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About the project BABET-REAL5 
The BABET-REAL5 project - New technology and strategy for a large and sustainable 
deployment of second generation biofuel in rural areas - aims at developing an alternative 
solution for the production of 2G ethanol, competitive at smaller industrial scale and therefore 
applicable to a large amount of countries, rural areas and feedstock. The target is to reach 
technical, environmental and economical viabilities in production units processing at least 
30,000 tons equivalent dry biomass per year. The project will investigate and select business 
cases for installations of demonstration/first-of-a-kind small-scale industrial plants in different 
European and Latin American countries. Further information about the project and the 
partners involved are available underwww.babet-real5.eu.  
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Introduction 

A few decades ago second generation biofuels from lignocellulosic biomasses were foreseen as 
attractive alternatives or complements to first generation biofuels. 
 
This perspective was based on the hypothesis that the lignocellulosic biomasses, principally from crop 
and forest residues and agro-industrial wastes, were not competing against human and animal nutrition 
and were available in large quantities and at competitive costs (or for free). 
 
Today, the second generation biofuel industry is still not developed at large industrial scale because it 
is not cost efficient. The main reason is that the initial pretreatment of the lignocellulosic matrix to 
extract the monomeric sugars, generates significant additional costs with regards to the conversion 
processes of first generation biofuels.  
 
The consortium at the initiative of the project BABET-REAL5, believes that there are more reasons why 
the current business model for second generation biofuels may fail.  
 
Preliminary studies about biomass feedstock ran under the former EU funded project BABETHANOL 
demonstrated that the conditions for obtaining lignocellulosic biomass were not as favourable as initially 
thought. 
 
Most of the crop residues, except the straws that have a well established use and market for animal 
littering and food, are currently left in the fields as a natural way of returning organic and mineral 
nutrients to the soil. A massive removal and exportation of the crop residues is not feasible in many 
countries and areas where soil conditions already suffer from erosion and lack of organic and mineral 
nutrients due to climate conditions and intensive agricultural practices.  
 
As far as forest and wood transformation residues are concerned, their marketing as fuel for energy 
and materials for wood and composite panels has well developed in last decades. Moreover these 
biomasses rich in lignin are not optimum materials for their conversion to biofuels.  
 
Because the crop residues are left in the field for soil maintenance, the harvesting techniques have not 
been optimised and widely deployed among the farmers, except for the recovery of wheat and barley 
straws. As a consequence the cost for harvesting, usually in several passes after the harvest of the 
main product, can be significant especially when the yields per hectare of biomasses such as stems, 
leaves and canes are low due their low density.  
 
The purpose of this study was to evaluate the real available amounts of lignocellulosic biomasses 
starting from theoretical harvestable quantities and after taking into account the restrictions due to 
agronomic and technical constrains and current competitive uses. Transportation making a high 
contribution to the supply cost and carbon foot print, the net available amounts was investigated in 
small catchment areas limited to 50 km radius.  
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The study was performed by 5 partners of the project BABET-REAL5 in 4 different countries: 
 

• WIP in the Bavarian state of Germany. 
• ARTERRIS and OVALIE in the South of France. 
• INIA in Uruguay. 
• INTA in Argentina. 

 
The study in Germany and France started from scratch. While the studies in Uruguay and Argentina 
followed a preliminary feedstock investigation ran under the projet BABETHANOL where it was 
concluded that forest residues in Uruguay and corn stover and sugarcane crop residues in Argentina, 
were the most potential feedstock to investigate. 
 
In Germany, WIP investigated the potential feedstock at the whole Bavarian state level. While the 
French partners being farmers’ cooperatives investigated more precisely the potential feedstock related 
to the surfaces cultivated by their farmers’ members.  
 
This report is divided into 5 parts: 
 

1. WIP in the Bavarian state of Germany. 
2. ARTERRIS in the South West of France. 
3. OVALIE in the South Centre and South East of France 
4. INIA in Uruguay. 
5. INTA in Argentina. 

 
A common evaluation methodology was developed by the partner SOLAGRO at the beginning of the 
project and it is presented in the Deliverable 4.1. All the partners applied the same methodology during 
their study. This is why the canevas followed by thye authors in the 5 parts of the study are quite 
similar. 
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Understanding of agricultural, agro-industrial and forestry sectorsat 
regional scale 
 

Agriculture, forest, climate and soil issues 
 
Results from land cover data bases 
 
According to the Bavarian State Office for Statistics the total area of Bavaria is 70,550 km2. Of 
this area, almost the half is used as agricultural land (30,106 km2 or 46.9%).25,707 km2 are 
forest area (36.4%), 8,351 km2(11.8%) are covered with residential areas and transport 
infrastructure, 1,234 km2 (2.8%) are water bodies and the remaining 3% are divided into areas of 
other use (1,998 km2 or 2.8%)and mining land (155 km2 or 0.2%). Figure 1shows the distribution 
of the Bavarian land cover and gives additional information about the division of the residential 
areas and transport infrastructure. 

 
Figure 1: Bavaria- - land cover (Statistik Bayern, 2015) 

 

Regarding the agricultural land, the usable area is limited by the geological conditions (i.e. 
mountains, water bodies etc.). In Figure 2, it can be seen that natural limitations exist in the very 
South of Bavaria with the Alps, and also with low mountain ranges in the North, East and Central 
North of the state area (marked on the map in brown, red and blue). 
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Figure 2: Bavaria - geological profile (LfU, 2017) 

 
In Figure 2, also the agriculturally favourable areas can be seen (North Western edge– purple; 
region between Alps and central low mountain ranges – yellow and bright yellow). 
 
Agriculture patterns 
 
More than a third of all German agricultural entities are located in Bavaria. The reason for this 
can be seen in the economic situation, which provides many job opportunities also in rural 
regions. Thus, it is possible to combine work with agriculture and mitigate economic 
riskswhichexist for other organisation forms like for single farm entities. This also explains why 
the size of agricultural entities is smaller in Bavaria than in the rest of Germany (except in 
Baden-Wuerttemberg which has a similar economic situation). In the Eastern German states, the 
average farm size is a lot bigger. Reason for this is the historical political situation after the 
Second World Warin Eastern Germany (forced collectivisation of private farmsteads in the 
German Democratic Republic). 
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Table 1: Agriculture in Germany (Agrarbericht, 2016) 

  Number of 
entities [1,000] 

AL of entities > 5 ha AL 
[1.000 ha] Ø farm size [ha AL] 

Bavaria 92.2 3,153.6 34.2 
Baden-Wuerttemberg 41.6 1,424.1 34.2 
Lower Saxony 39.5 2,064.7 52.3 
North Rhine-Westphalia 33.9 1,457.1 43.0 
Rhineland-Palatinate 18.1 705.4 39.0 
Hesse 16.4 769.5 46.9 
Schleswig-Holstein 13.0 989.4 76.1 
Saxony 6.3 903.2 143.4 
Brandenburg 5.3 1,321.7 249.4 
Mecklenburg-Western 
Pomerania 4.7 1,346.2 286.4 

Saxony-Anhalt 4.4 1,173.4 266.7 
Thuringia 3.5 780.3 222.9 
Saarland 1.2 77.2 64.3 
Germany 280.8 16,730.7 59.6 

[AL = agricultural land] 
 
According to the Bavarian agricultural report from 2016, more than 109,000 farming enterprises 
were reported for the year 2015. The development of the last years (from 2013 – 2015), 
presented in Table 2, shows that,although the total number of agricultural entities is still 
decreasing by 1.1% per year on average, the number of entities bigger than 50 hectares is 
instead increasing. 
 

Table 2: Bavaria –recent development agricultural sector (Agrarbericht, 2016) 

Year Entities 
without AL 

0 – 5 ha 
AL 

5 – 10 ha 
AL 

10 – 20 ha 
AL 

20 – 50 ha 
AL 

50–100 ha 
AL 

100 ha AL 
and more Total 

2010 1,058 23,435 16,808 27,018 30,85 13,778 4,052 116,999 

2013 1,006 21,839 16,141 25,576 28,91 13,878 4,384 111,734 

2015 424 21,109 15,968 25,006 27,644 14,183 4,867 109,201 

Changes from 2015 to 2013  

 –57,9 % –3,3 % –1,1 % –2,2 % –4,4 % 2,2 % 11 % –2,3 % 

(AL = agricultural land) 
 
If compared by number and used agricultural land, the effect of this development can be seen in 
Figure 3. 47% of the the farms (dark blue columns) are cultivating agricultural land (light blue 
columns) smaller than 20 hectares (altogether 16% of the used agricultural land), while 21% of 
the entities in Bavaria are bigger than 50 hectares and cultivate 55% of the agricultural land. 
Thus, in Bavaria a trend can be described as less but bigger farms. 



BABET-REAL5 – Deliverable D4.2 – Part 1 WIP Germany 

WIP Page 6/101 

 

 
Figure 3: Overview farm size and used agricultural land in % (Agrarbericht, 2016) 

 
In total, in 2015, the 109,201 agricultural entities were cultivating altogether 3.15 million hectares 
in Bavaria (Bayerischer Agrarbericht, 2016). Of these, around 8,400 entities were cultivating 
270,000 hectares in accordance with the rules of organic farming. This corresponds to a share of 
13 % of land used for organic farming in Bavaria in 2016 (Bayern.de, 2017). 
What can be observed in Bavaria is a steady decline in agricultural employment. The strongest 
decrease happened from 1950 to 2000 when the number of working people in the agricultural 
sector decreased from 1 385 200 (30 % proportion of the Bavarian working force) to 193 800 
(3 % proportion). From the year 2000 the decrease continued, however at a slower pace. In 
2014, officially 142 400 persons(2 % proportion of the Bavarian working force) were fully 
employed in the agricultural sector(Bayerischer Agrarbericht, 2016). 
 
Crops 
Of the 3.15 million hectares of agricultural used land in Bavaria, 2.06 million hectares were used 
as cropland and 1.07 million hectares were covered with permanent pastures. The distribution 
can be seen in Figure 4. 34% of the agricultural area is covered by permanent pastures and 
65% by cropland. 
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Figure 4: Bavaria - overview agricultural land use (Agrarbericht, 2016_a) 

 
The main crops cultivated in Bavaria are wheat, barley, oil seeds and corn. An exact overview of 
the used crops can be taken from Table 3 (there is a small difference in the total number of 
cropland hectares compared; reason for this must be rounding errors as the data is the official 
data used by all Bavarian state authorities). 
 

Table 3: Bavaria - agricultural land use (Bavarian State Office for Statistics, 2017) 

Bavaria Area (ha) 

Cropland total 2,052,183 

Cereals for the production 1,167,566 

Wheat 526,662 

Winter wheat (incl. spelt and einkorn) 519,226 

Plants harvested green 513,972 

Silage maize/fodder maize 376,857 

Barley 368,884 

Oil seeds 153,941 

Winter oilseed rape 148,446 
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Corn cob/corn for maturation incl. CCM) 118,604 

Threshold: 5% of cultivated area (102,500 hectares) 

Triticale 75,740 

Sugar beet without seed production 59,367 

Potatoes 43,431 

Rye and maslin 40,377 

Oat 32,271 

Pulses for harvest as grain 18,454 

Other cereals for the production of grain 5,029 
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According to Eurostat data, less than 1 % of the agricultural land in Bavaria is irrigated 
(seeFigure 5). 

 

 
Figure 5: Irrigated areas in Europe (Eurostat, 2013) 
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Forest patterns 
The area covered by woods and forests is approximately 2.6 Mio hectares, which means more 
than a third of Bavaria’s total land area. It is estimated that Bavaria holds around 1 billion m3of 
wood and each second 1 m3 is added. The forestry and wood sector in Bavaria employs around 
196,000 workers and has an estimated turnover of 37 billion € (Bayerischer Agrarbericht, 
2016_a). 
At the moment, due to the expected consequences of climate change (Waldbericht 2015: 9) the 
composition of the woods is modified. Spruce and spruce pine mix forests shall be gradually 
turned into climatically more tolerant mixed forests.  
The current proportions of tree species in Bavaria are 64.2 % coniferous trees and 35.7 % 
deciduous trees. The coniferous trees are made up of spruce (41.8 %, 1,086,800 hectares), pine 
(17.1 %, 444,600 hectares), larch (2.1 %, 54,600 hectares), Douglas fir (0.8 %, 20,800 hectares) 
and fir(2.4 %, 62,400 hectares). The current composition of deciduous trees is 6.8 % oak 
(176,800 hectares), 13.9 % beech (361,400 hectares) and 15.0 % other deciduous trees 
(390,000 hectares). 
Regarding the forest management systems, it is important to know that in Bavaria more than 
50 % of the forests (54.2 %) are privately owned by around 700,000 forest owners. Often these 
forests aren’t used for forestry and thus the timber stock of the private forests is more (i.e. 65 % 
of the total timber stock) than it would be considering the covered area. In order to use the forest 
potential of the private woods, 136 forestry cooperatives have been established to manage the 
private and corporate forests (13.5 %).The state-owned forests (30.1 %) are managed by the 
Bavarian State Forestry Authority (LWF, 2016 and StMELF, 2017). 
The annual average felling rates of 22.3 million m3(LWF, 2016: 8) are matched with a mean 
annual increment (MAI) of 29.5 million m3. 
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Climate and soil issuesin Bavaria 
 
Climates 
 
Bavaria lies in the temperate climate zone of Central Europe in the area of the west wind zone 
and is in the transitional area between maritime (Western Europe) and continental climate (East 
Europe). While the maritime climate is characterized by mild winters, cool summers and high air 
humidity, the continental climate mostly means cold winters, hot summers and low air humidity. 

