3-4 million tons per 
season. In the traditional region, as in the State of São Paulo, the cost of land is larger 
and the distances between the harvest area and consumer markets are smaller.  
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Table 3.2.3.1 - Harvested area, amount of stalks harvested and yield of sugarcane 
in Brazil in fiscal year 2010 (period from January 1 to December 31, 2010) 
 

REGION STATE HARVESTED AREA 
(hectares) 

PRODUCTION 
(ton stalks) 

YIELD 
(ton stalks/ha) 

NORTH 

Rondônia             3.824             233.527  61,07 
Acre             1.999             107.251  53,65 
Amazonas             5.258             341.186  64,89 
Roraima                420                1.455  3,46 
Pará            10.891             668.738  61,40 
Amapá                130                4.146  31,89 
Tocantins             9.780             715.317  73,14 

Subtotal Region North (N):            32.302          2.071.620  64,13 

NORTHEAST 

Maranhão            50.477          3.176.531  62,93 
Piauí            12.841             779.084  60,67 
Ceará            43.024          2.306.004  53,60 
Rio Grande do Norte            65.320          3.962.017  60,66 
Paraíba          123.691          5.646.151  45,65 
Pernambuco          361.253        19.704.071  54,54 
Alagoas          433.725        24.352.340  56,15 
Sergipe            46.665          2.994.819  64,18 
Bahia            96.743          5.868.709  60,66 

Subtotal Region Northeast (NE):       1.233.739        68.789.726  55,76 

Subtotal Region N / NE:       1.266.041        70.861.346  55,97 

SOUTHEAST 

Minas Gerais          746.527        60.603.247  81,18 
Espírito Santo            81.393          5.314.685  65,30 
Rio de Janeiro          133.286          6.394.477  47,98 
São Paulo       4.986.634      426.572.099  85,54 

Subtotal Region Southeast (SE):       5.947.840       498.884.508  83,88 

SOUTH 
Paraná          625.885        48.361.207  77,27 
Santa Catarina             9.511             422.014  44,37 
Rio Grande do Sul            35.934          1.503.000  41,83 

Subtotal Region South (S):          671.330        50.286.221  74,91 

CENTRE-WEST 

Mato Grosso do Sul          399.408        34.795.664  87,12 
Mato Grosso          212.498        14.564.724  68,54 
Goiás          578.666        48.000.163  82,95 
Distrito Federal                923               69.475  75,27 

Subtotal Region Centre-West (CO):       1.191.495        97.430.026  81,77 

Subtotal Region SE / S / CO:       7.810.665       646.600.755  82,78 

TOTAL OF BRAZIL:       9.076.706       717.462.101  79,04 

Source: IBGE (2011). 
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Table 3.2.3.2 - Geographical distribution (number) of industrial plants of sugar, 
ethanol and mixed (sugar and e thanol) from sugarcane, by state and region of 
Brazil 
 

Region / State Product TOTAL Sugar Ethanol Mixed 
NORTH - 4 2 6 
     Acre - 1 - 1 
     Amapá - - - - 
     Amazonas - - 1 1 
     Pará - - 1 1 
     Rondônia - 1 - 1 
     Roraima - - - - 
     Tocantins - 2 - 2 
NORTHEAST 8 17 53 78 
     Alagoas 4 1 19 24 
     Bahia - 1 3 4 
     Ceará - 3 - 3 
     Maranhão - 3 1 4 
     Paraíba 1 3 6 10 
     Pernambuco 3 - 19 22 
     Piauí - - 1 1 
     Rio Grande do Norte - 2 2 4 
     Sergipe - 4 2 6 
CENTRE-WEST - 30 34 64 
     Distrito Federal - - - - 
     Goiás - 17 15 32 
     Mato Grosso do Sul - 7 14 21 
     Mato Grosso - 6 5 11 
SOUTHEAST 2 53 181 236 
     Espírito Santo - 3 2 5 
     Minas Gerais - 16 27 43 
     Rio de Janeiro - 1 4 5 
     São Paulo 2 33 148 183 
SOUTH - 7 25 32 
     Paraná - 5 25 30 
     Santa Catarina - - - - 
     Rio Grande do Sul - 2 - 2 

TOTAL OF BRAZIL: 10 111 295 416 
Source: MAPA (2011). 
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Figure 3.2.3.5 - Geographical distribution of industrial processing plants of 
sugarcane in Brazil 

 
 
Figure 3.2.3.6 - Geographical distribution of industrial processing plants of 
sugarcane in the Northeast region of Brazil. 
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Figure 3.2.3.7 - Geographical distribution of industrial processing plants of 
sugarcane in the Northeast region of Brazil 
 
However, in the expansion region, the plants have higher transportation costs to bring 
products to the final consumers. In the Northeast region, the plants have lower typical 
capacities, in the range of 0.5 to 1.0 million ton of sugarcane per season. 
 
Figures 3.2.3.8 and 3.2.3.9 illustrate the range of processing capacity of the plants 
raised by PECEGE (2011), in the Centre-South Expansion, Centre-South Traditional 
and Northeast regions of Brazil. Figure 3.2.3.9 also illustrates the wide range of the 
average productivity of sugarcane production units, observed in the 2010/11 season, 
which ranged between 50 and 110 ton stalks / ha. 
 
We can separate didactically the total biomass of sugarcane in fractions of economic 
importance, namely: i) in the field: stalks and trash (tops and leaves), and ii) in the 
industry: stalks, juice and bagasse. Current production of ethanol and sugar comes 
from the juice, which corresponds to about 1/3 (one third) of the energy potential of 
sugarcane total biomass. 
 
The by-product of the extraction of juice is bagasse, which corresponds to the second 
1/3 (one third) of the energy potential of the biomass of sugarcane. It is a 
heterogeneous biomass, with variation in its composition and morphological structure. 
Each ton of stalks of sugarcane produces about 300 kg of bagasse, with about 50% 
moisture, 90% of which is used to produce energy (thermal and electrical) in the plant 
(CGEE, 2001). Studies have been conducted to use the surplus bagasse for the 
production of lignocellulosic 2nd generation ethanol. 
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Figure 3.2.3.8 - Distribution of plants according to the daily milling capacity in 
tonnes (adapted from PECEGE, 2011) 
 
 
 

 
Figure 3.2.3.9 - Distribution of the average yield (ton stalks / ha) as a function of 
the milling capacity (in million tonnes) of industrial plants (adapted from 
PECEGE, 2011) 
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The trash composed of tops and leaves, which corresponds to the last 1/3 (one third) of 
the biomass energy potential of sugarcane, is not recovered today. 
 
In regions where the harvest of sugarcane is made without the prior burning of the 
cane fields, about 70% of trash (tops and leaves) could be used to produce electricity 
and heat as well as the production of lignocellulosic ethanol. About 30% of trash should 
be left in the field because such use has agronomic advantages to help control weeds 
and increase soil fertility. 
 
The juice obtained from crushing the stalks of sugarcane can be used to produce sugar 
or ethanol. The sugarcane has 10-16% soluble solids, mostly found in cane juice. 
Within these soluble solids, 75-93% are sugars, including the reducing sugars glucose 
and fructose, which are not interesting for the production of sugar, but may be used to 
produce ethanol. In the process of crystallization of the sugar, not all sucrose is 
converted into sugar, resulting in a residual solution called molasses, that still contains 
sucrose and i s rich in sugars (glucose and fructose), that can be us ed to produce 
ethanol. 
 
The ethanol production is based on the direct fermentation of the juice as well as of the 
mixtures of juice and molasses, the latter being most commonly used in Brazil. Figures 
A1 and A2 in the Annex show flowcharts of the typical production and industrial 
processing of sugarcane in Brazil, used in the Centre-South and N orth-Northeast 
regions, respectively. In these flowcharts, a ton (one ton) of stems harvested was 
considered as the basis for calculations. 
 
It should be no ted that the technical indices of production in these regions are quite 
distinct, especially with respect to the productivity of sugarcane (tons of harvested 
stalks / ha) as a result of different production systems used. Table 3.2.3.3 summarizes 
the technical indices typically observed in these two regions. 
 
Table 3.2.3.3 - Technical indices of typical systems of production and industrial 
processing of sugarcane, by region of Brazil 
 

Index 
Region 

Centre-
South 

North-
Northeast 

Trash yield (ton / ton stalks) 0,25 0,25 
Cane fields where burning prior to harvest is used (%) 50 100 
Trash used for soil conditioning (%) 30 - 
Bagasse used for cogeneration of energy (%) 90 90 

 
 
Usually, the pre-treated broth is mixed with molasses and evaporated to adjust the 
concentration of sugars, giving rise to the mash, which is ready to be fermented. The 
conversion of sugars into alcohol occurs in the fermentation through the action of the 
yeast Saccharomyces cerevisiae. During the fermentation time, which varies from 4 to 
10 hours, occurs the release of carbon dioxide and the formation of by-products such 
as higher alcohols, aldehydes and g lycerol. At the end of  fermentation we have the 
fermentation wine, containing 7-10% (v / v) alcohol. The alcohol present in wine is 
recovered by distillation, yielding the hydrated ethanol, and as a by-product there is the 
vinasse. The vinasse is removed by distillation process at a ratio of 13 litres of vinasse 
per litre of ethanol produced, and consists mainly of water, salts and soluble solids in 
suspension and is applied as fertilizer in agriculture. The hydrated ethanol may still be 
dehydrated and lead to anhydrous ethanol, used as an additive in gasoline. 
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The burning of sugarcane fields prior to harvest and s ubsequent manual sugarcane 
cutting of the whole canes is still a widely used agricultural practice in the harvesting of 
sugarcane, being used by approximately 100% and 50% of cultivated areas in the 
North-Northeast and Centre-South regions, respectively. It should be no ted that this 
procedure eliminates the trash (tops and leaves). In regions where the burning of the 
cane fields prior to harvest is not performed, about 30% of the trash shall be left in the 
field because there are agronomic advantages, helping control weeds and increasing 
soil fertility. Therefore, about 70% of the trash (tops and leaves) could be used to 
produce electricity and heat, as well as lignocellulosic ethanol. 
 
Currently, each ton of stalks of sugarcane produces about 300 k g of bagasse, with 
about 50% moisture, 90% of which is used to produce energy (thermal and electrical) 
in the plant (CGEE, 2001). However, it is important to notice that only about 30% of the 
bagasse would be s ufficient to meet the energy demands of the industrial plant, 
considering that 28 kWh are needed for processing one ton of canes (CGEE, 2009), 
and that each ton of bagasse generates 342 kWh (COGEN, 2007). 
 
The bagasse is used for steam generation in the boilers of high and low pressure. The 
high pressure steam produced in boilers is primarily used in turbines of mechanical 
drive of large power equipment such as grinders, rotary blades, mills, graders, pumps, 
fans and ot hers, besides the electric power generator. These turbines operate on a 
thermodynamic cycle called counter-pressure, because the steam exits the turbine 
after doing work with an ex pressive pressure, still containing a s ignificant energy 
potential. The steam exiting the counter-pressure turbines is led to a distribution 
network of low pressure steam to different equipment, where it will provide heat for 
various purposes (Correa Neto and R amon, 2002). This technology is called 
cogeneration and is applied in sugar mills seeking energy self-sufficiency. The surplus 
of energy in many plants is exported to the electrical grid. 
 
Tables 3.2.3.4 and 3.2.3.5 summarize the technical indices and alternative uses for the 
residues (trash and bagasse) obtained in typical agricultural production and processing 
systems of the Centre-South and North-Northeast regions of Brazil, using 1 ton (one 
tonne) of stalks of sugarcane harvested as the calculation basis. 
 
Table 3.2.3.4 -Technical indices and alternative uses for the TRASH (*) obtained 
in typical agricultural production systems of the Centre-South and North-
Northeast regions of Brazil 
 

Index / Quantity 
Region 

Centre- 
South 

North-
Northeast 

Calculation Basis: 
   Quantity of sugarcane stalks harvested (kg) 

 
1.000,00 

 
1.000,00 

Yield of trash (kg / kg stalks) 0,25 0,25 
Quantity (total) of trash (kg) 250,00 250,00 
Trash burned at harvest (%) 50 100 
Quantity of trash burned at harvest (kg) 125,00 250,00 
Quantity of trash left in the fields after burning for harvest (kg) 125,00 - 
Trash used for soil conditioning (%) 30 - 
Quantity of trash used for soil conditioning (kg) 37,50 - 
Surplus of trash available to be used for other uses (%) 70 - 
Quantity of surplus trash to be used for other uses (kg) 87,50 0,00 
Quantity of dry matter (solids) in surplus trash (kg) 43,75 0,00 
Quantity of dry surplus trash (10% moisture) (kg) 48,61 0,00 
(*) trash contains about 50% moisture; dry trash considered with 10% moisture. 
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Table 3.2.5.5 - Technical indices and alternative uses for the BAGASSE (*) 
obtained in typical industrial processing systems of the Centre-South and North-
Northeast regions of Brazil 
 

Index / Quantity 
Region 

Centre- 
South 

North-
Northeast 

Calculation Basis: 
   Quantity of sugarcane stalks harvested (kg) 

1.000,00 1.000,00 

Yield of bagasse (kg / kg stalks) 0,30 0,30 
Quantity (total) of bagasse (kg) 300,00 17.835,00 
Bagasse used for cogeneration of energy (%) 90 90 
Quantity of bagasse burned for cogeneration of energy (kg) 270,00 300,00 
Surplus of bagasse available to be used for other uses (%) 10 10 
Quantity of surplus bagasse to be used for other uses (kg) 30,00 30,00 
Quantity of dry matter (solids) in surplus bagasse (kg) 15,00 15,00 
Quantity of dry surplus bagasse (10% moisture) (kg) 16,67 16,67 
(*) bagasse contains about 50% moisture; dry bagasse considered with 10% moisture. 
 
From the foregoing it can be s een that for every 1 t on (one tonne) of stalks of 
sugarcane harvested, there is in Brazil the following typical availability of agro-industrial 
residues (trash and bagasse): 
• in the Centre-South region: about 87,50 kg of trash (50% moisture), corresponding 

to 48,61 kg of dry trash (with 10% humidity) and 30,00 kg of bagasse (50% 
humidity), corresponding to 16,67 kg of dry bagasse (with 10% humidity). 

• in the North-Northeast region: about 30,00 kg of bagasse (50% moisture), 
corresponding to 16,67 kg of dry bagasse (with 10% humidity). 

 
Considering that the typical capacities of sugarcane processing plants in Brazil are 
between 0.5 and 4 .0 million tons of cane stalks per season, and using the results 
presented in Tables 3.2.3.6 and 3.2.3.7, we can calculate the volume of lignocellulosic 
residues associated with the operation of each one of  these typical industrial plants. 
The results of this calculation are presented in Table 3.2.3.6. 
 
Table 3.2.5.6 - Quantity of surplus lignocellulosic residues (dry trash and 
bagasse, with 10% humidity) in industrial units, per typical processing capacity, 
in the N/NE and CO/SE/S regions of Brazil 
 

Milling 
Capacity 

(ton stalks / 
season) 

Region N/NE Region CO/SE/S 
Surplus 

Dry 
Trash 
(ton) 

Surplus 
Dry 

Bagasse 
(ton) 

Total of 
Lignocellulosic 

Residues 
(ton) 

Surplus 
Dry 

Trash 
(ton) 

Surplus 
Dry 

Bagasse 
(ton) 

Total of 
Lignocellulosic 

Residues 
(ton) 

500.000 0 8.335 8.335 24.305 8.335 32.640 
1.000.000 0 16.670 16.670 48.610 16.670 65.280 
1.500.000 0 25.005 25.005 72.915 25.005 97.920 
2.000.000 0 33.340 33.340 97.220 33.340 130.560 
2.500.000 0 41.675 41.675 121.525 41.675 163.200 
3.000.000 0 50.010 50.010 145.830 50.010 195.840 
3.500.000 0 58.345 58.345 170.135 58.345 228.480 
4.000.000 0 66.680 66.680 194.440 66.680 261.120 
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Results of the sugarcane residues supply from Brazil, actual percentage of utilization of 
these residues in other uses (competition) and potential net availability for the 
production of second generation ethanol are presented in Table 3.2.3.9.  
 
Table 3.2.3.7 – Brazil: residues from sugarcane 
 
Sugarcane 

Residue 
Gross Amount 

Supply 
(ton) 

Competition (%) Net 
Availability 

(ton) 
Food Energy 

 
Soil 

Conditioning 
Bagasse 119.600.930  90%  11.960.093 
Trash (tops 
& leaves) 

44.901.804   30% 31.431.263 

Tons are considered as dry material (10% moisture). 
 
3.2.4 Cost analysis of selected feedstock 
 
A. Sugar cane bagasse  

 
In the production chain of sugarcane in Brazil, the lignocellulosic residues that are 
relevant as feedstock with potential for the production of second generation ethanol are 
the trash, resulting from the harvesting process, and t he bagasse resulting from the 
industrialization of the stalks to produce sugar and / or ethanol. 
 
The market for sugarcane bagasse is not regulated in Brazil. The values presented 
here were raised by PECEGE and refer to typical values (in R$) charged by the plants, 
in each season, as shown in Table 3.2.4.1. 
 
Table 3.2.4.1 - Evolution of the price of sugarcane bagasse ( €/ton) in the 
production regions of Brazil 
 
Region Season Mean Price 

(€/ton) 2007/08 2008/09 2009/10 2010/11 
 Expansion (Centre-West) 8,63  10,20 10,56 9,79 
 Northeast  9,91 10,85 16,98 19,30 14,26 
 Traditional (São Paulo State) 7,25 9,21 5,27 7,55 7,32 
 Mean Price (€/ton): 8,60 10,03 10,81 12,47 10,46 
 
The values listed in Table 3.2.4.1 refer to the price of sugarcane bagasse (50% 
moisture) in natura per ton, to be removed from the industrial plant (shipping not 
included), at the region indicated. 
 
It is worth noting the consistent difference of prices among the different production 
regions, specifically the Traditional (state of São Paulo), Expansion (Centre-West 
region) and Northeast regions, throughout the time considered. 
 
In the more recent season (2010/11), the bagasse had a national average price of 
about € 12.47/ton, unrepresentative since the market price varies greatly among 
regions, as indicated by the minimum and maximum values of € 7,55 and € 19,30 per 
ton, practiced in the Traditional and Northeast regions, respectively. 
 
B. Sugar cane trash  
 
The trash, made up by mixing sugarcane tops and leaves, does not have a common 
application in most companies in Brazil. The main reason is due to the fact that the 



Page 74 of 209 
 

trash is burned in the process of harvest, in a significant portion of the agricultural land 
(about 100% of the area in the Northeast and 50% in the Centre-South). 
 
Hassuani, Leal and Macedo (2005) estimated the costs of production of this residue, 
according to alternative technology scenarios of baling and partial cleaning, without 
burning the fields prior to harvest. 
 
The first scenario is the baling of the trash. In this scenario, the harvest of sugarcane is 
mechanized, without burning the trash. The stalks of sugarcane are transported first, 
and afterwards the transport of trash is carried out. Thus, in this scenario, the 
separation between the stalks of sugarcane and the trash occurs in the field. 
 
The second scenario is the partial cleaning. In this scenario, sugarcane stalks and 
straw are partially separated in the field, and later in the dry cleaning station of the mill. 
In this technological scenario, the cleaning process is intermediate, and a portion of the 
trash is not recovered, being left in the soil. 
 
The cost of trash estimated by Hassuani, Leal and Macedo (2005) in these two 
technological scenarios are presented in Table 3.2.4.2. 
 
Table 3.2.4.2 - Cost of trash (in €/ton of dry material) 
 

Components Scenario 1 
Baling 

Scenario 2 
Partial Cleaning 

Transport to the mill (baling included) 7,71 2,20  
Loss of productivity 1,93 --- 
Opportunity cost of trash in the field 4,48 5,21  
Separation in the cleaning station --- 2,96  
Processing 0,71 0,91  
Impacts in the Industry --- ( 0,30 ) 
Total Cost (€/ton): 14,83 10,98 

Source: Hassuani, Leal & Macedo (2005). 
 
Thus, the scenario 1 provides a better opportunity in terms of reclamation of the dry 
material, since in this scenario all the trash is removed from the field. However, this is 
not the alternative of lowest total cost, which in this scenario is € 14.83/ ton of dry 
material. Scenario 2, in which a partial cleaning is performed in the field, proved to be 
the most advantageous in terms of cost of production, whose value is around € 10,98 / 
ton of dry material.   In short, it was found that the cost of the trash varied between  € 
10.98 and € 14.83 per ton of dry material, in the two scenarios considered. 
 
Due to the existence of inflation between 2005 and 2011,  it was necessary to deflate 
the cost of trash, excluding the price variation from the nominal growth. The v alue 
obtained thus reflects the actual behaviour of prices. The appropriate index selected to 
update the costs of trash in Brazil was the Wholesale Price Index - Market (IPA-M), 
calculated by the Getúlio Vargas Foundation (FGV) on a monthly basis. 
 
The current cost of trash, updated by the IPA-M since 2005, is equivalent to € 29.04 
and € 21.51 per ton of trash (dry basis), in scenarios 1 and 2, respectively. 
 
Note that these values for trash are well above the market price of bagasse in the 
2010/11 season, which was € 12.47 per ton (shipping not included) on the national 
average, ranging from € 7.55 (Traditional region) to € 19.30 (Northeast region). 
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3.2.5 Detailed spatial distribution of selected feedstock 
 
The data on the surplus of lignocellulosic residues of sugarcane were fed to a Geo-
referenced Information System (GIS), using the county as the smaller administrative 
unit. 
 
The lignocellulosic residues considered to be the most relevant in the chain of 
sugarcane in Brazil were the trash, a residue of agricultural production composed of 
tops and leaves, and bagasse, a by-product of industrial processing. 
 
The surplus trash available in each Brazilian county was calculated as follows: 
• We used the statistics of planted area, harvested area and quantity of sugarcane 

stalks harvested in each Brazilian county, in fiscal year 2010 (period from January 1 
to December 31, 2010), of the Brazilian Institute of Geography and Statistics 
(IBGE), which follow in the spreadsheet of Document ANNEX BR-02. 

• The marked differences that exist between the agricultural production systems of 
the Centre-South and N orth-Northeast regions of Brazil were considered in the 
technical indices of crop yield (ton stalks / hectare) and the extent of use of burning 
of cane fields prior to harvest of these regions. 

• The spreadsheet of Document ANNEX BR-02 contains the estimated amount of 
surplus trash available in each Brazilian county, calculated from: i) the quantity of 
stalks harvested (in tonnes), informed by the IBGE, and ii) the technical indices and 
alternative uses for the trash obtained in typical agricultural production systems 
from the Centre-South and North-Northeast regions of Brazil, summarized in Table 
3.2.4.6 presented in a previous section. 

 
In the North-Northeast region, as a result of burning the cane fields prior to harvest in 
100% of the production area, it is found that there is no trash available to be used in 
the production of second generation ethanol. In the Centre-South region, as a result of 
higher crop yields (ton stalks / hectare), of employing the practice of burning the cane 
fields prior to harvest in 50% of the production area and of the retention of 30% of the 
trash for conditioning the soil, it is found that the availability of trash to be used in the 
production of second generation ethanol is about 87,50 kg of trash (50% moisture), 
which corresponds to 48,61 kg of dry trash (10% moisture) for each ton of stalks of 
sugarcane harvested. 
 
To summarize, the total amount of SURPLUS DRY TRASH available in Brazil to be 
used in the production of second generation ethanol, which geographical distribution is 
presented in Table 3.2.5.1 and Figure 3.2.5.1, was estimated at 31.43 million tons. 
 
The surplus bagasse available in each Brazilian county was calculated as follows: 
• We used the statistics of planted area, harvested area and quantity of sugarcane 

stalks harvested in each Brazilian state, in fiscal year 2010 (period from January 1 
to December 31, 2010), of the Brazilian Institute of Geography and Statistics 
(IBGE), which follow in the spreadsheet of Document ANNEX BR-02. 

• The marked differences that exist between the agricultural production systems of 
the Centre-South and N orth-Northeast regions of Brazil were considered in the 
technical indices of crop yield (ton stalks / hectare). There are no important 
differences between the industrial production systems employed in these regions, 
as for the indices of generation and use of bagasse in the industrial units, that burn 
about 90% of bagasse for cogeneration of energy, resulting in a surplus of 10% of 
the bagasse that can be used for other uses. 

• The spreadsheet of Document ANNEX BR-02 contains the estimated amount of 
surplus bagasse available in each Brazilian state, calculated from: i) the quantity of 
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stalks harvested (in tonnes), informed by the IBGE, and ii) the technical indices and 
alternative uses for the bagasse obtained in typical industrial production systems 
from the Centre-South and North-Northeast regions of Brazil, summarized in Table 
3.2.4.7 presented in a previous section. 

• Since there is no information available on the actual amount of sugarcane 
processed in each industrial unit (or the processing capacity of individual sugarcane 
mills), it was necessary to estimate the amount of surplus bagasse available in 
each Brazilian county that possess at least bone sugarcane mill, taking into account 
that the industrial plant is where the bagasse is generated. In this process we have 
used: i) the information from MAPA on the number of industrial processing units of 
sugarcane in each Brazilian county, and ii) estimated the amount of bagasse 
available in each county by dividing the total amount of surplus bagasse available 
in the state among the counties, using the number of existing industrial units in 
each county as the proportionality factor. 

• Using this procedure the production of surplus bagasse was estimated in every 
Brazilian county where there are industrial units, in proportion to the number of 
industrial units existing in each county, as indicated in the spreadsheet of 
Document ANNEX BR-02. 

 
It should be not iced that, as a r esult of combustion of about 90% of bagasse for 
cogeneration of energy, there is a surplus of 10% of the bagasse for other uses, in all 
the producing regions of Brazil. Thus, it is found that the availability of surplus bagasse 
to be used in the production of second generation ethanol is about 30,00 kg of bagasse 
(50% moisture), which corresponds to 16,67 kg of dry bagasse (with 10% moisture) for 
each ton of stalks of sugarcane processed. 
 
To summarize, the total amount of surplus dry bagasse available in Brazil to be used in 
the production of second generation ethanol, which geographical distribution is 
presented in Table 3.2.5.1 was estimated at 11.96 million tons. 
 
The total amount of surplus dry lignocellulosic residues (trash and bagasse) of 
sugarcane available in each Brazilian county was estimated as the sum of the 
production of surplus dry trash and surplus dry bagasse available in each county. 
 
Thus, the total amount of surplus dry lignocellulosic residues of sugarcane available in 
Brazil for use in the production of second generation ethanol was estimated at 43.39 
million tons, and their geographic distribution by state of the federation and region, are 
presented in Table 3.2.5.1. 
 
  



Page 77 of 209 
 

Table 3.2.5.1 Geographical distribution of SURPLUS DRY LIGNOCELLULOSIC 
RESIDUES (10% moisture) available for the production of second generation 
ethanol, by region and state of Brazil, in 2010 
 

Region State 

SURPLUS 
DRY 

TRASH (tops 
& leaves) 

(ton) 

SURPLUS 
DRY 

BAGASSE 
(ton) 

SURPLUS DRY 
LIGNOCELLULOSIC 

RESIDUES 
(ton) 

North (N) 

Acre (AC) 0 1.788 1.788 
Amapá (AP) 0 69 69 
Amazonas (AM) 0 5.688 5.688 
Pará (PA) 0 11.148 11.148 
Roraima (RR) 0 24 24 
Rondônia (RO) 0 3.893 3.893 
Tocantins (TO) 0 11.924 11.924 

Subtotal Region North (N):  34.534 34.534 

Northeast (NE) 

Alagoas (AL) 0 405.954 405.954 
Bahia (BA) 0 97.831 97.831 
Ceará (CE) 0 38.441 38.441 
Maranhão (MA) 0 52.953 52.953 
Paraíba (PA) 0 94.121 94.121 
Pernambuco (PE) 0 328.467 328.467 
Piauí (PI) 0 12.987 12.987 
Rio Grande do N orte 
(RN) 0 66.047 66.047 

Sergipe (SE) 0 49.924 49.924 
Subtotal Region Northeast (NE):  1.146.725 1.146.725 

Southeast (SE) 

Espírito Santo (ES) 258.347 88.596 346.943 
Minas Gerais (MG) 2.945.924 1.010.256 3.956.180 
Rio de Janeiro (RJ) 310.836 106.596 417.432 
São Paulo (SP) 20.735.670 7.110.957 27.846.627 

Subtotal Region Southeast (SE):  8.316.405 32.567.181 

South (S) 

Paraná (PR) 2.350.838 806.181 3.157.019 
Santa Catarina (SC) 20.514 7.035 27.549 
Rio Grande do Sul 
(RS) 73.061 25.055 98.116 

Subtotal Region South (S):  838.271 3.282.684 

Centre-West (CO) 

Distrito Federal (DF) 3.377 1.158 4.535 
Goiás (GO) 2.333.288 800.163 3.133.451 
Mato Grosso (MT) 707.991 242.794 950.785 
Mato Grosso do Sul 
(MS) 1.691.417 580.044 2.271.461 

Subtotal Region Centre-West (CO): 4.736.074 1.624.159 6.360.233 
TOTAL OF BRAZIL: 31.431.263 11.960.094 43.391.357 

 
  



Page 78 of 209 
 

 
Figure 3.2.5.1 - Geographical distribution of SURPLUS DRY TRASH (10% 
moisture) available for the production of second generation ethanol in Brazil. 
 

 
Figure 3.2.5.2 Geographical distribution of SURPLUS DRY BAGASSE (10% 
moisture) available for the production of second generation ethanol in Brazil 
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Figures 3.2.5.3 and 3.2.5.4 illustrate the geographical distribution of surplus dry trash, 
in the Centre-South and Northeast regions of Brazil. 
 

 
Figure 3.2.5.3 Geographical distribution of SURPLUS DRY TRASH (10% 
moisture) in the Centre-South region of Brazil. 
 

 
Figure 3.2.5.4 Geographical distribution of SURPLUS DRY TRASH (10% 
moisture) in the Northeast region of Brazil. 
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Figures 3.2.5.5 and 3.2.5.6 illustrate the geographical distribution of surplus dry 
bagasse, in the Centre-South and Northeast regions of Brazil. 

 
 
Figure 3.2.5.5 Geographical distribution of SURPLUS DRY BAGASSE (10% 
moisture) in the Centre-South region of Brazil. 

 
Figure 3.2.5.6 Geographical distribution of SURPLUS DRY BAGASSE (10% 
moisture) in the Northeast region of Brazil. 
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3.2.6 Conclusions 
 
This section integrates the information concerning the availability, costs and chemical 
composition of sugarcane residues, comparing them with the specifications and 
requirements from the CES process and the project. 
 
With regard to chemical composition, Table 3.2.6.1 is a s ummary of the typical 
chemical composition of sugarcane bagasse and trash (tops and l eaves), as well as 
the critical values agreed by the Consortium. The data indicate that all the sugarcane 
residues are suitable for ethanol production and t he CES process, except for the 
slightly high value of hemicelluloses content in tops and leaves. 
 
Table 3.2.6.1 – Average chemical composition (%, dry basis) of 12 varieties of 
sugarcane residues (bagasse, tops and leaves) and critical values defined by the 
Consortium 
 
Components Bagasse 

(%) 
Tops 
(%) 

Leaves 
(%) 

Critical Value 
(%) 

Cellulose (%) 38,4 32,4 40,8 > 34 
Hemicelluloses (%) 29,0 34,4 32,3 < 30 
Lignin (%) 12,2 8,4 11,3 < 22 
Proteins (%) 1,3 4,2 1,5 < 10 
Lipids (%) 1,4 2,4 1,7 < 10 
Ash (%) 1,1 4,5 4,0 < 10 
 
Regarding the availability of residues, the Consortium indicated that 30.000 tons of dry 
material (10-20% moisture) per year would be the minimum processing capacity for an 
industrial plant. The typical capacities of industrial plants processing sugarcane in 
Brazil are between 0.5 and 4.0 million tons of sugarcane stalks per season. Using the 
typical technical indices defined in this work, we calculated the volumes of residues 
associated with the operation of each one o f these typical industrial units, shown in 
Table 3.2.6.2. 
 
In Brazil, the most logical alternative would be t o locate a p roduction unit of second 
generation ethanol, using the CES process, in an already existing processing unit of 
sugarcane. Alternatively, units of production of second generation ethanol by the CES 
process could be installed in the neighbourhood of already existing processing units of 
sugarcane, in order to reduce the costs of logistics. In this respect, there is high 
concentration of industrial plants in the following states: Alagoas and Pernambuco 
(Northeast region), Goiás and Mato Grosso do Sul (Centre-West region), Sao Paulo 
and Minas Gerais (Southeast region) and Paraná (South region). 
 
Table 3.2.6.2 Quantity of dry sugarcane residues (trash and bagasse, with 10% 
moisture) available in industrial units of typical processing capacity, in the 
North-Northeast (N/NE) and Centre-South (CO/SE/S) regions of Brazil 
 

Milling 
Capacity (ton 
stalks / crop) 

Region N/NE Region CO/SE/S 
Surplus  

Dry Trash 
(Tops & 
Leaves) 

(ton) 

Surplus  
Dry 

Bagasse 
(ton) 

Surplus  
Dry  

Residues 
(ton) 

Surplus  
Dry Trash 
(Tops & 
Leaves) 

 (ton) 

Surplus  
Dry 

Bagasse 
(ton) 

Surplus  
Dry 

Residues 
(ton) 

500.000 0 8.335 8.335 24.305 8.335 32.640 
1.000.000 0 16.670 16.670 48.610 16.670 65.280 
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1.500.000 0 25.005 25.005 72.915 25.005 97.920 
2.000.000 0 33.340 33.340 97.220 33.340 130.560 
2.500.000 0 41.675 41.675 121.525 41.675 163.200 
3.000.000 0 50.010 50.010 145.830 50.010 195.840 
3.500.000 0 58.345 58.345 170.135 58.345 228.480 
4.000.000 0 66.680 66.680 194.440 66.680 261.120 
 
From the data in Table 3.2.6.2 one can see that the minimum amount of residues 
required for the operation of at least one small size industrial extruder (30.000 tons of 
dry material per year) is guaranteed in the following situations: 
• If the trash is not used (or if it is unavailable), in industrial plants with processing 

capacity of over 2,0 million tons of sugarcane per season; 
• With the use of trash, in industrial plants with processing capacity over 0.5 and 2.0 

million tons of sugarcane per season, in the CO/SE/S and N/NE regions, 
respectively. 

 
There are several industrial plants of sugarcane in Brazil with processing capacities in 
these ranges, located in the CO/SE/S and N/NE regions. Moreover, there are areas 
with high concentration of industries in these regions. Therefore, we conclude that 
residues of sugarcane (bagasse and trash) are suitable for the CES process in terms of 
availability. 
 
In terms of costs of lignocellulosic residues of sugarcane, in the 2010/11 crop the 
average price in the Brazilian market for bagasse was about 10 €/t, with wide variation 
in prices between regions: 7 and 17 €/t in Traditional and Northeast regions, 
respectively. The current cost calculated for the trash, that have not yet found a 
common application in most companies in Brazil, would be 25 and 18 €/t (dry basis), in 
scenarios 1 (baling) and 2 (partial cleaning), respectively. Note that these costs are 
well above the market price of bagasse in the 2010/11 crop. 
 
As the Partner Institutions of the BABETHANOL consortium have not yet established a 
benchmark for the cost of lignocellulosic residues for the CES process, we cannot 
make inferences about the adequacy (or not) of sugarcane residues (bagasse and / or 
trash) to the process in terms of costs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Page 83 of 209 
 

3.3  Chile  
 
3.3.1 Preselected feedstock 
 
A. Main agricultural production 
 
The size of the Chilean agriculture is relatively small, oriented principally to several fruit 
species and vineyard (wine and table grapes) in the north and central valley. Farming 
system is diversified and intensive, occupying small (5-20 ha) and medium (20-70 ha) 
enterprises in this area, mostly under irrigation. Extensive crops, grassland and forest 
are located in the south region. In this area the predominant crops are wheat, corn and 
potatoes in farm of 50 – 200 ha, approximately.   
 
 A list of the main agricultural production of Chile is presented in Table 3.3.1.1.    
 
Table 3.3.1.1 – Main agricultural production in Chile (ton) 
 

 
 
B. Reasons to discard some of the residues 

 
In Chile the potatoes are cultivated in 63.000 ha producing about 1 million ton. More 
than 60% of this area belongs to the segment of small farmers and they utilize this crop 
for domestic and l ocal consumption. The amount of residues left after harvest is no 
significant and is utilized for animal food. The industrialization is about the 6% of the 
total production because most of the product is for direct consumption. The residues 
from the industry are utilized for animal food.  
 
The other important agricultural product is the industrial tomato utilizing about 7.300 
ha., but from the total production, 96%  is transformed in tomato paste, 2% is discard 
and 2% other sub product like seeds and peels. Therefore the amount of field and 
industrial residue is not significant for the purposes of this project. 
 
The contribution of residues from the rest of the cultures is not significant in relation to 
the cultures selected. It is possible that the residues from pruning peaches, kiwis and 
pears could be c ombined in a bul k material, increasing in this way the volume for 
supplying a plant of second generation ethanol.   
 

Culture Production
Grapes 2.755.700
Wheat 1.523.920
Corn 1.345.650
Apples 1.100.000
Potatoes 1.081.350
Tomatoes 900.000
Oat 380.853
Peaches 357.000
Avocado 330.000
Kiwis 229.000
Pears 180.000
Lemons 155.000
* Source:  FAOSTAT 2010
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C. Preselected feedstock at stage 1  
 
From this first level of screening in Chile were selected the cultures that can offer most 
possibilities to be utilized in a plant for producing second generation ethanol.  
 
Results of the different types of biomass waste supplies from Chile, actual percentage 
of utilization of this biomass waste and po tential net availability for the Babethanol 
projects are presented in Table 3.3.1.2. 
  
Table 3.3.1.2 - Chile:  agricultural, agro-industrial and forest residues selection at 
stage 1 
 

Biomass Residues  

Gross amount 
supply Competition (%) 

Net 
Availability 

ton Food Energy  Soil cover ton 
Wheat (second 
chance) 1.643.600   

 
25 1.232.700 

Corn 1.316.419   
 

25 987.314 
Grape-pruning 1.150.000   25% 

 
862.000 

Grape-packaging 275.442   
  

275.442 
Grape-industry                                230.500 30% 

  
161.350 

Apple-pruning 40.000   
 

20 32.000 
Apple-packaging 374.500   

  
374.500 

Apple-industry 83.600   
  

83.600 
Tons are considered on dry basis.  Food includes animal and human food. 
 
In the case of Chile, wheat and corn have high yield total of biomass waste and are not 
left in so large volume on the soil, because weather conditions do not favour its 
degradation and constitutes a problem when handling rotating crops.  In this case, the 
possibility to remove up to 75% of stubble within the limits set by the collection means 
was considered.  T herefore, wheat and c orn residues can contribute with about 2 
million ton per year.  
 
The production of biomass waste from grape pruning packaging and industry is also 
very significant for the Chilean conditions, with the net availability of about 1.25 million 
ton for the utilization in the production of second generation ethanol.  
In the apple production, about 45% is exported, another 45% is industrialized and 10% 
is for domestic consumption. The biomass residues coming from pruning, the 
packaging and the sub product of the industry reach a 0.5 million ton per year. 
  
In theory, the forest sector is the main source of lignocellulosic residues, however in 
the present time all these residues are being utilized by the industry for producing 
energy for their own processes and even for other users.  
 
D. Schedule of availability of biomass residues 

 
The calendar of biomass residues availability is presented in Table 3.3.1.3, and shows 
a strong concentration of the first half of the year. 
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Table 3.3.1.3   Schedule of availability of biomass residues 
 

 J F M A M J J A S O N D 
Grape pomace    X X        
Olive pomace     X X       
Apple pruning      X X      
Vineyard pruning      X X      
Olive pruning      X X      
Apple Packaging  X X X         
Grape Packaging     X X        
Apple Industry   X X X        
Grape Industry   X X X        
Olive Industry     X X       
Wheat Residues X X           
Corn Residues    X X         

 
 
3.3.2 Chemical screening of preselected feedstock 
 
Unless otherwise is stated, Chilean results were obtained at the food laboratories of 
Universidad del Biobio and Universidad de Concepción, both at Chillán, Chile.  
 
Pruning results are presented in Table 3.3.2.1. All samples presented acceptable low 
values of lipid, protein, lignin, hemicelluloses and m ineral content. Cellulose values 
ranged from too low (e.g. olives had 12.0 and 18.8%) to the very good high values of 
the apple samples (44.3 and 47 .6%), and good values of vineyard pruning (33.1-
40.7%). All pruning samples presented desirable low values of lipids, protein, lignin, 
hemicelluloses and m ineral content. Olive pruning residues were therefore discarded 
for the production of ethanol with the CES process. 
 
Bibliographic information (Manterola, H., D. Cerda y J. Mira. 1999. Los residuos 
agrícolas y su uso en la alimentación de r umiantes. Ministerio de A gricultura, 
Fundación para la Innovación Agraria y Universidad de Chille. 222 p.) of fruits industrial 
process waste compositions are presented in Table 3.3.2.1. All samples presented 
acceptable low values of lipid, protein, lignin, hemicelluloses and mineral content. 
Cellulose content was low for all samples and limit for olive pulp and ol ive pit. Fruit 
industrial residues were therefore discarded for the production of ethanol with the CES 
process. 
 
Table 3.3.2.1 Chemical composition of Chilean preselected feedstock 
 
Pruning residues specie 
description MC Lip Prot Lig Cel HC 
Apple Pink lady 7.9 1.3 5.6 10.7 44.3 21.3 
Apple Raku Raku 8.0 1.5 6.6 12.5 47.6 15.7 
Olive Sample 1 5.0 1.0 7.9 16.0 12.0 18.2 
Olive Sample 2 5.2 1.4 9.4 14.2 18.8 8.2 
Vineyard País 6.1 0.6 3.8 18.8 34.5 17.5 
Vineyard País 8.4 1.0 4.2 16.5 34.8 12.9 
Vineyard Carmener 4.4 0.7 4.2 16.0 38.3 16.6 
Vineyard Pinot Noir 3.9 0.4 3.9 18.5 35.6 16.2 
Vineyard Cabernet 3.5 0.3 4.2 16.7 40.7 22.5 
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Sauvignon 

Vineyard Malbec  5.6 0.6 4.6 16.3 36.3 19.7 
Vineyard Merlot 4.2 0.6 3.9 21.5 33.1 10.6 
Vineyard Zinfandel 4.4 0.9 4.1 19.2 36.2 10.6 
Fruit industrial waste specie description 
Olive Pit free pomace 8.8 20.0 10.2 n.r. 13.8 0.0 
Olive Pomace 7.1 4.0 10.4 n.r. 19.6 15.5 
Olive Pulp 0.0 6.4 12.5 n.r. 33.8 0.0 
Olive Pit 1.7 2.9 3.2 n.r. 34.0 19.1 
Apple Pomace 2.3 2.7 4.5 n.r. 25.5 12.5 
Apple Pomace 1.8 2.7 6.9 n.r. 29.7 7.4 
Cereal crop residues 
Wheat  Central valley 6.2 n.r. n.r. 23.5 36.3 21.8 
Wheat Interior region, 
rainfed 4.5 n.r. n.r. 20.9 31.8 21.0 
Wheat Not available 10.1 n.r. n.r. 10.4 38.8 22.7 
Mean wheat 5.9 n.r. n.r. 19.4 35.0 21.2 
Corn Husk 5.1 n.r. 4.7 3.9 31.8 42.8 
Corn Husk 0.8 n.r. 4.7 3.9 31.8 42.8 
Corn Husk 2.6 n.r. 3.1 3.6 36.8 41.3 
Corn Cob 4.7 n.r. 4.7 4.7 31.0 44.5 
Corn Cob 2.1 n.r. 4.7 4.7 31.0 44.5 
Corn Cob 8.7 n.r. 6.5 6.6 28.1 22.9 
Corn Leaves 14.6 n.r. 4.5 4.0 34.1 33.6 
Corn Leaves 8.7 n.r. 4.5 4.0 34.1 33.6 
Corn Leaves 11.9 n.r. 4.8 5.7 32.4 22.0 
Corn Stalk 9.4 n.r. 3.1 6.1 32.8 30.2 
Corn Stalk 0.7 n.r. 3.1 6.1 32.8 30.3 
Corn Stalk 0.2 n.r. 2.8 9.8 43.5 25.5 
Mean corn 5.8 

 
4.3 5.3 33.4 34.5 

 A comparison of the composition of different Chilean crop residues is informed in Table 
3.3.2.1. Even though there is a variability, all of them present a composition that make 
them suitable for the production of ethanol and the CES process, being corn the one of 
the higher cellulose content. Disaggregated information of corn residues is presented in 
Table 3.3.2.1. The data presented show that the growing condition variability is bigger 
than the one among the different part of the corn plant. 
 
Several Chilean materials presented good to very good chemical composition for the 
CES procedure:  apple and vineyard pruning, corn and wheat, field residues. Among 
them, apple pruning presented the highest cellulose content (44.3-47.6%), being the 
most suitable material. 
 
Cellulose cristallinity of corn cobs, leaves and s talk were 0.72, 0.70 and 0. 68 
respectively, which are acceptable values, although somewhat high. Grain corn was 
also analyzed, and the cellulose content was amorphous. Porosity of all corn plant 
parts was low: 0.41, 0.26, 0.33 and 0.42, respectively. 
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Higher porosities were observed in two grape marc samples from different cultivars: 
0.52 for white Moscatel and 0.50 for Censaut. Moreover, cellulose was amorphous in 
both samples. Good porosity was observed also for two samples of vineyard pruning: 
0.48 for both Cabernet Sauvignon and Pais. However, cristallinity was high: 0.70 and 
0.65 respectively. 
An apple-tree pruning sample (cv Rakú-Rakú) was analyzed, presenting low porosity 
(0.39) and high cristallinity (0.64). 
 
The final selection and volumes of residues with chemical composition compatible with 
CES process are shown in Table 3.3.2.2 
 
Table 3.3.2.2 Chile:  agricultural, agro-industrial and forest residues selected at 
stage 2 
 

Biomass Residues 
Gross amount 

supply Competition (%) 
Net 

Availability 

  ton Food Energy  Soil Cover ton 
Wheat (second 
chance) 1.643.600   

 
25 1.232.139 

Corn 1.316.419   
 

25 987.350 
Vineyard-pruning 1.438.551   24 

 
1.093.299 

Apple-pruning 40.000   
 

20 32.000 
Tons are considered on dry basis-Food includes animal and human food. 
 
3.3.3 Cost analysis of selected feedstock 
 
The base information to carry out the analysis of the total costs of wood and cellulose 
material was obtained from information contained in literature and i nterviews to 
qualified individuals, such as agriculturists, businessmen, University professors and 
professionals of the INIA, Institute for Agricultural Research.  In this section are 
presented the information on the availability of these resources, the characterization of 
the technological processes to attain them, and the costs for their eventual exploitation. 
 
A. Waste from apple grove pruning  
 
A.1. Generalities 
 
The surface planted with apples groves in 2010 is of 35,029 ha (79% red and 21% 
green).  The location considered for the current analysis is the VII Region of Maule, 
representing 58% of the national surface planted with apple groves (ODEPA -Office of 
Agricultural Studies and P olicies and C IREN -Centre of Information on N atural 
Resources, 2011).   The geographic area of the activity is estimated to be of around 
125 km, with a higher concentration in the provinces of Curicó and Talca.  
In what regards farm size, the surface of apple groves is quite variable in the VII 
Region.  There are large groves of around 200 ha and s mall ones of 1 ha.  Average 
farms are between 10 and 320 ha. 
In what regards the business model, at large farms mechanized services are carried 
out by contractors, while at less capitalized farms mechanized activities and s torage 
are carried out completely by the farm staff.  Logically, there are many mixed-model 
cases combining outsourced services and activities performed by the farm itself. 
At present, the apple grove pruning waste is grinded at the farm at all large 
establishments and also at some small-sized farms. This practice is performed at large 
premises with services available at the farm.  S ome small producers pay for this 
service to third parties.  The price of the grinding service is of Є 45.58/ ha. 
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Groves of both large and small apple producers hire labour alien to the premises.  In 
Chile, the minimum salary plus the 6% employer contribution, amount to Є 273/month. 
Waste is available in winter, in the months of June and July, when pruning takes place. 
They contain approximately 45% moisture (this value must be checked with 
subsequent studies).   
In Chile there is little information available on apple grove pruning waste.  The figures 
obtained from qualified informants estimate that the production is of around 2,000 
kilos/ha. It must be considered that in Chile there is great diversity of apple grove 
trellising systems, some of which have been es tablished to require minimum pruning 
and others more pruning.  T his is based on t he fact that modern plantations, which 
require less pruning, are planted at 3.5 x 1 meter and the ones requiring more pruning 
generally at 5 x 4 meters. 
However, it is necessary to point out that high density farms (covering around 40% of 
the surface of the region) produce very little pruning waste, between 571 and 1, 150 
kg/ha. Waste production from pruning increases at traditional apple groves. 
Losses of raw material yield per stages are estimated to be of 2% for 
Harvest/collection, Pre-processing and Storage and conditioning and of 1% for 
Transportation to plant. 
In what regards its current uses, large producers grind pruning waste and leave it as 
organic matter on the soil.  However, it is estimated that 60% of the surface with apple 
grove pruning waste of the Region is removed and burnt.  P art of these residues is 
used as fuel for household heating. As apple grove pruning waste is not traded, it 
currently has no price.  
 
A.2. Characterization of technological processes and costs thereof 
 
Collection:  
 
There are at least two alternatives to collect apple grove pruning waste: 
 
a) To manually remove pruning waste, load it onto a dump bed and store it for 
subsequent chipping.  The tractor with the dump bed should circulate along all the rows 
to load the residues.  I t requires 2 full working days per hectare to collect the waste 
between rows and load the dump bed, and half a day of dumper tractor (4 hours), this 
means Є 17.30 of labor per hectare and Є 64.24/hectare the four hours of dumper 
tractor.  

 
b) Semi-automatic system, where two operators feed the grinder and the latter 
automatically loads the dump bed with chipped material. The estimated cost is of Є 
17.30 of labour and Є 86.72/hectare of chipping and conveyance to stocking site and 
or transportation truck. 

 
The above is very similar to what is reported below for the case of olives. In apple 
groves the process could be s omewhat cheaper than in olives because apple tree 
wood is not as hard as olive tree wood (this must be researched). 
 
Internal transport for the case of manual removal and loading on dumper (2 persons) 
and conveyance to chipping site and unloading, is estimated to be of Є 45.58/ha for the 
tractor with dump bed. Half a working day is required (2 people/ 2 hours each). 
In Chile, chipping of apple grove waste at waste corrals, automatic loading on dump 
beds for internal circulation and immediate loading on trucks to convey the material to 
the plant have not been developed. 
 
Storage and Conditioning: 
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Usually, storage of forestry chipping in Chile is provided by the industry requiring the 
raw material. This situation should be similar for the chips obtained from apple grove 
pruning waste. 
 
Chipping of wood and cellulosic material in Chile is carried out in the open, only the 
machine doing the work and the operators are covered. An adequate warehouse for 
these purposes, of 10x18 meters, costs Є 24,088. Generally, chips are loaded directly 
on the trucks when they are produced. 
 
Transportation to plant: 
 
There is no information available as to how much a cubic meter of apple grove chipped 
waste material weighs. A weight of around 250-280 kilos is calculated.  
Trucks carrying this type of raw material in Chile have capacity for 100 cubic meters 
and can circulate on highways at 100km/hour. The transportation cost for 27 to 30 tons 
is of Є 3.35 per km for a minimum distance of 50 km. This unit price may be somewhat 
lowered, down to a certain limit, as the distance and load weight increase.   
 
The whole loading and unloading system is automatic, through conveyor belts. 
 
Fuel expenses depend on each truck model.  Usually this type of trucks in Chile yield 
2-3 km per litre of gas. 
 
A.3. Total cost of the process 
 
According to the data assessed and the information provided by the experts in charge 
of the assessment, the following table of costs is drawn. 
 
Table 3.3.3.1 - Costs of collecting, managing, pre-processing, transporting and 
storing the biomass obtained from apple grove pruning waste in the VII Region 
of Maule in Chile (in Euros/ton) 
Selected location VII Region of Maule 

Type of crop producers Small producers 
Large 

Producers 
Farming surface of the selected zone (ha) 20,317 
Surface of average farms (ha) modality 10-20 200 
Yield of wood and cellulose material (tons/ha) (1) 2 
Distance to be covered with the waste (km) 125 
Transportation capacity (m3/ truck) 100 
Operations (Є) 
Grinding  22.79 22.79 
Waste collection 40.77 52.01 
Internal transportation  22.75 22.75 
Transportation to plant 14.67 14.67 
Total cost per ton (Є) (2) 100.98 112.22 
(1) it varies depending on producer type 
(2) high density groves (LP) produce less waste, therefore, the cost per ton increases  
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B. Cereal crop waste 
 
B. 1 Generalities 
 
The production of waste (stubble) from wheat (for bread) crops is hereby analyzed, as 
it is the most cultivated cereal in Chile, occupying a s urface of 220,131.7 ha ( 2007 
Agricultural Survey).  
 
The available literature points out that, in general, stubble production is directly related 
to grain production. Therefore, according to the surface cultivated with wheat and i ts 
yield, the province of Ñuble was selected for the analysis, located in the VIII Region of 
BioBío, as it has the largest wheat surface, comprising 43,747.9 hectares (2007 
Agricultural Survey), and produces, depending on t he calculation equations used 
(Mellado, M.,  2007), between 236,842.7 and 295,791.4 ton of hay. 
Wheat hay collection activities may be carried out since the first harvests at the end of 
December until mid-March, even until the last days of this month, when the first autumn 
rains begin. 
 
The approximate radius on which the productive activity related to wheat hay will be 
developed is of 60 km.  
 
In what regards the middle or average size of farms in the province of Ñuble: a) on the 
coastal dry lands, within the stratum of producers having 20 to 49.9 hectares, 28% of 
the wheat hay of this sector is produced; b) on the inner dry lands, most of the wheat 
hay is produced by agriculturists who own from 20 to 49.9 ha; c) on the intermediate 
lowlands, where most of the province’s hay is produced (71.9%), the largest 
contribution is made by producers owning premises of 100 to 499.9 ha. This same 
stratum of producers is the one that contributes the most on the foothills of Ñuble. 
 
In what regards the business model for wheat hay, two variants are verified:   
a) Outsourced services rendered by contractors. At present in Chile wheat hay 
collection and s torage is done by mushroom producer companies. In the province of 
Ñuble the production of wheat hay is collected over 2,000 ha, which, as it is required by 
mushroom factories, is transported to the central area of the country, where the 
factories are located. These factories have large machinery to collect and bale the hay 
in units of around 600 kg. 
b) Mechanized activities and s torage entirely carried out with farm resources.  
Agriculturists store wheat hay, generally in the form of bales to feed animals.  A t 
present, farmers have access to machinery to manufacture conventional wheat hay 
bales of 18 to 20 kg, approximately. However, they lack the necessary infrastructure to 
protect them mainly from rainwater. 
In general, at farms with surfaces of up t o 99.9 hectares, agriculturists use family 
labour and hire a permanent worker for each 100 ha.  Cereal crop farms producing the 
highest amount of wheat hay use hired labour. 
From the total production of 236,842.7 tons of wheat hay in the province of Ñuble, it is 
estimated that 20% is intended for animal consumption while the remaining 80%, some 
189,474 tons, is burned. There is no background information as to how much wheat 
hay can be collected by specialized machinery, however, it is estimated that 85-90% of 
the production could be removed from the corrals and intended for use as wood and 
cellulose material. Thus, it would be possible to collect around 161,053 tons/year to be 
destined to the industry of cellulosic ethanol.  
It is estimated that 85-90% of the hay can be collected, of which 2%-3% would be lost 
during storage and transportation. 
At present, farmers are giving away the wheat hay for third parties to collect.  However, 
in the areas where this has been done , farmers have expressed their disagreement 
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with this system, as hay collectors -generally large companies- use heavy machinery to 
make bales of approximately 600 k g per unit, destroying producers’ bridges and 
fences, which the companies, as reported by farmers, are not willing to replace. It is 
estimated that producers will establish a price of around Є 70.13/ha to access hay 
collection. On the other hand, farmers making conventional wheat hay bales of 18 to 20 
kg per unit are selling them for Є 1.54. However, in this case sales are very limited. 
 
B2. Characterization of technological processes and costs thereof  
 
Wheat harvest:  
In most of the country it is carried out with conventional automotive machinery.  
Normally, automotive machines have grain-storing tanks that are directly emptied onto 
the trucks for transportation to mills and/or cereal silos. The cost of threshing one 
hectare of wheat with automotive machinery is of about Є 49.09. At the largest wheat 
producing farms, the owner occupies the smaller vehicle and carries a mobile phone to 
coordinate harvesting activities. 
 
Baling: 
a) In the case of 18-20 kg-bales, small bale-makers are used, operated by a t ractor. 
Between 250 and 300 bal es per hectare are obtained; all the hay remaining after 
threshing the wheat is collected, this does not include wheat cane. The baling cost is of 
approximately Є 0.73/bale. 
b) In the case of 600 kg-bales, large LB-type baling machines are used, not owned by 
producers, in order to bale the waste of standing cane remaining after wheat threshing.  
The cane is cut by a band operated by a tractor 5 cm above the ground. The cost of 
cutting the canes is of Є 87.66/ha. It is then baled in units of 600 kilos in rectangular 
bales. The cost of the total baling per hectare is of Є 218.79/ha. Around 17 bales/ha 
are produced. 
 
Bale storage:  
Bales are stored in the field and covered with thick polyethylene sheets.  In small bales 
this is usually (a) done manually and loaded and unloaded manually.  Large bales (b) 
are loaded and unl oaded with forklift trucks.  S torage of small bales has a c ost of 
approximately Є 36.47/ha and of large bales of Є 49.09/ha.  
 

 
 

Figure 3.3.3.1 Burning Wheat stubble in the Province of Ñuble. Chile 
 
 
Bale Transportation:  
The cost of transporting 10,000 kg of bales across 60 km is of Є 220.90. 
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Figure 3.3.3.2 - Transporting wheat hay to the central zone for the mushroom 
industry. Yungay, province of Ñuble, November, 2011. 
 
B.3. Total cost of the process  
 
According to the data assessed and the information provided by the experts in charge 
of the assessment, the following table of costs is drawn. 
 
Table 3.3.3.2 - Costs of collecting, managing, pre-processing, transporting and 
storing the biomass obtained from cereal crop waste in the province of Ñuble, 
Region of BioBío in Chile (Euros/ton) 
 
Selected location  Province of  Ñuble in the VIII Region 
Type of crop producers Small Producers Large Producers 
Farming surface of the selected zone (ha) 43,747.9 
Waste available in the region (ton/year) 161,053 

Surface of average farms (ha) 10-50 ha (28%) 
100-500 ha 

(72%) 
Bale size (kg)  18 to 20 600 
Number of bales per hectare 275 17 
Yield of wood and cellulose material (ton/ha) 5.23 10.20 
Distance to be covered with the waste (km) 60 
Transportation capacity (ton/transportation means) 10 16 - 20 
Operations  (Є) 
Bale-making 38.38 21.45 
Bale storage 6.98 4.81 
Freights (transportation to plant) 22.09 22.09 

Total cost per ton (Є) 67.45 48.35 
 
 
C. Vineyard pruning waste 

 
C.1 Generalities 
 
The surface planted with vines in Chile reaches 182,661 ha, of which 30.17% are fresh 
grapes intended for consumption, 5.46% is intended to manufacture pisco and 64.37% 
to make wine. The VII Region of Maule was selected for the analysis because it has 
the largest surface planted with vines in the country, encompassing 51,059 ha (29.95% 
of the national total). This region has destined 98.5% of its surface to the production of 
grapes for wine.  
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In order to produce wines, mainly two vineyard trellising systems are used, some 
45,315 ha are trellised by the simple espalier system and some 5,000 by crown 
pruning. 
The geographical area engaged in this activity is of 130 km, with a higher concentration 
in the provinces of Curicó and Talca and Cauquenes. 
In what regards farm size, the surface of vineyards is quite variable in the VII Region.  
There are large vineyards of around 1,000 ha and there are small ones of 1 ha. The 
mean size of vineyards is of around 10 ha. 
 
All large vineyards producing grapes for wine, hire labour alien to the premises. The 
5,000 ha of traditional vines are generally operated by family labour. In Chile, salaries 
plus the 6% employer contribution, reach Є 273/ month. 
At present, pruning waste from vineyards included in the sector under the system of 
crown pruning (5,000 ha) is burned. In large vineyards, it is ground and incorporated 
into the premises. The cost per ground hectare at large vineyards reaches Є 
80.29/hectare (considering that sometimes the grinder has to be run twice). 
Vine pruning in Chile is mainly carried out in the months of June and July, and pruning 
waste has a m oisture percentage of around 50%. In the opinion of experts, this 
material has low contents of wood material, which explains its high level of moisture. 
In Chile there is little information about vineyard pruning waste. Figures obtained from 
qualified informants indicate that in the simple espalier trellising system a stabilized 
vineyard produces 0.7 kilos of shoots per linear meter, according to the distance 
between rows (2.5 to 3.3 meters), in one hectare there are 2,900 meters of espalier, 
which produce 2,030 kilos of shoots that are equivalent to 1,450 kilos/ha of dry 
material, which, multiplied by the 45,315 ha of vineyards under this trellising system in 
the Region yield 65,707 ton. 
Apart from the foregoing, in the Region we must add the production of shoots from the 
5,000 hectares of vineyards under the crown pruning system, which are planted at a 
distance of 1.4 x 1.4 meters and have a density of 5,102 plants per hectare, yielding 
0.8 kilos of shoots per plant and 4,082 kg/ha of fresh shoots, equivalent to 2,041 kg/ha 
of dry shoots per hectare, and to 10,204 ton in the Region. 
Approximately 75% of the wood material is removed from vineyards each year through 
pruning. 
Yield losses of raw material per stage are estimated at around 2% for collection, pre-
processing and storage; and 1% for transportation to the plant. 
Large producers grind pruning waste and l eave it on t he soil as a source of organic 
matter. Small producers applying particularly crown pruning, burn the waste. 
In Chile, vineyard pruning waste is not commercialised, therefore, it has no price.  It is 
estimated unlikely that producers will accept that pruning waste be r emoved for free 
from their premises due to the impact on roads and the distraction implied by an activity 
that,  in those circumstances, does not report any benefits. 
 