 
Figure 6: Bavaria - climate data1971 – 2000 (LfU Bayern, 2017_b) 

 
The red line in Figure 6 shows the mean daily temperature over the year and the blue columns 
show the average precipitation in mm. From 1971 – 2000 in Bavaria the mean daily temperature 
was 7.8 °C and the mean precipitation was 933 mm. 
The mean annual temperature in Bavaria is dependent on the altitude and thus varies 
considerably over the state area. For example, the mean temperatures range from almost 10 °C 
in Lower Franconia (200 metres above sea level) over 6 °C in Allgaeu to -5 °C on Zugspitze 
mountain (2,962 metres above sea level).  
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Figure 7: Bavaria - overview regional mean temperatures(LfU Bayern, 2017_b) ( 

 
Figure 7 shows the the geographical distribution of the mean temperature in Bavaria. The 
warmest month of the year is mostly July, and the coldest one mostly January. There are 
regional factors which have an influence on local temperatures. Basin areas, valley locations 
and the so-called islands of heat phenomenon in large cities enhance favourable (warm) climatic 
conditions, while large forest areas have a cooling effect. 
Table 4 shows the amount of threshold days in Bavaria between 1971 and2000. Threshold days 
are defined as days when air temperature values are lower or higher than defined threshold 
values. 
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Table 44: Bavaria -threshold days(LfU Bayern, 2017_b) 

Threshold days Amount 
days/year 

Ice days (daily maximum < 0°C) 30 
Frost days (daily minimum< 0°C) 109 
Summer days (daily maximum > 25°C) 32 
Hot days (daily maximum > 30°C) 5 

 
 

 
Figure 8: Bavaria -overview regional precipitation (LfU Bayern, 2017_c)) 

 
Precipitation in Bavaria varies regionally as well as temporary. As Figure 8 shows, there are big 
spatial differences regarding the mean precipitation. The spatial precipitation distribution is 
characterized by cyclical weather conditions that bring humid air masses from southwestern to 
northwestern directions towards Bavaria. These air masses are forced to ascend when they 
meet low mountain ranges or the Alps and thus cool down. The contained humidity condenses 
and leads to clouds and rainfall. After the clouds have past mountainous areas they transport 
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less humidity and thus results in a reduced annual precipitation from west to east. Moreover, it 
can be said that precipitations diminish from south to north in Bavaria. In the south of Bavaria 
(i.e. Alps) with annual precipitations of 2,000 mm it rains almost three times more than in parts of 
Franconia in the north of Bavaria with 500-900 mm, which are located in the rain shadow of the 
low mountain ranges Spessart, Rhön und Odenwald (i.e. in Figure 8, the region around 
Würzburg, Schweinfurt, Bamberg and Ansbach in the northwest of Bavaria). 
Regarding the annual precipitation distribution (933 mm in Bavaria), more rainfall occurs in the 
summer months (excluding the low mountain ranges Rhön, Spessart and the Fichtel Mountains). 
Table 5shows the measured areal precipitation for the time period 1971-2000 in the north and 
south of Bavaria (north-south division is shown in Figure 9) for the hydrological year (November 
– October) as well as for the four seasons. 
 
Table5: Bavaria - comparison of the average precipitation in northern and southern Bavaria (LfU 

Bayern, 2017_c) 

Precipitation [mm] 1971 - 2000 Bavaria Sorthern Bavaria Southern Bavaria 
Year (November - October) 933 768 1,058 
Spring (March - May) 210 170 241 
Summer (June - August) 309 230 375 
Autumn (September - November) 217 183 241 
Winter (December - February) 197 185 201 
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Figure 9: Bavaria – precipitation - spatial division north and south (LfU Bayern, 2017_d) 

 
It is known already today that the consequences of climate change will also affect Bavaria. Long-
term measurements of annual mean temperatures show an average increase of temperature of 
1.1 °C for the whole year (see Table 6). The biggest seasonal temperature increase can be seen 
in the winter months, with an increase of 1.7 °C in northern Bavaria and 1.8 °C in southern 
Bavaria. 
 

Table 6: Bavaria - increase of mean temperature between 1931 - 2010 (LfU Bayern, 2017_d) 

Trend [°C] 1931 - 2010 Bavaria Northern Bavaria Southern Bavaria 
Year (November - October) 1.1 1.0 1.1 
Spring (March - May) 1.1 1.0 1.2 
Summer (June - August) 1.0 0.9 1.1 
Autumn (September - November) 0.4 0.4 0.4 
Winter (December - February) 1.7 1.7 1.8 
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Figure 10 shows the mean annual temperature in Bavaria for the years 1931 – 2015. It can be 
seen that the annual mean temperatures increased by almost 1.5 °C if the trend is continued 
until the year 2015 (compared to the increase of 1.1 °C between 1931 – 2010). 
 

 

Figure 10: Bavaria - overview annual mean temperature 1931 – 2015(LfU Bayern, 2017_d) 

 
Another indicator of the trend to higher annual mean temperatures is the list of the ten warmest 
years in Bavaria. Figure 11 shows that eight of the ten warmest years occurred after the year 
2000. In Bavaria, 2014 was the warmest year since 1931 (Maier, 2016: 5). 
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Figure 11: Bavaria and Germany- warmest years since 1931 (LfU Bayern, 2017_d) 
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Soils 
 
Figure 12 gives an overview about the different kinds of soils which can be found in Bavaria. The 
soil types are related to 12 Agricultural Regions in Bavaria. 

 
Figure 12: Bavaria - overview soil types for agriculture(Agrarbericht, 2014) 

 
The twelve Agricultural Regions are shown in Table 7. 
 

Table 7: Bavaria - Agricultural Regions(Agrarbericht, 2014) 

1 Alps 7 East Bavarian low mountain ranges I 
2 Alpine foothills 8 East Bavarian low mountain ranges II 
3 Pre-Alpine hilly land 9 Jura 
4 Tertiary hills – South 10 North Bavarian hilly land and keuper 
5 Tertiary hills – North 11 Franconian Plates 
6 Gaeu areas 12 Spessart and Rhoen 
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Following the main soil types are briefly described. 
 
Fen (lowland moor) 
Moorsresult by the silting up of open waters or at constantly high ground water level. Arising 
residue cannot be sufficiently decomposed in the absence of air and accumulate in a peat layer 
(fen). With sufficient rainfall, the mud out of the groundwater body can grow and form a common 
domed-shaped trained bog. The peat mosses (Sphagnum) store the rainfall like a sponge. The 
fens receive water from groundwater. Therefore,they can be found especially in the large 
floodplains, for example in the river valleys of Danube or Isar. 
Moors are not suited for intensive agriculture because they hold hardly any nutrients. Thus, fens 
can favourably be used as grasslands. The weaknesses of these soils are trace element 
deficiencies, strong risk of dewinterizing, risks of early and late frosts. When these soils are 
cultivated they tend to puffynes (high wetting resistance) and heavy weed infestation. The soils 
can be cultivated easily because of a low tensile force resistance. However, because each 
cultivation activity causes humus decrease, only as few as possible activities shall be done. 
 
Gley 
Gley occurs at locations withevenly high standing ground water on all parent rock. In the upper 
area they show a patchy, rusty look caused by precipitation of iron and manganese compounds. 
The lower part, which often most time of the year is under water, is dark greyish-blue to greyish 
black. Gley is not suitable for cultivation because it is too wet. However, if the ground water level 
is not too high, these soils are especially suitable for meadowland farming. Heavy agricultural 
machinery shall not be used on these grounds as they are compaction-sensitive. 
It is important to avoid the dissemination and occurrence of too many nutrients and pollutants as 
the soil coverage over the ground water may be very thin and thus the filtration capacity of the 
soil inefficient. 
 
Alluvial soils 
Alluvial soils (Vega) result from depositions of river and stream floodplains. They are usually 
periodically flooded and have a heavily fluctuating water table. The soil dynamics of floodplains 
are very different depending on the character and catchment area of the river and the distance 
to it. The returning floodings provide alluvial soils with a lot of oxygen and nutrients. If used 
agriculturally, these soils are used for permanent pastures. If the soils are flooded not too often, 
these soils can also be used for agricultural cultivation. 
 
Pseudogley 
Pseudogley is a soil type characterized by waterlogging and drying up. The preconditions for 
such soils are a stowing underground on which the precipitation that trickles away stows up 
temporarily. The typical marbling of Pseudogley results because of moisture-related reallocation 
of iron and manganese in the soils. Pseudogley tends to be too wet when it rains and very dry 
during droughts (cracked earth). This change in humidity makes these soils not suitable for 
cultivation, thus they are typical locations for forests and meadows. 
 
Terra fusca 
Terra fusca (lat. Terra ' land, Earth ' and fuscus 'brown'), also limestone brown clay is a soil type, 
which developed on a surface made of limestone or gypsum. It is a plastic and dense clay-rich 
soil that results of the accumulation of residues of the solution of a Rendzina caused by lime or 
plaster solution. This soil is only distributed in Upper Franconia. 
Terra fusca is very tight due to the high clay content and hard to cultivate, especially since it 
often occurs in alternating with rocky, flat-ground floors. Its humus content varies. Especially with 
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poor ventilation and when cooling humid air occurs, a strong concentration of humus can result. 
Terra fusca has a high-water capacity.However,the usable partfor plants is limited by the high 
clay content. Due to these properties, it is used mainly as forest or pasture land. 
 
Para-brown earths (Luvisol) 
Para-brown earthsare soils, where particles of grain size fraction clay have shifted from the top 
shelf into the subsoil. The soil is a result of weathering and clay elutriation of calcareous dust 
clay (loess) from the last ice age. Para-brown earths are well suited for agricultural cultivation 
and belong to the best soils in Bavaria. 
 
Brown earth 
Brown soils result from various source rocks and can form only if the soil is lime free. Iron 
minerals are dissolved andtransformedand oxidized (Verbraunung, i.e. turn brownish),after 
contact with air and water. Like that, the soils get the typical brown, sometimes reddish or 
yellowish colour. Brown earths occur as sandy, loamy or clayey soil types and can be shallow or 
deep, sour or alkaline, rich or low in nutrients and with many stones or stone free. The fertility of 
brown earths depends on the parent rock and thus varies in a broad range. Deep and loamy 
brown earths can store a lot of water for plants. Shallow sandy or stony soils are more porous 
and store water not very well. Mostly brown earth locations are used for agriculture,in lowlands 
often for grasslands. 
 
Pelosol 
Pelosols originate from clay-rich parent rocks. They occur in many transitional forms to other soil 
types. A distinct change from wet and dry phases in the seasonal course is characteristic for 
Pelosols. The contractionand swelling processes can be seen on their structure. Because of the 
high clay proportion, pelosols can store water very well in times with high precipitation. However, 
in times of drought the soils dry up quickly. Remaining water in the soil is captured in fine pore 
spaces and not available for plants. Pelosols are often used as grasslands, orchards or wood. 
They can highly bind nutrients and pollutants and thus have a protective function for the ground 
water. They are not very suitable for agriculture and can only be cultivated with machinery when 
the conditions are optimum (i.e. not too dry and not too wet). Thus, they are often used as 
permanent pasture or wood. 
 
Pararendzina 
Pararendzina belong tothe least developed soil types. They are shallow skeleton grounds 
(skeleton = stones) on lime stone, mostly occurring in slopes. They are characterized by dark 
top soils that contain a lot of organic materials.Often, the barely eroded parent rock directly 
adjoins downwards. These soils are not very suitable for agriculture because they only can store 
little water. They cannot hold back pollutants yet they can resist sour rains (LfU, 2017). 
 
Regosol 
Regosol is a shallow soil that is formed at an early stage of soil development on lime free to 
decalcified bulk material. The typical starting materials for regosol are sands. The soil is called 
regosol when a layer ofat least 2cm of humus covers the sand. The soil development continues 
and because of weathering the soils turn brownish and loamy (nutrient poor brown earth). At the 
end of this development these soils are called podsol. Regosol soils are used for cultivation, yet 
always have the risk of drying up. 
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There are many subtypes (soil types) for each of the main soil types. They occur either only in 
one Agricultural Region or in various ones. An overview about the local occurrence of different 
soil types is provided in Table 8 below. 
 

Table 8: Bavaria - overview spatial distribution of soil types(LfL, 2018) 

Soil type Occurrence in Agricultural Region [No.] 
1 2 3 4 5 6 7 8 9 10 11 12 

Fen                         
Fen (lowland moor) over 
calcareous gravel of the lower 
terraces 

                        

Gley                         
Pseudogley-gley of sandy-loamy 
cover over fossil fen-gley                         

Alluvial soils                         
Alluvial pararendzina of sandy-
loamy cover over lime gravel                         

Tschernitza (black earth alike 
alluvial) of clayey-loamy cover                         

Alluvial pararendzina, slightly 
gleizated, of clayey-loamy cover 
over lime gravel 

                        

Vega (brown alluvial) of sandy-
loamy valley sediment                         

Pseudgley                         
Pseudogley of very old loessic 
loam                         

Brown earth-pseudopgley of 
loessic loam                         

Pseudogley of loessic loam                         
Pseudogley of tertiary saprolite 
(relictic gneiss weathering)                         

Pelosol-Pseudogley of silty-loamy 
cover over liaston                         

Alluvial-pelosol pseudogley of 
clayey valley sediments                         

Brown earth-pseudogley of 
loamy-sandy cover over marl clay 
in sandstone keuper 

                        

Pelosol-pseudogley of sandy-silty 
cover over clays of the Lower 
Keuper 

                        

Brown earth-pseudogley of 
sandy-silty cover over Rötton 
(upper new red sandstone) 

                        

Terra fusca                         
Brown earth-Terra fusca of silty-
loamy cover over Jura limestone 
weathering 

                        

Luvisol                         
Luvisol of cover clay over bed-
load clay                         
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Luvisol of gravel of the lower 
terraces                          

Luvisol, moderately eroded, of 
loess                         

Luvisol of loess                         
Luvisol of silty-sandy cover over 
sandstone-keuper-weathering                         

Brown earth                         
Brown earth of sandy clay soils 
over lime gravel                         

Brown earth of residual loess                         
Brown earth of sandy and loamy-
sandy molasse material                         

Brown earth of fine- and medium-
sandy molasse material                          

Brown earth of decalcified loess 
(sand-loess) on the upper 
terraces of river Inn 

                        

Pseudogley-brown earth of 
loamy-sandy solifluction soils 
over tertiary saprolite (relictic 
gneiss weathering) 

                        

Brown earth of phyllite (debris)                         
Brown earth of gneiss (solifluction 
top layer over solid rock)                         

Brown earth of deep gneiss 
subversion                         

Brown earth of granite substitute                         
Terra fusca-brown earth of marly 
limestone (Lias)                          

Pseudogley-brown earth of silty-
sandy cover over old 
Blasensandstein (sandstone) 

                        

Brown earth of terrace sands 
(Burgsandstein)                         

Brown earth of loamy-sandy 
material of the red beds                           

Pseudogley-brown earth of 
gravely terrace sands over clay                         

Calcaric cambisol of limestone 
and marl of the upper shell 
limestone with addition of loess   

                        

Brown earth of basalt                          
Brown earth of loamy-sandy 
cover over sandy-clayey red 
sandstone weathering (Middle 
Buntsandstein)  

                        

Pelosol                         
Pelosol, slightly gleizated, of 
marly molasse material                         

Pelosol of marl clay of the lower 
Gipskeuper                          
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Pseudogley-pelosol of 
(claystone) Feuerletten (Uppper 
Keuper)  

                        

Pararendzina                         
Pararendzina of silty-gravelly 
boulder-clay                         

Pararendzina of loess                         
Regosol                         
Flat Regosol of silty-clayey cover 
over red clay-like weathering 
(Fersiallit) of limestone sediments 
(clayey Alp covering)  

                        

Regosol of drifting sand over old 
weathered soils of limestone                         

Pelosol-Regosol of Rötton (upper 
new red sandstone)                         

 

Agronomicand socio-economic approaches 
For calculating the number of farms, which can potentially provide the residual feedstock, it is 
important to know which crops are planted in the region and in which cropping systems. 
 
A cropping system (Sebillotte M., 1990) is the set of technical arrangements implemented on 
identically cultivated plots. Each system is defined by:  

• the nature of crops and their order of succession, 
• the technical procedures applied to these different crops, including the choice of 

varieties. 
 
The decision of which crops are cultivated in which extent is limited by the ecological conditions 
yet even more by economical needs. The site conditions determine which crops can be 
cultivated. To which extent crops arte cultivated depends on the organisation ofthe farm (i.e. 
fodder needs, biogas plant) and on the economic conditions (sales opportunity, contribution 
margin). 
It is important that the choice of cultivated crops to have economic success does not affect the 
sustainability of the production. To prevent crop rotation damages like disease and pest 
pressureand weed infestation or to keep the mitigation costs low, some crops or crop types shall 
not surpass shares in the crop rotation. Typical shares for Germany are presented in Table 9. 
 

Table 9: Maximum cultivation concentration of crops, according to the objective of sustainable 
plant production (Landwirtschaftskammer Nordrhein-Westfalen, 2015_a: 1) 

Crop Natural conditions 
  favourable   unfavourable 

Potatoes   33   25 
Sunflower   17 

 
12 

Flax   14 
 

12 

Beta beet1)   33 
 

25 
Rapeseed   33 

 
25 

Beta beet and all cruzifers2) 33   25   
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Grain peas   20 
 

17 
Broad beans   25 

 
20 

Grain legumes in total 25   20   
Wheat   33 

 
25 

Winter barley   40 
 

33 
Rye, triticale   50 

 
33 

Winter crops in total3) 75   67   
Summer barley   50 

 
33 

Oat   25 
 

25 
Summer crops in total 50   50   
Crops in total 75   75   
Corn maize   50 

 
33 

Silage corn   40   25 
1) Beet and sugar beet; 2) Rapeseed, turnip rape, swede, turnip, forage kale and cabbage as main crop, 
catch crop, winter intercropping; 3) in crop rotations withoput oat and summer barley; 4) oat and summer 
barley in crop rotations without winter barley 

The sequence of the crops in the crop rotation needs to respect several aspects. The harvest 
date of the preceding crop must allow it that subsequent crop can be cultivated on time. Also, 
disease and pest pressure shall be kept at low level, preceding crop effects should be best used 
and nitrogene losses should be best reduced. Each farmer uses the crop rotation that is 
favourable for the own conditions. It is impossible to show the crop rotation for a whole region, 
respectively it would be another investigation. To have an idea which combinations in Germany 
are considered beneficial and which ones not, Table 10 gives an overview 
(Landwirtschaftskammer Nordrhein-Westfalen, 2018). 
 
Table 5: Evaluation of different crop rotation combinations (Landwirtschaftskammer Nordrhein-

Westfalen, 2015_a: 2) 
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 Winter wheat - - - - o o + + + + + + + + + + 

Summer wheat - - - - o o + + + * * * * * + * 

Winter barley + + - - + + + o - * * - + * - - 

Spring barley + + - - + + + * * * * * * * + * 

Winter rye + + + + o o + + o * * - * * - * 

Triticale o o + + + o/- + + o * * - * * - * 
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Oat + + + + + + - * * * * * * * * * 

Corn + + + + + + + o o * * + * * + + 

Broad beans + + * + + + + + + - - * * * * * 

Peas + + * + + + + + + - - * * * * * 

Late/ Early potatoes + + + + + + + o + + + - - * + + 

Winter oilseed rape o o + + o o o - - - + - + - - - 

Sugar beet + + + + + + * - - - + * * - - - 

Beet + + + + + + + o + + + * * - - - 

+ favourable preceding crop 

* favourable preceding crop, and "crop rotation deluxe" because other subsequent crops can profit better of the 
preceding crop effect, longer vegetation-free period can be used by catch crops if appropriate   

o  possible with restrictions 

- unfavourable preceding crop (yield reduction, crop rotation diseases), or rather, impoossible to keep tillage 
timeslot of subsequent crops  

 
 
Other than originally planned, the socio-economic approach will be further investigated 
when studying the business case in the project and not in this study.  
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Main flow of biomass, upstream selection process and mapping 
 

Lignocellulosic biomass quantification at regional level - Theoretical 
biomass potential 
 
According to the German BiomassResearch Centre (Zeller et al., 2012: 4-6), the 
theoretical biomass potential is:  

• For primary residues: it is the maximum amount of biomass. It is determined by area of 
a territory and land uses (area covered by forest or cereals, ecological issues: nature 
reserve), bio-physical component (type of soil, climate, constraints like slope, pest, etc.) 
and management component (soil tillage, inputs, irrigations, etc.). At the end, usable 
area and yields of crops (or MAI for forest) are the most relevant data to determine 
theoretical biomass potential.  

• For secondary residues: it is the maximum amount of biomass. It is determined by 
industrial activities (food industry, papermill, sawmill, agricultural cooperatives). 

 
In the part of the study that investigates the Bavarian crop residues, only primary 
residues from arable crops are considered. This is due to the fact, that in Germany 
primary residues from perennial crops and forests are used either thermically (i.e. 
miscanthus) or in biogas plants. Also, most of the secondary residues are used either 
thermically or in biogas plants. 
 
All data used for the investigation of a sustainable straw potential in Bavaria are official 
data from by the Bavarian State Office for Statistics. In order to calculate the theoretical 
biomass potential for Bavaria several parameters are necessary. Thus, for the following 
calculation, information about the average areas that are considered as agricultural used 
lands, the average crop yields and the straw factor are needed for the theoretical 
potential. 
Each data set contains information about 3 years average of agricultural used lands, 10-
year average of crop yields, residue rates for investigated crops and a sustainability 
factor for the maintenance of soil carbon on the fields. 
 
Following, the steps that were used to calculate the biomass potential for each of the 96 regions 
(i.e. NUTS3-regions) are exemplarily described for the district Altötting, which is the first rural 
district in Upper Bavaria in the official district list of the Bavarian State Office for Statistics. 

In order to find a value representing the average field area used for a specific crop, the 
available data of the agricultural structural survey was used. The values are available for 
the years 1999, 2003 and 2007. The average of the three values is used as average field 
area used for the specific crop. The values in the statistics are given in the German field 
measure ar and were converted after into hectare. 
 

Table 11: Bavaria – calculation example average agricultural used land in Bavaria (Bavarian 
State Office for Statistics, 2017) 
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Report year 

Agricultural used land (AL) 
Types of crops on AL 

Wheat Rye Barley Oat Triticale Corn 
ar ar ar ar ar ar 

1999 478,121.00 28,505.00 224,419.00 116,250.00 35,963.00 243,226.00 
2003 488,989.00 24,063.00 218,391.00 120,490.00 47,131.00 345,723.00 
2007 499,915.00 29,874.00 225,025.00 77,113.00 31,072.00 274,710.00 
              
average [ar] 489,008.33 27,480.67 6,921.00 104,617.67 38,055.33 287,886.33 
average [hectare] 4,890.08 274.81 69.21 1,046.18 380.55 2,878.86 

 
The presented yields are each 10-year-average yieldprovided by the Bavarian State Office 
for Statistics. The detailed calculation is available in an Annex I document. For each crop 
the 10-year-average yield, as well as the minimum and maximum yield are presented for 
all investigated crops and regions. 
 
In order to find the theoretical amount of biomass field residue (i.e. remaining aerial part 
of the plant not considered as the crop main product), residue rates were taken from the 
initiative “effizientdüngen” (www.effizient-düngen.de) and from Kaltschmitt et al. (2009). 
 
The most interesting change in the residue factors was found for corn stover. Latest research in 
Bavaria has revealed a residue rate for corn of only 0.9 (Thurner et al., 2017). Literature gives 
residue rates that are considerably higher: 
 

• 1.3 (Kaltschmitt et al., 2009) 
• 1.0 (Witzelsberger, 2006) 
• 0.9 (Thurner et al., 2017) 

 
In this study, the most actual parameter will be used (i.e. 0.9) which also means that the most 
conservative parameter is used to calculate the corn stover potential. 
 
The rates used for the calculations thus are as follows: 

• wheat straw  0.83 
• rye straw  1.00 
• barley straw  0.95 
• oat straw  1.10 
• corn stover  0.90 
• triticale straw 1.00 

 
The average crop yields were multiplied with the straw factors and resulted in a value, the 
theoretical straw potential. 
 
A sustainability factor must be considered which takes into account that only a certain 
amount of biomass can be exported from the field so that enough humus can be 
reproduced on site. The German IFEU (Institut für Energie- und Umweltforschung - 
Institute for Energy and Environmental Research) investigated the maximum amount of 
crop residue which be taken from the fields without putting the soils at risk of nutrient 
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degradation. According to the IFEU (2008: 5) a maximum factor of 33 % of the total 
produced residue (i.e. the theoretical potential) can be taken from the fields if the soil 
quality shall be maintained. Still, research is ongoing on this issue as the development of 
soil carbon is very location-specific and thus, the sustainability factor of 33 % can only be 
seen as a first approximation (IFEU, 2008: 3).For this investigation, the sustainability 
factor of 33% was used for all investigated crops. 
 
All factors mentioned inthe previous chapter were used for the calculations. Following in Table 
12 the calculation results are shown for the example region district Altötting. The complete 
datasets with results for every single of the 96 investigated regions can be found in the Annex I 
of the full report. 
 

Table 6: Bavaria - straw potential calculation for district Altötting 

 
Region/City (LK) Altötting 

    
       
Culture 

Agricultural 
used area 
[hectare] 

Yield 
[t/hectare] 

Total 
amount 

[t] 

Crop 
residue 

rate 

Total 
theoretical 
residue [t] 

Sustainability 
Factor 

Total 
sustainable
residue [t] 

wheat 4,890.10 7.22 35,306.52 0.83 29,304.41 0.33 9,670.46 
rye 274.80 5.48 1,505.90 1.00 1,505.90 0.33 496.95 
barley 69.20 5.95 411.74 0.95 391.15 0.33 129.08 
oat 1,046.20 5.13 5,367.01 1.10 5,903.71 0.33 1,948.22 
rapeseed 1,361.02 3.89 5,294.37 2.86 15,141.89 0.33 4,996.82 
triticale 380.55 6.14 2,336.58 1.00 2,336.58 0.33 771.07 
corn 3,036.04 10.05 30,512.20 0.90 27,460.98 0.33 9,062.12 
 
The calculation shows that in the example for the regional district Altötting for none of the crop 
residues, an amount of more than 10,000 t/ha of sustainable straw would be theoretically 
available. 
 

Upstream lignocellulosic biomass selection process –Theoretical biomass 
potential 
 
Threshold capacity 
 
The business model of the project is based on small-scale industrial plant with a 
minimum processing capacity of 30,000 t equivalent dry biomass per year in a small 
catchment area of 50 km radius. This is why a minimum production level of residue in 
such an area will be used in the project as the threshold capacity to select sustainable 
biomass feedstock. 
 