C.2 Characterization of technological processes and costs thereof 
 
Collection: 
Both grinding and burning of pruning waste are performed with equipment belonging to 
farm owners.  The old traditional management system of pruning waste in Chile 
consisted of picking the shoots manually, tying them, taking them out of the corral and 
burning them.  
There are at least two alternatives to do this work: 
a) Manually remove pruning waste. This requires 4 full working days per hectare.  But 
this work is 10% more expensive, at least, than the minimum salary in Chile (from the 
point of view of companies it is unlikely that this will be implemented in Chile). 
b) Use the chipping system in the corrals and load chips on a dump bed.  There is no 
background experience of the use of this system in Chile.  Upon consulting service 
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providers, this service is not currently available in Chile and would require to be 
adjusted to the reality of vineyards, as a tractor provided with a chipper and a dump 
bed would be too difficult to operate within a vineyard, particularly when having to turn 
at the end of each row. 
 
Internal transportation: 
Internal transportation in the case of manual removal and loading on the dump bed (2 
people) and transport to the chipping and unloading site are estimated to cost Є 49.51 - 
Є 6.69/ ha. 
 
Storage and conditioning  
 
In vine shoot processing, chips obtained from vineyard pruning waste should require 
lesser machines and lower operation costs.  It is an undeveloped system. 
Chipping of wood and c ellulose material in Chile is carried out in the open, only the 
machine and the operators are covered.  An adequate warehouse for these purposes 
of 10 by 18 meters in Chile has a value of Є 24,088. Chips are loaded directly when 
they are produced, generally on trucks. 
 
Transportation to plant 
 
There is no information available on the weight of one cubic meter of vineyard pruning 
waste (shoots), however, a weight of 200 kilos, approximately, is estimated.  
Trucks carrying this kind of raw material in Chile have capacity for 100 cubic meters, 
they may circulate on highways at 100 km/hour and their transportation cost  for 27 o 
30 tons is of Є 3.35  per km, for a minimum 50 km distance. This unit price may be 
somewhat lowered, down to a certain limit, as the distance and load weight increase.  
The whole loading and unloading system is automatic, through conveyor belts. 
Fuel expenses will depend on each truck model. Normally, this type of trucks in Chile 
yield 2-3 km per litre of gas. 
 

 
 

Figure 3.3.3.3 - Traditional vines in central Chile, waste burning 
 
 
C.3Total cost of the process  
 
According to the data assessed and the information provided byte experts in charge of 
the assessment, the following table of costs is drawn. 
 
Table 3.3.3.3 - Costs of collecting, managing, pre-processing, transporting and 
storing the biomass obtained from vineyard pruning waste, VII Region of Maule 
in Chile (in Euros/ton) 
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Selected location VII Region of Maule 

Type of crop producers 
Small 
Producers Large Producers 

Trellising system Crown pruning Espalier 
Farm surface of the selected zone (ha) 5,000 45,315 
Available waste in the region  (ton/year) 10,204 65,707 
Surface of average farms (ha) average 10 1,000 
Yield of wood and cellulose material (ton/ha) 2.04 1,45 
Distance to be covered with the waste (km) 130 
Transportation capacity (m3/truck) 100 
Operations (Є) 
Grinding 39.36 55.38 
Waste collection 24.75 34.82 
Internal transportation (1) 13.75 19.35 
Transportation to plant  15.26 15.26 
Total cost per ton (Є) 93.12 124.80 
(1) average cost Є 28/ha 
 
 
3.3.4 Spatial distribution of selected feedstock 
 
A. Vineyard and Apple trees pruning. 
 
Pruning residues were calculated from data provided by INIA Chile, as follows: 
 - Waste from apple trees pruning: 1.4 ton / ha. 
- Pruning of vineyards without irrigation was estimated in 6 ton / ha, in irrigated 
vineyards: 12 t / ha and pisco vineyards 15 ton / ha. 
 - Pruning residues were spatially localized with the information provided by the CIREN 
about plantations area. 
 
The current demand of vineyard pruning residues was calculated in around 25% for 
energy uses and from olive trees and apple trees pruning were calculated about 20% 
which are left in the soil to promote sustainability. 
 
Table 3.3.4.1 shows the distribution of available residues at the regional level and in 
the map it could seen the geospatial distribution of the resource. 
 
Table 3.3.4.1 - Available apple and vineyard pruning residues at regional level in 
Chile 
 

Region  Fruit pruning 
supply (ton) 

Current demand 
(24%) 

Available fruit pruning 
supply  

(ton) dry matter 
Taparacá   0 0 

Antofagasta   0 0 

Atacama 73.021 -17.525 55.496 

Coquimbo 190.673 -45.762 144.911 

Valparaíso 225.964 -54.231 171.733 

Metropolitana 175.796 -42.191 133.605 

O'Higgins 351.880 -84.451 267.429 
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Maule 366.433 -87.944 278.489 

Bío-Bío 54.650 -13.116 41.534 

Araucanía 134 -32 102 

Los Ríos 0 0 0 

Los Lagos 0 0 0 

Aysén 0 0 0 

Magallanes 0 0 0 

Total general 1.438.551 -345.252 1.093.299 
 

 
 

Figure 3.3.4.1 Spatial location of pruning residues 
 

B. Crop residues. 
 
Acreage and yields of wheat and corn per commune were obtained from census data 
of the Seventh Census of Agriculture and Forestry in Chile, made in 2007.  
 
Wheat stubble was calculated with the formula:  
 
Straw yield (t / ha) = 0.56 + 1.4 * Grain yield (t / ha)  
 
Corn stover was calculated using the following formula: 
 
Straw production (ton / ha) = Grain production (t / ha) * (1-IC)  
 
IC is the harvest index, and was assigned a value of 0.46 for corn. 
 
It was estimated a v olume of 1,643,630 tons of wheat stover nationwide. This 
production is obtained along the regions from Coquimbo (IV Region) to Los Lagos 
(Region X). The 86.6% is concentrated in the regions of Maule (10.3%), Bio Bio 
(31.8%) and Araucania (44.5%). 
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Corn residues in the fields were estimated in 1,316,418 tons. The 76.1% is 
concentrated in the regions of O'Higgins (51%) and Maule (25%) 
 
A factor of 0.75 on w aste biomass was used to estimate the available amount for 
energy uses. 
 
Table 3.3.4.2 - Available volumes of wheat and corn field residues in Chile  

REGION Collectable wheat 
residues (ton) 

Collectable corn 
residues (ton) Total residues (ton) 

Taparacá       
Antofagasta       
Atacama       
Coquimbo 5.816 4.077 9.894 
Valparaíso 7.886 10.716 18.602 

Metropolitana 28.253 119.071 147.324 
O'Higgins 30.477 503.032 533.509 
Maule 116.276 239.785 356.062 
Bío-Bío 362.185 98.173 460.357 
Araucanía 510.416 3.497 513.913 
Los Ríos 88.475   88.475 
Los Lagos 82.354   82.354 
Aysén       
Magallanes       

Total  1.232.139 978.350 2.210.490 

 
 
      Figure 3.3.4.2- Wheat field residues            Figure 3.3.4.3 Corn field residues  
 
A supply basin for a plant using wheat residues could be centred in the Araucanía 
region. The ideal location for a plant using corn residues could be in O´Higgins region. 
 
 



Page 98 of 209 
 

3.3.5 Conclusions 
 
From all the materials originally considered and assessed, wheat straw and corn stover 
field residues, vineyard residues and apple wood produced from pruning were selected 
as potential feedstock suitable for the production of ethanol and the CES process. 
 
Best residues supplying basins were identified and production costs were evaluated for 
each type of residues: 
 
o Wheat straw in the Araucania region with over 500.000 t/year and corn stover in 

the O’Higgins region with over 500.000 t/year, at cost varying from 48 to 67 €/t 
depending on the farm sizes. 
 

o Apple and vineyard pruning residues in 5 r egions (Coquimbo, Valparaíso, 
Metropolitana, O’Higgins and Maule) with amount varying from 150.000 to 280.000 
t/year in each region at cost varying from 93 to 125 €/t for vineyard pruning and 
from 100 to 110 €/t for apple pruning depending on the producer sizes. 

 
The costs are quite high but the consortium has not yet established a benchmark for 
the cost of lignocellulosic residues for the CES process, it is not possible to make 
inferences about the adequacy (or not) of the above residues to the process in terms of 
costs. 
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3.3 PARAGUAY 
 
3.4.1 Preselected feedstock 
 
A. Main agricultural production 

 
Agriculture is one o f the most important economic activities in Paraguay, employing 
slightly more than one-third of the workforce. It accounts for about one-fifth of the gross 
domestic product and the vast majority of exports.  Important crops include soybeans, 
corn (maize), wheat, rapeseed, sesame, sugarcane, rice, peanuts (groundnuts), and 
cassava (manioc). Many farmers practice direct sowing, a mechanized system 
intended to preserve land nutrients and avoid erosion; much of the grain in Paraguay is 
grown by this method. The country is self-sufficient in many foodstuffs but is still highly 
dependent on the variability of climate 
 
In Paraguay the major agricultural crops are concentrated in sugar cane, soybean 
cassava and wheat. Of these cultures, sugarcane (bagasse) is largely the first option 
for lignocellulosic biomass residues available for second generation ethanol production. 
 
A list of the main agricultural production of Paraguay is presented in Table 3.4.1.1.    
 
Table 3.4.1.1 – Main agricultural production in PARAGUAY (ton) 
 

 
 
Sugarcane is among the top five headings with the highest economic significance and 
is positioned in the second place on account of the social impact it has on the income 
source of nearly half a million small agriculturists composing Paraguay’s rural sector.  
Likewise, the alcohol and sugar industry integrates a productive chain that has 
significant socioeconomic effects on primary producers, honey producers and industrial 
production. 
 
At present, sugarcane crops in the country cover 70.000 Ha, which produce 3.500.000 
tons of cane, 30% of which is intended for ethanol production and 70%  for sugar 
production. 
There are currently eight companies producing ethanol from sugarcane, with a total 
production capacity of 65.000 m3 per year. The established percentage of ethanol in 
gas is between 18 and 24%. (REDIEX.PY) 
 

Culture Production (ton) 
Soya 7.460.440 
Sugar cane 5.130.940 
Corn 3.108.820 
Cassava 2.624.080 
Wheat 1.401.990 
Rice 315.213 
Sunflower 262.293 
Sorghum 149.543 
Mate 85.490 
Bananas 79.856 
Pineapples 59.126 
* Source:  FAOSTAT 2010 
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The production of organic sugar, in the productive process of which no agrochemicals 
are used and w hich is manufactured from raw material grown in mini-holding cane 
farms, became a valid option for several Paraguayan sugar farms and also for raw 
material production. The intensive use of labour, the promotion of farmers’ associations 
and the cultural change represented by organic agriculture entail a high value benefit to 
the country (Penner R. USAID-Paraguay). 
Corn is another crop that has remarkable social significance due to its extensive 
exploitation by small producers. 
It is a small scale crop produced by small producers owning surfaces from 0.5 to 1 Ha, 
and it includes varieties intended for consumption within the farm as well as other 
varieties used to feed poultry and small animals. Production zone: Alto Paraná, 
Canindeyú, San Pedro, Caaguazú, Itapúa, Caazapá, among others.  
 
B. Reason to discard some of the residues 

 
In what regards soybean, as was explained for the cases of Argentina and Brazil, it 
has a s imilar agronomic performance, yielding low and d ispersed volumes of waste. 
Likewise, due to reasons of sustainable soil fertility, waste is not removed and is left on 
the soil.  I n general, the decomposition process of dry material in Paraguay is much 
accelerated due t o the predominant weather conditions.  In different crop rotations 
carried out in long-term experiments it is required to keep the soils with an adequate 
waste layer, both for physical protection against erosion and t o keep soil fertility, in 
order to sustain competitive production.  
 
Other important crop in Paraguay is cassava, considered one of the basic foods for the 
country and c ultivated mainly by small farmers. Its roots are consumed directly or 
processed for flour either for human consumption or for the enrichment of animal food. 
The utilization of this crop is integrally for food; therefore, no residues are left for other 
uses.  
 
In general, the climate of Paraguay characterized for high temperatures and humidity 
all year round, influences the dynamic of the degradation of organic matter, 
accelerating the decomposition process which requires that most of the crop residues 
should not be removed from the soil for sustainability reasons, notably residues from 
cereals (corn and wheat). This is the main reason to consider only the sugarcane 
bagasse as the potential source for the production of second generation ethanol.  
 
Due to its high potential for development as an important crop in Paraguay in the near 
future, the promising culture of Stevia (stevia rebaudiana), a natural sugar substitute, 
was also analyzed.  The industry of this culture generates a s ignificant amount of 
residues from leaves, stems and bagasse.  Although at present the actual area planted 
is not enough to be considered as an option for feedstock, the increased interest in this 
sugar substitute will soon develop this culture to a larger scale in the country creating 
the opportunity to generate enough residues to justify a processing plant. 
 
C. Preselected feedstock at stage 1 

 
The sugarcane industry in Paraguay is distributed among 7 departments relatively well 
concentrated in areas of plantation. They are covering a distance of about 200-300 km.   
An important proportion of the available residues from the industry are actually utilized 
for energy during part of the year, however a remnant is left for utilization in a possible 
plant of lignocellulosic ethanol. 
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Results of the sugarcane residues supply from Paraguay, actual percentage of 
utilization of these residues in other uses (competition) and potential net availability for 
the production of second generation ethanol are presented in Table 3.4.1.2.  
 
Table 3.4.3.1 - Agro-industrial residues from the sugar cane industry in Paraguay 
 

Biomass Residues 
  

Gross amount 
supply 

ton 

Competition (%) Net 
Availability 

ton Food Energy  Soil Cover 
Sugar cane 
bagasse 796.153 

 
80% 

 
103.499 

Tons are considered on dry basis. 
  

3.4.2 Chemical screening of preselected feedstock 
 
Paraguayan sugarcane production conditions are similar to Brazilian ones: most 
varieties are the same and env ironments are similar. Therefore, no chemical 
composition studies were performed, since the data would be very similar to the one 
available at section 3.2.2.  
 
Stevia field and i ndustrial by-products were analyzed. The results (Table 3.4.2.1) 
showed that the industrial residue (extracted leaves) have mineral content too high 
(12.3%). Field residues (roots) have a mineral content suitable for the CES process. 
However, a too high lignin content of both residues makes the materials unsuitable for 
the production of ethanol and for the CES process. 
 
Table 3.4.4.1. Chemical composition of Paraguayan Stevia  
 

  Residue type MC Lip Prot Lig Cel HC 
Roots (field residue) 12.3 5.8 8.2 52.4 n.r. n.r. 
Extracted leaves (industrial residue) 4.9 1.1 1.9 47.8 n.r. n.r. 
MC: mineral content (%), Lip: lipids content (%), Prot: protein content, Lig: lignin content (%), 
Cel: cellulose content (%), HC: hemicellulose content. n.r.: data not reported. All data are 
expressed in dry basis 
 
3.4.3 Cost analysis of selected feedstock 
 
A. Sugarcane bagasse  
 
A.1. Generalities 
 
In Paraguay the annual milling capacity of the 10 cane sugar mills is of 2,607,000 tons, 
bagasse production being of 764,500 ton.  
 
The amount of bagasse obtained per hectare of sugarcane crop is closely related to 
the production obtained. Thus, for each ton of harvested sugarcane, between 200 and 
250 kg of bagasse are obtained, depending on the variety and extraction capacity of 
the cane sugar mill. The national average yield of bagasse per hectare is estimated to 
be 55 ton.   
 
Every year cane sugar mills begin the season in May, which extends until the months 
of November and December. 
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Around 70% of the bagasse produced at cane sugar mills is intended for energy-
producing boilers, while the remaining 30% has no use at present and is discarded.   
 
A.2. Characterization of technological processes and costs thereof  
 
The bagasse obtained at cane sugar mills is conveyed to boilers through a conveyor 
belt and a tractor provided with a shovel loader that operates when the belt is too 
loaded and the boiler needs a more bagasse.  Another function of the loader is to 
remove all the bagasse volume to be discarded. 
 
The tractor provided with the shovel loader works 24 hou rs a day, with 3 oper ators 
distributed into 8-hour shifts each, working for 26 to 27 days a month, the remaining 
days being dedicated to the monthly maintenance of the machinery or the factory. 
 
Bagasse is transported across very short distances either to the boiler or to be 
discarded within the mill’s premises. 
 
As bagasse is not traded in Paraguay and, therefore, there are no prices available that 
may allow us to approximate an oppor tunity cost, the following analysis provides an 
estimation of the operation costs of the machinery mentioned in the previous 
subsection. 
 
The data was provided by informants of the industry and is approximate. It is difficult to 
obtain official data, only operating and administrative staff has provided some 
information. 
 
Costs are calculated from the machine’s daily operation cost.  
 
A daily consumption of 120 litres of gasoil is calculated for the machinery, at a price of 
Є 0.94/litre (Є 112.65 per day), to which an extra 20% must be added on account of 
maintenance expenses (amounting to a total of Є 135.18 per day). At a work rate of 27 
days per month, the operation cost of the tractor with shovel loader amounts to Є 
3,649.83 per month. Considering that the machine works 8 months of the year (season 
period), the annual cost would be of Є 29,198.61. 
 
Payment to tractor operators receiving Є 578.92 each, divided into 3 shifts, was equally 
calculated. Thus, the monthly cost of labour is of Є 1,736.76, while for the whole 
season (8 months) it is of Є 13,894.08 per year. 
 
Table 3.4.3.1 

Concept Monthly cost (Є) 
 

Annual cost (Є) 

Operation of tractor with shovel loader 3,649.83 29,198.61 

Tractor operators 1,736.76 13,894.08 

TOTAL 5,386.59 43,092.69 

 
Information on transportation costs is also presented, for the hypothetical case that the 
cellulosic ethanol plant is not integrated within the cane sugar mill.  According to the 
information provided by local carriers, the following data has been obtained: 
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10,000 kg cane bagasse load to be t ransported from a mill on a s ingle shaft truck, 
covering a base distance of 25 km, quotes Є 69.43/trip, in case of a single trip; and in 
the case of three trips per day, it quotes within the range of Є 55.55-Є 62.49/trip. 
 
A.3. Total cost of process 
 
According to the data assessed and the information provided by the experts in charge 
of the assessment, the following table of costs is drawn. 
 
Table 3.4.5.2 Costs of collecting, managing, pre-processing, transporting and 
storing sugarcane bagasse waste in Paraguay (in Euros/ton) 
 
Selected location (all cane sugar mills) 10 cane sugar mills 
Amount of bagasse (ton) 764,500 
Available waste (30% of bagasse) (ton/year) 229,350 
Waste tons/cane sugar mill 22,935 
Yield of wood and cellulose material (ton/ha) 16.5 
Distance to be covered with the waste (km) 25 
Operations (Є) 
Tractor operation (1) 1.22 
Tractor operators 0.58 
Transportation to plant (2) 5.55 
Total cost per ton (Є) 7.35 
(1) Depreciation, maintenance expenses and fuel and lubricant consumption  
(2) Eventual cost, in case the ethanol plant is not incorporated into the cane sugar mill 
 
3.4.4 Spatial distribution of selected feedstock 
 
Most of the sugarcane plantations in Paraguay are located in its eastern sector. The 
larger farms send the product to the industry. Small farmers have plantations devoted 
to forage. 
 
Half of the production is processed in large plants (Table 3.4.4.1), which were spatially 
located (Figure 3.4.4.1).  T he information was incorporated into the GIS with its 
associated data base. 
 
Table 3.4.4.1 Available bagasse i n the milling plants in Paraguay (tons dry 
matter) 
 

Mill name Province District 

Milling 
capacity 
ton/year 

Bagasse 
production 

ton/year 

% used 
for 

energy 
% 

available 
Amount 
available 

Azucarera 
Paraguaya Guaira Tebicuary 1150000 345500 80% 20 44915 
Azucarera 
Friedman Guaira Villarrica 285000 85153 

 
80% 20 11069 

Azycarera 
Santa Rita Guaira Villarrica 25000 7500 

 
80% 20 975 

Alcoholera 
Petropar Canindeyu 

M. Jose 
Troche 450000 135000 

 
80% 20 17550 

Azucarera 
San Luis Central 

Puente 
Kyjha 100000 30000 

 
80% 20 3900 

Azucarera Cordillera Guarambare 95000 28500 80% 20 3705 
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Guarambare 
Azucarera 
Otisa Paraguari 

Arroyos y 
Esteros 90000 27000 

 
80% 20 3510 

Alpasa Paraguari Escobar 200000 56000 80% 20 7280 
Castilla SA Cordillera Piribebuy 60000 18000 80% 20 2340 
Azucarera 
Censi y Pirota Pte. Hayes B. Aceval 100000 29000 

80% 
20 3770 

La Felsina Guarambare Central 115000 34500 80% 20 4485 
Azucarera 
Yturbe Yturbe Yturbe     

 
80% 20 0 

Total 103499 
 
 

 
  

 Figure 3.4.4.1 - Locations of sugar cane plantation and mills in Paraguay 
 
The estimation of bagasse available in the industry reaches 30% of milling volume 
(5,080,000 tons). Using 250Kg / ton to provide energy for the mills, the remaining 
volume (20% of the bagasse) expressed in dry weight was calculated for each plant 
reaching a total available volume of 175,000 tons dbs. Related to the main industries 
the available volume reaches 103.500 ton (Figure 3.4.4.2 and Table 3.4.4.1). 
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Figure 3.4.4.2 - Available bagasse in the milling plants in Paraguay in tons 

 
Supply Basin for an hypothetical 2nd generation ethanol plant location  
 
The department of Guaira appears as a suitable location for a future plant using CES 
process, with a supply of 54.000 ton in a radius of 30 km. 
 

 

 
Figure 3.4.4.3 Supply Basin for an 2nd generation ethanol plant location 
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  3.4.5 Conclusions 
 
In general, the climate of Paraguay characterized for high temperatures and humidity 
all year round, influences the dynamic of the degradation of organic matter left in the 
fields, accelerating the decomposition process which requires that most of the crop 
residues should not be r emoved from the soil for sustainability reasons. For this 
reason, field residues from major cultures like sugar cane, soya, wheat and corn are 
not collected and therefore not available for other uses. 
 
Sugarcane bagasse is the only residue produced in large quantity which is available 
and suitable for ethanol production and the CES process. Although it is already used to 
produce energy, there are seasons when there would be sufficient surplus to supply 2nd 
generation ethanol plants. The province of Guaira appears as the best location for the 
supply of bagasse with about 54.000 t/year in a 30 km radius at a very reasonable cost 
of 7€/t. 
 
At present, as per the last national prospection carried out at cane sugar mills in 
Paraguay, most of its representatives agree upon the idea that using sugarcane 
bagasse for the production of 2nd generation alcohol is more important than simply 
burning it in boilers to generate heat for the milling process.  
 
Likewise, there is consensus regarding the idea that the cost of sugarcane bagasse 
can increase or decrease according to the supply of timber for the boiler and i f a 
nominal quotation must be given, it would be t he value of timber as a substitute or 
supplement thereof.  
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3.4 URUGUAY 
 
3.5.1 Preselected feedstock  
 
A. Main agricultural production 

 
Uruguay is a small country where most of the agricultural land (82%) is preferentially 
utilized for livestock production (ovine and bovine, both beef and dairy under grazing). 
The rest of the area is used for forestry (10%), extensive crop production (8%), with 
minor area for vegetables and fruits (less than 0.5%). Animal production is not just the 
main use of the land, but also the main market for extensive crops by-products. 
 
Among the extensive crops planted in Uruguay, soybean, rice and wheat are the most 
important in area and v olume of production (Table 3.5.1.1). In a m uch lower scale, 
there are other cereals like corn and barley. Horticultural and fruits production is 
relevant for Uruguayan economy, but the biomass obtained is much lower. Implanted 
forestry has grown in the last two decades (Figure 3.5.1.1), being the agro-industrial 
chain that produces more residues.  
 
Table 3.5.1.1 – Main agricultural production in Uruguay (ton) 
 

 
 
 

Culture Production (tons)
Soya 1.816.800
Wheat 1.300.700
Rice 1.148.740
Corn 529.100
Barley 186.400
Oranges 154.211
Potatoes 105.000
Lemons and Limes 37.656
Source:  FAOSTAT 2010
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Figure 3.5.1.1 - Logging of implanted forest in the last decade in Uruguay. 
 
B. Reason to discard some of the residues 

 
Sustainability is a major issue in Uruguayan agricultural production. Local agro-
ecological conditions require leaving residues on t he field in order to make it 
sustainable: it prevents the deterioration of soil physical properties and fertility. This will 
be mandatory in 2013. For example, soybean production leaves little residue amounts 
on the field; therefore, all farmers already leave them in the field, which will be required 
by law in the near future.  
 
Almost all the soybean is exported as grain; therefore, there is no industrial residue. 
Wheat and rice generate important residues at the field level. Even though most should 
be left in the field, both were considered in this evaluation. Most wheat is exported as 
grain; therefore, there is little industrial residue, with a high demand from the animal 
feed industry. At the same time, most rice is processed in the country, generating 
important amount of residues. Therefore, they were considered for the evaluation. The 
rest of the crops, as well as both horticultural and fruit production were discarded since 
in total they generate small amounts. 
Both the field and industry residues of implanted forestry were considered in the 
evaluation as the most promising lignocellulosic products of Uruguay. 
 
C. Preselected feedstock at stage 1 

 
From the first level of screening, results of the different types of biomass waste 
supplies from Uruguay, actual percentage of utilization of this biomass waste in other 
uses (competition) and potential net availability for the Babethanol project are 
presented in Table 3.5.3.1.  
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Table 3.5.1.2 Uruguay: agricultural, agro-industrial and f orest residues 
preselected feedstock at stage 1 
 

Biomass residues 

Gross 
amount  Competition % 

Net availability 
(ton) 

supply 
(ton) 

Food Energy 
Soil   

  sustainability   
        

Wheat-field                   1.520.000   
 

90% 152.000 

Rice-field                        1.272.000   
 

90% 127.200 

Rice-industry 233.000   50% 
 

116.500 
Forest implanted-
field 844.171   20% 

 
675.337 

Forest implanted-
industry 345.000   100% 

 
0 

Tons are considered on dry basis- Food includes animal and human 
 
3.5.2 Chemical screening of preselected feedstock 
 
All Uruguayan results were specifically obtained for this project. Van Soest and Wine 
method (2.4) was performed to all samples at “Laboratorio de Nutrición Animal” at INIA 
La Estanzuela Experimental Station. The rest of the analyses were done at  
“Laboratorio de Calidad de Granos” at INIA La Estanzuela Experimental Station. 
 
Rice residues 
 
Both straw and bran were sampled from the three most planted cultivars of Uruguay 
(INIA Olimar, INIA Tacuari and El Paso 144), responsible for over 90% of the cultivated 
area. For each cultivar, three samples were collected from three different sites, grown 
from 2010 to 2011. Hulls were separated from the rest of the grain at “Laboratorio de 
Calidad de Arroz” at INIA Treinta y Tres Experimental Station.  
Straw results are presented in Table 3.5.2.1. All samples presented a mineral content 
much higher than the maximum suitable for the CES process, with an average value 
that is twice of this maximum, and a v ery low content of cellulose suggesting that 
Uruguayan rice straw is not suitable as feedstock for the production of 2nd generation 
ethanol and for the CES process. 
Rice hull results are presented in Table 3.5.2.1. Again, all samples presented a very 
high mineral content, even higher than rice straw, and very low amounts of cellulose 
and hemicelluloses. The data suggest that rice hull not suitable for the production of 2nd 
generation ethanol and for the CES process. 
 
Wheat straw 
 
Samples were collected from 10 di fferent cultivars, which are among the most 
cultivated in the country, listed in Table 3.5.2.1. Each cultivar was grown in two 
different locations, representative of the traditional wheat regions, in 2010.  
Straw chemical content results are presented in Table 3.5.2.1. Even though the 
mineral content is much lower than rice straw, most samples presented values around 
the suggested limit of 10% suitable for CES process. All samples presented acceptable 
low content of lipid, protein, lignin and hem icelluloses. None of the tested straw 
materials reached the suggested minimum of 34% of cellulose. However, an important 
variability was observed among the analyzed genotypes. For example, LE 2358 
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presented a c ellulose content of over 29% in both locations. So wheat straw was 
considered as a second choice residue for the production of ethanol in Uruguay. 
 
Forestry field residues 
 
Forestry field residues samples were obtained from a w ide diversity of conditions. 
Scenarios and sample sites were selected based on different combinations of 
variables: species, harvesting system (thinning or clear cut), growth (yield) and type of 
extraction (total or partial). The spectra of scenarios and the amount harvested in 2011 
are summarized in Table 3.5.2.2. The combination of harvesting systems and species 
selected is representative of the national reality. 
 
Table 3.5.2.2 Forestry field residues available in 2011 in Uruguay 
 

 

  

Eucalyptus species Pinus spp. 

Total 
E.grandis E.grandis E.globulus E.maidenii E.dunnii 

Clear cut Thinning Clear cut Thinning  Clear cut Clear cut Clear cut 

Area1 22154 2352 14494 445 105 397 7093 47040 

Yield2 19.5 2.2 13.3 8.5 6.4 17.3 31.1 
 

Amount3 433069 5179 193453 3783 672 6867 220592 863315 
1Total harvested area (ha) 

       2Average yield (ton/ha) 
       3Total harvested amount (tonnes) 

       
Sampling methodology was detailed defined as follows. Plots were set of 8.5m wide 
and 10m long.  The volume of timber (branches) that had a  diameter over 4cm was 
determined in the whole plot. The volume of branches with a diameter below 4cm was 
measured in a s ubplot of the same wide (8.5m) but only 2m long. Density was 
determined in these samples in order to determine the tones of residues per hectare.  
Samples collected from branches of all sizes and l ogs were used as composite 
samples and waste wood in each plot for analysis of chemical composition. 
 
Forestry field residues results are presented in Table 3.5.2.1. All eucalyptus samples 
presented desirable low values of hemicelluloses, lipid, protein and mineral content and 
very high cellulose content, which make them a first choice feedstock for the CES 
process. Forestry filed residues from pine tree are not suitable for the CES process 
because of their amount in lignin. The amount of lignin for forestry industrial residues is 
also quite, Eucalyptus being the best but still above the limit. 
 