Biomass selection  
 
The results for the different regions and preselected cultures of Bavaria are presented in 
Table 13. Highlighted in green are all regions that have a sustainable potential of 
minimum 30,000 tons per year. Additionally, regions with promising potentials of more than 
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15,000 tons per year, or various feedstock of each more than 10,000 tons per year in the same 
region are listed. 
The most promising regions identified are Landshut (No. 30), Passau (No. 31), Straubing-
Bogen (No. 34), Ansbach (No. 64), Würzburg (No. 82) and Donau-Ries (No. 95). 
Generally, for all 96 regions in Bavaria, datasheets showing the detailed results for the different 
cropswere elaborated that use data provided by the Bavarian State Office for Statistics in Annex 
II of the full report. 
 

Table 7: Bavaria - potential feedstock for 2G bioethanol production 

Most promising regions for biomass feedstocks in Bavaria 
(sustainable residue> 30,000 t/year and promising regions) 

    
No. Regions Cultures sustainable available residue 

[t/year] 

7 LK Dachau Wheat 20,128.64 
        
9 LK Eichstätt Wheat 31,208.46 

  
Barley 20,963.52 

  
Rapeseed 20,883.36 

        
10 LK Erding Wheat 25,661.78 
        

11 LK Freising Wheat 20,920.02 
        

27 LK Deggendorf Corn 20,375.21. 
        

30 LK Landshut Wheat 49,594.50 

  
Rapeseed 30,282.42 

  
Corn 26,056.47 

 
City of Landshut Wheat 1,241.44 

  
Rapeseed 638.44 

  
Corn 1,161.75 

 
City+LK Wheat 50,835.94 

  
Rapeseed 30,920.86 

  
Corn 27,218.22 

        
31 LK Passau Corn 54,309.05 

 
City of Passau Corn 369.12 

 
City+LK Corn 54,678.17 

        
33 Rottal-Inn Wheat 26,156.17 

  
Corn 19,642.15 
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34 LK Straubing-Bogen Wheat 35,236.81 

  
Corn 14,899.11 

 
City of Straubing Wheat 2406.56 

  
Corn 553.90 

 
City+LK Wheat 37,643.37 

  
Corn 15,453.01 

        
35 LK Dingolfing-Landau Wheat 32,661.55 

  
Corn 16,955.89 

        
39 LK Amberg-Sulzbach Barley 19,902.22 
        

41 LK Neumarkt i.d.OPf. Barley 26,412.48 
        

42 LK Neustadt a.d.Waldnaab Barley 19,635.30 
        

43 LK Regensburg Wheat 37,078.32 

  
Corn 12,721.09 

 City of Regensburg Wheat 1,980.90 
  Corn 547.50 
 City+LK Wheat 39,059.22 
  Corn 13,259.59 
        

44 LK Schwandorf Barley 21,417.59 
        

45 LK Tirschenreuth Barley 21,060.17 
        

50 LK Bamberg Barley 17,022.87 

 
City of Bamberg Barley 105.09 

 
City+LK Barley 17,127.96 

        
51 LK Bayreuth Barley 18,816.88 

 
City of Bayreuth Barley 712.72 

 
City+LK Barley 19,529.60 

        
54 LK Hof Barley 22,795.49 
        

64 LK Ansbach Wheat 20,718.05 

  
Barley 37,242.22 

  
Rapeseed 21,079.36 
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City of Ansbach Wheat 108.39 

  
Barley 127.69 

  
Rapeseed 117.79 

 
City+LK Wheat 20,826.44 

  
Barley 37,369.91 

  
Rapeseed 21,197.15 

        
68 LK Neustadt a.d.Aisch-Bad Windsheim Wheat 23,182.74 

  
Barley 30,360.99 

        
70 LK Weißenburg-Gunzenhausen Barley 17,949.05 
        

76 LK Rhön-Grabfeld Wheat 16,791.57 

  
Barley 17,357.62 

  
Rapeseed 19,638.45 

        
77 LK Haßberge Wheat 16,005.58 

  
Rapeseed 14,386.64 

        
78 LK Kitzingen Wheat 16,225.44 
        

80 LK Main-Spessart Wheat 13,108.49 

  
Barley 16,958.57 

  
Rapeseed 16,868.63 

        
81 LK Schweinfurt Wheat 24,603.89 

  
Barley 16,544.38 

  
Rapeseed 13,955.70 

 
City of Schweinfurt Wheat 359.38 

  
Barley 76.96 

 
City+LK Wheat 24,963.28 

  
Barley 16,621.34 

        
82 LK Würzburg Wheat 36,614.22 

  
Barley 23,660.00 

  
Rapeseed 26,677.81 

 
City of Würzburg Wheat 1086.92 

  
Barley 869.49 

  
Rapeseed 170.02 

 
City+LK Wheat 37,701.14 

  
Barley 24,529.49 
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Rapeseed 26,847.83 

        
87 LK Aichach-Friedberg Wheat 22,173.14 

  
Barley 15,730.62 

  
Rapeseed 11,809.93 

        
88 LK Augsburg Wheat 19,574.03 

  
Barley 14,896.29 

        
89 LK Dillingen a.d.Donau Wheat 28,634.47 
        

90 LK Günzburg Wheat 15,238.07 
        

95 LK Donau-Ries Wheat 37,907.04 

  
Barley 21,308.15 

  
Rapeseed 15,578.67 

    
 
 
Chemical criteria 
 
Table 14 below presents the critical levels for the main compounds of the lignocellulosic 
biomasses: cellulose, hemicelluloses, lignin, mineral (ash), lipids and protein to be 
considered in relation with the processes involved in the pretreatment of the biomass and 
an efficient production of 2G ethanol. Cellulose should be the major compound and 
hemicelluloses and lignin should be limited to a maximum level of 30 and 22% respectively. 
Materials with high lignin content are difficult to treat and its content should be limited to 10% in 
order to avoid excessive wearing of the equipment. Lipids and proteins critical values were set at 
10% to avoid respectively excessive saponification and “plastification” of the biomasses. 
Proteins submitted to thermo-mechanical treatment have a tendency to reticulate and produce 
rubber-like products. 
 

 
Table 8: Critical levels of chemical composition for the process 

Compounds Content % DM  

Cellulose ≥34% To allow destructuration of the lignocellulosic 
matrix, avoid excessive wearing of the 
equipment and obtain sufficient yield for the 
conversion to ethanol 

Hemicelluloses ≤30% 
Lignin ≤22% 
Mineral content (ashes) ≤10% To avoid excessive wearing of the equipment 

Lipids ≤10% For the stability of the material and prevention 
of inhibition compounds for the bioconversion 
processes Proteins ≤10% 

 
Results  
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Chemical analysisof the investigated feedstock already performed in previous research work, 
are presented in Table 15. 
 

Table 9: Feedstock analysis from the Babethanol project (IICA POROCISUR, 2013: 137) 

Residue type Mineral 
(%) 

Lipid  
(%) 

Protein 
(%) 

Lignin 
 (%) 

Cellulose 
(%) 

Hemicelluloses 
(%) 

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 

Rapeseed stems 2.1-3.3 0.7 6.5 16.6 42.4 16.4 

Rye straws 5.2 n.d. 6 5-6.5 35.6-42.3 26-28 

Wheat straws 2.4 1.6 4 14.5-18.1 28.3-34.5 28.8 

Acceptable contents  <10 <10 <10 <22 >34 <30 
 
Identified Biomass 
 
From the chemical aspect, barley straws, corn stover, oat straw, rapeseed stems, rye 
straws and wheat straws are suitable feedstocks for the BABET-REAL5 project. The only 
feedstocks in Bavaria with available amounts of > 30,000 tdm/year are wheat straw, barley 
straw and corn stover. 
 

Mapping of the preselected biomasses 
 
For all investigated crops, GIS (Geo Information System) based maps were elaborated. 
These maps can be used as a tool for visualing and preselecting the geographical 
locations of the most promising feedstock.The presented GIS map is based on the 
programme ArcGIS. 

To better compare the visual results of the feedstock mapping, first a political map of Bavaria is 
shown in Figure 13. The scale of 50 km in the lower right corner of Figure 13 is also the 
maximum radius foreseen in the project to define an economical feasible catchment area.  

 

<10,000 t 10,000 - 20,000 t 20,000 - 30,000 t >30,000 t 
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Figure 13: Bavaria - political map ((Bayerisches Landesamt für Statistik, 2017) 
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Wheat straw 
 
Figure 14shows that the most promising regions for sustainable wheat straw with straw 
potentials > 30,000 tons per year are in Lower Bavaria (districts Landshut – 49,594.50 tons, 
Straubing-Bogen – 35,236.81 tons, and Dingolfing-Landau – 32,661.55 tons), Upper Bavaria 
(district Eichstätt – 31,208.45 tons), Lower Franconia (district Würzburg – 36,614.21 tons) and 
in Swabia (district Donau-Ries – 37,907.04 tons). 
 
 

 
Figure 14: Bavaria – GIS map - feedstock wheat 
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Rye straw 
 
Figure 15 displays the potential for rye straw. It can be seen immediately that the potential 
amounts of sustainable rye straw are too small to be further considered. 
 
 

 
Figure 15: Bavaria – GIS map - feedstock rye straw 
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Barley straw 
 
Figure 16shows that in several regions of Bavaria (eight regions with a potential of more than 
20,000 tons to 30,000 tons) considerable amounts of barley straw could be available. The most 
interesting region for a further investigation on barley straw is Upper Franconia. There, 
two regions have a potential which is higher than the threshold. The potential for district Ansbach 
is 37,242.22 tons and for the district Neustadt an der Aisch-Bad Windsheim a potential of 
30,360.99 tons of sustainable barley straw has been calculated. 
 
 

 
Figure 156: Bavaria – GIS map - feedstock barley straw 
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Oat straw 
 
Figure 17 shows the potential for oat straw in Bavaria. It can be seen immediately that the 
potential amounts of oat straw are too small to be further considered. 
 
 

 
Figure 1167: Bavaria – GIS map - feedstock oat straw 
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Rapeseed straw 
 
Figure 18shows that for rapeseed only one region has a sustainable theoretical potential 
higher than the threshold of 30,000 tons. In district Landshut 30,282.42 tons of rapeseed 
straw would be available without taking into account any competitive uses. Further three regions, 
district Würzburg (26,677.81 tons), district Ansbach (21,079.36 tons) and district Eichstätt 
(21,079.36 tons) have a potential of more than 20,000 tons. 
 
 

 
Figure 18: Bavaria – GIS map - feedstock rapeseed straw 
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Triticale straw 
 
Figure 19 displays the potential for sustainable triticale straw in Bavaria. It shows that in none 
of the regions the threshold is met. If at all, only in districtAnsbach (10,643.47 tons of 
sustainable triticale straw) a considerable amount of triticale straw would be available. 
 
 

 
Figure 19: Bavaria – GIS map - feedstock triticale straw 
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Corn stover 
 
Figure 20clearly shows that Lower Bavaria needs to be further investigated to know more 
about the potential of corn stover.One region (district Passau, 54,309.05 tons) 
issignificantlyover the threshold and two regions close to this region have a potential of 
sustainable corn stover which isbigger than 20,000 tons and lower than 30,000 tons. 
 
 

 
Figure 20: Bavaria – GIS map - feedstock corn stover 

 
Concluding, it can be said that overall the region Lower Bavaria has the biggest crop 
residue potentials of all investigated crops. Further investigations should focus on this 
region to find out about the feasibility of a 2G bioethanol plant to be developed within the 
project.The feedstock that will be further investigated in the selected most favourable 
regionare wheat straw and corn stover. 
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Biomass quantification: from theoretical potential to non-competitive 
potential 
 
The following quantification of lignocellulosic biomass takes into account: the 
agronomical and technical considerations and the competitive uses out of the field.  
 

Agronomical Potential 
 
Water (and wind) erosion at regional level 
 
In Bavaria, various data is available about erosion. Since 1986 the Bavarian State Research 
Centre for Agriculture (LfL) is providing atlases that deal with the topic of erosion (latest edition 
2013). Erosion is calculated based on the General soil erosion equation (ABAG) which 
calculates the mean floor removal of arable land in tons per hectare that has to be expected per 
year. Factors such as rainfall, soil characteristics, topography and management enter into the 
equation.  
The most crucial factors for erosion are wind and rain. Wind erosion occurs when strong wind 
blows over dry, barren, bad aggregate floors. In Bavaria, wind erosion only has significance on 
the arable fen (lowland moor), as there the very light soil is prone to drift. Thus, wind erosion is 
not seen as critical in Bavaria and therefore no figures exist that deal with the issue. 
Water erosion occurs when heavy rainfalls on grounds, which are covered only with few plants 
or not at all. The erosion is fostered by steeply inclined or long, disarticulated slopes. In Bavaria, 
water erosion occurs especially in the hilly intensive agricultural land. Especially the fertile loess 
soils can easily silt up and then be eroded by the water (LfU, 2017_b).  
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Figure 21 shows the rain-factor (r-factor) in communities with agricultural use. The R-factor 
reflects erosive rainfall frequency and intensity and is an indicator in which regions special care 
must be taken if the areas are agriculturally used. 
One can see that the selected region of interest (i.e. lower Bavaria) is well exposed to 
water erosion. 
 

 
Figure 21: Bavaria - agricultural land –rain-factor per community(LfL, 2015) 
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Figure 22 shows the potential erosion risk without taking into account real agricultural 
management. Thus, the erosion risk for agricultural land which only depends on topography and 
soil condition can be estimated. Using this figure, it is possible to identify the regions in which 
land cover must be considered particularly important. 
One can see that in the selected region of interest (i.e. region around Landshut and Lower 
Bavaria) the soil erosion risk is high. 
 

 
Figure 22: Bavaria –agricultural land - soil erosion risk (LfL, 2015) 
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Figure 23 shows the C-factor for Bavaria. The C-factor is a measure for soil cover and soil 
cultivationwithin the margin of a crop rotation. For each community, according to the proportional 
coverage of combinable crops, grazing pasture and mulch drilling with row crops, a typical crop 
composition was calculated for the year 2013 which led to the C-factor per community shown 
below. 
 
 

 
Figure 2173: Bavaria - agricultural land – C-factor per community (LfL, 2015)  
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As a result of the single factors presented before, Figure 24 shows the medium, long-term soil 
erosion based on the utilised agricultural area when combining natural conditions with 
agricultural management. 
It can be seen that the agricultural area of Lower Bavaria which is agriculturally intensive 
and which is particularly sensitive to erosion is the region most affected by erosion in 
Bavaria with values over 6 tons per hectare and year. 
 
 

 
Figure 2184: Bavaria: - agricultural land - erosion per community (LfL, 2015) 
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Soil carbon issue / soil organic carbon (SOC) balance 
 
In Germany, more than the term soil carbon, the term humus is used. Reason for this is that the 
highest soil carbon content can be found in the humus layer as it can be seen in Figure 25. 

 
Figure 25: Bavaria -soil carbon distribution in the upper layer of a field (LfL, 2017_c) 

 
Humus (i.e. dead, decomposed organic matter) binds 60,000 kg carbon per hectare. Soil 
microbes bind 2,200 kg C per hectare and soil animals 180 kg C per hectare. That means that 
the invisible microbial biomass is more than 10-times higher than the visible biomass (soil 
animals). 
The humus and clay particles form together the clay-humus-complex (Figure 26) which prevents 
soil depletion and promotes the soil fertility. The humic substances of the humus bind together 
the soil particles which results in a stabilisation of the soil structure. Also, these complexes are 
protected against water dissolution (because of hydrophobic effect of bacteria decomposition 
products). 

 
Figure 26: Bavaria - schematic overview of clay-humus-complex (LfL, 2017_c) 

 
Plants do not use soil organic carbon, as they use atmospheric carbon from CO2 via 
photosynthesis to produce biomass. Over the root system, plants dispense up to 30 % of the 
sugar to symbiotic fungi and bacteria in the soil (Figure 27). 
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Figure 27: Bavaria - humus and carbon cycle (Lfl, 2017_c) 

Farmers can have an impact on the humus content development by the way they cultivate their 
lands. It means that the external impacts (i.e. wind and water erosion) need to be observed and 
the consequences controlled, so that the soil carbon content is kept at a stable level. Figure 28 
shows the two main impact factors on soil carbon, site factors and cultivation. 

 
Figure 1928: Bavaria - main impact factors on soil carbon (LfL, 2017_e) 
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In Bavaria, since 1986, the humus content is regularly monitored to know more about the long-
term development of the humus supply. Therefore, more than 100 representative agricultural 
used areasall over the region have been chosen (90 fields, 25 grasslands and 6 fruit and special 
crops sites). After 26 years of monitoring (i.e.from 1986 to 2012), the average Corg (organic 
carbon) and the Nt (total nitrogen)contents on the monitoring sites remained stable. 
The typical humus contents that were found in Bavaria are shown in Table 16. The parameters 
depend on soil type and altitude. The quality of the humus is higher when the carbon-nitrogen-
ratio is almost equal (i.e. the more nitrogen is in the organic matter). 
 

Table 10: Bavaria - Bavaria - site typical humus contents (LfL, 2017_d) 

Soil types m a. s. l. Corg % Nt % C/N 

Sands < 350 0.70-1.37 0.058-0.116 10.4-12.6 
Sands 350-550 0.75-1.57 0.066-0.140 10.4-12.6 
Loams < 350 1.00-1.64 0.092-0.160 9.6-11.6 
Loams 350-550 1.16-2.32 0.113-0.222 9.6-11.6 
Loams > 550 1.80-3.55 0.163-0.336 9.6-11.6 

Silts < 350 0.96-1.56 0.100-0.149 9.4-10.7 
Silts 350-550 1.17-1.88 0.119-0.186 9.4-10.7 
Silts > 550 1.20-2.19 0.123-0.217 9.4-10.7 

Clays < 350 1.23-2.16 0.125-0.223 9.2-10.7 
Clays 350-550 1.31-2.52 0.135-0.241 9.2-10.7 
Clays > 550 2.33-4.19 0.235-0.461 9.2-10.7 

 
In Bavaria, it is recommended that farmers control the humus content on their 
agricultural areas every 5 to 6 years on a pre-determined field area of 10 to 29 m2. The 
sample collection shall be carried out in the spring before the application of fertilizers. 
 
Soil carbon issue / soil carbon sequestration to mitigate climate changes 
 
Official results from the Bavarian State Research Centre for Agriculture are used to 
address the topic. 
Farmers have an influence on soil carbon sequestration. Depending on the way how the lands 
are cultivated, carbon can be stored in the soils if farming methods like conservation tillage with 
cover crops and crop residue mulch, nutrient cycling including the use of compost are adapted 
(Lal, 2004).  
In Bavaria, the Bavarian State Research Centre for Agriculture recommends the following 
agricultural measures to the farmers to preserve and foster the humus (or soil carbon) on 
their fields:  

• Well balanced crop rotation, catch crops, nurse crop 
• Sufficient supply of the soil with organic matter, ploughing in of plant residues or organic 

fertilizers 
• Location adapted soil cultivation to prevent erosion and compaction 
• Consideration of the codes of good agricultural practices when fertilizing 
• Needs-based chalking to achieve or preserve pH-neutral soils 
• Grassland preservation (LfL, 2017_e) 
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A long-term test on organic fertilising has shown that the microbial biomass can be increased 
when measures are taken. While single measures already have an effect on depleted soils, the 
combination of several measures can significantly increase the microbial biomass as can be 
seen in Figure 29. 

 
Figure 29: Bavaria - effects of organic fertilizing (LfL, 2017_e) 

 
Soil biodiversity 
 
Really sustainable conditions, as aimed for in BABET-REAL5, also include soil 
biodiversity. Soil biodiversity in Bavaria is no only recognized as special task for farmers, 
yet seen as task for the whole of society.Therefore, in 2008, the Bavarian biodiversity 
strategy was implemented. It has four central objectives: 

1. Securing environmental diversity 
2. Conservation of biodiverse natural habitats 
3. Improvement of ecological passabilityof migration barriers such as roads or dams and 

weirs 
4. Education on environmental knowledge 
 

Securing environmental diversity 
In the actual Red List of Bavaria, 40 % (6,480) of the assessed endemic animal species are 
either lost or endangered. The number of birds and insects is decreasing steadily. Recently, a 
Dutch study reported that over 27 years the number of insects in Germany has decreased by 
75 %(Hallmann CA, Sorg M, Jongejans E, Siepel H, Hofland N, Schwan H, et al., 2017). 
Thedecline takes place regardless of habitat type, and either changes in weather, land use, and 
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habitat characteristics explain this overall decline. According to the authors, the main suspect for 
this decline is the intensified agriculture. In Bavaria, the minimum objective was set that until 
2020 for 50 % of the species on the Red List, the threat situation shall improve by one step on 
the scale. 
 
Preservation of biodiverse natural habitats 
A main cause for the decline of endemic animal and plant species is a general depletion and a 
loss of habitats. Not only diminution, but also the fragmentation of existing areasis made 
responsible for this result. Therefore, until 2020, Bavaria plans to complete the habitat net 
(Biotopnetz) to preserve the biodiversity in the long-term. To do so, for example moors are 
renaturalized and watercourses are dynamised. Another objective is, that land consumption is 
reduced and that already used lands are recycled. 
 
Improvement of ecological passability 
Areas that are bigger than 100 km2, in which no public roads exist (no dissection) and which are 
characterized by low traffic density, represent a high ecological value which should be 
preserved. Therefore, roads or dams and weirs shall be made ecological more passable than as 
of now. 
 
Education on environmental knowledge 
The preservation and use of biodiversity need societal support. Therefore, schools and 
extracurricular environmental education shall foster knowledge about the importance of 
biodiversity. Nature adventure regions and educational pathways are measures to be taken. 
Furthermore, research about species in their habitats and the natural resources for nutrition, 
agriculture and forestry is going on. Seed and gene databases are also expanded. 
The four objectives are subject of special working groups within the Bavarian Ministry of 
Environment (Bavarian state ministry of the environmentand consumer protection, 2017). 
 
Mitigation actions to face soil issues (erosion hazards, soil carbon losses, 
reduction of soil biodiversity) 
 
According to the Food and Agriculture Organization of the United Nations (FAO), carbon 
management is the essence of true soil conservation. If carbon in agricultural ecosystems is 
properly managed, less erosion, less pollution, clean water, fresh air, healthy soil, natural fertility, 
higher productivity, increased biodiversity and sustainability may be the positive effects (FAO, 
2008: 2). For this study, soil carbon mitigation measures are described forthe selected 
crops wheat and corn. 
 
Wheat 
 
As the erosion in winter crops mostly takes place in late sown winter wheat, it is 
recommended that conservation tillage is fostered. This measure includes all tillage 
techniques that reduce losses of soil and water. Furthermore, after the cultivation, at least 30 % 
of the soil surface shall be covered with plant remains. Conservation tillage is characterised by 
two basic principles: 

• Reduction of the usual intensity of soil tillage according to method, depth and frequency 
of the mechanical operation. The extended soil regeneration period shall lead to a stable, 
firm soil structure with the objective of preventing soil compaction by following vehicles. 

• Leaving crop residues of previous and/or catch crops close to or on the soil surface with 
the objective of a (in the best case) year-round soil cover over an intact soil structure, 
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which shall prevent capping and erosion (Landwirtschaftskammer Nordrhein-Westfalen, 
2015: 1) 

The effect of conservation tillage has already been proven. Figure 30shows the difference on a 
field, where conventional tillage was applied (left) and where conservation tillage led to a denser 
soil cover and considerably mitigated soil sealing. 
 

 
Figure 30: Comparison between conventional (left) and conservation tillage (right) in Saxony 

(SMUL, 2017) 

 
Table 17shows the measured difference for key parameters. It can be seen, that conservation 
tillage is an effective cultivation technique when soil carbon matters need to be addressed. The 
high infiltration rate and the low drain value also mean a flood control for lower located places. 
 

Table 11: comparison of cultivation impacts (SMUL, 2017)  

 conventional cultivation conservation tillage with mulching 

coverage rate [%] 1 30 
humus content [%] 2.0 2.6 
aggregate stability [%] 30.1 43.1 
infiltration rate [%] 49.4 70.9 

drain [l/m2] 21.2 12.2 

soil loss [g/m2] 317.6 137.5 
 
Corn 
 
As corn is the crop that is most vulnerable to erosion in Bavaria, mitigation actions to 
avoid soil erosion from corn fields are of great importance. 
Retaining soil cover as long as possible (into the months May and June), before the cultivation of 
corn, has shown a positive mitigation effect on water erosion. Fertilizing of the soil with manure 
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shall be therefore done using injection methods, thus making soil tillage obsolete as long as 
possible (LfL, 2013: 47). 
 
The most effective anti-erosion measure observed for corn is mulching without seedbed 
preparation. Although this practice has not been used a lot in the recent years, it has proven 
high effectiveness against water erosion (in an example more effective than a conventional 
cultivated corn field in direct neighbourhood that was located on a less steep slope). This 
cultivation technique is recommended for all agricultural entities that do not need to bring out 
organic fertilizers on the corn fields and have a crop rotation of at least two different kinds of 
crops. When using mulching without seedbed preparation, it is important that there are dry 
conditions on the day of sowing, so that the disc coulter can cut easier through the mulch layer. 
It is recommended to avoid soil compaction because mechanical soil loosening does not 
happen. For heavy soils, direct sowing machines need to be used. A comparison between 
observed soil coverages and resulting erosion damages showed that a complete protection for 
the soils can be reached when at least 30 % soil coverage is left on the fields (LfL, 2013: 48 - 
51). 
 
The common practice of cultivating clover grass before corn cultivation has shown a 
positive effect, similar like mulching with seedbed preparation. The effect was observed 
when the clover fields were ploughed flatly, so that fist-size root clusters remained on the field. 
The rough surface shows resilience against precipitation and slows the water runoff, thus leaving 
more time for the infiltration of rainwater. The erosion prevention effect observed is comparable 
to mulching with seedbed preparation (LfL, 2013: 68). 
Generally speaking, andapplying for all cultivated crops, soil losses reduce the rootzone of the 
soils, nutrients and humus are carried away, streams and lakes, streets and settlementsare 
polluted.  
 