Rice hull (cv El Paso) presented very high porosity (0.86), with a medium to high value 
of cristallinity: 0.65. Similarly, wheat straw had a porosity of 0.74 and c rystallinity of 
0.67. Samples from three Eucalyptus species (E. globulus, E. globules maidenii and E. 
grandis) presented low porosity (0.34, 0.34 and 0.45, respectively) and high cristallinity 
(0.65, 0.66 and 0.64, respectively). 
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Table 3.5.2.1. Chemical composition of preselected residues in Uruguay 
 
Rice straw residues in site # MC Lip Prot Lig Cel HC 
INIA Tacuarí 1 21.8 1.0 3.8 19.5 8.5 10.8 
INIA Tacuarí 2 22.3 1.0 3.0 18.1 11.7 11.9 
INIA Tacuarí 3 22.8 1.0 3.0 20.4 10.9 11.8 
INIA Olimar 1 19.6 1.1 3.6 17.5 15.1 14.5 
INIA Olimar 2 20.8 1.2 4.0 22.8 10.6 10.0 
INIA Olimar 3 19.8 1.2 3.9 16.8 15.3 15.2 
El Paso 144 1 19.1 1.6 4.1 20.2 15.4 15.4 
El Paso 144 2 18.1 1.5 4.8 18.0 13.2 17.5 
El Paso 144 3 19.3 1.7 4.3 15.3 15.5 16.0 
Mean 20.4 1.3 3.8 18.7 12.9 13.7 
Rice hull residues in site # 
INIA Tacuarí 1 23.0 0.3 1.6 45.7 ≤0.1 2.7 
INIA Tacuarí 2 24.5 0.3 1.5 47.1 ≤0.1 3.7 
INIA Tacuarí 3 24.4 0.3 1.6 46.9 ≤0.1 3.2 
INIA Olimar 1 21.6 0.3 1.8 40.9 1.1 7.6 
INIA Olimar 2 21.4 0.2 1.7 41.4 0.9 4.0 
INIA Olimar 3 22.0 0.2 1.7 41.0 1.4 5.5 
El Paso 144 1 21.3 0.3 1.8 41.4 2.9 6.2 
El Paso 144 2 27.4 0.3 1.9 37.7 ≤0.1 4.9 
El Paso 144 3 23.6 0.3 1.8 37.9 2.2 6.1 
Mean 23.3 0.3 1.7 42.2 0.9 4.9 
Wheat straw residues in location 
INIA TIJERETA Young 11.1 1.7 3.4 15.0 24.8 25.5 
INIA CARPINTERO Young 10.7 1.2 2.6 15.3 24.0 24.1 
INIA MADRUGADOR Young 13.9 1.1 2.5 19.4 18.9 21.6 
INIA DON ALBERTO Young 9.0 1.5 2.8 12.4 28.5 26.7 
LE 2346 Young 10.7 2.0 2.0 14.8 26.2 23.6 
LE 2354 Young 9.9 1.6 2.8 13.8 24.8 27.6 
LE 2358 Young 9.4 1.4 2.0 14.9 29.1 25.8 
LE 2359 Young 12.3 1.7 2.1 15.0 26.0 25.0 
LE 2366 Young 10.8 1.7 2.3 15.5 23.7 25.9 
LE 2375 Young 8.9 1.0 1.9 16.2 29.0 25.2 
INIA TIJERETA La Estanzuela 9.1 1.1 2.3 15.9 27.9 24.2 
INIA CARPINTERO La Estanzuela 11.9 1.0 2.6 16.3 20.7 24.2 
INIA MADRUGADOR La Estanzuela 13.0 1.1 1.7 21.2 17.6 22.6 
INIA DON ALBERTO La Estanzuela 13.2 1.3 2.1 19.6 19.4 22.3 
LE 2346 La Estanzuela 9.3 1.4 2.4 15.0 26.6 25.7 
LE 2354 La Estanzuela 9.2 1.2 2.0 14.7 27.1 27.9 
LE 2358 La Estanzuela 8.5 1.1 2.3 13.2 29.2 29.1 
LE 2359 La Estanzuela 11.1 1.2 2.8 14.5 25.2 28.2 
LE 2366 La Estanzuela 11.0 1.7 2.3 15.0 22.2 25.6 
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LE 2375 La Estanzuela 10.7 1.2 2.1 17.9 22.9 26.9 
Mean 10.9 1.5 2.5 15.1 25.1 25.1 
Forestry field residues Specie and extraction system 
E.dunnii Clear cut 0.8 0.2 0.5 13.0 70.2 11.3 
E.dunnii Clear cut 0.6 0.3 1.1 10.8 65.4 20.9 
E.globulus Clear cut 0.6 0.5 0.5 14.3 66.1 12.8 
E.globulus Clear cut 0.5 0.1 0.9 17.2 64.1 16.7 
E.globulus Clear cut 0.5 0.2 0.6 13.2 63.3 19.5 
E.globulus Clear cut 0.4 0.4 0.5 12.3 65.2 16.6 
E.grandis Clear cut 0.6 0.2 0.7 16.3 65.3 12.8 
E.grandis Clear cut 0.5 0.1 0.8 15.1 66.1 13.3 
E.grandis Clear cut 0.4 0.0 0.7 14.4 69.3 13.0 
E.grandis Clear cut 0.3 0.2 0.6 14.8 75.6 6.5 
E.grandis Thinning 0.4 0.0 0.8 12.3 72.8 7.9 
E.grandis Thinning 0.5 0.0 0.7 11.4 66.0 16.4 
E.grandis Thinning 0.8 0.2 1.0 12.6 77.1 7.7 
E.maidenii Clear cut 0.6 0.1 0.8 11.5 76.1 7.6 
E.maidenii Clear cut 0.5 0.0 0.7 15.1 62.6 16.2 
E,maidenii Clear cut 0.5 0.4 0.8 14.1 68.9 11.9 
Mean for Eucalyptus 0.5 0.2 0.7 13.7 68.4 13.2 
Pinus spp Clear cut 0.4 0.8 0.8 30.0 45.9 19.8 
Pinus spp Clear cut 0.4 0.4 0.5 30.5 46.1 20.2 
Pinus spp Thinning 0.3 1.0 0.7 27.5 51.0 13.1 
Forestry industrial residues Specie 
E. grandis 1.2 0.2 0.7 24.7 68.1 3.7 
E.grandis/globulus 1.4 0.5 0.9 28.9 62.2 4.8 
Pinus 45%- Eucalyptus 45%-Poplar 10% 1.6 0.5 0.7 30.7 57.6 5.5 
Pinus 60% 2.9 0.6 1.2 38.2 47.4 8.9 
Pinus sp. 0.4 0.8 0.9 33.7 52.7 6.9 
Poplar 34% 2.3 0.8 1.0 35.9 47.6 5.9 
Indeterminate blend 7.4 0.7 1.4 41.6 37.9 11.9 

 
MC Lip Prot Lig Cel HC 

MC: mineral content (%), Lip: lipids content (%), Prot: protein content (%), Lig: lignin content 
(%), Cel: cellulose content (%), HC: hemicellulose content (%). All data are expressed in dry 
basis 
 
The residues and available volume with chemical composition suitable for the 
production of ethanol and for the CES process are presented in Table 3.5.2.3.  
 
 
 
 
 
 
 
 
 



Page 113 of 209 
 

Table 3.5.2.3 Uruguay:  agricultural, agro-industrial and forest residues selected 
at stage 2 
 

Biomass residues 
Gross amount 
supply (ton) 

  
  

Competition % Net availability 
(ton) 

 
 
 

Food Energy Soil 
sustainability 

 Eucalyptus-field 844.171   20% 
 

675.337 
Wheat straw (second 
choice)                 1.520.000     90% 152.000 
 
 
3.5.3 Cost analysis of selected feedstock 
 
A. Wheat crop waste 
 
A.1. Generalities 
 
A wheat bale, that is, the unit gathering wheat crop threshing residues (hay and 
leaves), is a by -product of grains which are the main destination of wheat crops.  
Therefore, it constitutes costless raw material per se and the cost to obtain it is 
calculated considering the cost of collecting it and pr eparing it adequately for its 
preservation, transport and subsequent utilization which today is focused exclusively to 
animal feed. 
 
On the other hand, it is worth highlighting that crop residues basically consist of stems 
and dry leaves, both low density and hi gh volume materials with low although not 
dismissible moisture contents (20%).  Without extra processing, a l arge part of the 
volume is occupied by air, which renders transportation costs more expensive. 
 
Prices are also defined by the demand, which is defined by the needs of the national 
livestock, mainly in winter and in case of summer droughts, when forage can become 
scarce.  
The business model for the attainment of wheat crop waste in Uruguay is based on 
services provided by contractors. The tasks inherent to this activity are not performed 
by wheat producers but are generally outsourced.  
 
The following map highlights the geographical availability of wheat waste in Uruguay, 
the Department of Soriano standing out as the most attractive for the installation of an 
ethanol-producing plant based on contracting raw material.  
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Figure 3.5.3.1 –Availability of wheat residues  
 
A.2. Process to obtain raw material 
 
As a basis for cost calculation, the process to obtain raw material is sub-divided into 
three sub-processes: 
 

o Hay baling  
o Bale swathing 
o Bale transportation 

 
In the assessment of information to calculate the costs of obtaining a 350-400 kg wheat 
hay bale delivered at the transformation centre, the following data was gathered:  
 

o Cost of collection and baling: Є 4.34 per bale unit 
o Cost of swathing: Є 2.50 per bale unit 
o Cost of transportation per km: Є 0.10 per ton. Considering an average distance 

of 60 km, the cost amounts to Є 2.50 per bale unit 
o The price in Є of wheat bales delivered at a transformation centre, has been 

positioned between Є 11.87 (December 2008) and Є 23.33 (July 2011). 
 
These values assigned to the sub-processes of manufacturing, swathing and 
transporting wheat hay bales, correspond to costs of contractors and represent a 
situation similar to the average. 
 
No onerous activities were identified regarding storage, as in Uruguay these bales are 
left out in the open fields and do not require any special facilities. 
Producer earnings and other eventual costs present a strong volatility. This is reflected 
considering two scenarios:  S cenario I, of December 2008, where the Price of the 
wheat bale was at its lowest and Scenario II, of July 2011, where the price was at its 
highest. 
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A.3. Total cost of the process  
 
Once the cost of each of the identified sub-processes is calculated, we may arrive at 
the total cost of this input, which is detailed herein below:  
 
Table 3.5.3.1 Cost of baling 
 
Costs per 350-400 Kg Bale  Є % 

Scenario I 
% Scenario 

II 
Collection and baling cost 4.34 36.5% 18.6% 
Swathing cost/ha (10 bales per 
Ha) 

2.50 21.1% 10.7% 

Price per km of bale transported 
(US$) 

2.50 21.1% 10.7% 

        
Two scenarios Scenario 

I  
Scenario 

II  
Scenario I  Scenario II  

Producer Earnings + Several 
Costs 

2.53 13.99 21.3% 60.0% 

          
Total cost in € / bale  11.87 23.33 100.0% 100% 

 
Table 3.5.3.2 Uruguay: costs of collecting, managing, pre-processing, 
transporting and s toring the biomass obtained from wheat crop waste (in 
Euros/ton) 
 
Selected location Soriano 
Type of crop producers Owners and Tenants 
Agricultural surface of selected area (ha) 800,000 
Available residues in the region (tons/year) 750,000 

Average farm surface (ha) No data, 40% of more than 1,000 ha 
Bale size (kg) 350 – 400 
Yield of wood and cellulose material (bales/ha) 10 
Yield of wood and cellulose material (tons/ha) 3,75 
Distance to be covered with the residue (km) 60 
Transportation capacity (tons/transportation means) 30 

Operations (Є) 
Collection and baling 11.57 
Swathing 6.67 
Operative cost per ton (Є) 24.91 
 
Sales price per ton (Є) (1)    

Scenario I Scenario II 
31.7 62.2 

(1) Includes producers’ earnings and several costs 
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B. Forestry residues 
 

B.1. Generalities 
 
Forestry residues are basically found on the fields after thinning operations, in solid 
wood producing systems operating with Eucalyptus Grandis and Taeda Pine, and after 
clear felling that includes the former systems plus the production of cellulose pulp from 
several species of eucalyptus. Generally speaking, the amounts of these residues are 
determined by the harvesting system used (manual or mechanized), the species type 
and the growth levels achieved.  
 
Residues are constituted by tree parts lacking commercial value, such as branches, 
bark and leaves.  Depending on the production objective, the non-usable part of a tree 
is the trunk portion having a diameter of less than 20 cm and 6 cm with bark, for solid 
wood and pulp, respectively. These residues gain relevance in terms of volume for the 
case of thinning, as the trees that are eliminated are the smallest ones and, therefore, 
they will yield a lower percentage of usable wood. 
 
According to some national data obtained regarding pines, harvest waste upon c lear 
felling would be of around 57 ton/ha, while thinning would yield  26 ton/ha.  
These high values may call the attention but it has to be taken into account that they 
include branches with bark with a diameter over 1 cm, plus all the needles. Moisture 
contents of these materials is highly variable, depending on the time elapsed between 
the harvest and the use of the material.  Some results on freshly-cut pine wood 
reached moisture values of around 60%. It must also be poi nted out that these 
materials are voluminous and hav e low densities, which determine that transport 
thereof be costly. 
 
The following map highlights the geographic availability of forestry residues in Uruguay. 
The Department of Paysandú stands out among the most attractive for the installation 
of an ethanol plant by virtue of the concentration of raw material.   
 

 
Figure 3.5.3.2 –Availability of forestry residues  
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B.2. Process to obtain raw material  
 
The utilization of these residues implies some processing operations that depend on  
the degree of mechanization of the process used in each case. In some situations, 
balers, forwarders and grapples are used for residue collection and i n some other 
cases, branches are removed and t runks are cut manually with less mechanized 
systems and transported to the side of extraction roads. 
 
There are currently very few references to trading of this kind of residues in Uruguay, 
which have been used as en energy source for domestic use. In some specific cases 
deals have been closed for industrial use, therefore, the prices available for this type of 
raw materials should be taken with precaution. 
 
In order to calculate the cost of extracting forestry residues two alternatives were 
assessed in what regards the characteristics of the input to be extracted.  
 
In the first place, the attainment of forestry residues made up o f sawmill and s hort-
diameter trunks from several origins was studied.  
 
This forestry residue is obtained through highly mechanized processes (use of harvest 
waste baler; forwarder for trunk transportation; grapple to load trucks) and with a cost 
structure focused on a single owner, which significantly reduces costs.  
 
There follows a table with the details of the cost of obtaining this raw material: 
 
Table 3.5.3.3 – Costs to obtain forestry residues 

 
(1) Today, in Uruguay, the use of field residues is practically inexistent.  Є 13.19 is the price 

of residues basically from sawmills, used for burning to generate energy (information 
provided by a company that buys chips for that value free at destination). 

 
The other alternative refers to raw material (harvest residues) based only on t runks 
with diameters ranging from approximately 15 cm to 5 cm presenting features such as 
a certain level of uniformity, and that are subject to manual cutting, pruning and 
extraction processes. 
 
In order to calculate the cost of obtaining this resource, it was resolved to subdivide the 
process into its different sub-processes, calculating costs through a cumulative addition 
thereof. 
 
Thus, 7 sub-processes were identified, which are detailed below: 
 

o Sub-process A: Process of pruning and ex traction of wood to the side of an 
internal road 

o Sub-process B: Cost of wood delivered at destination on road with 40% 
moisture 

o Sub-process C: Process of loading on trucks 
o Sub-process D: Transportation from collection centre to plant (estimated in 60 

km) 
o Sub-process E: Unloading process at chipping point 
o Sub-process F: Transportation to chipping yard 

Costs per Ton of Forestry Residues Є Percentage 
Cost of input ready to use (1) 13.19 67.86% 
Transportation cost  6.25 32.14% 
Total cost of waste free at destination 19.44 100% 
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o Sub-process G: Chipping 
 
There follows the detail of the assessed costs for these sub-processes: 
 
Table 3.5.3.4  

 
Given this analysis, we may assert that the cost of a ton of forestry residue having 
these characteristics and delivered at the plant amounts to Є 40.96/ton. 
 
These figures vary strongly according to the different market situations and the 
negotiating power of the different intervening agents. 
 
It is worth mentioning that in the cost analysis of the latter case, the procedure to 
calculate the same consisted of subdividing the process for the attainment of the 
resource into the different sub-processes that integrate it, determining an owner for 
each of them, regardless of the others. 
Unlike other economic studies and the characteristics presented by the first type of 
residue analyzed, when the process is subdivided, the profitability presented by each 
owner is included in the presented cost structure increasing the total cost of the 
analyzed process. 
 
In Uruguay, attainment of biomass for burning and electric power generation occurs 
under circumstances that are similar to the characteristics of the first residue, and it is 
unlikely to find a subdivision of the process into different agents. 
 
B.3. Total cost of the process  
 
According to the data assessed and the information provided by the experts in charge 
of the assessment, the following table of costs is drawn. 
 
Table 3.5.3.5 Uruguay: Costs of collecting, managing, pre-processing, 
transporting and st oring the biomass obtained from forestry residues (in 
Euros/ton) 

  

Sawmill waste (1) Harvest waste (2)  

Selected location Paysandú 

Business model Processes 
concentrated on one 

single owner 

Each process is 
performed by different 

companies 
Yield of wood and cellulose material (ton/ha) 57 26 
Distance to be covered with the waste (km) 60 60 
Operations (Є) 

Costs of Ton Forestry Residues  Є Percentage 
Cost of pruning and wood extraction  16.66 40.68% 
Cost of Wood delivered at road  6.94 16.95% 
Loading onto truck  1.39 3.39% 
Transportation cost  6.25 15.25% 
Transportation to chipping yard  2.78 6.78% 
Chipping 6.94 16.95% 
Total cost of residue delivered at plant 40.96 100% 
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Attainment of ready-to-use input  13.19   

Transportation to plant  6.25 
Pruning and extraction   1.39 
Wood delivered at road  6.94 
Loading onto truck  1.39 
Transportation 6.25 
Transportation to chipping yard  2.78 
Chipping 6.94 

 Total cost per ton (Є) 19.44 25.69 
 
(1) Includes trunks with short diameters and from different origins 
(2) Trunks with diameters ranging from approximately 15 to 5 cm, unusual trading  
 
3.5.4 Spatial distribution of selected feedstock  
 
Eucalyptus forest residues in the fields  
 
Table 3.5.4.2 - Forest residues at department level 
 
DEPARTMENTS m3 ton (dbs) 

Artigas 136 88 
Rivera 139.630 90.760 
Colonia 13.083 8.504 
Flores 794 516 
Tacuarembó 83.419 54.222 
Paysandú 211.582 137.528 
Treinta y Tres 50.536 32.848 
Cerro Largo 63.204 41.083 
Durazno 89.028 57.868 
Salto 2.147 1.396 
Rio Negro 207.730 135.025 
Rocha 143.755 93.441 
Lavalleja 105.217 68.391 
Maldonado 85.790 55.764 
San José 1.772 1.152 
Florida 28.097 18.263 
Soriano 52.493 34.120 
Canelones 20.310 13.202 
Total aprox. 1.298723 844.171 

 
Given the extension of the departments to which the volume of residues was referred 
and attending considerations about cost of logistic, the amount of residues calculated 
at department level were placed in the area where forest plantations are located. 
The location of the plantations was performed through the classification of satellite 
images by the Institute of Climate and Water of INTA. 
The volume of residues at level department was shared into the pixels corresponding 
to forest plantations. 
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Figure 3.5.4.1 - Forest residues in the fields (kg/ha) 

 
 
Supply Basin for ethanol plant location  
 
Rivera and Paysandú department could be suitable locations for future ethanol plants 
using CES process, with an available supply of tons in a radius of 30 km.  
 
Figure 3.5.4.2 shows the Supply Basin for ethanol plant in Rivera with an availability of 
residues over 100.000Tn in a radius of 30 Km  
 

 
Figure 3.5.4.2 - Supply Basin for ethanol plant location in Rivera 
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Wheat residues 
 
The Uruguayan wheat area has increased in recent years with the growth of soybean 
double-cropping. 
The data of area planted and pr oduction have been t aken from lDIEA 
(www.mgap.gub.uy) for the years 2008 and 2009. 
In Uruguay, the harvest index is between 40 and 50% (M.Quincke). It was taken the 
value of 48%, representing an average of several cultivars in different environments 
(Hoffman E, Mesa, P. and Cadenazzi, M. 2007. Characterization of wheat cultivars in: 
Winter Crops Workshop, 2007. INIA La Estanzuela Wheat Board, SRRN, pp. 67-90).  
 
It was considered a conservative collection percentage of 10% to not affect soil health. 
The short time available for baling must be considered as a limiting factor because the 
fields should be planted with second crop soybeans. 
 
Residues from mills were not considered, since all by-products are exploited as a 
derivative for human food or animal feeding. Final volume was calculated at 
department level (Table 3.5.4.3) and distributed between the pixels belonging to each 
one of them (Figure 3.5.4.3). 
 
Table 3.5.4.3 Available wheat residues in the fields 
 

Department Residues (tn) Available residues 
(ton) 

Soriano 471.968 47.197 
Río Negro 250.569 25.057 
Paysandú 186.335 18.634 
Colonia 176.377 17.638 
Flores 122.643 12.264 
Durazno 111.074 11.107 
San José 70.059 7.006 
Florida 53.723 5.372 
Tacuarembó 47.430 4.743 
Cerro Largo 31.633 3.163 
Total   152.181 
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Figure 3.5.4.3 Location of wheat residues in the fields. 
 
Soriano department appears as a good candidate for an ethanol plant location. 
 
3.5.5 Conclusions 
 
Among a w ide variety of residues of the Uruguayan agro-industry, the ones that 
apparently were most suitable as feedstock for the CES process were wheat, rice and 
forestry field residues, as well as rice and forestry industrial residues. 
 
During the chemical screening both rice residues presented a c hemical composition 
that was not suitable for the production of ethanol and the CES process: for the straw 
the cellulose was too low, for the hull the lignin was too high and for both of them the 
mineral content was too high.  
 
Although wheat straw had better chemical composition, cellulose content was slightly 
under the limit. So wheat straw is considered as a second choice feedstock. 
 
Among the forestry residues, Eucalyptus presented very high cellulose content and 
good content for all the other compounds, except for forestry industrial residues with 
lignin slightly above the limit. Besides, the costs are quite reasonable for both the field 
and sawmill residues at 26 and 19€ /t respectively. Several departments produce 
sufficient biomass to supply ethanol production plant, especially Rivera, Paysandú, Río 
Negro and Rocha with amount available ranging from 90.000 to 140.000 t/year within a 
30 km radius or less in some zones. So Eucalyptus forestry residues are considered 
first choice feedstock for the production of ethanol and for the CES process in Uruguay. 
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4. Results and discussions in Europe 
 
4.1 Agro-industrial residues 

 
Large amount of wastes is generated every year from the industrial processing of 
agricultural raw materials. Currently most of these wastes are used as animal feed or 
organic fertilizer or burned as alternative for elimination. Nevertheless, such wastes 
usually have a c omposition rich in sugars, minerals, proteins and other valuable 
compounds, and therefore, they should not be considered as wastes but raw materials 
for other industrial processes and products. The presence of carbon sources, nutrients 
and moisture in these wastes provides conditions favourable for the development of 
microorganisms, and therefore the storage of the materials while waiting for processing 
requires preliminary drying or processing. 
 
Potato processing residues  
 
There are two types of industries: starch and human consumption. The hot-water 
blanching of potatoes is a standard procedure in the production of chips (french-fries), 
and other potato-based products in Europe. The process is necessary to inactivate 
enzymes, gelatinise starch and reduce sugar content. Current blanching techniques 
neither recycle water nor recover heat from the water, emitting both water and heat to 
wastewater treatment plants instead. Furthermore, around 10-30% of potato solids are 
leached out during the process, resulting in an unwanted loss in the form of potato 
waste water. In Europe, more than 50% of the potato for human consumption is made 
up of frozen French fries. Pre-cooked products are the most relevant item within the 
group of processed potato products, representing over 70% of potato-based products. 
Next come snacks, 8%, and dehydrated products, 7.5%. The Netherlands and Belgium 
are relatively more specialized in pre-cooked products, with a q uantity of about 2 
million tons or 60% of the entire production of pre-cooked products. On dehydrated 
products, Germany is the main producing country with about 207,000 tons. UK is 
instead prevailing for snacks, producing slightly less than 167,000 tons. France has a 
constant share of about 10–12% in all the above mentioned sectors. The potato 
processing sector in the EU is becoming increasingly concentrated in the Netherlands, 
Belgium and some areas of Germany, while in France the processing industry has not 
improved as strongly as the sector of table potatoes. Italy and Sweden have some 
important industrial poles in snacks production. 
 
The wastes from the starch industry are mainly the starch pulp which is used for 
animal feed. Potato industry wastewaters contain high concentrations of 
biodegradable components such as starch and proteins. The potato industry generates 
a lot of waste. One-quarter of what goes into a potato processing plant comes out as 
waste. Potato starch waste (PSW) and P otato Peel Waste (PPW) are the major 
wastes of the potato industry. Plants peel the potatoes as part of the production of 
crisps, instant potatoes and similar products. The produced waste is 90 kg per ton of 
influent potatoes and is apportioned to 50 kg of potato skins, 30 kg starch and 10 kg 
inert material. Currently, the residual material is dried and used for animal 
feeding. PPW is rich in starch and cou ld therefore serve as f eedstock for 1st 
generation ethanol (table 4.1).  
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Table 4.1 - Chemical composition of Potato Peel Wastes (PPW) (% DM) 
 

Moisture  85.06 
Nitrogen 1.3 
Protein (N tot *6.25)  8 
Total Soluble Sugar %  
 
 
 
 
 

1 

Total Carbohydrate  
Of which starch is 52% 

58.7 
 
 

Reducing sugar  0.61 
Fat  2.6 
Ash  6.3 

 
Fruit processing residues 
 
Fruit processing results in various amounts of fruit wastes depending on the raw 
material and processes. Plant wastes are prone to microbial spoilage; therefore, drying 
is necessary before further exploitation. The cost of drying, storage, and t ransport 
possess additional economical limitations to waste utilization. Therefore, these 
industrial wastes are often utilized as fodder in livestock or fertilizer. Recently in 
Europe, the use of these wastes as by-products for further exploitation in the 
production of food additives or supplements with high nutritional value has gained 
increasing interest because these are high-value products and their recovery may be 
economically attractive. Processing fruit produces two types of waste: a solid waste of 
peel/skin, pulp, seeds, stones, etc., and a l iquid waste of juice and wash waters. In 
some fruits the discarded portion can be very high (e.g. orange 30-50%).The liquid 
waste is either spread directly on agricultural land or treated in an on-site or municipal 
(domestic/industrial) wastewater treatment plant. Fruit processing wastes contain many 
substances of high value such as phenolic compounds, carotenoids, tannins fibres and 
with antioxidant activity (see annexed tables) which makes them most valuable for the 
food and health industries. 
 
Citrus fruits are rich in water (85%), sugars (49% DM), pectin (20% DM) and low in 
protein (6.5% DM). However, the variability is important, as there are different species, 
many varieties, various collection stages and geographical origins: for instance, sugar 
content varies between 17% to 65% and pectin from 6 to 34% (based on 125 samples 
of Spanish oranges, mandarins and lemons).  
 
Dried citrus pulp is obtained after a drying process where the water content of citrus 
decreases from about 80% to 11% water. It requires the addition of lime (quicklime 
CaO or hydrated lime Ca(OH)2) to neutralize the free acids, bind the fruit pectin and 
release water. The mixture of fresh pulp and lime is then pressed to remove the excess 
moisture. The resulting liquid, rich in soluble sugars, can be concentrated to 
make citrus molasses that can feed animals, be sold to distillers or reintroduced 
in the final pulp. Other compounds such as essential oils and limonene can also be 
extracted. Once the liquid is removed, the pressed pulp is dried in a natural gas dryer 
and then pelleted and cooled. In areas where fuel costs are low, the fresh pulp can also 
be dried directly in a rotary drier. Such pulps are low in carbohydrates (tables 4.2) 
and are therefore not convenient for the production of 2nd generation ethanol. 
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Table 4.2 - Various citrus pulp compositions (% dry matter) 
 

Compounds Orange  Mandarin  lemon  
Crude protein 6.4 7.9 5.8 
Crude fibre 12.9 13.3 12.2 
Hemicelluloses 10.6 5.9 6.9 
Cellulose 14.9 15.2 14.3 
Fat 2.5 3.2 1.1 
Ash 6.6 4.2 13.4 

 
Citrus molasses is a by-product of citrus juice extraction. The fresh pulp obtained after 
pressing the fruit is mixed with lime and pressed to remove moisture. The resulting 
liquid (press juice) is screened to remove the larger particles, sterilised by heating and 
concentrated. The resulting product contains 71-72% dry matter and 60 -65% sugar. 
Citrus molasses is a thick viscous liquid, dark brown to almost black, with a very 
bitter taste, often sold to distilleries or reincorporated in the dried citrus pulp, 
but can also serve to feed directly animals. 
 
Orange peel molasses are sometimes sold, but often are blended back with 
dewatered residue and dr ied in the peel dryer to a c attle feed. Small amounts of a 
valuable terpene, limonene, are recovered from the vapours of the evaporator. The 
pressing of the peel juice and e vaporation to molasses are driven more by the 
economy of heat utilization and recovery of limonene than by the value of molasses. 
The presence of limonene and t erpene makes the material not suitable for the 
production of ethanol with the CES process. 
 
Apple pomace is the main by-product resulting from pressing apples for juice or cider 
and it accounts for 25–35 % of the dry mass of apple, It has high moisture content 
(70%–75%) and biodegradable organic load (high BOD and COD values). High 
moisture content makes apple pomace bulky and susceptible to microbial 
decomposition. It is a very cheap and primary by-product of apple juice and cider 
production used as a source of pectin for animal feed as dietary fibres or as a 
source of phenolic compounds. The presence of phenolic compounds makes the 
material unsuitable for the production of ethanol with the CES process.   
 
Pear pomace, edible by products from single-pass metallic membrane ultra filtration of 
pear purees, have been studied for composition and utilization as sources of sugar and 
dietary fibre in food technology. The total (TDF), soluble (SDF), and i nsoluble (IDF) 
dietary fibre content of pear pomace were determined according to the AOAC 
gravimetric method. In addition, fibre values were determined by measuring the levels 
of the composite sugars by colorimetric and GLC methods and Klason lignin. On a dry 
weight basis, the TDF content of pear pomace was 43.9%, the SDF was pectic in origin 
and contributed approximately 79.6% dry weight, while IDF measured 36.3% in pear. 
Lignin content, estimated gravimetrically, was 5.2% dry weight for pear. Protopectins 
and high methoxyl pectins were the main type of pectic substances for IDF and SDF. 
Other data found in the literature revealed high concentration of hydrocyanic 
toxic compound (up to 2.8 mg/100g DM) which is not suitable for processes such 
as 2nd generation ethanol using microorganisms. 
 
Grapevine processing residues 
 
Grapevine is now the most grown fruit species and the area of vineyards reaches about 
7.9 million hectares, of which 4.5 million hectares are located in Europe (approximately 
57%). According to the estimation of the Organisation Internationale de la Vigne et du 
Vin (OIV, 2009), there are 66.5 million tons of grapes annually processed worldwide, of 

http://www.feedipedia.org/node/8329
http://www.feedipedia.org/node/8330
http://www.feedipedia.org/node/8332
http://www.feedipedia.org/node/8337
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which 38 million tons are processed in Europe. If the grapes are stripped from the 
stalks before processing, the pomace or marc residue consists of about 40% seeds 
and 60% skin and pul p. Winery marc pressed with the stalks is composed of about 
30% stalks, 30% seeds and 40% skin and pulp. About 8 million tons of grape marc are 
yearly available in Europe. Winery marc is mainly used to produce edible alcohol 
by double distillation after fermentation. The marc may also be separated into skin 
and seeds by loosening the pulp from the seeds in a breaker, after which a vibrating 
sieve separates the seed from the skin. The seeds contain 8-22% edible oil rich in 
omega 3, and can be e ither pressed or extracted with solvents. Table 4.1.3 gives 
the chemical composition of the different types of wastes. None of them is suitable 
for the production of 2nd generation ethanol with the CES process. Besides 
grapevine marc is high in phenolic compound (tannins, anthocyans), pigments ~9 kg/t 
(red grape) and tartrate ~50 to 75 kg/t, and can be considered more as a by-product 
than a waste, with good valorisation perspectives in the agro-industry, health & 
cosmetic industries and material industry (tartaric acid). 
 