In all regions, the erosion risk varies considerably depending on the local conditions and 
agricultural land use. The Bavarian State Research Institute for Agriculture suggested the 
following measures that help to reduce the erosion risk: 
 

• Mulching an intercropping (catch crop cultivation) 
• Cultivation of crops with low erosion risk 
• Division of too large fields 
• Greening of hillside areas 
• Conservation of permanent pastures 
• Prevention of soil compaction 
• Appropriate liming and humus preservation 
 

Furthermore, broad riparian strips can prevent the entry of too big amounts of happened soil 
losses into water bodies. All these measures play an important role when events like heavy 
precipitation take place, as already has happened and forecasted consequence of climate 
change in Bavaria. The huge amounts of water need to be slowed down so that they will not 
carry off too much soil. Big fields with high slopes are especially vulnerable and thus need 
tobe observedby the land owners. In Bavaria, information campaigns are already carried out 
to address this problem (LfL, 2017). 
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Technical potential 
 
Starting from the theoretical potential, the share that is limited by technical restrictions 
and can be finally recovered with equipment and harvesting/conditioning/storing 
practices is called technical potential.The technical potentialmainly depends on the crop type 
and the equipment used. Other aspects such as Regulatory restrictions and socio-economic 
limits may be considered. 
 
Limitations from harvesting equipment 
 
For wheat straw, as for all other cereal straw, different figures for the technical potential 
can be found in the literature and among experts. In this study, the technical potential for 
grain straw in Germany is set at 67 % (Schwarz, 2012). 
It means that 33% of the total aerial part of the plant is automatically left in the field for 
soil maintenance. So, from the true collectable part of the plant (i.e. 67%) another half (i.e. 
34%) must be left in the field for reaching the 33% sustainabilityfactor forsoil 
maintenance.  
 
For corn stover, according to a recent study by Thurner et al. (2017: 11), a technical 
potential of 49 % needs to be considered. 
It means that 51% of the total aerial part of the plant is automatically left in the field for 
soil maintenance. So, from the true collectable part of the plant (i.e. 49%) another 16% 
must be left in the field for for reaching the 33% sustainabilityfactor for soil maintenance.  
 

Social limits and regulatory restrictions 
 
One of the most important regulations for the Bavarian (and European) agricultural sector 
is the Nitrates Directive (Directive 91/676/EWG), which was implemented to protect water 
bodies (ground and surface waters) from nitrates from agricultural sources by promoting 
the use of good farming practices. Many countries in the European Union have problems to 
fulfil the requirements of the Directive due to intensified agriculture. Germany already needed to 
defend itself in front of the Court of Justice of the EU for failing to take stronger measures to 
combat water pollution caused by nitrates. As reaction to the nitrate situation and the threat for 
water bodies, all Germany is considered to be a vulnerable zone, thus mitigation measures 
needed to be applied. Germany has therefore revised its Fertiliser Application Ordinance (DüV) 
in June 2017. According to the DüV, German farmers need to guarantee that an annual amount 
of 170 kg/ha is not exceeded. Until now (i.e. 2017), this included only fertilizers of animal origin 
(i.e. manure). From 2018 on, also organic nitrogen sources must be included in the 170 kg/ha 
limit. Normally, every farmer with more than 10 ha of agricultural land needs to provide a land 
area balance to prove that the set limits are not exceeded. Therefore, the Bavarian State 
Research Centre for Agriculture (LfL) provides online tools for the farmers to calculate the 
balances for nitrogen and phosphate and to have a standardized printout in case of an 
operational control. In accordance with the new DüV, most of the farmsteads need to be able to 
store liquid manure and slurry for six months. Farms with more than 3 lifestock units (LU)/ha, or 
farms that have no own surfaces must prove storage capacities of 9 months from 2020 on. 
The need for the reform of the Fertiliser Application Ordinance can be emphasized, when 
looking at the most actual results for nitrate pollution of groundwater in Bavaria. Figure 31 shows 
the nitrate concentration at water extraction plants in Bavaria. It can be seen, that the worst 
nitrate concentration situation, where the limit of 50.0 mg/l of nitrate in water is exceeded, 
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is in the north-east of Bavaria (Lower and Middle Franconia). Compared with the south of 
Bavaria, the situation is worse there because of less precipitation. It means that the 
nitrate-loaded soil water cannot be diluted as much as in the southern regions, which 
have higher levels of precipitation. Furthermore, high nitrate pollution can be observed in 
regions with intensified agriculture, and in regions with a high concentration of many 
livestock breeders and biogas plants, where manure or digestate is used as organic 
fertilizer on the fields. This is particularly the case for the region around Ansbach, the 
south-eastern part of Upper Bavaria and the eastern parts of Lower Bavaria. 
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Figure 31: Bavaria - nitrate concentration per water extraction plant (wep) in 2015 (LfU, 2017) 

 

A comparison between Figure 31 and Figure 32 shows, that the results of the 
groundwater monitoring (Figure 32) are worse than the results from the water extraction 
plants (Figure 31). Reasons for this are, that many groundwater catchment areas benefit from 
more wood and from stricter rules for cultivation in these areas, and that water extraction plants 
with too high nitrate concentrations are closed. Thus, the results for the water extraction plants 
seem to be more positive than the groundwater monitoring results. Moreover, some operators of 
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water extraction plants have agreements with local farmers to cultivate their fields in a 
groundwater friendly manner (LfU, 2017: 17-18). 
 

 
Figure 32: Bavaria - nitrate concentration in groundwater at measuring points (LfU, 2017) 

 
At the moment, in Bavaria it cannot be said whether the situation of the water bodies is 
worsening or improving. Positive effects of the new Fertiliser Application Ordinance will be 
visible earliest in some years (LfU, 2017: 19). Additionally to the national measures, Bavaria has 
implemented a programme of measures (from 2016 to 2021) to improve the quality of 
groundwaters. The measures include consultancy, inspection and control measures, and the 
elaboration of concepts and studies. Figure 33 shows which regions in Bavaria are in the focus 
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of the action plan. It can be seen, that the measures are implemented in all affected regions 
(LfU, 2015). 
 

 
Figure 33: Bavaria - overview measurement areas (LfU, 2015) 

Meanwhile the nitrate issue does not directly affect the provision of the residual feedstock, 
farmers fear higher costs for the mitigation measures which they have to implement (i.e. bigger 
storage for manure). An economical alternative like elaborated in the BABET-REAL5 project can 
be beneficial for the affected farmers. 
 
Limitations from socio-economical limits  
 
In many cases, farmers are not willing to risk negative impacts on their soils, thus making 
the use of crop residues for other uses difficult. Therefore, the revenues to be made must 
over compensate all expenses that the farmers are facing (i.e. nutrient loss, working hours, 



BABET-REAL5 – Deliverable D4.2 – Part 1 WIP Germany 

WIP Page 59/101 

 

equipment, etc.). In some studies (i.e. Witzelsberger, 2006), these aspects were already 
considered. 
An important step to convince the farmers to cooperate would be the elaboration of a fair 
contract guarantying that the farmers would not suffer any economical or ecological 
disadvantages. The possibility of integrating farmers into a potential bioethanol plant not only as 
feedstock providers, but also as shareholders and consumers of the bioethanol could make the 
realisation of the concept easier. For example, only the participation of the local population in 
some wind farm projects has made these projects possible. Thus, a similar concept could also 
be a conceivable solution to the problem. 
 

Non-competitive potential 
 
The non-competitive potential takes into account the amounts or crop residues that are 
used or could be used for competitive uses out of the cultivation fields. 
Scientific literature and studies were used to identify the competitive use and to find the non-
competitive potential. 
 
Wheat straw 
 
In Germany, since 1990, straw stalling in cattle and pig breeding has decreased continually. 
While in 1990 the share of straw bedded cattle used tobe 33.8 % (in 66.2 %, manure is driven 
out via gutters), in 2008 only 16 % were bedded on straw and in 84 % the manure was derived 
via gutters (DBFZ, 2012: 26). An explanation for this trend is the significant increase of biogas 
plants in Germany within that time. It is less complicated to use a feedstock in biogas plants that 
does not contain a high percentage of fibrous structure, so it makes sense for the farmers to 
have the manure in a liquid form for further use in these plants. It is further assumed that the use 
of straw for bedding will continue decreasingas there are other substrates that better bind the 
animal faeces (i.e. sawmill residues). However, as investigation so far has only considered 
cereal straw as a whole, it is thinkable that other straw than wheat straw can be used for 
bedding.  
Witzelsberger (2006) also identified the use of straw for special crops (i.e. strawberries, flowers - 
only small amounts), as insulation material (at sugar beet heaps - only very few amounts) and in 
landscaping work (garden centres and tree nurseries - ca. 2 % of total straw). However, these 
competitive uses concern only small amounts. 
Using straw for thermochemical conversion or gasification is not considered as a competitive 
use, either because of restricted economic viability, or of being not yet ready for the market 
(Witzelsberger, 2006: 9-20).  
 
For cereal straw, Witzelsberger (2006) examined the competitive use that could limit the 
available amounts of straw. From all possible competitive uses, using straw for bedding 
or as fodder drew the biggest share of the available straw, with 30 %. This means that 
30 % of the technical potential (i.e. 30% of 67 %) or 20 % of the theoretical potential would 
not be available for the production of 2G ethanol. 
 
Furthermore, regarding the competitive use, latest research has shown that farmers are willing 
to sell all crop residues until soil sustainability is at risk if the price is considered high enough for 
them. 
Interviews with farmers in Bavaria that were carried out for a doctoral thesis revealed that 
farmers start to think about selling straw at a price of 50 €/ton and are willing to sell all 
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available straw that would be considered sustainable at a price of 122 €/ton. It means that 
regardless of the competitive use, enough straw could be purchased if the overall 
economic benefit is considered high enough (Gaus, 2018: 7). 
 
As the focus of the project is the production of sustainable bioethanol that considers 
sustainability aspects throughout the value chain, and as it can be assumed that the 
competitive use will continue to decrease, in this study the current of30 % competitive 
use will be considered to be subtracted from the sustainable straw potential (instead of 
the technical potential). 
 
Corn stover 
 
For corn stover, until now, there is no significant competitive use. The corn stover 
remaining in the fields, are chaffed and then the plant residues are ploughed under. 
Recent research in Bavaria has identified this unused potential as promising feedstock 
for the production of biogas. Reason for this, is that in Germany for the use of corn 
stover, other than for corn and grain in biogas plants,at the moment there are no legal 
restrictions.According to § 39h EEG 2017, the use of corn (whole plant, corn-shaft-mix, 
corn maize and bruised grain) and cereal grains in biogas plants is limited to 44 %. 
Results from laboratories showed that the methane yield of corn stover(300 – 330 l/kgdm) 
corresponds to 90 % of the silage corn methane yield. If corn stover are available for free 
(i.e. from the own fields), the full costs, until entry into fermenter, amount to 0.05 €/kWhel. 
Thus, the feedstock is considered to be a price competitivesubstrate for the use in biogas 
plants (LfL, 2017_b). It needs to be further investigated, if the project business model can 
offer more beneficial conditions to the farmers. 
 

Net amounts and mapping of preselected lignocellulosic biomasses 
 
Provided that the business model is competitive and attractive for the farmers to 
cooperate, then the best feedstock potential can be found in Lower Bavaria. 
Figure 34shows the distribution of the selected biomasses wheat straw and corn stover. 
 
The evaluation of the available feedstock in a 50-km radius shows, that for wheat straw, 
around 120,000 t/y would be sustainably available (considering a competitive use factor 
of 30 %), and for corn stover, a little more than 170,000 t/y would be available with no 
competitive use considered.  
 
In Figure 34, districts in which one feedstock (i.e. wheat straw or corn stover) exceeds the 
30,000 t/y threshold are marked in yellow. To get the complete 50-km radius potential, also the 
districts with lower feedstock potential are finally included (e. g.: district Mühldorf for corn stover). 
Table 18 and Table 19 show all considered districts with their respective available sustainable 
straw amount. 
 
It can be seen, that for the two selected biomasses in theory enough feedstock for the 
planned concept of a new 2G-bioethanol plant would be available. Further economic 
investigation will show if the potential can finally be used. 
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Figure 34: Bavaria - sustainable straw potential in Lower Bavaria 

 
Table 18:Wheat straw - 50-km radius 

District sustainable residue 
[t/y] 

30% competitive use 
[t/y] 

Net available residue 
[t/y] 

Landshut 49,594.50 14,878.35 34,716.15 
Regensburg 37,078.32 11,123.50 25,954.82 
Straubing-Bogen 35,236.81 10,571.04 24,665.77 
Dingolfing 32,661.55 9,798.47 22,863.09 
Kelheim 18,468.67 5,540.60 12,928.07 
50-km radius 173,039.85 51,911.95 121,127.89 
 

Table 19: Corn stover - 50-km radius 

District sustainable residue 
[t/y] 

no competitive use 
[t/y] 

Net available residue 
[t/y] 

Passau 54,309.05 - 54,309.05 
Landshut 26,056.47 - 26,056.47 
Deggendorf 20,375.21 - 20,375.21 
Rottal-Inn 19,642.15 - 19,642.15 
Dingolfing 16,955.89 - 16,955.89 
Straubing-Bogen 14,899.11 - 14,899.11 
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Mühldorf 11,632.42 - 11,632.42 
Altötting 9,062.12 - 9,062.12 
50-km radius 172,932.42 - 172,932.42 
 

Logistics and operational costs 
 
Seasonality for selected Biomasses 
 
In Bavaria, winter wheat is sown from the beginning of October until the beginning of November. 
For shoot and flowering, winter wheat needs cold periods (6 to 9 weeks) where a temperature of 
0 - 5°Celsius is not exceeded.The typical harvest time for winter wheat in Bavaria is July or 
August. 
Corn is sown in Bavaria when outdoor temperatures > 10°Celsius are reached. The corns 
require germination temperatures of 8 -10 °Celsius in the soil. For good yields, the corn must be 
as long as possible on the fields.The harvesting time in Bavaria depends on the weather 
conditions of the year and can range from the beginning of September (early harvest) 
until mid-October. 
 
Logistic for selected Biomasses: from harvest to plant gate 
 
Following the harvesting techniques for wheat straw and corn stover are described more 
detailed. Generally, it can be said that until the harvest, no production efforts are needed to use 
this residual feedstock. 
 
Wheat straw 
 
Wheat straw in Bavaria is usually harvested in the form of bales (Witzelsberger, 2006: 27). 
The harvest process is subdivided into the following steps: picking & baling, on field transport, 
loading, transport and storage. 
After the harvest of the wheat, the cut straw is ejected from the rear part of the combine 
harvester and remains as swath on the field as can be seen in Figure 35. 
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Figure 35: Wheat harvest with combine harvester (BBV, 2014) 

 
The straw is then recovered by a combined pick-up and bale pressing system (figure 36). 
The bales can be produced in different sizes and shapes. The most used bale presses produce 
square bales and can reach performances of more than 30 tons per hour. One average square 
bale measures 2.40 m*1.20 m*0.80 m (l*w*h) and weighs between 140 and 220 kg/m3 
(Witzelsberger, 2006: 63). Specialised bale collectors can store between three and five straw 
bales at the same time and off fload them together at a storage position. It saves time and costs, 
as on field logistics is reduced. 
 

 
Figure 36: Straw baling on field (Witzelsberger, 2006: 29) 

 
The transport of the straw bales depends on the distance between the field and the final storage. 
Either a tractor with a platform trailer or a truck and low loader (Figure 39) are used for the 
transport. The tractors have speed limits of 25 to 40 km/h and cannot charge more than to a total 
weight (vehicle and load) of between 4 to 18 tons. In Germany, agricultural vehicles can be 
loaded with maximum heights of 4 m and a maximum width of 2.55 m. In Germany, 4 m is also 
for trucks the maximum transport height (Witzelsberger, 2006: 29-30). 
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Figure 37: Staw bale transport with truck (Witzelsberger, 2006: 30) 

 
 
Corn stover 
 
The harvest of corn stover differs from the harvesting of wheat straw (which can be called 
conventional). The corn stover cannot be picked up directly after the use of the combined 
harvester, but needs to be prepared in an extra step. In Germany, corn stover has been 
investigated recently bythe Bavarian State Research Centre for Agriculture as it is considered to 
be a promising feedstock for the biogas industry. With recovery rates of around 50 %, the latest 
results have shown considerable harvest losses which occur at the swathing (around 43 % of 
theoretical potential) and picking-up (around 8 %). Still, the feedstock is available in sufficient 
amounts. 
In Germany and Austria, three basically different harvesting techniques are used for the 
harvesting of corn stover. One possibility after the threshing is to use band swathers (in the 
trial, band swather Merge Maxx 900 from the company Kuhn was used), which pick up the corn 
stover centrally and swathe them centrally or sidewards via a cross conveyor belt (see Figure 38 
and Figure 39). 
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Figure38: Merge Maxx 900 (LfL, 2017) 

 
Figure39: Merge Maxx 900, rear view (Fleschhut and Strobl, 2017) 

 
Another possible technique to harvest corn stover is the use of modified mulchers, which 
flail the corn stubbles above the ground, crush the corn stover and pick them up using the 
suction of the flail-shaft. With a conveyor belt, corn stover are then placed sidewards in swaths 
(Figure 40 and Figure 41). 
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Figure 40: Swath-chopper UP-6400 (LfL, 2017) 

 

 
Figure 201: Swath-chopper Biochipper (LfL, 2017) 
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The third harvesting technique is done in a single step (Figure 42 and Figure 43).  
It is carried out with a modified picking machine (in the trial, a modified picking machine by 
German company Geringhoff was tested). Angled blades cut the remaining plant parts which fall 
then into a collecting trough that is installed below the picker. The collected corn stover are 
transported within the vehicle via a conveyor belt and are swathed centrally under the picker. 
Using this technique, also the remains of the threshing are captured and put onto the swath 
(Fleschhut and Strobl, 2017: 27-29). 
 

 
Figure 42: Star Collect - front view (LfL, 2016) 

 
Figure 43: Star Collect - rear view with visible swath (LfL, 2016) 
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Loading of the corn stover can be done using either a field chopper with a pick-up unit (Figure 
44) or with a (self-)loading wagon (Figure 45). 
 

 
Figure 44: Loading with field chopper (LfL, 2016) 

 
Figure 45: Corn stover pick-up with loading wagon (LfL, 2016) 

 
Other than in the USA, where the corn stover after the harvest is dryed and then collected 
in bales (Thurner et al., 2017: 6), in Bavaria the collected corn stover occurs as chipped 
corn stover feedstock. 
 

Operational cost from harvest to plant gate 
 
For the recovery of wheat straw and corn stover, a general flow chart is used to visualize the 
process steps. The flow chart used in this study is the result of a national DBFZ (German 
Biomass Research Centre)-study in Germany from the year 2013. In the study, for all process 
steps after the usual agricultural activities (i.e. until the harvest), a combination of value chain 
elements was pre-defined. In the study, these elements show the process chain until the gate of 
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a heating plant. Instead of a heating plant, the intended 2G-bioethanol plant can be taken here. 
In the flow chart (Figure 46), the respective share of the process (a) and the time required forthe 
process steps (t) in hours (h) can be seen. All parameters are based on tons dry matter (tdm) 
(DBFZ, 2013: 75). 
 
 
It needs to be stated that for corn stover, in Bavaria the process steps of baling and the 
intermediate storage is not foreseen. Reason for it is the too high humidity of the straw 
after harvest. At the moment, corn stover is transported with loading wagons to nearby 
farms.  

 
Figure 46: Flow chart - Field to Gate (DBFZ, 2013: 75) 

 
Detailed costs for selected Biomasses 



BABET-REAL5 – Deliverable D4.2 – Part 1 WIP Germany 

WIP Page 70/101 

 

Following, the expected costs are given for logistics for the provision of the selected feedstocks 
until gate of the plant. 

Wheat straw 
 
The cost of transportation is propotionnal to the distance. The cost fora distance of 50 km 
from the picking-up location to the plantis between 7 and 9 Euro/t one-way (Figure 47). 
The exact costs can be given, once a concrete setting of the plant is known. 

 
Figure47: Transport costs from intermediate storage to plant (Witzelsberger, 2006: 69) 

 
AMG-truck, as used in Figure 47, means a truck from an agro-machinery group cooperative. 
What can be seen is that the costs between the investigated transport variants do not differ too 
much. For a 50-km radius, transport cost variations of 2.00 Euro/t can be expected 
(Witzelsberger, 2006: 69). 
 
The supply costs for wheat straw include baling, loading, two transport parts, storage, nutrition 
compensation and fertilizer spreading. The parameter values used in Table 20 show the supply 
costs for wheat straw (in square bales) at plant gate in Euro/tdm. The distance between field and 
intermediate storage was set at 2 km with the use of a tractor. From the intermediate storage to 
the plant, either a tractor or an AMG-truck or a usual truck wasused up to 50 km distance with a 
cost range from 1.00 to 9.00 Euro/t.  
 

Table 120: Supply costs for wheat straw (Witzelsberger, 2006: 71) 

Feedstock 
picking 

& 
baling 

On field 
transport 
& loading 

Transport 
I 

(Intermediate
) Storage 

Transport 
II 

Nutrient 
compensation 

application 
of 

fertilisers 
Full supply 

costs 

  Euro/tdm Euro/tdm Euro/tdm Euro/tdm Euro/tdm Euro/tdm Euro/tdm Euro/tdm 
Wheat 
straw 12.31 11.77 2.07 7.40 - 28.50 1.00 - 

9.00 12.36 1.21 47.8 - 69.8 
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For wheat straw, the full supply costis estimated from48 to 70 Euro/tdm. The cost 
variations depend mainly on the storage and transport costs, the storage parameter 
being the key parameter. The lowest costs (around 48 Euro/t) can be expected if the feedstock 
is stored in an old building and the transport is realized with an AMG-truck. Should the 
construction of a new building be necessary and a regular truck is used, then almost 70 Euro/t 
need to be calculated for the wheat straw supply.  
Nevertheless, the sales price for wheat straw depends on supply and demand. Interviews 
with farmers in the Straubing-Bogen district have shown a price range between 50 and 
120 Euro/t, provided that the straw is stored in buildings and needs to be delivered over 
up to 20 km (Witzelsberger, 2006: 71-73). 
 
Corn stover 
 
According to Fleschhut and Strobel (2017), the harvesting costs for corn stover are 243 
Euro/ha or 54 Euro/tdm, the detailed cost allocation can be seen in Table 21 with the 
harvesting technique using modified mulchers. 
 

Table 131:Supply costs - corn stover (Fleschhut and Strobl, 2017:31) 

Feedstock 
Harvest, 

transport & 
ensilage 

Storage in 
bunker 

silo 
Extraction 
& feeding Full costs (no space costs) 

  Euro/ha Euro/ha Euro/ha Euro/ha Euro/tfm Euro/tdm 
Corn stover 162.00 62.00 19.00 243.00 27.00 54.00 
 
The full costs for corn stoverof 243 Euro/ha comprise the processssteps fromswathing until entry 
point into the conversion plant (in the study: biogas plant). The price was calculated with a 
recovery rate of 4.9 tdm/ha. The chopped corn stover was then transported around 5 km to the 
bunker silo. During the storage, a mass loss of 8 % could be observed (Fleschhut and Strobl, 
2017: 31). 
 
The small difference of the shown costs between wheat straw (lowest costs of around 48 
Euro/tdm) and corn stover (54 Euro/tdm) occur because of the different provision of 
feedstock. Wheat straw is provided in bales, whereas in Germany, at the moment, corn 
stover is collected and provided only as chipped feedstock, thus no costs for baling 
occur. 
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Risk assessment 
 

Current and near future risk assessment 
 
Current 
 
To secure a steady feedstock for a future 2G ethanol project, the feedstock providers must be 
convinced to cooperate with the 2G ethanol plant operators. It is important that fair conditions 
are achieved that let both sides (i.e. providers and operators) benefit from the business model. 
Furthermore, measures must be taken to secure the feedstock supply (i.e. prevent erosion and 
mitigate climate change impacts). 
 
Near future risk assessment – Horizon 2035 
 
The biggest risks that could be identified for the selected LC biomasses in the targeted 
lower Bavarian region were erosion and negative consequences of climate change (see 
climate issues below). 
 
Regarding erosion, in Lower Bavaria, not only the best quantitative potential can be 
found, but it is also known that especially in the hilly western part of Lower Bavaria the 
issue of erosion is of great importance.Figure 48 gives an overview about the actual state of 
erosion from fields in Bavaria. 
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Figure 48: Bavaria - stated erosion from cultivated areas in 2013 (StMELF, 2013) 

 
Figure 48 shows, that in Lower Bavaria (the area encircled in green for wheat straw and in blue 
for corn stover, in which Landshut is the regional capital) and the southern parts of Upper 
Palatinate (district Regensburg) only the relatively flat Gäuboden area is less affected by erosion 
(marked in yellow, soil losses due to erosion of less than 2 t/ha*a). Especially in the area 
between Landshut and Passau, high soil losses of 4-6 t/ha*yuntil more than 6 t/ha*y have been 
reported. Following, a closer look is given to the erosion issue for wheat and corn. Among 
others, for these crops, in 2013 the Bavarian State Research Centre for Agriculture (Bayerische 
Landesanstalt für Landwirtschaft – LfL) published a study about the efficiency of erosion 
mitigation measures as given by the EU wide cross compliance regulations (Wirksamkeit von 
Erosionsschutzmaßnahmen) for the regions (seeFigure 49) that are most prone to erosion. 
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Figure49: Bavaria - main research area erosion in 2011 (LfL, 2013: 17) 

 
When comparing Figure 48andFigure 49, it can be seen that the soil losses in the target area 
have been reduced a bit between 2011and 2013. However, they remain still high. 
As this situation is not new, law makers have started to implement soil protection regulations. 
Already now, several regulations against erosion are in place in Germany, some of them were 
adapted for Bavaria. The basis for the national regulations is the cross-compliance (CC) 
regulations. They aim at ensuring the safe production of food, the welfare of animals, the 
sustainable use of land, the maintenance of natural resources and limiting climate change. 
Some of the CC requirements were first introduced in 2000 and developed further under the 
2003 CAP (Common Agricultural Policy) reform. CC applies to direct payments and certain rural 
development payments. It is implemented under two main areas: 

• Statutory Management Requirements (SMRs): These SMRs refer to 13 legislative 
requirements in the field of the environment, food safety, animal and plant health and 
animal welfare. 
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• Good Agricultural and Environmental Condition (GAEC): This obligation of keeping land 
in good agricultural and environmental condition refers to a range of standards related to 
soil, the protection and maintenance of soil organic matter, avoiding the deterioration of 
habitats and water protection (Department of Agriculture, Food and the Marine, 2016: 6). 