Table 4.3 - Grapevine processing industry residues compositions (% DM) 
 

Compounds Fresh marc 
including 

skin 

Fresh marc 
including 

skin & seeds 

Dehydrated 
marc 

Dehydrated 
pulp 

Protein 16.4 13.7 13.7 13.7 
Hemicelluloses n.a n.a 14.0 14.3 
Cellulose n.a n.a 30.0 34.7 
Lignin n.a n.a 29.9 24.4 
Fat 7.4 7.0 5.7 5.8 
Ash 7.2 12.8 7.6 7.1 

 
Olive oil processing residues 
 
Olive oil processing is an important activity in Southern Europe States (Spain, Italy, 
Greece and to a lesser extent Portugal and France). The residues obtained from the 
olive oil industry (called “orujo” in Spanish) are used to produce “Orujo” oil following the 
solvent extraction of residual oil from the cake composed of the stones and pulp. After 
extracting the oil, the crude or defatted cake may be de-stoned, and the stones which 
have a high calorific value (high in lignin), are used to generate heat and dry the 
cake prior to the oil extraction. They are used also, after grinding, as abrasive 
material and load for composite materials. The remaining pulp is currently used to 
feed animals. It was observed during the project that the defatted dry cake with 
stones and pulp was not suitable for the CES process, because of its hardness 
(up to 33% lignin), abrasiveness (up to 20% ashes) and t he low content in 
cellulose (up to 23%). Nevertheless, the composition of the pulp itself (table 4.4) 
is better in terms of lignocelluloses composition, although the protein content is 
a bit high. The pulp is rich in polyphenols and tannins (13.9 and 9 .8 g/Kg DM 
respectively) which can be valorised in the agro-industry or health and cosmetic 
industries. 
 
Table 4.4 - Olive pulp chemical composition (% DM) 
 

Protein 12.40 
Hemicelluloses 20.30 
Cellulose 39.10 
Lignin 21.10 
Fat 4.0 
Ash 7.7 
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Sugar beet processing residues 
 
France is the largest producer of beet sugar (sucrose) in world and also the first 
producer of 1st generation ethanol from sugar beet. One ton of beet yields about 140 kg 
of sugar. Beet roots are used for about 90% to produce sugar while the remaining 10% 
is used to produce alcohol. Sugar beet washing generates large quantities of dirty 
water containing in suspension soil and sugar. This effluent can be land spread directly 
during the harvesting season or stored in a sedimentation lagoon. Very few plants have 
an effluent treatment plant on s ite. From the sedimentation lagoon, water is recycled 
and sludge collected at the bottom of these lagoons is either spread on land or used as 
landfill cover or soil material in land reclamation projects, or left in the lagoons as this 
compound is quite odorous. The sludge has an average dry solids content of 50% DS 
and it is estimated that on average 230 kg of soil and green waste are collected per ton 
of sugar beet processed. The clean sugar beets are shredded and the sugar juice is 
extracted from the pulp. The pulp is then sometimes dried before being sold as fodder 
for livestock. The juice is clarified by adding a l ime solution. The lime sludge arising 
from the addition of lime to sugar solution for clarifying the juice is not considered as a 
waste and is land spread as fertilizer. Its dry solids content varies between 45 to 70% 
DS. It is estimated that 60 kg of lime sludge is generated per ton of beet processed. A 
series of evaporation, crystallization and drying produce the sugar and molasses. 
Subsequently, a c ertain percentage of molasses can be distilled to produce alcohol. 
These processes generate vinasse which can be recycled to land or used as animal 
food. Another by-product is potassium sulphate which can be us ed as fertilizer. The 
three main waste-streams of sugar production are molasses, beet pulp and cut-
offs (beet top and beet leaves). Molasses is a syrup residue from the sugar extraction 
process, which can contain up to 48% sugar. Technological advances in the sugar 
industry have made it possible to extract more sugar from the normal molasses. 
Desugared molasses is a residue from the desugaring process of normal molasses. 
From the factory data (DANISCO, Denmark), every ton of beet sugar produced 
generates 0.24 ton of Desugared Molasses, 0.33 ton of beet pulp, and 0.53 ton of 
grass cut-offs. The beet pulp according to EEC Regulation n ° 206/68 of 20 
February 1968 shall remain the property of the farmers who use them to feed the 
cattle. This residue is low in cellulose which makes it not so attractive for the 
production of 2nd generation ethanol (table 4.5). If the pulp remains to the sugar 
beet factory 5.69 € per ton is paid to the sugar beet growers. Recently the European 
sugar beet growers have studied the possibility to use it together with the leaves and 
the collar of sugar beet residues after harvest, to produce biogas. 

 
Table 4.5 - Pulp composition (% DM) 
 

Cellulose 24.6 
Hemicelluloses 27.9 
Lignin 1-2.6 
Fat 1.5 
Protein 9.6 
Ash 7.0-12.6 

 
Tomato processing residues 
 
From the 8.5 million tonnes of tomatoes cultivated every year in Europe, about 18% are 
sold directly to the consumers and the rest is processed into foods, such as ketchup, 
pasta sauce and canned goods. During the industrial processing, up to 40% of the raw 
material ends up as  residue, mainly skin and seeds. Tomato processing yields the 
following residues: 
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• Pomace is the mixture of tomato peels, crushed seeds and small amounts of pulp 
that remains after the processing of tomato for juice, paste and ketchup.  

• Skins (peels) are the residues of the peeling of tomatoes used for canning. Skins 
can be removed by steam-processing, treated with liquid N or treated with NaOH. 

• Tomato seeds are the residues of tomato cannery, notably from the production of 
de-seeded canned tomatoes. 

Tomato pomace and peels are high-moisture residues (> 80 % moisture) and spoil very 
quickly. Unless they can be fed immediately to livestock, they must be preserved either 
by drying or by ensiling. 
In addition to the above residues, the tomato industries also produce cull tomatoes 
(disarded products), tomato leaves and tomato seed cake. Almost 90% of the 
residues from the tomato processing industry are currently used for animal 
feeding and the rest is used as organic fertilizer. Tomato pomace is rich in total 
sugars (25%DM) and protein (19%DM) which could be valorised in the industry 
but not for the production of 2nd generation ethanol. 
 
Sweet corn processing industry 
 
When sweet corn is harvested, the entire ear with husk is collected.  At the processing 
facility, the corn kernels are removed.  The remaining portion is the sweet corn 
waste (SCW) which chemical composition is convenient for the production of 2nd 
generation ethanol, and which has been used in the project for the development of 
the new CES process. It will contain tops of plants, husks, cobs, culled ears, and some 
kernels.   The amount of each in the SCW will depend on the processing equipment, 
corn variety and m aturity, growing conditions for the sweet corn, and eq uipment 
operators. The processing of a ton of sweet corn at 70% moisture content results in a 
35% grains and 65% residual waste consisting of grain and cob racks. Normally the 
sweet corn residues are pressed to remove moisture then silaged while waiting to be 
used for fodder in livestock. 
 
Wheat processing residues 
 
Wheat milling residues 
 
Typically 92% of wheat grains are processed into flour. The main market outlets are 
milling, starch for bread wheat and semolina for durum wheat. The residues of the 
cereal industries, called "offal" are obtained from the milling of grains. They are 
composed of bran (shell of the grain), sharps (second flour derived from the separate 
sound oatmeal) and low quality flour (protein layer and s mall particles of bran and 
germ). 
 
Wheat bran is one of the major agro-industrial residues used in animal feeding. It 
consists of the outer layers (cuticle, pericarp and s eedcoat) combined with small 
amounts of starchy endosperm of the wheat kernel. Wheat processing industries that 
include a br an removal step produce wheat bran as a s eparate by-product. Milling 
yields variable proportions of flour, depending on the quality of the final product. Typical 
extraction rates range from 75 % to 80 %, resulting in 20 to 25 % wheat offals. Wheat 
bran represents roughly 50 %  of wheat offals and about 10 t o 19% of the kernel, 
depending on the variety and milling process. In the industrial milling process, the first 
grinding steps yields coarse particles of broken wheat and br an and t he later steps 
produce other by-products. These products used to be s old separately but are now 
mixed together in variable proportions. Wheat bran sold for animal feeding are typically 
mixtures of true coarse bran and f iner products from the later grinding stages. Wheat 

http://www.feedipedia.org/node/7791
http://www.feedipedia.org/node/694
http://www.feedipedia.org/node/690
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bran is high in protein and low in cellulose (Table 4.6) which is not attractive for 
the production of 2nd generation ethanol. 
 
Table 4.6 - Wheat bran chemical composition (% DM) 
 

Protein 17.30 
Hemicelluloses 30.00 
Cellulose 13.50 
Lignin 3.80 
Fat 3.90 
Ash 5.60 

 
Wheat distillation residues 
 
Wheat distiller grains are the main residues of the distillation of alcohol from wheat 
grain to produce alcoholic beverages and ethanol. There are 2 main types of distiller 
grains: 
• Wet Distillers Grains (WDG) contain primarily unfermented grain residues 

(protein, fibre, fat) and up t o 70% moisture. WDG has a shelf life of four to five 
days.  

• Dried Distillers Grains with Solubles (DDGS) is WDG that has been dried with 
the concentrated thin stillage to 10-12% moisture. DDGS have an almost indefinite 
shelf life and m ay be s hipped to any market regardless of its proximity to an 
ethanol plant.  

Worldwide wheat ethanol production used 6.3 million tons wheat in 2010 OECD-FAO, 
(2013). This amount could be about 15 million tons in 2020. Considering that one ton 
wheat processed into ethanol yields approximately 372 l  ethanol (volume) and 
between 295 and 400 kg DDGS (10% moisture), world wheat DDGS amount could be 
about 5-7 million tons by 2020. In 2010, France and C anada were the main wheat 
DDGS producers with respectively 557,000 tons and 500,000 tons. Nowadays, DDGS 
are sold to feed animals. In 1st generation ethanol production, DDGS sales generates 
up to 1/3 of revenue. DDGS is high in proteins and low in cellulose which is not 
attractive for the production of 2nd generation ethanol (table 4.7). 

 
Table 4.7 - Wheat distiller grains chemical composition (% DM) 
 

 Starch <7% Starch >7% 
Protein 37.20 29 
Hemicelluloses 28 20 
Cellulose 10.80 6.60 
Lignin 4.50 2.60 
Fat 5.00 5.00 
Ash 6.10 5.00 

 
Rice processing residues 
 
After threshing, the raw rice is transported to mills for processing into white rice 
(polished rice) through a series of operations that free it from the hull or husk, germ and 
bran. In many countries the processing of rice for local use is still carried out in one-
stage mills. The residues of this simplest form of processing is a mixture of hulls and 
bran that seldom reaches the market as it is usually returned to the rice grower. In 
large-scale mills the rough rice undergoes several processes: cleaning, parboiling, 
hulling, pearling, polishing and grading. The percentage of products depends on t he 
milling rate, type of rice and other factors, and may be: hulls 20%; bran 10%; polishing 
3%; broken rice 1-17%; polished rice 50-66%. Rice mill feed, a m ixture of all the 
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residues obtained during the milling process, contains approximately 60% hulls, 
35% bran and 5%  polishing. The offal obtained from one-stage mills is of similar 
composition and is often erroneously called "rice bran". The bran fraction contains 14-
18% oil. Rice bran that has not been de fatted is a us eful binder in mixed feeds. 
Defatted rice bran can be used at higher levels than ordinary rice bran. Rice bran 
composition depends on grain milling process, heating additives, and amount of fat 
extracted, it is rich in proteins and low in cellulose (table 4.8) which is not 
attractive for the production of 2nd generation ethanol. Rice hull is richer in 
cellulose than rice bran but high in ashes (table 4.9) which is not suitable for the 
production of ethanol with the CES process. 
 
Table 4.8 - Rice bran chemical composition (% DM) 
 

 Non defatted rice bran Defatted rice bran 
Protein 14.80 17.10 
Hemicelluloses 10.35 24.6 
Cellulose 5.94 16.00 
Lignin 4.10 1.00 
Fat 17.20 1.00 
Ash 9.40 14.20 

 
Table 4.9 - Rice hull chemical composition (%DM) 
 

Protein 3.70 
Hemicelluloses 17.60 
Cellulose 30.20 
Lignin 1.50 
Fat 1.00 
Ash 17.50 

 
Oat processing residues 
 
Oat is one of the ten most important cereals produced worldwide. The main use of oat 
grain is as animal feed, alone or in mixture. Oatmeal and oat flour are not suitable for 
bread making but are consumed traditionally as porridge or hard, flat cakes, or added 
to other dishes as a t hickening. The main use of oat as human food is in breakfast 
cereals. The traditional preparation of oats for human consumption is more laborious 
than that of wheat since the grain has to be milled to remove the glumes before any 
further processing. Oats milling yields several residues: 
• Oat screenings result from the cleaning of raw oats before processing. 
• Oat hulls (glumes) are obtained by the mechanical separation of the hulls from 

the kernels prior to milling. The hulls are removed by air aspiration and the 
groats, which are the edible huskless grains, are ready for further processing. Oat 
hulls include small fragments of endosperm and represent up t o 25% of the 
weight of the grain  

• Oat mill feed, also called oat dust, is obtained after the transformation of groats 
into oatmeal. Groats are kilned, sized and cut, producing fines that are mixed with 
the screenings and the hulls obtained previously. The final ground product, called 
oat mill feed, is used for animal feeding. 

• Oat bran is a by-product of oat flour production. It is used as a health food for 
human consumption due to its hypoglycemic and hy pocholesterolemic effects 
and high content of B vitamins. It is important to note that oat hulls and oat bran 
are completely different products: oat hulls are a high fibre, low protein and low 
energy feed while oat bran is a l ow fibre, high protein and hi gh energy food 
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ingredient. However, the name oat bran is sometimes used as a generic term for 
more or less fibrous oat by-products, which may be a source of confusion. 

 
Due to their high fibre content, oat hulls and oat mill feed are mostly valuable for 
ruminant and rabbit feeding. Oat bran is rich in protein and low in cellulose (table 
4.10) which is not attractive for 2nd generation ethanol whereas oat hull is low in 
lignin, richer in cellulose but also in hemicelluloses (table 4.1.10). It could be a 
second choice residue for the production of ethanol. 
 
Table 4.10 - Oat bran chemical composition (% DM) 
 

 Oat bran Oat hull 
Protein 19.30 5.20 
Hemicelluloses 10.00 40.05 
Cellulose 4.70 36.00 
Lignin 2.90 7.10 
Fat 7.80 2.20 
Ash 3.30 4.60 

 
Other cereals’ processing residues 
 
The following table provide with chemical compositions of sorghum bran, rye bran and 
rye hull. All brans are rich in proteins and low in cellulose. Rye hull is richer in 
cellulose but still too low. None of these residues is attractive for the production 
of 2nd generation ethanol. 
 
Table 4.11 - other cereal processing residues chemical composition (% DM) 
 

 Sorghum bran Rye bran Rye hull 
Protein 10.30 16.90 10.00 
Hemicelluloses 17.50 4.40 16.00 
Cellulose 10.90 2.50 26.00 
Lignin 0.70 2.00 2.00 
Fat 9.30 2.30 7.00 
Ash 2.70 5.20 10.20 

 
Malting & brewing residues 
 
Malting residues 
 
Malting is the process of converting barley into malt, for use in brewing, distilling, or in 
foods. The malting process starts with drying the grains to moisture content below 
14%, and then storing for around six weeks to overcome seed dormancy. When ready, 
the grain is immersed or steeped in water two or three times over two or three days to 
allow the grain to absorb moisture and to start to sprout. When the grain has a moisture 
content of around 46%, it is transferred to the malting or germination floor, where it is 
constantly turned over for around five days while it is air-dried. The grain at this point is 
called "green malt". The green malt is then kiln-dried to the desired colour and 
specification. 
The residues of malting are: 
• Small barley: small grains (less than 2.5 mm gauge) from the cleaning of barley. 

They are used for animal feeding. 
• Rootlets: small roots occurring during the germination of malting barley. They are 

separated in the malt phase degermination. Their enzyme content and crude 
protein makes it a good medium for the production of baker's yeast. They 

http://en.wikipedia.org/wiki/Brewing
http://en.wikipedia.org/wiki/Distilling
http://en.wikipedia.org/wiki/Seed_dormancy
http://en.wikipedia.org/wiki/Steeping
http://en.wikipedia.org/wiki/Sprouting
http://en.wikipedia.org/wiki/Kiln
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can also be used in dried form as raw material for animal feed industry. They 
are quite rich en ce llulose but also in protein which is not suitable for the 
production of 2nd generation ethanol with the CES process. 

 
Table 4.12 - Barley rootlets chemical composition (% DM) 
 

Protein 26.60 
Hemicelluloses 20.30 
Cellulose 32.50 
Crude fibre 13.10 
Fat 1.80 
Ash 6.15 

 
Brewing residues 
 
Wet brewers' grains (WBG) are the residues of the beer-brewing industry. The WBG 
are the spent grains, most often barely, but some corn and/or rice may be included 
depending on the source of the grains. They are used to feed animals. They are very 
rich in cellulose, but also in protein which is not suitable for the production of 2nd 
generation ethanol with the CES process. 
 
Table 4.13 - Barley brewer’s grain chemical composition (% DM) 
 

Protein 25.20 
Hemicelluloses 27.00 
Cellulose 45.50 
Fat 7.60 
Ash 4.07 

 
Oleaginous seeds processing residues 
 
The production of oil from oleaginous grains generates a main residue called meal or 
expeller rich in proteins which is widely used as food in livestock. Preliminary dehulling 
or decortication of the oilseeds before extraction of oil, when practiced generates 
another residue more interesting in terms of carbohydrate composition. 
 
Rapeseed processing residues 
 
Rapeseed is a small diameter seed (1-2 mm) containing approximately 42-43 percent 
oil.  The hull makes up a significant amount of the seed weight. Rapeseed hull which 
tends to be eliminated from the seeds before technological processing contains 
high amounts of fat and protein (Table 4.14) which is not suitable for the 
production of 2nd generation ethanol with the CES process. 
 
Table 4.14 - Rapeseed hull chemical composition (%) 
 

Fat 12.00 
Protein 15.20 
Hemicelluloses 10.10 
Cellulose 41.80 
Lignin 23.10 
Ash 6.60 
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Sunflower processing residues 
 
Sunflower hulls are the residues of the dehulling of sunflower seeds before they are 
used for oil extraction or as bakery ingredients. They are often removed before oil 
extraction due to their deleterious effects on oil presses and because they reduce the 
quality of both oil and meal. The quantity of hull in sunflower is variable according to 
the cultivar, the size of the seeds and the oil percentage. Most of the values are 
comprised between 22 to 28 %. Part of this change comes from a reduction of the hull 
percentage in the seeds. In general, the varieties with high oil content have low hull 
percentage. Sunflower hulls have low nutritive values for all animal species and 
are mostly used f or animals that have specific fibre requirements, such as  
ruminants and r abbits. They are often burned as gener ate heat in oil mills but 
only half of the hulls can be used on -site for energy production. The remaining 
half has to be t ransported off-site, to provide energy or for other purposes, such as 
composting, bedding material, or as a l ow-quality roughage for livestock. Sunflower 
hull is low in protein and f at contents but quite rich in cellulose and 
hemicelluloses (Table 4.15). This material is therefore convenient for the 
production of 2nd generation ethanol with the CES process, although it is a bi t 
high in lignin. 
 
Table 4.15 - Sunflower hull composition (%) 
 

Protein 6.20 
Fat 2.50 
Hemicelluloses 21.00 
Cellulose 34.00 
Lignin 22.00 
Ash 3.20 

 
Soybean processing residues 
 
Soybean hulls are the residues from the processing of soybean seeds for the 
production of oil and meal, accounting for 5-8% of the seed weight. Soybean meal is 
sold as 43-44 percent or 48-50% crude protein content. If the demand for the lower 
protein meal is high, the hulls are blended back to the meal to yield a lower amount of 
protein. If the demand for the higher protein soybean meal is high, the meal is not 
blended with hulls and the later are sold as a by-product feed. Soybean hull is low in 
lignin and rich in cellulose (4.16) which is most attractive for the production of 
2nd generation ethanol, although the content in protein is on the limit of 
suitability for the CES process. 
 
Table 4.16 - Soybean hull chemical composition (% DM) 
 

Protein  9-14 
Pectin 6-15 
Hemicelluloses 10-20 
Cellulose 29-51 
Lignin 1-4 
Ash 1-4 

 
Wood processing residues 
 
Residues from the wood processing industry (mainly sawnwood) include wood chips, 
sawdust and particles, as well as sawmill rejects, slabs, edgings and t rimmings, 
veneer log cores, and veneer rejects can be used for pulping, for particle board and 
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fibre board production, or to produce energy. The supply of wood from industry by-
products depends mainly on t he production level of the wood-processing industries 
(mainly sawmills). Wood chips are the raw material for producing cellulose and 
mechanical pulp. They are made from debarked logs that are shredded on chippers or 
bought in as sawmill waste. EEA study (2006) defines wood-processing waste as 
waste in the form of sawdust and off-cuts from primary wood processing 
(sawmills) and secondary wood processing (e.g. furniture manufacture).  
 
Wood processing residues are generally high in lignin which makes them most 
attractive as f uel for domestic and i ndustrial energy production, and for wood 
processed materials. The table below present chemical composition ranges for 
softwood and hardwood.  
 
Table 4.17 - Wood chemical composition (% DM) 
 
Type Lignin Cellulose Hemicelluloses 
Softwood 27-30 35-40 25-30 
Hardwood 20-25 45-50 20-25 

 
Eucalyptus is hardwood with a specific chemical composition very rich in 
cellulose and low in lignin (table 4.18). Residues from Eucalyptus are therefore 
less attractive as fuel than other wood species, and most attractive for the 
production of 2nd generation ethanol. Eucalyptus camaldulensis is grown in Italy and 
Portugal and Eucalyptus globulus in Spain and Portugal. 
 
Table 4.18 - Eucalyptus spp chemical composition (% DM) 
 

Eucalyptus clear cut 
residues  

Mineral Lipid Protein Lignin Cellulose Hemicelluloses 

E. camaldulensis 0.6 0.3 1.1 10.8 65.4 20.9 
E. globulus 0.6 0.5 0.5 14.3 66.1 12.8 

 
Therefore only wood residues from Eucalyptus species will be considered for the 
study. 

 
Conclusions 
 
From all the agro-industrial residues investigated, only sweet corn cobs, sunflower, 
soybean and oat  hulls are attractive materials for the production of 2nd generation 
ethanol and are suitable for the CES process. Sunflower hulls would be available 
because of their lack of interest for animal feeding, but they are not systematically 
removed during the oil extraction process. 
 
Olive pulp is another potential feedstock that could be used for the production of 
lignocellulosic ethanol if the material was separated from the defatted cake residues 
after the production of “orujo” oil (or 2nd olive oil extraction). Nowadays, most of the 
time the entire defatted cake (stones & pulp) are burned together to produce heat for 
the drying of the fatted cake before extraction of the residual oil. Pulp alone is available 
in some plants which process the defatted cake to extract the stones and produce 
abrasive materials and load particles for composite materials. Anyhow if olive pulp 
would find an i nterest for 2nd generation ethanol, it is quite easy to separate it from 
stones in the “orujo” oil processing plants. 
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4.2 FRANCE 
 
4.2.1 Preselected feedstock 
 
A. Main agricultural production 

 
France is one of the European production leaders in cereals and ol eaginous seeds, 
apples and grapes for wine. It is also a big producer of sugar beet notably for the 
supply of 1st generation ethanol plants. It is therefore a big potential supplier of crop 
and pruning residues for the production of 2nd generation ethanol. 

 
Crops Production      

tons 

Wheat 40.787.000 
Sugar beet 31.874.800 
Corn 13.975.000 
Barley 10.102.000 
Potatoes 7.216.210 
Grapes 5.846.350 
Rapeseed 4.811.090 
Apples 1.788.430 
Sunflower  1.635.590 
Oat  447.800 
Sorghum 287.000 
Soybean 136.745 
FAO STAT 2010 

 
B. Reason to discard some residues 

 
Residues of soybean crop were not considered because soybeans are grown after 
corn to break the monoculture and enrich the soil organic matter. Some farmers might 
remove soybean crop residues from the fields but it is incorrect from the agronomic 
point of view. 

 
C. Preselected feedstock at stage 1 

 
Results of the different types of biomass waste supplies in France, actual percentage 
of utilization of this biomass waste in other uses (competition) and potential net 
availability for the production of 2nd generation ethanol are presented in the following 
tables. 

 
Table 4.2.1.1 - France net availability of crop residues (dry basis) 
 
Crops Gross amount  

Supply 
tons DB 

Competition % Net availability 
tons DB Animal (1) Energy  Soil cover 

Wheat 30590250  35 5 30 9177075  
Corn 14673750  10 5 55 4402125  
Sugar beet 11953050  40 0 30 3585915  
Barley 7576500  30 0 40 2272950  
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Rapeseed 5051645  0 0 70 1515493  
Sunflower 2576054  0 0 70 772816  
Oat  335850  40 0 30 100755  
Sorghum 215250  0 0 70 64575  
Potato 2706079  98 0 0 54122  

(1) Uses for animal feeding and/or bedding 
 
Table 4.2.1.2 - France net availability of pruning residues 
 

Crops 
Gross amount 

supply  
tons DB 

Competition (%) Net availability 
tons DB 

Energy Soil cover  
Vineyard 2282686 0 70 684805 
Apple trees 100063 0 70 30020 

 
Table 4.2.1.3 - France net availability of forest limbing residues  
 

 
Type Gross amount 

supply  
tons DB 

Competition (%) 
Net 

availability  
tons DB 

  Industry Energy Soil cover 
Branches Top 
trunk 40514600 20 33 0 19045900 

Twigs 7874100 0 0 2 7716618 
Source France Agrimer 2012 

 
In France the production of eucalyptus is marginal with a total of about 500 
hectares planted for pulp production. So at the moment, there is no sufficient 
production of Eucalyptus to provide with valuable amount of forest residues. 
 
Table 4.2.1.4 - France net availability of agro-industrial residues 
 

Type Gross amount 
supply  

tons DB 

Competition (%) 
Net 

availability  
tons DB 

  Food Energy Other 
Sunflower hull (1) 408898 50 0 0 204449 
Oat hull (2) 111950 50 20 0 33585 
Soybean hull (3) 8888 50 0 0 4444 

 
(1) Sunflower hull constitutes about 25% of the dry weight of the seed. Hulls are not 

systematically removed in the sunflower oil industry although dehulling increases the 
oil yield and dehulled meal as a higher value than non-dehulled meal. When they 
are removed, the hulls in most of the cases are mixed back with the meal. The net 
availability is estimated taking into account that 50% of the hull removed will be 
mixed with the meal for economical reason (the added-value of partially dehulled 
meal will compensate for the loss of meal weight). 

(2) Oat hull are systematically removed in the oat processing industry. They can be 
used as livestock feeding or as biomass fuel. 

(3) Soybean hull availability will depend on t he market demand for low or high protein 
soybean meal. So currently it is not a r eliable source of material for ethanol 
production. 
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4.2.2 Chemical screening of preselected feedstock 
 
The table below is a s ummary of the chemical compositions of all the residues 
investigated during the project. Several biomasses were found not suitable for the 
production of 2nd generation ethanol with the CES process when minerals, proteins, 
lignin and hemicelluloses contents were high. Other biomasses are simply not 
convenient for the production of ethanol because of low content in cellulose. 
 
Table 4.2.2.1 Summary of the chemical compositions of the biomasses 
investigated for the production of ethanol with CES. 
 

Residue type Mineral 
(%) 

 

Lipid 
(%) 

 

Protein 
(%) 

Lignin  
(%) 

Cellulose 
(%) 

Hemi 
celluloses 

(%) 
Crop harvesting residues 
Barley straws 2.2 1.9 3.6 17.1 33.3 20.4 
Corn stover 4-7 1.3 5.6-9.3 11.3-21.2 32.0-36.0 26.1 
Oat straws 2.2 1.6 5.3 12.8 37.6 23.3 
Potato stems and leaves 13.5 4.3 10.9 27.0 29.8 25.3 
Rapeseed stems 2.1-3.3 0.7 6.5 16.6 42.4 16.4 
Rice straw 13.3 n.d n.d 12.3 36.5 33.8 
Rye straws 5.2 n.d 6.0 5-6.5 35.6-42.3 26-28 
Sorghum straw 10.7 n.d n.d 6.2 44.5 38.6 
Sugar beet leaves / tops 16.0 3.0 17.7 15.5 nd nd 
Sunflower stalks 7.0-8.9 1,5 7.3-11.2 14-17 43-48 11-19 
Tomato stalks 7.4 n.d n.d 4.2 40.5 47.5 
Wheat straws 2.4 1.6 4.0 14.5-18.1 28.3-34.5 28.8 
Pruning residues 
Almonds 1.8-2.5 n.d n.d 27-29 39.3-42.0 n.d 
Apples 3.5 1.8 7.5 14.3 44.5 20.8 
Olives  6.4 1.0 7.9 16.0 12.0 18.2 
Oranges 3.57 n.d n.d 17.0 30.0 nd 
Peach and nectarine  2.3 n.d 8.0 15.6 34.6 21.3 
Vineyard 8 0.5-0.7 4.0-4.3 19.8-21.7 34.0-36.1 10.8-10.9 
Forest tree limbing residues 
E.camaldolensis  0.6 0.3 1.1 10.8 65.4 20.9 
E.globulus  0.6 0.5 0.5 14.3 66.1 12.8 
Acceptable contents for 
ethanol production and 
the CES process 

<10 <10 <10 <22 >34 <30 

 
At this stage, the preselected feedstock which net availability was less than or 
close to 30.000 tons DB were also discarded. 
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The table below presents the final list of feedstock selected at stage 2.  
 
Table 4.2.2.2 - List of selected feedstock at stage 2 for France 
 

Feedstock 
 

Net availability  
tons DB 

Crop harvest 
Wheat 9.177.075 
Corn  4.402.125 
Rapeseed  1.515.493 
Barley  2.272.950 
Sunflower 772.816 
Oat 100.755 
Pruning  
Vineyard 684.805 
Industrial processing 
Sunflower hull 204.449 
Sweet corn cob 127.900 

 
 
4.2.3 Regional distribution of the selected feedstock 
 
The objective of the next selection stage was to investigate the distribution and 
concentration of feedstock at regional level for the supply of industrial plants at 
minimum transportation costs. The minimum acceptable concentration of feedstock in a 
given region (maximum 100km radius area) to supply a s mall industrial production 
plant was estimated at 30,000 tons dry matter per year.  
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Wheat crop residues 
 
Table 4.2.3.1 Estimated net availability wheat crop residues by region in France 
 
Regions Net availability  

ton DB 
Centre 1.468.332 
Picardie 917.708 
Champagne-Ardenne 825.937 
Bourgogne-Franche Comté 734.166 
Normandie  734.166 
Poitou-Charentes 642.395 
Pays de la Loire 642.395 
Ile de France 550.625 
Nord Pas de Calais 550.625 
Midi Pyrénées 458.854 
Lorraine-Alsace 458.854 
Bretagne 458.854 
Rhône-Alpes 275.312 
Auvergne 275.312 
Aquitaine 183.542 
Total 9.177.075 

 
 
Figure 4.2.3.1 Distribution and concentration of wheat crop residues by region  
 

France is the 4th largest producer of 
wheat in the world and the 1st 
producer in Europe.  Wheat 
production in France is 
concentrated to the greatest extent 
in the northern regions of the 
country, but to some extent, is 
grown throughout the whole 
country. The regions of Centre and 
Picardie lead the production with 
respectively 16% and 10%. Winter 
wheat is the predominant variety 
produced in France. The table on 
the left and the figure below are a 
summary of the regions producing 
more than 30,000 tons of dry crop 
residues per year. 
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Corn crop residues  
 
Table 4.2.3.2 Estimated net availability corn crop residues by region in France 
 

 

 
 
Figure 4.2.3.2 Distribution and concentration of corn crop residues by region  
 
 
 

Regions Net availability  
ton DB 

Aquitaine 924.446 
Midi-Pyrénées 572.276 
Poitou-Charentes 396.191 
Pays de la Loire 396.191 
Centre 352.170 
Rhône-Alpes 352.170 
Bretagne 352.170 
Lorraine-Alsace 308.149 
Bourgogne-Franche Comté 220.106 
Champagne-Ardenne 132.064 
Picardie 88.043 
Île-de-France 88.403 
Total 4.182.019 

France is the 6th largest producer of 
corn in the world and the 3rd largest 
exporter. Corn is grown throughout the 
entire country and the major growing 
areas are located in the southern and 
western regions. The region of 
Aquitaine is the major producer and 
currently supplies a 1st generation 
ethanol plant located near Pau (close to 
the Pyrénées). The table on the left and 
the figure below are a summary of the 
regions producing more than 30,000 
tons of dry crop residues per year. 
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Barley crop residues 
 
Table 4.2.3.4 Estimated net availability barley crop residues by region in France 
 
Regions Net availability  

ton DB 
Centre 250.025 

Champagne-Ardenne 250.025 

Bourgogne-Franche Comté 250.025 

Lorraine- Alsace 204.566 

Poitou-Charentes 181.836 

Midi-Pyrénées 181.836 

Picardie 181.836 

Nord-Pas-de-Calais 136.377 

Normandie  136.377 

Bretagne 113.648 

Aquitaine 68.189 

Rhône-Alpes 68.189 

Pays de la Loire 68.189 

Île-de-France 68.189 

Auvergne 45.459 
Total 2.227.491 

 
 
Figure 4.2.3.4 Distribution and concentration of barley crop residues by region  
 
 

En France, 1.7 M ha are 
dedicated to the cultivation of 
barley (1.2 M for winter barley and 
0.5 M for summer barley). The 
major production is concentrated 
in the north of the country. The 
table on the left and the figure 
below are a summary of the 
regions producing more than 
30,000 tons of dry crop residues 
per year. 
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Rapeseed crop residues 
 
Table 1.2.3.3 Estimated net availability rapeseed crop residues by region in 
France 
 

Regions Net availability 
ton DB 

Bourgogne-Franche Comté 272.789 

Lorraine-Alsace 257.634 

Centre 227.324 

Champagne-Ardenne 227.324 

Normandie  106.085 

Poitou-Charentes 75.775 

Midi-Pyrénées 75.775 

Picardie 75.775 

Île-de-France 60.620 

Total 1.363.946 
 
 

 
 
Figure 4.2.3.3 Distribution and concentration rapeseed crop residues by region  
 
 
 
 
 

France is the 2nd producer of rapeseed 
in Europe, mainly cultivated in the centre 
and and northeastern regions. In the last 
10 years, rapeseed production has 
grown notably for the supply of the 
biodiesel production plants. The table on 
the left and t he figure below are a 
summary of the regions producing more 
than 30,000 tons of dry crop residues 
per year. 
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Sunflower crop residues 
 
Table 4.2.3.5 Estimated net availability of sunflower crop residues by region in 
France 
  
Regions Net availability  

tons DB 
Poitou-Charentes 170.020 
Centre 154.563 
Midi-Pyrénées 131.379 
Pays de la Loire 69.553 
Bourgogne-Franche Comté 61.925 
Aquitaine 46.369 
Total 579.612 
 
 
 
 
 

 
 
Figure 4.2.3.5 Distribution and concentration of sunflower crop residues by 
region  
 
 
 
 

France is 1st producer of sunflower in 
Europe and 5th in the world. In the last 
10 years some of the production has 
been used to supply the biodiesel 
plants. France has much developed 
high oleic sunflower in the past years 
as a hi gh added v alue product for 
edible vegetable oil. The production is 
much concentrated in the west of the 
country. The table on the left and the 
figure below are a summary of the 
regions producing more than 30,000 

 f      
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Oat crop residues 
 
Tab 4.2.3.6 Estimated net availability oat crop residues by region in France 
 
Regions Net availability  

ton DB 
Bretagne 15.600 
Centre 11.880 

Normandie  11.200 
Lorraine- Alsace 10.000 
Bourgogne-Franche Comté 10.020 
Pays de la Loire 6.095 
Poitou-Charentes 5.900 
Auvergne 5.750 
Champagne-Ardenne 4.300 
Midi-Pyrénées 4.250 
Picardie 4.000 
Île-de-France 3.900 
Nord-Pas-de-Calais 3.300 
Aquitaine 2.400 
Rhône-Alpes 2.160 
Total 100.755 
 
Vineyard pruning residues 
 
France is the worldwide leader in the production of wine. Most of the vineyards are 
concentrated in the south of France in two major production regions: Languedoc 
Roussillon and A quitaine. The table and figure below are a s ummary of the regions 
producing more than 30,000 tons of pruning residues per year. 
 
Table 4.2.3.7 Estimated net availability of vineyard pruning residues by region in 
France 
 
Regions Net availability  

ton DB 
Languedoc-Roussillon 190.505 

Aquitaine 106.834 

Provence-Alpes-Côte d'Azur 80.362 

Poitou-Charentes 71.049 

Champagne-Ardenne 63.155 

Rhône-Alpes 49.162 
Total 531.664 
 
 
 

Oat cultivation and crop residues are 
much scattered all over the country. 
None of the regions concentrates 
sufficient amount of residues to 
supply even a small production plant. 
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Source: IFN, SOLAGRO, FCBA 2006 
Figure 4.2.3.6 Distribution and concentration of vineyard pruning residues by 
region in France 
 
Sunflower processing residues 
 
There are several oilseed processing plants in France, most of them located near the 
Atlantic and M editerranean ports. The plants with bigger production capacity are 
Sofiproteol plants at Grand-Couronne, Bordeaux and Sète which process 70% of the 
rapeseed and sunflower seeds. Another 20-25% of oilseeds are processed by Cargill 
plant in St Nazaire. The potential 204,449 tons of sunflower hulls which could be 
used for the production of 2nd generation ethanol are concentrated in 4 different 
locations of quite similar production capacity. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.2.3.7: Oilseeds production plants and processing capacities in France 
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Sweet corn cob 
 
Sweet corn is processed in the region where it is produced. There is only one region 
in France with sufficient residues to supply a 2nd generation ethanol plant which 
is Aquitaine with 109,000 t/year residues 
 
4.2.4 Conclusions 
 
The table below is a summary of the potential net availability of lignocellulosic 
feedstock in France which altogether amounts to nearly 20 M tons equivalent dry 
matter. It is worth noticing that more than 50% of this feedstock is concentrated in the 6 
first producing regions and that 10 regions have a producing capacity above 1 M tons 
per year. All the regions except Limousine and Corse present sufficient wastes to 
supply one or  more industrial plant with quite diversified feedstock from crops and 
pruning residues. 
The current annual production of 1st generation ethanol in France is 1.15 Mm3 (2012) 
with 16 industrial plants which generate 5000 jobs (direct and indirect employees).  
Assuming an average conversion yield to ethanol of 0.2 m3/t dry lignocellulosic matter, 
the potential production of 2nd generation ethanol in France would be about 3.8 Mm3 (4 
times the current production of 1st generation ethanol) with a perspective of creation of 
50-100 industrial plants and 20000 jobs. 
 
Table 4.2.4 Summary of lignocellulosic feedstock potentially available by region 
in France 
 

Regions 

Crop residues 
Vineyard 
pruning 
residues 

Sweet 
Corn Cob 
residues 

& 
Sunflower 

hulls 

Total 
Wheat Corn Barley Rapeseed Sunflower 

Centre 1468332 352170 250025 227324 154563 20610 0 2.473.025 
Poitou-Charentes 642395 396191 181836 75775 170020 71049 0 1.537.266 
Aquitaine 183542 924446 68189 0 46369 106834 159000 1.488.379 
Bourgogne-Franche Comté 734166 220106 250025 272789 61825 29403 0 1.568.314 
Champagne-Ardenne 825937 132064 250025 227324 30913 63155 0 1.529.417 
Midi-Pyrénées 458854 572276 181836 75775 131379 33090 0 1.453.210 

Pays de la Loire 642395 396191 68189 15155 69553 33846 50000 1.275.330 

Picardie 917708 88043 181836 75775 7728 0 0 1.271.089 

Lorraine-Alsace  458854 308149 204566 257634 7728 0 0 1.236.930 

Normandie  734166 44021 136377 106085 0 0 50000 1.070.649 

Bretagne 458854 352170 113648 15155 7728 0 0 947.554 

Rhône-Alpes 275312 352170 68189 30310 38641 49162 0 813.784 

Île-de-France 550625 88043 68189 60620 15456 0 0 782.932 

Nord-Pas-de-Calais 550625 0 136377 30310 0 0 0 717.311 

Languedoc-Roussillon 0 0 22730 0 15456 190505 50000 278.690 

Auvergne 275312 44021 45459 30310 15456 0 0 410.559 

Provence-Alpes-Côte d'Azur 0 44021 22730 15155 7728 80362 0 169.996 

Limousin 0 44021   15155 0 0 0 59.176 

Corse 0 44021 0 0 0 6788 0 50.809 
Total 9.177.075 4.402.125 2.272.950 1.515.496 772.816 684.805 309.000 19.134.267 
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4.3 GERMANY 
 

4.3.1 Preselected feedstock 
 
A. Main agricultural production 

 
Germany is a major producing country for cereal grains and oleaginous seeds. It is also 
the 2nd producer of sugar beet in Europe. The country is therefore a bi g potential 
supplier of agricultural residues for the production of 2nd generation ethanol. 
 
Crops  Production         

tons 

Wheat 24.106.700 
Sugar beet 23.858.400 
Barley 10.412.100 
Potatoes 10.201.900 
Rapeseed 5.697.600 
Corn 4.072.900 
Rye 2.903.470 
Grapes 953.400 
Apples 834.960 

Oat 600.300  
Source FAO STAT 2010 
 
B. Reason to discard some residues 

 
No residues were discarded at this stage of the selection. 

 
C. Preselected feedstock at stage 1 

 
Results of the different types of biomass waste supplies in Germany, actual percentage 
of utilization of this biomass waste in other uses and potential net availability for the 
production of 2nd generation ethanol are presented in the table below. 
 
Table 4.3.1.1 Germany net availability of crop residues 
Crops  Gross amount 

supply  
tons DM 

Competition % Net availability 
tons DM Animal (1) Energy Soil cover 

Wheat 18080025 35 10 25 5424008 
Sugar beet 8946900 30 0 40 2684070 
Barley 7809075 30 0 40 2342723 
Rapeseed 5982480 0 0 70 1794744 
Corn 4276545 15 5 50 1282964 
Potatoes 3825713 60 0 20 765143 
Rye 2177603 10 3 55 696833 
Oat 450225 40 0 30 135068 
Sunflower 74403 0 0 70 22321 

(1) Uses for animal feeding and/or bedding 
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Table 4.3.1.2 Germany net availability of pruning residues 
 

Residues from 
Gross amount 

supply  
tons DB 

Competition (%) Net availability 
tons DB 

Energy (1) Soil cover  
Vineyard 289730 0 70 86019 

(1) Uses as fuel for producing energy and/or simply burned in the field  
 

Table 4.3.1.3 Germany net availability of forest limbing residues 
 

Forest residues 
Gross amount 

Supply  
tons DB 

Competition (%) Net availability 
Tons DB 

Energy Soil cover  
 All species 21421108 10 70 4284221 

 
In Germany the climatic conditions are not favorable to the production of 
Eucalyptus. 
 
4.3.2 Chemical screening of preselected feedstock 
 
The chemical screening of the preselected feedstock was carried out using the 
chemical composition figures presented in table 4.2.2.1. At this stage, the 
preselected feedstock which net availability was less than or close to 30000 tons 
dry matter were also discarded. 
 
The table below presents the final list of feedstock selected at stage 2. 
 
Table 4.3.2 List of selected feedstock at stage 2 for Germany 
 

Feedstock Net availability tons DM 

Crop harvest residues 
Wheat 5.424.008 
Barley 2.342.723 
Rapeseed 1.794.744 
Corn 1.282.964 
Rye 696.833 
Oat 135.068 
Pruning residues 
Vineyard 86.016 
Processing residues 
Oat hull 150.075 

 
4.3.3 Regional distribution of the selected feedstock 
 
The objective of next selection step was to investigate the distribution and 
concentration of feedstock at regional level for the supply of industrial plants at 
minimum transportation costs. The minimum acceptable concentration of feedstock in a 
given länder (maximum 100km radius area) to supply a s mall industrial production 
plant was estimated at 30,000 tons dry matter per year.  
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Wheat crop residues 
 
Table 4.3.3.1 Estimated net availability of wheat crop residues by länder in 
Germany 
 
Länder Net availability  

ton DB 
Bayern 1.030.562 
Niedersachsen 705.121 
Sachsen-Anhalt 542.401 
Nordrhein-Westfalen 542.401 
Mecklenburg-Vorpommern 433.921 
Baden-Württemberg 433.921 
Schleswig-Holstein 379.681 
Thüringen 379.681 
Hessen 325.440 
Sachsen 271.200 
Brandenburg 216.960 
Rheinland-Pfalz 162.720 
Total 5.424.008 
 

 
 
Figure 4.3.3.1 Distribution and concentration of wheat crop residues by länder in 
Germany 
 

Germany is the 8th largest producer 
of wheat in the world and 2nd in 
Europe. It produces mainly winter 
wheat. The major growing länders 
are Bayern with respectively 19 and 
17% of the production, but one c an 
say that wheat is produced in high 
quantities in most of the länders. The 
table and f igure on t he left are a 
summary of the regions producing 
more than 30,000 tons of dry crop 
residues per year. 
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Rapeseed crop residues 
 
Table 4.3.3.2 Net availability of rapeseed crop residues by länder in Germany 
 

 

 

 
 
Figure 4.3.3.2 Distribution and concentration of rapeseed crop residues by 
länder in Germany 
 

Länder Net availability 
ton DB 

Mecklenburg-Vorpommern 305.106 
Bayern 269.212 
Schleswig-Holstein 197.422 
Niedersachsen 179.474 
Brandenburg 161.527 
Sachsen-Anhalt 125.632 
Hessen 107.685 
Thüringen 107.685 
Baden-Württemberg 107.685 
Nordrhein-Westfalen 89.737 
Sachsen 89.737 
Total 1.740.902 

Germany is the rapeseed producing 
leader in Europe and 4th in the world 
(mostly winter rapeseed). The 
oleaginous seeds are mainly 
produced in the northern and 
southern länders of the country, but 
one can say that it is quite equally 
produced in fair quantity all over the 
country. The table on the left and the 
figure below are a summary of the 
regions producing more than 30,000 
tons of dry crop residues per year. 
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Barley crop residues 
 
Germany is the world leading producer of barley with 3 months production from June to 
August with spring and winter cultivations. There are 2 major producing areas: Bayern 
and Niedersachsen. The table and figure below are a summary of the regions 
producing more than 30,000 tons of dry crop residues per year. 
 
Table 4.3.3.3 Estimated Net availability of barley crop residues by länder in 
Germany 

Länder 
Net availability  
Spring barley 

ton DB 

Net availability  
Winter barley 

ton DB 

Net availability  
total barley 

ton DB 
Bayern 134.941 302.680 437.621 
Niedersachsen 61.848 284.875 346.723 
Nordrhein-Westfalen 16.868 249.266 266.133 
Mecklenburg-Vorpommern 33.735 178.047 211.782 
Sachsen-Anhalt 39.358 142.438 181.795 
Baden-Württemberg 67.470 106.828 174.299 
Sachsen 39.358 106.828 146.186 
Thüringen 50.603 89.023 139.626 
Brandenburg 28.113 106.828 134.941 
Hessen 22.490 106.828 129.318 
Schleswig-Holstein 5.623 89.023 94.646 
Rheinland-Pfalz 61.848 17.805 79.653 
Total   2.337.100 
 

 
 
Figure 4.3.3.3 Distribution and concentration of spring and winter barley crop 
residues by länder in Germany 
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Rye crop residues 
 
Germany is the 2nd producer of rye in Europe and 3rd in the world. It is mainly produced 
in the northern länder of the country. The table and figure below are a summary of the 
regions producing more than 30,000 tons of dry crop residues per year. 
 
Table 4.3.3.4 Estimated Net availability of barley crop residues by länder in 
Germany 
 
Länder Net availability ton DB 
Brandenburg 174.208 
Niedersachsen 132.398 
Mecklenburg-Vorpommern 90.588 
Sachsen-Anhalt 69.683 
Bayern 55.747 
Nordrhein-Westfalen 41.810 
Total 564.435 
 

 
 
Figure 4.3.3.4 Distribution and concentration of spring and winter barley crop 
residues by länder in Germany 
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Corn crop residues 
 
Many länders concentrate sufficient corn crop residues to supply an industrial plant. 
 
Table 4.3.3.5 Estimated net availability of corn harvest residues by länder in 
Germany 
 

Länder Net availability  
ton DB 

Bayern 319.701 
Niedersachsen 239.296 
Nordrhein-Westfalen 176.628 
Baden-Württemberg 107.493 
Brandenburg 95.076 
Mecklenburg-Vorpommern 70.107 
Sachsen-Anhalt 62.963 
Schleswig-Holstein 61.756 
Sachsen 60.694 
Thüringen 42.901 
Total 1.210.284 
 
Oat crop residues 
 
As in France, oat cultivation and residues are much scattered all over the country. 
None of the länders concentrates sufficient wastes to supply even a small production 
plant, except if we cumulated the supplies from the two neighbour länders Bayern & 
Baden- Wuttemberg. 
 
Table 4.3.3.6 Estimated net availability of Oat harvest residues by länder in 
Germany 
 
Länder Net availability ton DB 
Baden- Wuttemberg 27.000 
Bayern 29.100 
Hessen 17.400 
Brandeburg 16.000 
Niedersachsen 11.300 
Niederhein-Westfalen 10.560 
Saschen 7.900 
Reinland-Pfalz 3.400 
Schelswig-Holstein 3.400 
Thuringen 3.008 
Saschen-Anhlat 2.900 
Saarland 1.800 
Mechenburg-Vorpommen 1.300 
Total 135.068 

 
Vineyard pruning residues 
 
Most of wine in Germany is produced in the Western länders Rheinland-Pfalz and 
Hessen. These two regions produce about 70,000 tons DB of vineyard pruning 
residues per year. 
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Oat milling residues  
 
There are 4 main oat milling plants located in 4 different länders: 
 

• Dr. Fooke-Achterrath Laboratorien GmbH in Neuss Nordrhein-Westfalen. 
• Kampffmeyer Mühlen GmbH WerkWesermühlen Hamelnin in Hameln 

Niedersachsen. 
• Gut &Gerne Bio-ZentraleGmbH  in Stubenberg in Bayern. 
• Kölln Peter KöllnKGaA in Elmshorn Schleswig-Holstein. 

 
4.3.4 Conclusions 
 
The table below is a summary of the potential net availability of lignocellulosic 
feedstock in Germany which altogether amounts to more than 10 M tons equivalent dry 
matter. It is worth noticing that the feedstock are much concentrated in Germany since 
the 4 first producing regions produce more than 50% of the total amount available with 
production capacity above 1 M tons per year. It is a much favourable condition for 
transportation costs. All the länders, except Saarland, present sufficient feedstock to 
supply one or more industrial production plants with quite diversified feedstock mainly 
from crop residues. 
The annual production of 1st generation ethanol in Germany was 1.12 Mm3 in 2005.   
Assuming an average conversion yield to ethanol of 0.2 m3/t dry lignocellulosic matter, 
the potential production of 2nd generation ethanol in Germany would be about 2.3 Mm3 
(twice the current production of 1st generation ethanol) with a perspective of creation of 
25-50 industrial plants and 10000 jobs. 
 
Table 4.3.4 Summary of lignocellulosic feedstock potentially available by region 
in Germany 
 

Länders 
Crop residues Vineyard 

pruning 
residues 

Oat hull Total 
Wheat Barley Rye Rapeseed Corn 

Bayern 1030562 437621 55747 269212 319701   40000 21.52.842 
Niedersachsen 705121 346723 132398 179474 239296   40000 1.643.013 
Nordrhein-Westfalen 542401 266133 41810 89737 176628   40000 1.156.710 
Mecklenburg-Vorpommern 433921 211782 90588 305106 70107     1.111.504 
Sachsen-Anhalt 542401 181795 69683 125632 62963     982.475 
Baden-Württemberg 433921 174299 13937 107685 107493     837.334 
Brandenburg 216960 134941 174208 161527 95076     782.712 
Schleswig-Holstein 379681 94646 34842 197422 61756   40000 808.346 
Thüringen 379681 139626 6968 107685 42901     676.861 
Hessen 325440 129318 20905 107685 27187 35000   645.536 
Sachsen 271200 146186 34842 89737 60694     602.659 
Rheinland-Pfalz 162720 79653 13937 35895 16570 35000   343.775 
Saarland 0 5623 6968 17947 2591     33.130 
Total 5.424.008 2.348.356 696.833 1.794.744 1.282.964 70.000 160.000 11.706.905 
 
 
 
 
 
 
 
 

http://www.supermarktcheck.de/gut-gerne/
http://www.supermarktcheck.de/koelln/
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4.4 ITALY 
 
4.4.1 Preselected feedstock 
 
A. Main agricultural production 

 
Italy is a major producer of cereals and fruits, and olives and grapes for wine in Europe. 
The country is 2nd producer of wine and ol ive oil in the world. Italy is therefore an 
excellent potential supplier of diversified lignocellulosic biomasses for the production of 
2nd generation ethanol. 
 
Crops Production         

FAO 2010 tons 

Corn 8.827.810 
Grapes 7.787.800 
Wheat  6.849.860 

Tomatoes 6.024.800 
Sugar beet 3.550.100 
Olives 3.170.700 
Oranges 2.393.660 
Apples 2.204.970 
Peaches Nectarines 1.590.660 
Potatoes 1.558.030 
Rice 1.516.400 
Barley 990.700 
Pears 736.646 
Soybean 552.500 
Lemons 522.377 
Kiwis 415.877 
Sorghum 271.400 
Tangerines Mandarins 240.628 
Sunflower 212.900 
Source FAO STAT 2010 
 
B. Reason to discard some residues 

 
Residues of soybean crop were not considered because soybeans are grown after 
corn to break the monoculture and enrich the soil organic matter. Some farmers might 
remove soybean crop residues from the fields but it is incorrect from the agronomic 
point of view. 

 
C. Preselected feedstock at stage 1 

 
Results of the different types of biomass waste supplies in Italy, actual percentage of 
utilization of this biomass waste in other uses (competition) and potential net availability 
for the production of 2nd generation ethanol are presented in the following tables. 
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Table 4.4.1.1 Italy net availability of crop residues 
 
Crops  Gross amount 

supply  
tons DM 

Competition % Net availability 
tons DM Animal (1) Energy Soil cover 

Corn 9269201 10 8 45 3429604 
Wheat  5137395 30 5 35 1541219 
Sugar beet 1331288 10 10 60 266258 
Rice 1137300 20 0 40 454920 
Tomatoes 768162 0 0 70 230449 
Barley 743025 30 0 40 222908 
Soybean 580125 0 0 70 174038 
Sorghum 203550 0 0 50 101775 
Sunflower 335318 0 0 70 100595 
Potatoes 584261 70 0 20 58426 
Rapeseed 52815 0 0 70 15845 

(1) Uses for animal feeding and/or bedding 
 
Table 4.4.1.2 Italy net availability of pruning residues 
 

Residues from 

Gross 
amount 
supply 

tons DB 

Competition (%) Net availability 
tons DB 

Energy (1) Soil 
cover  

Vineyards 2254750 0 70 676425 
Olive trees 2024360 0 70 607308 
Peach and nectarine trees 261751 0 70 78525 
Orange trees 185963 0 70 55789 
Apple trees 138977 0 70 41693 
Pear trees 80466 0 70 24139 
Kiwi trees 71558 0 70 21467 

Tangerine and mandarin trees 69566 0 70 20869 

Lemon trees 51937 0 70 15581 
(1) Uses as fuel to produce energy or simply burnt in the fields 
 

Table 4.4.1.3 Italy net availability of agro-industrial residues 
 

Type Gross amount 
supply  

tons DB 

Competition (%) 
Net 

availability  
tons DB 

  Food Energy Other 
Olive pulp (1) 734427 0 90 0 73443 
Sunflower hull  53225 50 0 0 26613 

(1) Official data from ISMEA 2010 
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Table 4.4.1.4 Italy net availability of forest residue  
 

Forest residues 
Gross amount 

Supply  
tons DB 

Competition (%) 
Net availability 

Tons DB 
 

Energy Soil cover  
 All species 8966569 80 0 1793314 

 
Eucalyptus is grown in Italy on 70,000 ha. Sicilia and Sardegna are the main producers 
with respectively 35,000 and 25,000 ha. Sicilia uses its Eucalyptus residues as fuel for 
the production of electricity. So, currently there are no su fficient Eucalyptus 
residues to supply an ethanol production plant. 
 
4.4.2 Chemical screening of preselected feedstock 
 
The chemical screening of the preselected feedstock was carried out using the 
chemical composition figures presented in table 4.2.2.1. 
 
At this stage, the preselected feedstock which net availability was less than or 
close to 30000 tons dry matter were also discarded. 
 
The table below presents the final list of feedstock selected at stage 2. 
 
Table 4.4.2.1 List of selected feedstock at stage 2 for Italy 
 

Feedstock Net availability  
tons DM 

Crop harvest residues 
Corn 3.429.604 
Wheat  1.541.219 
Barley 222.908 
Sunflower 100.595 
Pruning residues 
Vineyards 676.425 
Peach and nectarine trees 78.525 
Apple trees 41.693 
Processing residues 
Olive pulp 73.423 

 
4.4.3 Regional distribution of the selected feedstock 
 
The objective of this next step of selection was to investigate the distribution and 
concentration of feedstock at regional level for the supply of industrial plants at 
minimum transportation costs. The minimum acceptable concentration of feedstock in a 
given region (maximum 100km radius area) to supply a s mall industrial production 
plant was estimated at 30,000 tons dry matter.  
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Corn crop residues 
 
Table 4.4.3.1 Estimated net availability of corn crop residues by region in Italy 
 

 

 

 
 
Figure 4.4.3.1 Distribution and concentration of corn crop residues by region  
 
 
 

Regions Net availability 
tons DM 

Veneto 823.105 
Lombardia 685.921 
Piemonte 617.329 
Friuli Venezia Giulia 274.368 
Emilia-Romagna 205.776 
Toscana 205.776 
Lazio 137.184 
Campania 137.184 
Umbria 68.592 
Marche 68.592 
Abruzzo 68.592 
Basilicata 68.592 
Total 3.395.308 

 
Italy is the 2nd producer of corn in 
Europe.  
The production is concentrated in the 
Northern regions (70%).  
The table on the left and figure below 
are a summary of the regions 
producing more than 30,000 tons of dry 
crop residues per year. 
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Wheat crop residues 
 
Table 4.4.3.2 Estimated net availability of wheat crop residues by region in Italy 
 

Regions 

Net 
availability  

Durum wheat  
tons DM 

Net 
availability  
Soft wheat  

tons DM 

Net 
availability  
Total wheat  

tons DM 
Sicilia 240430 0 240.430 
Puglia 230412 5394 235.807 
Emilia-Romagna 50090 107885 157.975 
Toscana 60108 59337 119.444 
Basilicata 110197 5394 115.591 
Marche 70125 43154 113.280 
Lazio 50090 48548 98.638 
Campania 40072 37760 77.832 
Piemonte 0 64731 64.731 
Umbria 0 59337 59.337 
Calabria 40072 16183 56.254 
Molise 50090 5394 55.484 
Abruzzo 20036 32366 52.401 
Sardegna 50090 0 50.090 
Lombardia 0 43154 43.154 
Total   1.186.739 
 

 
 
Figure 4.4.3.2 Distribution and concentration of durum and soft wheat crop 
residues by region  
 
 

Italy is a m ajor producer of 
durum wheat for the 
processing to pasta and 
semolina. Durum wheat is 
mainly produced in the 
South and s oft wheat in the 
North. The table on the left 
and the figure below are a 
summary of the regions 
producing more than 30,000 
tons of dry crop residues per 
year. 
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Barley crop residues 
 
The 223000 t of barley crop residues are much scattered all over of the country. None 
of the Italian region concentrates more than 30000t/year of dry residue. 
 
Sunflower crop residues 
 
Italy is a m inor producer of sunflower although the country would have a bigger 
production potential. The table and figure below are a summary of the three regions 
next to each other in the centre of Italy that totalise 41,581 t of crop dry residues per 
year. 
 
Table 4.4.3.4 Estimated net availability of sunflower crop residues by region in 
Italy 
 
Regions Net availability  

tons DM 
Toscana 32.190 
Umbria 21.125 
Marche 18.107 
Total 71.423 
 

 
 
Figure 4.4.3.4 Distribution and concentration of sunflower crop residues by 
region  
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Pruning residues 
 
The table and figure below are a summary of the regions alone or next to each other 
totalising a production of more than 30,000 tons of dry pruning residues per year. 
 
Table 4.4.3.5 Estimated net availability of vineyard pruning residues by region in 
Italy 

Regions Net availability 
Tons DB 

Sicilia  168.625 
Puglia  160.820 
Veneto  101.280 
Emilia Romagna   91.120 
Toscana  78.080 
Piemonte  76.500 
Total 676.425 

Table 4.4.3.6 Estimated net availability of orchard pruning residues by region in 
Italy 

 

 

Regions Net available 
Peach Nectarine 

Tons DB 

Net availability 
Orange 

Tons DB 

Net availability 
Apple 

Tons DB 
Emilia Romagna 51.042   
Sicila  40.382  
Calabria  21.200  
Trentino Alto Adige   31.665 
Veneto   14.592 
Total 51.042 55.789 41.693 

Oranges 

Apples 

Peach Nectarine 
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Figure 4.4.3.5 Distribution and concentration of orchard pruning residues by 
region  
 
Olive pulp 
 
The main production of olive pulp is concentrated in the Southern regions of Puglia, 
Calabria and Sicilia which altogether could supply about 50000 tons per year. 
 
Table 4.4.3.8 Estimated net availability of olive pulp residues by region in Italy 
 
Regions Net availability tons DB 
Puglia 24.441 
Calabria 20.720 
Sicilia 7.092 
Lazio 6.700 
Campania 5.000 
Toscana 2.931 
Abruzzo 2.551 
Sardegna 1.361 
Basilicata 1.000 
Molise 973 
Liguria 489 
Marche 80 
Umbria 50 
Veneto 30 
Emilia Romagna 25 
Total 73.443 
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4.4.4 Conclusions  
 
The table below is a summary of the potential net availability of lignocellulosic 
feedstock in Italy which altogether amounts to almost 6 M tons equivalent dry matter. It 
is worth noticing that the first 6 regions totalise almost 50% of the national resources 
with high diversity of materials (crop and pruning residues) and a production capacity 
ranging from 500 to 900000 tons per year.  
 
Assuming an average conversion yield to ethanol of 0.2 m3/t dry lignocellulosic matter, 
the potential production of 2nd generation ethanol in Italy would be about 1.2 Mm3 with 
a perspective of creation of 10-20 industrial plants and 5000 jobs. 
 
Table 4.4.4 Summary of lignocellulosic feedstock potentially available by region 
in Italy 
 

Regions 
Crop residues Pruning residues Olive 

pulp Total 
Corn Sunflower Wheat Vineyard Orchard 

Veneto 814874 1279 26971 101280 14592   958.996 
Piemonte 611155 1279 64731 76500     753.666 
Lombardia 679062 1279 43154       723.495 
Sicilia 0 1279 240430 168625 40382 7092 457.808 
Puglia 0 10232 235807 160820   24441 431.299 
Emilia-Romagna 203718 2558 157975 91120 51042   506.413 
Toscana 203718 40926 119444 78080     442.169 
Lazio 135812 5116 98638       239.566 
Marche 67906 23021 113280       204.207 
Basilicata 67906 1279 115591       184.777 
Campania 135812 1279 77832       214.923 
Friuli Venezia Giulia 271625 1279 5394       278.298 
Umbria 67906 26858 59337       154.101 
Abruzzo 67906 3837 52401       1241.44 
Calabria 0 1279 56254   21200 20720 99.453 
Molise 0 11511 55484       66.994 
Sardegna 0 1279 50090       51.369 
Liguria 33953 1279 5394       40.626 
Trentino Alto Adige 0 1279 0   31665   32.944 
 Total 3.361.355 138.127 1.578.208 676.425 158.881 52.253 5.965.249 
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4.5 SPAIN 
 
4.5.1 Preselected feedstock 
 
A. Main agricultural production 

 
Spain as Italy is a m ajor producer of diversified cereals and fruits, and olives and 
grapes for wine in Europe. It is the 1st producer of olive oil and 3rd producer of barley in 
Europe, and 3nd producer of wine in the world. Spain is therefore also an ex cellent 
potential supplier of diversified lignocellulosic biomasses for the production of 2nd 
generation ethanol. 
 
Crops Production         

tons 

Barley 8.156.500 
Olives 6.682.010 
Grapes 6.107.200 
Wheat  5.610.700 
Tomatoes 4.312.700 
Sugar beet 3.399.400 
Corn 3.178.800 
Oranges 3.120.000 
Potatoes 2.277.900 
Tangerines Mandarins 1.708.200 

Peaches Nectarines 1.186.900 
Oat 1.017.800 
Rice 926.400 
Sunflower 887.000 
Lemons 723.875 
Apples  646.200 
Pears 476.586 
Rye 251.800 
Almonds 221.000 
Source FAO STAT 2010 
 
D. Reason to discard some residues 

 
At this stage of the selection none of the residues were discarded. 

 
E. Preselected feedstock at stage 1 

 
Results of the different types of biomass waste supplies in Spain, actual percentage of 
utilization of this biomass waste in other uses (competition) and potential net availability 
for the production of 2nd generation ethanol are presented in the following tables. 
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Table 4.5.1.1 Spain net availability of crop residues 
 
Crops Gross amount 

supply 
 tons DM 

Competition % Net availability 
tons DM Animal (1) Energy (2) Soil cover 

Barley 6117375 20 0 50 1835213 
Wheat  4208025 15 5 50 1262408 
Corn 3337740 10 3 55 1068077 
Potatoes 1138950 0 0 50 569475 
Sugar beet 1699700 30 0 40 509910 
Sunflower 1397025 0 0 70 419108 
Rice 694800 10 0 60 222336 
Oat 763350 40 0 30 229005 
Rye 188850 10 0 60 56655 
Tomatoes 747480 0 0 95 37374 

(1) Uses for animal feeding and/or bedding 
(2) Uses as fuel for producing energy and/or simply burned in the field  

 
Table 4.5.5.2 Spain net availability of pruning residues 
 

Cultures 

Gross 
amount 
supply 

tons DB 

Competition (%) Net availability 
tons DB 

Energy (1) Soil cover  
Olives 3557760 0 70 1067328 
Vineyard 2906090 0 70 871827 

Almonds 921570 0 70 276471 

Oranges 229500 0 70 68850 
Peaches Nectarines 211700 0 70 63510 
Tangerines Mandarins 163620 0 70 49086 
Apples 76080 0 70 22824 
Lemons 75420 0 70 22626 
Pears 53800 0 70 16140 
(1) Uses as fuel for producing energy and/or simply burned in the field  

 
Table 4.5.5.3 Spain net availability of agro-industrial residues 
 
Types Gross amount 

supply  
tons DB 

Competition (%) 
Net 

availability  
tons DB 

  Food Energy Other 
Olive pulp  1002302 10 70 0 200460 
Sunflower hull  221700 50 0 0 110875 
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Table 4.5.5.4 Spain net availability of forest residue  
 

Forest residues 
Gross amount 

supply  
tons DB 

Competition (%) Net availability 
Tons DB 

 
Energy Soil 

cover 
All species 5803031 80 0 1160606 
Eucalyptus (1) 114061 0 100 114061 

(1) Eucalyptus limbing residues are mostly left in the field, but could be recovered if 
there were attractive valorisation perspectives in the industry. 

 

 
 
In Spain there are some 760,000 hectares of eucalyptus, which represents 3% of the 
total planted forest area. The main species are Eucalyptus globolus (Eucalyptus white, 
with some 325,000 hectares), and Eucalyptus camaldolensis (Eucalyptus red, with 
about 175,000 hectares). E. globulus is very frost sensitive and cannot be grown in 
the north of the Iberian Peninsula.  
 
4.5.2 Chemical screening of preselected feedstock 
 
The chemical screening of the preselected feedstock was carried out using the 
chemical composition figures presented in table 4.2.2.1 
 
At this stage, the preselected feedstock which net availability was less than or 
close to 30000 tons dry matter were also discarded. 
 
The table below presents the final list of feedstock selected at stage 2. 
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Table 4.5.2 List of selected feedstock at stage 2 in Spain 
 

Feedstock Net availability  
tons DM 

Crops harvest residues 
Barley 1.835.213 
Wheat  1.262.408 
Corn 1.068.077 
Sunflower 419.108 
Oat 229.005 
Pruning residues 
Vineyard 871.827 
Oranges 68.850 
Peaches Nectarines 63.510 
Tangerines Mandarins 49.086 
Forest limbing residues 
Eucalyptus 114.061 
Processing residues 
Oat hull 254.450 
Olive pulp  200.460 
Sunflower hull  110.875 

 
 
4.5.3 Regional distribution of the selected feedstock 
 
The objective of next selection step is to investigate the distribution and concentration 
of feedstock at regional level for the supply of industrial plants with minimum 
transportation costs. The minimum acceptable concentration of feedstock in a given 
region (maximum 150km radius area) to supply a small industrial production plant was 
estimated at 30,000 tons dry matter.  
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Barley crop residues 
 
Spain is 5th producer of barley in the world and 3rd in Europe. Barley is mainly cultivated 
in the central regions. The table and the figure below are a summary of the regions 
producing more than 30,000 tons of dry crop residues per year. 
 
Table 4.5.3.1 Estimated net availability of barley crop residues by region in Spain 
 

Regions 
Net availability 

Tons DB 
Castilla y León 734.085 
Castilla-La Mancha 495.507 
Aragón 220.226 
Cataluña 110.113 
Andalucía 91.701 
Navarra 55.056 
Total 1.835.213 
 
 

 
 
Figure 4.5.3.1 Distribution and concentration of barley crop residues by region in 
Spain 
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Wheat crop residues 
 
Spain is a minor producer of wheat in Europe but 2nd producer of durum wheat with a 
high concentration in Andalucia. The table and the figure below are a summary of the 
regions producing more than 30,000 tons of dry crop residues per year. 
 
Table 4.5.3.2 Estimated net availability of wheat crop residues by region in Spain 
 

Regions 
Net availability 
Durum wheat 

Tons DB 

Net availability 
Soft wheat 

Tons DB 

Net availability 
total wheat 

Tons DB 
Castilla y León 3.156 407.127 410.283 
Andalucía 201.985 94.681 296.666 
Castilla-La Mancha 15.780 142.021 157.801 
Aragón 66.276 66.276 132.553 
Extremadura 25.248 47.340 72.588 
Navarra 3.156 56.808 59.964 
Cataluña 0 47.340 47.340 
Total   1.177.195 
 
 

 
 
Figure 4.5.3.2 Distribution and concentration of durum and soft wheat harvest 
residues by region in Spain 
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Corn crop residues 
 
Spain is one of the major producers of corn in Europe. Although cultivated all over 
Spain, the northern regions are the major producers with more than 50%. The table 
and figure below are a summary of the regions producing more than 30,000 tons of dry 
crop residues per year. 
 
Table 4.5.3.3 Estimated net availability of corn crop residues by region in Spain 
 
Regions Net availability 

Tons DM 
Castilla y León 213.615 
Aragón 202.935 
Galicia 192.254 
Castilla-La Mancha 117.488 
Extremadura 106.808 
Cataluña 74.765 
Andalucía 74.765 
Navarra 42.723 
Total 1.068.077 
 

 
 
Figure 4.5.3.3 Distribution and concentration of corn crop residues by region in 
Spain 
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Sunflower crop residues 
 
Spain is a minor producer of sunflower in Europe. As Italy, the country could produce 
more, but it has given preference to durum wheat. The table and the figure below are a 
summary of the regions producing more than 30,000 tons of dry crop residues per 
year. 
 
Table 4.5.3.4 Estimated net availability of sunflower harvest residues by region in 
Spain 
 

Regions 
Net availability 

Tons DM 
Andalucía 150.879 
Castilla-La Mancha 113.159 
Castilla y León 88.013 
Total 352.050 
 
 

 
 
 
Figure 4.5.3.4 Distribution and concentration of sunflower crop residues by 
region in Spain 
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Oat crop and oat hull residues 
 
Only the two central regions have the capacity to supply over 30000 tons residues per 
year. 
 
Table 4.5.3.5 Estimated net availability of oat harvest and oat hull residues by 
region in Spain 
 

Region Oat crop residues 
Net availability tons DM 

 

Oat hull residues 
Net availability tons DM 

 
Castilla y León 72.000 78.880 
Castilla -La Mancha 59.000 66.158 
Total 131.000 145.038 

 
Vineyard pruning residues 
 
Spain is the 3rd producer of wine in the world. The largest producing area in terms of 
wineyard is Castilla-La Mancha 
 
Table 4.5.3.6 Estimated net availability of vineyard pruning residues by region in 
Spain 
 
Regions Net availability 

Tons DM 
Castilla-La Mancha 583.500 
Comunidad Valenciana 90.300 
Extremadura 76.600 
Castilla y León 70.200 
Cataluña 64.700 
Aragon 48.100 
Murcia 48.600 
Andalucia 51.000 
Total 1.137.595 
 
Orange pruning residues 
 
From the 68,850 t of orange pruning residues, only the Comunidad of Valencia 
concentrates more than 30.000t a year (47.500t). 
 
Peach & nectarine pruning residues 
 
The 63.510 t of peach and nectarine pruning residues are scattered in 6 regions, none 
of them concentrates more than 30.000t a year. 
 
Tangerine and mandarin pruning residues 
 
The 49.086 t of tangerine and mandarin pruning residues are scattered in 3 regions, 
none of them concentrates more than 30.000t a year. 
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Eucalyptus limbing residues 
 
The main producing region of Eucalyptus is Galicia which could supply up to 60.000 
tons DB limbing residues per year. 
 
Olive pulp 
 
The main olive pulp feedstock (114.000 t) is located in Andalucia, the region producing 
most of the olive oil. All the other regions produce less than 30.000 tons per year. 
 
4.5.4 Conclusions 
 
The table below is a summary of the potential net availability of lignocellulosic 
feedstock in Spain which altogether amounts to almost 9 M tons equivalent dry matter. 
It is worth noticing that the 4 largest regions concentrate 56% of the national resources 
which is very good in terms of transportation costs. The two central Castillan regions 
offer a very large production capacity with 1.7 M tons each. Spanish production is quite 
diversified with crop, pruning, forest and processing residues. Seven regions present 
very low supplying capacity.   
 
Assuming an average conversion yield to ethanol of 0.2 m3/t dry lignocellulosic matter, 
the potential production of 2nd generation ethanol in Spain would be about 1.8 Mm3 with 
a perspective of creation of 20-40 industrial plants and 9000 jobs. 
 
Table 4.5.4 Summary of lignocellulosic feedstock potentially available by region 
in Spain 
 

Regions 
Crop residues Pruning residues Euca 

lyptus 
forest 

residues 

Oat 
Sunflower 

hull 

 

Corn Wheat Sunflower Barley Oat Vineyard Orchard 
Total 

Castilla y León 213615 410283 88013 734085 72000 70200      78800 1.667.076 

Castilla-La Mancha 117488 157801 113159 495507 59000 583500     91158 1.617.614 

Andalucía 74765 296666 150879 91761 29000 51000 28010   114000 836.081 

Aragón 202935 132553 16764 220226 14000 48100 17059   3300 654.936 

Extremadura 106808 72588 33529 36704 20030 76600 5632   20000 371.891 

Cataluña 74765 47340 8382 110113   64700 21789   18000 345.090 

Galicia 192254 18936 0 18352       60000   289.542 

C. Valenciana 0 9468 4191 18352 2500 90300 81834   14000 220.645 

Navarra 42723 59964 0 55056   15000     1800 174.544 

Murcia 0 0 4191 36704 2800 48600 26516   2100 120.911 

Madrid 21362 18936 0 0   5305     1500 47.103 

La Rioja 0 18936 0 18352           37.288 

País Vasco 0 18936 0 0   9100       28.036 

Asturias 10681 0 0 0           10.681 

Cantabria 10681 0 0 0           10.681 

Islas Baleares 0 0 0 0           0 
Total 1.068.077 1.262.408 419.108 1.835.213 199.330 1.062.405 1.808.40 60.000 344.738 8.633.652 
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4.6 UNITED KINGDOM 
 
4.6.1 Preselected feedstock 
 
D. Main agricultural production 

 
UK agricultural production is limited to crops that are less sensible to cold weather. But 
it accounts for a large part of European production in wheat, sugar beet, potatoes, 
barley and r apeseed. The spectrum for lignocellulosic biomasses convenient for the 
production of 2nd generation ethanol is therefore narrower than the other Western 
Europe countries. 
 
Crop  Production         

tons 

Wheat 14.878.000 
Sugar beet 6.527.000 
Potatoes 6.056.000 
Barley 5.252.000 
Rapeseed 2.230.000 
Oat 685.000 
Apples 235.450 
Source FAO STAT 2010 
 
E. Reason to discard some residues 

 
No residues were discarded at this stage of the selection. 

 
F. Preselected feedstock at stage 1 

 
Results of the different types of biomass waste supplies from UK, actual percentage of 
utilization of this biomass waste in other uses (competition) and potential net availability 
for the production of 2nd generation ethanol are presented in the following tables. 
 
Table 4.6.1.1 UK net availability of crop residues 
 
Crop  Gross 

amount 
supply 

tons DM 

Competition % Net availability  
tons DM Animal (1) Energy (2) Soil cover 

Wheat 11158500 35 5 30 3347550 
Potatoes 3028000 0 0 50 1514000 
Barley 3939000 30 0 40 1181700 
Rapeseed 2341500 0 0 70 702450 
Sugar beet 3263500 30 0 60 326350 
Oat 513750 40 0 30 154125 

(1) Uses for animal feeding and/or bedding 
(2) Uses as fuel for producing energy and/or simply burned in the field  
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Table 4.6.1.2 UK net availability of pruning residues 
 

Crops 

Gross 
amount 
supply 

tons DB 

Competition (%) Net availability 
tons DB 

Energy  Soil 
cover  

Apples 37675 0 70 11302 
 
Table 4.6.13 UK net availability of forest residues (FAO 2010 Data) 
 
Forest 
residues 

Gross amount 
supply  

tons DB 

Competition (%) Net availability  
tons DB Energy Soil cover 

All tree species 5068454 80  1013691 
 
There are no climatic conditions favorable for the growth of Eucalyptus in UK. 
 
4.6.2 Chemical screening of preselected feedstock 
 
The chemical screening of the preselected feedstock was carried out using the 
chemical composition figures presented in table 4.2.2.1. 
 
At this stage, the preselected feedstock which net availability was less than or close to 
30000 tons dry matter were also discarded. 
 
The table below presents the final list of feedstock selected at stage 2. 
 
Table 4.6.2 List of the selected feedstock at stage 2 in UK 
 

Crop  Net availability tons 
DM 

Crop harvest residues 
Wheat 3.347.550 
Barley 1.181.700 
Rapeseed 702.450 
Oat 154.125 
Processing residues 
Oat hulls 171.250 

 
4.6.3 Regional distribution of the selected feedstock 
 
The objective of next step of selection is to investigate the distribution and 
concentration of feedstock at regional level for the supply of industrial plants with 
minimum transportation costs. The minimum acceptable concentration of feedstock in a 
given region (maximum 100km radius area) to supply a s mall industrial production 
plant is 30000 tons dry matter.  
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Wheat crop residues 
 
Wheat is the major cereal grown in UK, mainly in the East of the country. The table and 
the figure below are a summary of the regions producing more than 30,000 tons of dry 
crop residues per year. 
 
Table 4.6.3.1 Estimated net availability of wheat crop residues by region in UK 
 

Regions 
Net availability 

Tons DB 
South East 736.461 
East Midlands 636.035 
East Anglia 301.280 
Yorkshire and Humberside 435.182 
South West 315.120 
West Midlands 267.804 
Scotland 200.853 
North 133.902 
Total 3.280.599 
 

 
 
 
Figure 4.6.3.1 Distribution and concentration wheat harvest residues by region in 
UK 
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Rapeseed crop residues 
 
UK is the 3rd producer of rapeseed in Europe. It is grown from the South to Scotland. 
The table and the figure below are a summary of the regions producing more than 
30,000 tons of dry crop residues per year. 
 
Table 4.6.3.2 Estimated Net availability of rapeseed crop residues by region in 
UK 
 

Regions 
Net availability 

Tons DB 
South East 168.588 
East Midlands 133.466 
Scotland 119.417 
Yorkshire and Humberside 70.245 
East Anglia 63.221 
South West 56.196 
West Midlands 42.147 
North 42147 
Total 688.401 
 

 
 
Figure 4.6.3.2 Distribution and concent ration rapeseed crop residues by region 
in UK 
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Barley crop residues 
 
UK is the 4th producer of barley in Europe. It is mainly produced in Scotland and the 
South regions. The table and the figure below are a summary of the regions producing 
more than 30,000 tons of dry crop residues per year. 
 
Table 4.6.3.3 Estimated net availability of barley harvest residues by region in UK 
 

Regions 
Net availability 

Tons DB 
Scotland 283.608 
East Anglia 153.621 
South East 141.804 
Yorkshire and Humberside 129.987 
South West 129.987 
East Midlands 106.353 
West Midlands 82.719 
North 59.085 
Total 1.087.164 
 

 
 
Figure 4.6.3.3 Distribution and concentration spring and winter barley harvest 
residues by region in UK 
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Oat crop residues and oat hulls 
 
The production of oat is scattered all over the country. None of the regions produces 
enough feedstock to supply a small industrial plant. 
 
Table 4.6.3.4 Estimated net availability of oat crop residues by region in UK 
 
Regions Net availability Tons DB 
South West 29.332 

South East 28.000 

West Midlands 24.500 

East Midlands 16.900 

East Anglia 13.200 

Yorkshire and Humberside 9.111 

Scotland 27.200 

North 5.882 

Total 154.125 
 
4.6.4 Conclusions 
 
The table below is a summary of the potential net availability of lignocellulosic 
feedstock in United Kingdom which altogether amounts to over 5 M tons equivalent dry 
matter. It is worth noticing that the 5 regions in the East and North concentrate 75% of 
the national resources which is very good in terms of transportation costs. Six regions 
offer a quite large production capacity in the range 0.5 to 1M tons per year. The British 
production is mainly composed of straws which form a quite homogeneous feedstock 
favourable for the biomass pre-treatment process.  
 
Assuming an average conversion yield to ethanol of 0.2 m3/t dry lignocellulosic matter, 
the potential production of 2nd generation ethanol in UK would be about 1 Mm3 with a 
perspective of creation of 10-20 industrial plants and 5000 jobs. 
 
Table 4.5.4 Summary of lignocellulosic feedstock potentially available by region 
in UK 
 

Regions 
Crop residues 

Total 
Rapeseed Wheat Barley Oat 

South East 168588 736461 141804 28000 1.074.853 

East Midlands 133466 636035 106353 16900 892.753 

East Anglia 63221 569084 153621 13200 799.125 

Yorkshire and Humberside 70245 435182 129987 9111 644.525 

Scotland 119417 200853 283608 27200 631.078 

South West 56196 301280 129987 29332 516.795 

West Midlands 42147 267804 82719 24500 417.170 

North 35123 133902 59085 5882 233.992 

Wales 0 33476 35451   68.927 

North West 7025 33476 23634   64.134 

Northern Ireland 7025 0 35451   42.476 
Total 702.450 3.347.550 1.181.700 154.125 5.385.825 
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4.7 Cost analysis of the feedstock supply 
 

Cereal straws 
 
The sale of straw can be a pr ofitable business providing with significant additional 
income to the farmer. Currently two methods coexist for the marketing of straw: farmer 
to farmer sales and sales to intermediate carriers who are responsible for reselling it to 
big livestock farmers. The first strategy is found mainly on areas where animal 
husbandry is near. The radius supply rarely exceeds more than 100 km. It is 
sometimes possible that the straw is sold in the "field", and then the buyer takes care of 
pressing and t ransportation it. The second strategy is certainly the most widespread. 
Farmers press and store the straw in windrow or in sheds. The straw is then sold for a 
price at the discretion of the intermediate carriers as a function of the demand, which 
will be higher in cases of drought.The handling of cereal straws is well known. When 
the grains are harvested, the straw is left in long rows and baled at different sizes (12 
to 500 kg). The baler for big bales was developed more than 25 years ago. The bales 
are commonly known as Hesston bales. Big bales are approx. 120cm wide, 130cm 
high and 230-270cm long. One bale weighs approx. 500kg, but the weight has 
increased slightly over the years and the latest balers are able to make bales weighing 
up to approx. 600kg. 
 
Table 2: Cost of big square baled for wheat straw (market price July 2012) 
 

Country Straw harvesting cost 
€/ton 

Transport cost 
For 100 km  

€/ton 
France 50-70  

 
15-20 

Germany 90-130 
Italy 60-65 
Spain 45-50 
UK 70-80 

 
Corn stover 
 
Corn stover is produced as a residue of the grain harvesting. Corn stover consists of 
the stalk, leaves, sheaths, husks, shanks, cobs, tassels, lower ears, and silks. Corn 
stover has been harvested as supplemental feed for beef and non-lactating dairy 
animals for decades. The stover is first harvested with a shredder, then field dried, 
gathered with a rake, and finally baled with a large round baler. The quality of the 
material depends on the type of biomass and work conditions (time and method of 
harvest and storage. Several studies have been published regarding the effect of 
harvest timing on feedstock composition. The maximum lignocellulosic yield is obtained 
when corn stover is harvested at physiological maturity. Corn grain, in most cases, 
would be har vested at an ear lier date than stover.  “ Single pass” grain and s tover 
harvesting system does not appear economically attractive for most producers. The 
estimated harvest window to shred, windrow, and bale corn stover will be about  30 
days after corn grain harvest, after which weather and soil conditions will 
deteriorate. One issue with corn stover is the timing of harvest and the method of 
storage. Stover can be harvested as a dry material (20% moisture) and baled as a wet 
material (40% moisture). Various systems are used to harvest both low moisture 
(approximately 20%) and high moisture (approximately 40% moisture) corn stover. Low 
moisture stover harvesting systems typically involves the use of large bales or loose 
stacks. High moisture corn stover can also be harvested with a f orage chopper and 
ensiled either in silage bags or plastic wrapped bales. The corn stalks are then stored 
in bales (300 – 500 kg). With good storage conditions the moisture content may be 
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reduced significantly up to values of 20-25%. The price of corn stover may vary 
between 50 and 90 €/ton (including transport over 100km).  
 
Pruning residues 
 
Vineyard 
 
Vineyard pruning residues processing chain consists of several phases: pruning, 
residues harvesting with round-baler, bales transport, storage and exsiccation, bales 
chipping and chips storage. The table below is a summarised cost 
breakdown.Currently the phases developed are round-baling, transport, storage and 
chipping. Different systems for harvesting vineyard pruning residues were tested using 
square balers, round balers, comminuter (or shredder) with drop-down re-usable 
containers (big bags) and comminuter with built-in dumping bin.  A ll machines were 
light enough for towing behind compact vineyard tractors. The machines were tested in 
Central Italy, on 10  ha of hill vineyard, with slope gradients ranging from 20 to 35%. 
Harvesting–processing productivity ranged from 1.1 to 1.7 t per scheduled machine 
hour (SMH), including all delays. Harvesting costs varied between 20 and 32 €/t, but 
increased from 53 and 105 €/t after including transportation and chipping of the 
residues.   
 
Orchards  
    
Traditionally, these residues are left on t he ground after being shredded or are 
collected and destroyed in case of parasitic problems to counter. These operations 
represent a real cost to the farmer which must devote time and mechanical equipment 
specifications. To collect the residues of pruning is necessary to have agricultural 
machines able to provide good technical results at low cost. To facilitate transport and 
storage of pruning until the time of their use, furthermore, it is necessary to be able to 
effectively reduce the volume. Finally, it is necessary to seek the conditions in which it 
is facilitated moisture loss to promote the conservation of the product, preventing the 
fermentations. This can be achieved by the baling in the field of the residues. This 
technique lends itself very well to collect thin residues, up to a maximum diameter of 
about 4 c m, generally laborious and di fficult to manipulate. Harvesting costs are 
estimated at 52 and  34 €/t for peach and  apple orchards respectively, but 
increased at 86 and  68 €/t when including transportation and chipping of the 
residues.   
 
Eucalyptus limbing residues 
 
A series of experiments for the collection and processing of forest residues were 
conducted in Galicia – Spain. Three different residue situations were considered: 1) 
residues scattered on the field, 2) residues grouped on small piles on the field and 3) 
residues grouped on large piles at the forest track. The operation productivity, residue 
moisture content (MC) and residue collection costs in €/t are summarized below for the 
four different scenarios (two different chip harvesters: Bruks 803 CT and Pezzolato 
PHT 1200 and two different bundlers, Fiberpac 370 B and B alapress Bundler). The 
piling of residues (situations 2 and 3) reduced biomass moisture content and generally 
decreased collection costs compared to situations 1 where residues where not grouped 
previous to collection.  
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Table 3: Summary of CIS-Madera biomass collection experiences in Galicia – Spain 
 

Scenari
o Species MC 

(%) 
Prod. 
(T/h) 

Residues 
collecting cost 

€/t 

SC.1a* 

Pinus 
Situation 2 
Pinus 
Situation 3 

 
35 

 
31 

 
10,7 

 
14 

 
8,9 

 
6,8 

Eucalyptus 
Situation 1 
Eucalyptus 
Situation 3 

 
47 

 
26 

 
9 
 

12,6 

 
10,6 

 
7,6 

SC.2a 
Pinus 
Situation 3 31 13,6 7,6 

SC.3a 

Pinus 
Situation 2 
Pinus 
Situation.3 

 
35 

 
31 

 
9,6 

 
9,3 

 
8,3 

 
8,6 

Eucalyptus 
Situation 1 
Eucalyptus 
Situation 3 

 
47 

 
26 

 
9,9 

 
13,1 

 
8 
 

6,1 

SC.4a 

Pinus 
Situation 3 
(av. prod) 
Pinus 
Situation 3 
(max prod.) 

31 
31 

3,4 
4,9 

28,8 
20 
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5. General conclusions  
 
5.1 South-America 
 
The countries of the IICA-PROCISUR region: Argentina, Brazil, Chile, Paraguay and 
Uruguay are characterized by their large surfaces of land dedicated to agriculture, 
livestock and forest production (1.460 mill ha). The productions are characterized by a 
large number of species adapted to different climates: temperate, subtropical and 
tropical. Most of them are extensive and commercialized as commodities.  
 
The agriculture production leaves an important amount of residues, most of them 
lignocellulosic materials, which can potentially become raw material for the production 
of second generation ethanol. However, no m ore than 10% of crop residues of all 
countries (except Chile), is available for other uses due to the fact that most of them 
are left over the land for protection and us ed for nutrient recycling. Wheat and corn 
residues are potential candidates as feedstock for ethanol production, although the 
cellulose content in wheat straw is quite low, with overall about 4.7 million tons 
available in the five countries. 
 
Lignocellulosic residues from the pruning of orchards and vineyards are another major 
source of potential raw material for 2nd generation ethanol production, in Chile and 
Argentina adding up another 1.7 million tons available. 
 
Forest residues are plentiful in terms of volume. However, native forests are extremely 
variable and there is no certainty about their feasible use due to logistical problems and 
chemical compositions. Even when the residues of established forests, mainly 
Eucalyptus, provide one o f the most promising sources of lignocellulosic material to 
produce 2nd generation ethanol due to their high content in cellulose, countries like 
Chile, where the forest industry is well developed, use most of forest residues for 
electricity generation. Therefore, the total amount of residues that are available in the 
planted forest areas, only add up to 1.8 million tons.  
 
Of all the residues examined in this study, the sugarcane bagasse appears as the most 
promising one for its high volume as well as for its concentration and chemical 
composition. This product is much available in Brazil, and a bit less in Argentina and 
Paraguay. The countries of these regions have 45.2 M tons available, including 
bagasse and field residues.  
 
A summary of the analysis of the chemical composition of all the preselected feedstock 
at stage 1 is presented in table 5.1. Some of the preselected feedstock were discarded 
for their high lignin contents and/or low cellulose contents and/or high mineral contents 
which were not suitable for the production of ethanol and the CES process.  
 
Following these results three most attractive feedstock were selected for 
processing trials with CES at semi-industrial pilot scale: sugarcane bagasse 
from Brazil, eucalyptus field residues from Uruguay and vineyard pruning 
residues from Chile. 
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Table 5.1 Summary of the biomasses chemical composition analysed for the 
feedstock screening purposes (in most cases, contents are mean values). 
Discarded feedstock are in grey under light. Contents in light grey are close to the limit. 
Contents in dark grey are out of the limits. 
 

Feedstock description  
Mineral  

% 
Lipid  

% 
Protein  

% 
Lignin  

% 
Cellulose  

% 

Hemi 
celluloses  

% 
Apple pomace (Chile) 2.0 2.7 5.7 n.r 22.6 10.0 
Apple pruning (Chile) 7.9 1.4 6.1 12.1 46.0 18.5 
Banana leaves (Brazil) n.a 3.1 6.8 6.0-17.0 24.1-26.1 24.0-28.6 

Banana pseudo-stems (Brazil) n.a 3.2-4.1 1.7-2.7 8.1 44.0 16.5-19.8 

Cassava stems & leaves (Brazil) 5.9-6.1 7.9 2.1-9.2 10.7-14.9 28.5-29.4 14.9-20.4 

Coffee hull (Brazil) 5.8-8.5 1.0-2.8 8.2-9.9 16.9 35.9-37.3 11.8-24.9 

Corn stover (Argentina & Chile)) 5.8 n.r. 4.3 5.3 33.4 34.5 
Corn stems and leaves (Brazil) 5.2 n.a 3.1-7.7 6.0-18.0 35.8-48.0 29.0 
Eucalyptus field residues  
(clear cut/thinning) (Uruguay) 0.5 0.2 0.7 13.7 68.4 13.2 
Eucalyptus industrial residues (Uruguay) 1.3 0.4 0.8 26.6 65.2 4.8 
Olive industrial residue (Argentina) 9.3 11.0 7.0 38.8 23.5 29.7 
Olive Pit (Chile) 1.7 2.9 3.2 n.r. 34.0 19.1 
Olive pomace (Chile) 8.0 12.0 10.3 n.r 16.7 7.8 
Olive Pruning (Argentina) 5.1 1.2 8.7 15.1 15.4 13.2 
Olive Pulp (Chile) 0.0 6.4 12.5 n.r. 33.8 0.0 
Olive tree pruning (Chile) 5.1 1.2 8.7 15.1 15.4 13.2 
Pine field residues (clear cut/thinning) 
(Uruguay) 0,4 0,7 0.7 29.3 47.7 13.3 
Pine industrial residues (Uruguay) 0.4 0.8 0.9 33.7 52.7 6.9 
Pineapple: stems & leaves (Brazil) 9.2 1.3 9.2 10.0 37.7 31.7 

Poplar industrial residues (Uruguay) 2.3 0.8 1.0 35.9 47.6 5.9 
Rice hull (Uruguay) 23.3 0.3 1.7 42.2 0.9 4.9 
Rice straw (Uruguay) 20.4 1.3 3.8 18.7 12.9 13.7 
Soybean stems & leaves (Brazil) n.a n.a 3.5 5.7 53.6 19.7 

Sugarcane Bagasse (Brazil & Argentina) 1.1 1.4 1.3 12.2 38.4 29.0 
Sugarcane field residues (Argentina) 10.5 1.1 4.0 9.4 32.8 32.9 

Sugarcane field residues (leaves) Brazil 4.0 1.7 1.5 11.3 40.8 32.3 
Sugarcane field residues (tops) Brazil 4.5 2.4 4.2 8.4 34.4 34.4 

Vineyard pruning (Argentina & Chile) 5.1 0.6 4.1 17.9 36.2 15.8 
Wheat straw (Argentina) 5.3 1.1 7.5 16.0 20.2 14.3 
Wheat straw (Brazil) n.a n.a n.a 7.7 39.5 24.1 

Wheat straw (Chile) 5.9 n.r. n.r. 19.4 35.0 21.2 
Wheat straw (Uruguay) 10.9 1.5 2.5 15.1 25.1 25.1 
Acceptable contents for ethanol 
production and the CES process <10 <10 <10 <22 >34 <30 
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5.2 Europe 
 
The European lignocellulosic feedstock suitable for the production of 2nd generation 
ethanol with the CES process is mainly composed of crop residues which can be 
available in large quantities providing that only about 30% of the residues can be 
removed from the field. The cumulated crop residue feedstock for France, 
Germany, Italy, Spain and UK amounts to about 52 M tons dry biomass per year. 
Southern countries like Spain and Italy and southern regions of France can also supply 
2nd generation ethanol plant with orchard and vineyard pruning residues. The 
cumulated pruning residue feedstock for France, Germany, Italy, Spain and UK 
amounts to about 3 M tons dry biomass per year. 
The table below is a summary of the biomasses chemical composition found suitable 
for the production of ethanol with the CES process and discarded (grey) 
 
Table 5.1 Summary of the biomasses chemical composition analysed for the 
feedstock screening purposes (Discarded feedstock are in grey under light). 
 

Residue type Mineral 
(%) 

 

Lipid 
(%) 

 

Protein 
(%) 

Lignin  
(%) 

Cellulose 
(%) 

Hemi 
celluloses 

(%) 
Crop harvesting residues 
Barley straws 2.2 1.9 3.6 17.1 33.3 20.4 
Corn stover 4-7 1.3 5.6-9.3 11.3-21.2 32.0-36.0 26.1 
Oat straws 2.2 1.6 5.3 12.8 37.6 23.3 
Potato stems and leaves 13.5 4.3 10.9 27.0 29.8 25.3 
Rapeseed stems 2.1-3.3 0.7 6.5 16.6 42.4 16.4 
Rice straw 13.3 n.d n.d 12.3 36.5 33.8 
Rye straws 5.2 n.d 6.0 5-6.5 35.6-42.3 26-28 
Sorghum straw 10.7 n.d n.d 6.2 44.5 38.6 
Sugar beet leaves / tops 16.0 3.0 17.7 15.5 nd nd 
Sunflower stalks 7.0-8.9 1,5 7.3-11.2 14-17 43-48 11-19 
Tomato stalks 7.4 n.d n.d 4.2 40.5 47.5 
Wheat straws 2.4 1.6 4.0 14.5-18.1 28.3-34.5 28.8 
Pruning residues 
Almonds 1.8-2.5 n.d n.d 27-29 39.3-42.0 n.d 
Apples 3.5 1.8 7.5 14.3 44.5 20.8 
Olives  6.4 1.0 7.9 16.0 12.0 18.2 
Oranges 3.57 n.d n.d 17.0 30.0 nd 
Peach and nectarine  2.3 n.d 8.0 15.6 34.6 21.3 
Vineyard 8 0.5-0.7 4.0-4.3 19.8-21.7 34.0-36.1 10.8-10.9 
Forest tree limbing residues 
E.camaldolensis  0.6 0.3 1.1 10.8 65.4 20.9 
E.globulus  0.6 0.5 0.5 14.3 66.1 12.8 
Processing industry 
Oat hull 4.6 2.2 5.2 7.1 36.0 40.0 
Soybean hull 1.4 n.d 9-14 1-4 29-51 10-20 
Sunflower hull 3.2 2.5 6.2 22.0 34.0 21.0 
Olive pulp 7.7 4.0 12.4 21.1 39.1 20.3 
Acceptable contents for 
ethanol production and 
the CES process 

<10 <10 <10 <22 >34 <30 
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6. Physical properties of selected lignocellulosic biomasses  
 
This chapter contains the results obtained by UCR concerning additional 
characterisation parameters of several biomasses selected by IICA PROCISUR.  The 
tables of values are intended simply as information that can be used as further criterion 
of suitability of the materials as feedstock for 2nd generation lignocellulosic ethanol.  No 
structural discussion is offered on the supra-molecular properties of the materials. 
 
6.1 Water diffusivity in biomass matrices (dynamic porosity) 
 
Drying curves are useful measurements for the assessment of water mobility inside 
porous materials such as biomasses, intended as feedstock for biorefinery processes. 
The issue at stake in the project is the feasibility for hydrolytic enzymes to penetrate 
and diffuse inside lignocellulosic substrate matrices. 
Drying curves given as mass vs. time show an initial linear relationship.  This implies 
that the rate of water evaporation, -dm/dt, is constant.  Once a certain critical extent of 
the drying process is reached (xc), the rate of drying decreases as the process takes 
place. The end o f the linear kinetic phase indicates that now water evaporation is 
dependent on factors other than the intrinsic liquid volatility (vapour pressure).  During 
this first stage, the surface of solid particles is entirely covered by water molecules.  
This film of free liquid behaves as if no s olid substrate were present beneath and 
therefore the rate of evaporation is independent of the chemical nature of the solid 
material. 
The constant-rate regime continues for as long as the rate of liquid arrival at the 
surface equals the rate of evaporation. 
Once the system achieves the xc condition, the surface is no l onger covered 
uninterruptedly by the liquid molecules, and the fraction of surface covered by the liquid 
decreases during the period beyond xc. During this stage, the rate of drying depends 
on the residual moisture content, due t o water-surface interactions and internal 
transport limitations. 
The very last stage of this mechanistic description is that when no liquid remains on the 
surface, because the plane of evaporation is now slowly diffusing beneath the surface. 
The ease of flow of liquids through solid porous matrices is given by the diffusivity of 
the system and takes place by either Fickian diffusion or by capillarity. 
Diffusivity is given by the porosity of the matrix (void fraction), by the corresponding 
constrictivity (ratio of the diameter of moving particles to diameter of pores) and t he 
tortuosity of pores themselves. 
Regardless of the mechanism involved, one c an state that liquids and dissolved 
solutes such as ac id or enzymes diffuse more easily in porous solids which 
show high xc values. 
The first table is a reminder of the the xc values obtained for the 4 biomasses studied 
during the project. The next tables show the xc parameters determined at 50°C for a 
group of biomasses which samples were sent by IICA-PROCISUR and others collected 
by UCR. 
 
Table 6.1.1: xc values at 50 °C for the four biomasses studied in the project 
 

Material xc 
Barley straw (ESP) 0,29 ± 0,04 
Blue-agave bagasse (MEX) 0,20 ± 0,04 
Sweet corn cob (FRA) 0,36 ± 0,01 
Oil-palm empty fruit bunch (CRI) 0,16 ± 0,01 
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Corn biomass resulted the most porous material, whereas the palm material shows 
itself to be the least. 
Table 6.1.2: xc values at 50 °C for two biomasses from Argentina 
 

Material xc 
Corn cob 0,36 ± 0,01 
Grapevine pruning 0,39 ± 0,08 

 
Both materials are similar in their porosity. Corn cob xc is the same as the French corn 
cob xc. 
 
Table 6.1.3: xc values at 50 °C for biomasses from Chile. 
 

Material xc 
Corn cob, cv. Dekalb 0,41 ± 0,04 
Corn leaves, cv. Dekalb 0,26 ± 0,04 
Corn stalk, cv. Dekalb 0,33 ± 0,03 
Corn grain, cv. Dekalb 0,42 ± 0,03 
White grape mark, Moscatel de Alejandría 0,52 ± 0,03 
Red grape mark, rav Censaut 0,50 ± 0,03 
Grapevine pruning, cv. Cabernet sauvignon 0,48 ± 0,03 
Grapevine pruning, cv. País 0,48 ± 0,02 
Apple-tree pruning, cv. Rakú-Rakú 0,39 ± 0,05 

 
Corn leaves resulted the least porous (p < 0,05).  The rest of the materials are quite 
similar, with an av erage xc value of 0,44 ± 0,06.  The low xc value of corn leaves 
suggests their waxy film to exert an obstructive effect for water diffusion. 
 
Table 6.1.4: xc values at 50 °C for biomasses from Uruguay 
 

Material xc 
Rice hull, El Paso 0,86 ± 0,06 
Wheat straw 0,74 ± 0,03 
Eucalyptus globulus 0,33 ± 0,01 
Eucalyptus grandis 0,45 ± 0,02 
Eucalyptus grandis maidenii 0,34 ± 0,02 

 
Rice hull and wheat straw proved to be the most porous.  Interpretation of the results is 
difficult to state, because one has no other structural data such as electron microscopy. 
 
Table 6.1.5: xc values at 50 °C for biomasses from Costa Rica 
 

Material xc 
Rice hull 0,80 ± 0,08 
Rice straw 0,12 ± 0,02 
Coffee dregs 0,47 ± 0,07 
Coffee hull 0,28 ± 0,04 
Sugar cane bagasse 0,24 ± 0,07 
Pineapple stover 0,30 ± 0,01 
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Rice hull is the material with the highest degree of dynamic porosity and rice straw the 
least porous.  Values are useful when comparisons are made only.  The dynamic 
porosity of rice hull from both Costa Rica and Uruguay are comparable indeed. 
 
6.2 Cellulose crystalinity in biomasses 
 
The degree of crystallinity of cellulose was determined from X-ray diffractometry.  The 
crystallinity index was calculated as the ratio of the area under the crystalline peak, 
relative to the total area from about 2θ = 5° up to 2θ = 30°, the sum of reflexions of 
both crystalline and amorphous cellulose domains. 
Type 1 cellulose (2θmax = 22°) is more closely packed than type 2 cellulose (2θmax = 
20°), and therefore one expected this parameter to be of value for the understanding of 
the eventual hydrolytic activities of enzymes. The ratio type 2 c ellulose / type 1 
cellulose was obtained by deconvolution of the crystalline peak and further numerical 
integration of the two contributing functions. 
The first table is a reminder of the crystallinity indexes obtained for the 4 biomasses 
studied during the project. The next tables show the crystallinity indexes determined for 
a group of biomasses which samples were sent by IICA-PROCISUR and ot hers 
collected by UCR. 
 
Table 6.2.1: Crystallinity index of cellulose in the 4 biomasses studied during the 
project. 
 

Material Crystallinity index 
Barley straw (ESP) 0,77 
Blue-agave bagasse (MEX) 0,18 
Sweet corn cob (FRA) 0,65 
Oil-palm empty fruit bunch (CRI) 0,54 

  
No important fraction of type 2 cellulose was observed. 
 
Table 6.2.2:  XRD data for cellulose in the two samples from Argentina 
 
Material Crystallinity index Type 2 / Type 1 
Corn cob 0,65 0,079 
Grapevine pruning 0,59 0,011 

 
Table 6.2.3:  XRD data for cellulose in the biomasses from Chile 
 
Material Crystallinity index Type 2 / Type 

1 
Corn cob 0,72 0,047 
Corn leaf 0,70 0,041 
Corn stalk 0,68 0,033 
Apple-tree pruning 0,64 0,001 
Grapevine pruning, Cabernet sauvignon 0,70 0,001 
Grapevine pruning, National 0,65 0,002 
Corn-grain hull Amorphous  
White grape marc Amorphous  
Red grape marc Amorphous  

 
Except for the marcs and corn-grain hull, overall crystallinity is similar amongst the 
materials. 
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Table 6.2.4: XRD data for cellulose in the biomasses from Uruguay 
 
Material Crystallinity index Type 2 / Type 1 
Rice hull, El Paso 0,65 0,046 
Wheat straw 0,67 0,008 
Eucalyptus globulus 0,65 - 
Eucalyptus grandis 0,65 - 
Eucalyptus grandis maidenii 0,66 - 

 
The overall result in the project for the four biomasses studied during the project was 
that crystallinity and Type 2 / Type 1 ratio were not significantly important criteria for the 
hydrosability of cellulose.  P re-treatments modify the natural porosity of biomasses 
upon fibre deconstruction.  N evertheless, the data in this addendum is helpful when 
deciding between materials with similar porosity and crystallinity properties. 
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7. Quick reference of lignocellulosic feedstock best candidates 
for the production of ethanol in Latin America 
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7.1 Sugar cane field residues 
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7.2 Sugar cane bagasse 
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7.3 Wheat straw 
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7.4 Corn cob 
 
 

 
  



Page 195 of 209 
 

7.5 Fruits (apples  and vineyard) pruning residues 
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7.6 Forestry Eucalyptus residues 
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Annexed figures 
 

 
 
 
Figure A1 - Flowchart of the typical production and industrial processing of sugarcane in the Centre-South region of Brazil. 
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Figure A2 - Flowchart of the typical production and industrial processing of sugarcane in the North-Northeast region of Brazil. 
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Figure A3 - Sugarcane production flowchart in Argentina 
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Figure A4 – Forestry production chain flowchart in Argentina 
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Annexed tables 
 
Ferric-Reducing Antioxidant Power (FRAP) values of fruit residues 
 

Fruits 

FRAP values (μmol Fe(II)/g) of Peel FRAP values (μmol Fe(II)/g) of Seed 
  

Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total 

Apple (green) 4.26 ± 0.16 6.20 ± 0.25 10.46 ± 
0.42 

3.21 ± 0.11 2.33 ± 0.18 5.54 ± 
0.29 

Apple (red) 4.45 ± 0.43 6.88 ± 0.71 11.33 ± 
1.14 

4.05 ± 0.57 3.90 ± 0.21 7.95 ± 
0.78 

Avocado 25.34 ± 2.27 13.16 ± 2.53 38.49 ± 
4.80 

28.99 ± 2.68 16.80 ± 0.33 45.79 ± 
3.01 

Banana 2.36 ± 0.10 1.21 ± 0.33 3.57 ± 
0.43 

- - - 

Black plum 25.59 ± 0.87 6.59 ± 0.81 32.17 ± 
1.68 

10.44 ± 1.52 1.48 ± 0.35 11.92 ± 
1.87 

Blueberry 62.56 ± 0.18 41.99 ± 0.59 104.55 ± 
0.77 

- - - 

Cherry 8.52 ± 0.20 7.83 ± 0.50 16.35 ± 
0.70 

0.41 ± 0.05 nd 0.41 ± 
0.05 

Cherry tomatoes 4.30 ± 0.05 0.76 ± 0.01 5.06 ± 
0.06 

- - - 

Chinese olive 62.93 ± 1.95 33.24 ± 4.73 96.17 ± 
6.69 

- - - 

Durian - - - 2.90 ± 0.53 4.95 ± 0.21 7.85 ± 
0.74 

Garland fruit 7.41 ± 1.21 6.73 ± 0.25 14.14 ± 
1.46 

3.12 ± 0.10 nd 3.12 ± 
0.10 

Ginseng fruit 4.29 ± 0.33 3.11 ± 0.15 7.39 ± 
0.48 

- - - 

Grape (green) 2.52 ± 0.30 23.06 ± 1.77 25.58 ± 
2.07 

- - - 

Grape (USA) 21.26 ± 2.19 13.71 ± 0.51 34.98 ± 
2.70 

85.39 ± 2.07 96.00 ± 4.86 181.39 ± 
6.93 

Grapefruit 11.76 ± 0.37 6.04 ± 0.45 17.80 ± 
0.82 

- - - 

Greengage 10.54 ± 1.11 7.36 ± 1.46 17.91 ± 
2.58 

3.74 ± 0.30 1.66 ± 0.01 5.40 ± 
0.31 

Guava 42.36 ± 5.56 11.76 ± 0.44 54.12 ± 
5.99 

9.18 ±0.66 5.46 ± 0.56 14.64 ± 
1.21 

Hawthorn 55.33 ± 3.51 39.24 ± 3.03 89.57 ± 
6.54 

6.02 ± 0.30 5.16 ± 0.36 11.19 ± 
0.66 

Jackfruit - - - 6.21 ± 0.30 2.21 ± 0.20 8.43 ± 
0.51 

Kiwi fruit 9.24 ± 0.10 6.66 ± 0.51 15.90 ± 
0.61 

- - - 

Lemon 1.79 ± 0.20 3.97 ± 0.45 5.76 ± 
0.66 

0.86 ± 0.10 0.51 ± 0.01 1.37 ± 
0.11 
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Fruits 

FRAP values (μmol Fe(II)/g) of Peel FRAP values (μmol Fe(II)/g) of Seed 
  

Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total 

Longan 36.73 ± 3.49 26.55 ± 1.82 63.28 ± 
5.30 

56.60 ± 0.73 29.79 ± 1.30 86.39 ± 
2.03 

Loquat 1.40 ± 0.27 1.46 ± 0.25 2.87 ± 
0.52 

7.62 ± 0.18 4.95 ± 0.41 12.57 ± 
0.59 

Mandarin 
orange 

3.64 ± 0.06 6.35 ± 0.59 9.99 ± 
0.65 

7.85 ± 0.85 4.96 ± 0.10 12.81 ± 
0.94 

Mango 77.11 ± 
14.70 

68.32 ± 3.89 145.43 ± 
18.59 

24.29 ± 1.80 6.88 ± 1.82 31.17 ± 
3.62 

Mangosteen 18.40 ± 0.15 9.46 ± 0.55 27.86 ± 
0.71 

5.10 ± 0.37 6.26 ± 0.05 11.36 ± 
0.42 

Muskmelon 
(yellow) 

6.26 ± 0.40 6.79 ± 0.45 13.05 ± 
0.86 

0.61 ± 0.01 nd 0.61 ± 
0.01 

Navel orange 
(USA) 

16.07 ± 1.82 7.73 ± 0.05 23.80 
±1.87 

- - - 

Nectarine 
(China) 

1.23 ± 0.15 nd 1.23 ± 
0.15 

0.34 ± 0.01 nd 0.34 ± 
0.01 

Nectarine (USA) 11.93 ± 0.59 9.60 ± 1.30 21.53 ± 
1.89 

19.43 ± 0.24 8.39 ± 0.76 27.82 ± 
1.00 

Netted melon 3.79 ± 0.15 3.29 ± 0.15 7.09 ± 
0.30 

nd nd nd 

Pawpaw 2.19 ± 0.30 1.71 ± 0.04 3.90 ± 
0.34 

4.97 ± 0.20 2.54 ± 0.20 7.51 ± 
0.40 

Peach (honey) 3.73 ± 0.29 3.66 ± 0.34 7.38 ± 
0.63 

3.85 ± 0.47 7.23 ± 0.88 11.08 ± 
1.36 

Pear (fragrant) 8.10 ± 0.24 7.10 ± 0.24 15.20 ± 
0.47 

4.35 ± 0.24 4.52 ± 0.35 8.87 ± 
0.59 

Pear (crystal) 4.95 ± 0.19 4.66 ± 0.43 9.61 ± 
0.62 

16.27 ± 0.56 6.90 ± 0.72 23.17 ± 
1.27 

Peer (red, USA) 7.84 ± 1.06 6.51 ± 0.40 14.35 ± 
1.46 

9.91 ± 1.26 3.69 ± 0.15 13.60 ± 
1.41 

Pineapple 3.59 ± 0.40 2.24 ± 0.25 5.83 ± 
0.65 

- - - 

Pitaya 0.33 ± 0.05 0.76 ± 0.05 1.09 ± 
0.10 

- - - 

Plantain 5.23 ± 0.18 6.93 ± 0.12 12.16 ± 
0.29 

- - - 

Plum (red, 
Australia) 

12.55 ± 1.16 3.87 ± 0.81 16.42 ± 
1.97 

8.48 ± 0.15 1.87 ± 0.26 10.35 ± 
0.41 

Pomelo (golden) 4.24 ± 0.14 0.85 ± 0.08 5.09 ± 
0.23 

- - - 

Pomelo (green) 9.81 ± 0.43 7.02 ± 0.71 16.83 ± 
1.14 

3.59 ± 0.10 1.81 ± 0.20 5.40 ± 
0.30 

Plumcot - - - 12.50 ± 0.91 1.98 ± 0.08 14.48 ± 
0.99 

Snake fruit 0.44 ± 0.05 0.30 ± 0.05 0.74 ± - - - 
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Fruits 

FRAP values (μmol Fe(II)/g) of Peel FRAP values (μmol Fe(II)/g) of Seed 
  

Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total 

0.10 
Starfruit 31.52 ± 0.46 53.00 ± 2.73 84.52 ± 

3.19 
15.04 ± 2.68 2.36 ± 0.20 17.39 ± 

2.88 
Sweetsop 104.25 ± 

5.68 
51.48 ± 2.78 155.73 ± 

8.46 
12.09 ± 1.52 3.55 ± 0.45 15.64 ± 

1.97 
Tangerine 13.31 ± 0.06 1.68 ± 0.33 14.99 ± 

0.39 
7.31 ± 0.41 4.18 ± 0.36 11.49 ± 

0.78 
Watermelon 0.54 ± 0.05 0.90 ± 0.15 1.44 ± 

0.20 
0.26 ± 0.05 0.15 ± 0.01 0.41 ± 

0.06 
Wax-apple 2.01 ± 0.30 6.72 ± 0.50 8.73 ± 

0.80 
- - - 

Ziziphusjujuba 2.52 ± 0.11 5.94 ± 0.96 8.45 ± 
1.07 

22.19 ± 0.85 23.34 ± 0.35 45.53 ± 
1.21 

nd: not detected. 
 
Total phenolic contents of fruit residues 
 

Fruits 

TPC (mg GAE/g) of Peel TPC (mg GAE/g) of seed 
  

Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total 

Apple (green) 2.82 ± 0.09 1.07 ± 0.02 3.89 ± 
0.12 

3.13 ± 0.41 0.51 ± 0.06 3.64 ± 
0.47 

Apple (red) 3.04 ± 0.21 1.33 ± 0.15 4.37 ± 
0.37 

3.43 ± 0.15 1.08 ± 0.08 4.51 ± 
0.23 

Avocado 5.12 ± 0.61 2.08 ± 0.02 7.20 ± 
0.64 

5.73 ± 0.19 2.66 ± 0.08 8.39 ± 
0.27 

Banana 0.89 ± 0.18 0.14 ± 0.01 1.02 ± 
0.19 

- - - 

Black plum 3.12 ± 0.16 1.04 ± 0.14 4.16 
±0.30 

3.85 ± 0.30 0.43 ± 0.05 4.28 ± 
0.34 

Blueberry 5.79 ± 0.14 3.13 ± 0.10 8.92 ± 
0.24 

- - - 

Cherry 3.11 ± 0.24 1.21 ± 0.10 4.32 
±0.34 

2.32 ± 0.10 0.40 ± 0.12 2.72 ± 
0.21 

Cherry tomatoes 2.72 ± 0.13 0.35 ± 0.08 3.07 ± 
0.21 

- - - 

Chinese olive 8.76 ±0.06 4.40 ± 0.25 13.16 ± 
0.32 

- - - 

Durian - - - 2.70 ± 0.18 0.96 ±0.08 3.67 ± 
0.26 

Garland fruit 2.91 ± 0.18 1.21 ± 0.03 4.13 ± 
0.21 

3.12 ± 0.06 0.85 ±0.09 3.97 ± 
0.15 

Ginseng fruit 0.86 ± 0.08 0.35 ± 0.03 1.21 ± 
0.11 

- - - 
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Fruits 

TPC (mg GAE/g) of Peel TPC (mg GAE/g) of seed 
  

Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total 

Grape (green) 2.87 ± 0.004 1.91 ± 0.30 4.78 ± 
0.31 

- - - 

Grape (USA) 5.85 ± 0.27 2.30 ± 0.14 8.15 ± 
0.41 

12.14 ± 0.13 10.82 ±0.88 22.95 ± 
1.01 

Grapefruit 4.89 ± 0.18 2.00 ± 0.17 6.89 ± 
0.35 

- - - 

Greengage 4.05 ±0.08 1.48 ± 0.10 5.53 ± 
0.18 

2.87 ± 0.32 0.83 ±0.08 3.70 ± 
0.39 

Guava 5.55 ± 0.66 1.71 ± 0.21 7.26 ± 
0.87 

1.34 ±0.17 0.34 ± 0.07 1.68 ± 
0.24 

Hawthorn 8.19 ± 0.72 4.47 ± 0.37 12.66 
±1.09 

2.83 ± 0.04 0.83 ± 0.03 3.66 ± 
0.07 

Jackfruit - - - 1.38 ± 0.25 1.06 ± 0.02 2.43 ± 
0.27 

Kiwi fruit 3.36 ± 0.03 0.90 ± 0.04 4.26 ± 
0.07 

- - - 

Lemon 0.59 ± 0.10 1.40 ± 0.08 1.99 ± 
0.18 

8.95 ±0.08 4.63 ± 0.35 13.58 
±0.43 

Longan 6.47 ± 0.01 4.45 ± 0.31 10.92 ± 
0.32 

1.52 ± 0.28 0.85 ±0.05 2.37 ± 
0.32 

Loquat 0.45 ± 0.09 0.24 ± 0.005 0.68 ± 
0.10 

- - - 

Mandarin 
orange 

2.86 ±0.37 0.78 ± 0.07 3.64 
±0.44 

2.17 ± 0.25 0.61 ±0.02 2.77 ± 
0.26 

Mango 12.28 ± 0.32 10.66 ± 0.78 22.95 ± 
1.09 

6.05 ± 0.21 1.49 ± 0.02 7.54 ± 
0.24 

Mangosteen 4.31 ± 0.07 2.40 ± 0.05 6.71 ± 
0.12 

0.95 ± 0.08 1.42 ± 0.12 2.38 ± 
0.21 

mulberry - - - - - - 
Muskmelon 
(yellow) 

3.98 ± 0.48 1.12 ± 0.13 5.10 ± 
0.61 

- - - 

Navel orange 
(USA) 

4.15 ± 0.06 1.56 ±0.13 5.71 ± 
0.19 

2.69 ± 0.25 0.34 ± 0.03 3.03 ± 
0.28 

Nectarine 
(China) 

2.17 ±0.06 0.10 ±0.01 2.28 ± 
0.07 

1.95 ± 0.13 nd 1.95 
±0.13 

Nectarine (USA) 3.47 ± 0.29 1.24 ± 0.09 4.71 ± 
0.38 

4.03 ± 0.61 1.01 ± 0.12 5.04 ± 
0.72 

Netted melon 3.00 ± 0.11 0.65 ±0.07 3.65 
±0.18 

2.44 ± 0.06 0.32 ± 0.01 2.76 ± 
0.08 

Pawpaw 2.78 ± 0.13 0.71 ± 0.09 3.49 ± 
0.23 

2.69 ± 0.11 0.68 ± 0.05 3.37 ± 
0.16 

Peach (honey) 2.56 ±0.03 0.21 ± 0.02 2.77 ± 
0.05 

2.59 ± 0.29 1.75 ±0.01 4.34 ± 
0.30 

Pear (fragrant) 2.80 ±0.06 0.86 ± 0.05 3.67 ± 
0.11 

2.82 ± 0.19 0.55 ± 0.02 3.36 ± 
0.21 
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Fruits 

TPC (mg GAE/g) of Peel TPC (mg GAE/g) of seed 
  

Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total Fat-soluble 
fraction 

Water-
soluble 
fraction 

Total 

Pear (crystal) 2.95 ± 0.16 0.63 ± 0.03 3.57 ± 
0.19 

4.23 ± 0.13 0.95 ± 0.05 5.17 ± 
0.18 

Peer (red, USA) 2.96 ± 0.14 1.18 ± 0.10 4.14 
±0.24 

3.90 ± 0.19 0.83 ± 0.06 4.73 ± 
0.25 

Pineapple 2.66 ± 0.15 0.96 ±0.03 3.62 ± 
0.18 

- - - 

Pitaya 0.06 ± 0.01 0.32 ± 0.05 0.38 ± 
0.05 

- - - 

Plantain 3.25 ± 0.08 0.40 ± 0.05 3.65 ± 
0.14 

- - - 

Plum (red, 
Australia) 

3.28 ± 0.21 0.67 ± 0.09 3.95 ± 
0.30 

3.15 ± 0.22 0.46 ±0.06 3.61 ± 
0.29 

Pomelo (golden) 3.56 ± 0.03 1.23 ± 0.01 4.79 ± 
0.05 

- - - 

Pomelo (green) 3.34 ± 0.14 0.92 ± 0.07 4.25 ± 
0.21 

2.90 ± 0.03 0.26 ± 0.01 3.16 ± 
0.05 

Plumcot 2.89 ± 0.33 1.38 ± 0.15 4.26 ± 
0.48 

3.09 ± 0.38 0.33 ±0.03 3.42 ± 
0.42 

Snake fruit 2.59 ±0.36 0.69 ± 0.06 3.28 
±0.42 

- - - 

Starfruit 3.31 ± 0.33 7.14 ± 0.64 10.45 
±0.97 

3.53 ± 1.16 0.55 ± 0.15 4.08 
±1.32 

Sweetsop 11.63 ± 0.04 6.14 ± 0.12 17.77 ± 
0.16 

4.92 ± 0.12 0.89 ±0.10 5.81 ± 
0.22 

Tangerine 3.28 ± 0.07 0.24 ± 0.004 3.52 ± 
0.08 

2.38 ± 0.16 0.64 ± 0.05 3.02 ± 
0.22 

Watermelon 0.21 ± 0.003 0.37 ± 0.01 0.58 ± 
0.01 

0.03 ± 0.01 0.26 ±0.02 0.30 ± 
0.03 

Wax-apple 0.12 ± 0.01 0.84 ± 0.01 0.96 ± 
0.02 

- - - 

Ziziphusjujuba 2.82 ± 0.16 1.48 ± 0.22 4.30 ± 
0.38 

5.60 ± 0.75 3.40 ± 0.19 9.00 ± 
0.94 

nd: not detected. 
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Annexed documents 
 
ANNEX BR-01:  List of industrial processing units of sugarcane in Brazil. 
 
ANNEX BR-02:  Spreadsheet of statistics on the planted area, harvested area, amount 
of harvested stalks and quantity of trash and bagasse from sugarcane available in each 
Brazilian county, in 2010. 
 
ANNEX BR-03:  Productivity (yield) and chemical composition of biomass fractions and 
residues (stalks, tops, leaves, trash and bagasse) of the main varieties of sugarcane in 
Brazil. 
 
ANNEX BR-04: Availability, uses and chemical composition of lignocellulosic residues 
from selected agricultural cultures in Brazil 
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