With respect to the issue of erosion, the cross-compliance requirements set measures to prevent 
erosion. The requirements comply with the risk of (wind and water) erosion for the agricultural 
fields. In Germany, depending on the risk of erosion the fields are classified into different hazard 
classes:  
Watererosion levels: 

• CC-Wasser 0: no erosion risk 
• CC-Wasser 1: erosion risk 
• CC-Wasser 2: high erosion risk 

Winderosion levels: 
• CC-Wind 0: no erosion risk 
• CC-Wind 1: erosion risk 
 

In Bavaria, only water erosion plays a significant role in the agricultural sector. 
No obligations for erosion protection are required on agricultural areas that are classified CC-
Wasser 0. 
On areas that are classified as CC-Wasser 1, it is forbidden to plough between 1 December and 
15 February. Ploughing after the harvest of the previous crop is only allowed if the sowing of a 
winter crop or a catch crop takes place before 1 December. After 15 February, for the cultivation 
of summer crops, there are no restrictions for ploughing on CC-Wasser 1 areas. The 
requirements are obsolete if the CC-Wasser 1 areas are cultivated across the slope. 
For agricultural areas that are classified as CC-Wasser 2, the same regulations concerning the 
cultivation break as for CC-Wasser 1 are applied. Furthermore, ploughing between 16 February 
and 30 November is only allowed if the sowing takes place directly after the ploughing. Before 
sowing row crops with a row spacing of 45 cm and more, ploughing is forbidden. 
To receive payments, it is possible to plant erosion guard bars in CC-Wasser 1 and 2 areas, 
where corn and sugar beet are planted. If erosion guard bars are planned, several preconditions 
need to be observed: 

• The erosion guard bars must be sown latest directly after the sowing of the main crop 
• The bars must be minimum 5 metres wide 
• The distance between the bars or to the rim of the field shall not be bigger than 100 m 

(CC-Wasser 1) or 75 m (CC-Wasser 2) 
• On the erosion guard bars, either winter or early summer crops must be planted 
• Per field, at least one bar needs to be placed 
• The erosion guard bars must be placed across the slopes (so that they can slow down 

the drain) 
• The bars need to be cultivated in a way, so that erosion protection is guaranteed at least 

until the rows of the main crop have been closed 
• The plough line must not be worked on before 16 February(StMELF, 2017_a: 12-15). 

The CC requirements for minimum soil coverage and the minimum land management reflecting 
site-specific conditionswere implemented in the German law Direktzahlungen-
Verpflichtungengesetz, and the principles of conservation of agricultural areas to be maintained 
in good agricultural and environmental condition were incorporated into the Direktzahlungen-
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Verpflichtungenverordnung (DirektZahlVerpflV). In Bavaria, the DirektZahlVerpflV was converted 
into the Erosionsschutzverordnung (ESchV), the erosion protection regulation.  
For Bavaria, this regulation also allows the following erosion protection measures that differ from 
the national law: 

• A rough winter furrow before summer crops (summer cereals, peas, broad beans, clover 
grass a. o.) 

• Rough winter furrow before corn and sugar beet in CC-Wasser 1 and 2 and before 
vegetable and potatoes in CC-Wasser 2, if directly after sowing the crops, erosion guard 
bars, minimum 5 metres wide, mainly across the main slope aspect 

• Permission of ploughing on CC-Wasser 1 areas before potatoes and vegetables 
• Furthermore, fields are excluded of the requirements, if they are not bigger than 0.5 ha, 

as well as fields that are distinctly narrow and long shaped (LfL, 2013: 15-16). 

Additionally, in the frame of the Bayerisches Kulturlandschaftsprogramm (Bavarian Culture 
Landscape Programme), abbreviated KULAP, for row crops, mulching is also recognised as an 
effective erosion protection measure (LfL, 2013: 52). 
The findings about applied measures and erosion risk for wheat and corn are shown below. 
 
Wheat 
The monitoring study (LfL, 2013: 41) showed that on wheat fields few erosion hazards 
could be found. However, as the erosion in winter crops mostly takes place in late sown 
winter wheat, it is recommended that conservation tillage is fostered. This measure 
includes all tillage techniques that reduce losses of soil and water. The mitigating technique of 
conservation tillage is described in thechapter Current and near future risk assessment - Wheat. 
Figure 50 and Figure 51 show damages on fields with late sown winter wheat. 

 

 
Figure 210: Bavaria - erosion damage on late sown winter wheat (LfL, 2013: 82) 
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Figure 221: Bavaria - erosion on processing traces on late sown winter wheat (LfL, 2013: 82) 
 
Corn 
 
Several monitoring studies have shown thatcorn fields are most affected by water 
erosion. More than 75 % of the monitored corn fields have shown erosion damages (LfL, 
2013: 42). Mostly, these damages occur at slopes in combination with missing soil 
coverage. 
In the study about the efficiency of anti-erosion measures (LfL, 2013: 59) it is concluded that 
only the CC measures that must be applied for receiving payments cannot be considered to be 
completely efficient. 
 

 
Figure 232: Bavaria - erosion on corn field instead of implemented CC-measures (LfL, 2013: 56) 
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Figure 243: Bavaria - erosion in corn field - water coming from grain field (LfL, 2013: 83) 

 
Climate issues 
 
As already described in previous chapters, higher annual mean temperatures are 
expected in Bavaria in future years and will affect agriculture and forestry. 
According to data from German Meteorological Service (GMS), until 2050 an increase of the 
annual mean temperature of 1 (15 % probability) – 2.5°C (85 % probability) can be expected in 
Bavaria. From 2071 until 2100 the GMS expects a temperature increase between 2 (15 % 
probability) and 4.5 °C (85 % probability). It is known that a minor change of temperatures 
already causes more frequent occurrence of hot spells(Maier, 2016: 6). 
 

 
Figure 254: Bavaria - range of probable temperature changes due to climate change (Maier, 

2016: 6) 
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The precipitation change expected by the German Meteorological Service is shown for winter 
and summer (Figures 55& 56). In most parts of Bavaria more rainfall can be expected than 
today. For the years 2021 – 2050, a situation with very little precipitation changes (-5 % or no 
change) is 15 % probable, while an increase of up to 25 % more rainfall is 85 % probable. For 
the years 2071 – 2100with a probability of 15 %, precipitation changesof -5 % till +5 % are 
expected, while with a probability of 85 % precipitation changes of up to +35 % were calculated. 
 

 
Figure 265: Bavaria - expected precipitation change in winter (Maier, 2016: 13) 

 
In the summer period,precipitation changes of -10 % (15 % probability) till +15 % (85 % 
probability) were calculated for the years 2021 – 2050, and for the years 2071 – 2100, 
precipitation changes of 0 % till -35 % are forecasted by the German Meteorological Service. 
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Figure 276: Bavaria - expected precipitation change in summer (Maier, 2016: 13) 

 
Several changes in the local climates could already be observed in Bavaria. From 1890 
until 2016, an increase in carbon dioxide concentration could be observed in Bavaria (1890: 275 
ppm; 2016: 400ppm). The annual mean temperature increased by around 1.3 °C which has led 
to a longer vegetation period. In the atmosphere,an increase in the water vapour content could 
be observed. In winter, more precipitation occurred while the precipitation during summer 
remained stable. More hot days and fewer cold days were counted. For wind speed, global 
radiation, degree of cloud coverage and storms no clear trend could be observed (Maier, 2016: 
22). 
For agriculture, the increasing temperatures have already had the consequence that the average 
time of ear emergence (since 1959) occurs 14 to 17 days earlier in the year (see Figure 57). 
Generally, it can be said that nowadays, compared to the period between 1961 and 1990, 
shorter winters and a longer vegetation periods can be observed. Regional measurements have 
shown that in Würzburg the vegetation period starts 20 days earlier, in Regensburg 12 days 
earlier, in Straubing 11 days earlier and in Weihenstephan (near Freising) the vegetation period 
starts 16 days earlier (Maier, 2016: 23). 
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Figure 57: Bavaria - time of ear emergence (Maier, 2016: 23) 

 
What can also be seen as first indicator of a changing climate in Bavaria is the 
occurrence of heavy precipitationthat lead locally to disastrous flooding. Measuring these 
heavy precipitations exactly is however difficult, because weather forecasts are given in hours 
(i.e. litres per m2 and hour) and these weather phenomena occur regionally and in less than an 
hour. Climate research uses daily data and takes account of maximum rainfall or threshold data 
over a period of several decades (LfU Bayern, 2017). That is the reason why reliable and 
detailed predictions of trends of heavy precipitation are very difficult or not possible at all at the 
moment. 
Table 22 gives an overview about the expected climatic changes in Bavaria comparing the time 
periods 1971 – 2000, 2021 – 2050 and 2071 – 2100. It shows that after 2021 an increase of 
atmospheric CO2 is expected if no measures are taken to mitigate the emissions. Temperatures 
are expected to increase and more summer and hot days are likely. Less precipitation is 
expected for summer and more for winter. Moreover, the occurrence of self-blocking weather 
conditions that can lead to heavy precipitation and local is expected. 
 

Table 142: Bavaria- climate changes expected (Maier, 2016: 22) 

Time period [CO2] Atm.  Temperatur
e (°Celsius) 

Summer 
days 

Tmin>25°C 

Hot 
days 

Tmax>30
°C 

Precipitation 
[%] 

Precipitation 
intensity, drought 

difficult to estimate, 
but likely) 

2021-2050 ++ +0,5 to +2,5 increase up 
to 12 days 

up to 
+10 
days 

Summer: -10 
to +15                                 
Winter:        0 
to +25 

more heavy rainfall 
and more dry days, 
more self-blocking 
weather conditions 
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2071-2100 
 +?                                

(Paris 
Agreement)  

+1,5 to +4,5 

up to 42 
days, 
mainly in 
the south 

up to 
+35, 
mainly 
in the 
south 

Summer:    0 
to -35                                           
Winter:       0 
to +35 

 
In order to prepare the Bavarian agriculture and forestry for a warmer climate, already now first 
actions are taken. 
 
Agriculture 
 
The Bavarian agriculture will be affected by climate change in different ways. While 
longer vegetation periods can be seen positively, farmers also have to expect changes in 
the nutrient availability, new diseases and pests. Yield stability for example is at risk 
because of the increase of extreme weather conditions. Heat, cold (i.e. late frosts like in 
April 2017), wetness and drought may cause considerable harvest failures (most severe 
consequences can be expected when these weather conditions occur during flowering 
phase and fructification). Heavy precipitation, flooding and hail may affect harvest and 
the milder winters are conducive to plant diseases and pests. 
Also, the state of soils is expected to change in Bavaria as a result of climate change. 
Increased droughts in summer and heavy precipitation (mainly) in wintertime together 
with extreme meteorological events will be a challenge for the farmers. Longer dry 
periods in summer may lead to more need for irrigation (with the risk of water shortages) 
and the heavy precipitation (more often and stronger than in the past) will supposedly 
lead to an erosion rate of 16 % until 2050. Cultivation techniques that reduce erosion and 
preserve humus are thus very important. Moreover, the farmers are called upon to 
carefully monitor their lands. 
 
Although large-scale trends of climate change can be predicted nowadays, the influence on the 
annual weather conditions is difficult to be forecasted and is subject to major fluctuations.For 
farmers, this means an impairment of planning security. 
That is the reason why in Bavaria research on several fields is going on to enable farmer to 
flexible react on the climatic challenges. Among the topics that are subject of research are 
evolutions of cultivation-, tillage-, fertilizing- and irrigation systems, the breeding of drought 
stress tolerant plants, the evolution of new treatment strategies for a changing emergence of 
pests, sustainable use of water and soils through developments in irrigation possibilities and an 
adapted selection of plants. Furthermore, organic farming shall be developed (LfU, 2017_a). 
Although these changes mean a challenge for the Bavarian agricultural sector, it must be 
stated that not all countries in the European Union are facing negative impacts regarding 
the expected crop yield. The European Environment Agency has provided an aggregated 
picture (Figure 58) of expected changes in crop yields across Europe for the 2050s (compared 
with 1961–1990). The simulations were carried out with the ClimateCrop model and are based 
on an ensemble of 12 GCMs (general circulation models) under the A1B emission scenario (i.e. 
a balanced emphasis on all energy sources). The simulations include effects of changes in 
temperature, precipitation and CO2 concentration on crop yields of three main crops (wheat and 
spelt, maize and barley) assuming current irrigated area. It can be seen, that the southern 
European regions will face more problems due to less water availability, meanwhile central-
eastern and northern European regions will even profit (EEA, 2012). 
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Figure 58: Expected changes in crop yields across Europe for the 2050s (EEA, 2012) 

 
For Bavaria, the expected impacts of climate change on conventional farming of food crops were 
investigated by the Bavarian Agricultural Research Institute(LfL) in two projects between 2009 
and 2016: 

• Project 1: Verfahrensökonomische Analysen zu möglichen Folgen des Klimawandels 
sowie der Klimaeffizienz auf die Landbewirtschaftung[Economy of procedure analysis of 
possibleclimate change consequences as well as of climate efficiency on land cultivation] 

• Project 2: Modellierung von Erträgen und Risikoanalyse im Marktfruchtbau unter 
besonderer Berücksichtigung des Klimawandels [Modelling of yields and risk analysis for 
crop operations under consideration of climate change].  

At seven distinct locations in Bavaria the crops: winter wheat, winter barley, summer barley 
winter rapeseed, corn and potatoes were subject of research. The following results could be 
obtained using the climate model WETTREG: 

• Temperature: the average annual temperature will increase by ca. 1.3 °C. As a 
consequence, the vegetation period is extended by two weeks. More summer days (>25 
°C) and especially more hot days (>30 °C) are expected, while there will be less ice days 
and frost days. 

• Precipitation: the annual precipitation is expected to decrease by -4 %. At some 
locations, there will be a shift from the summer months to the winter months. 

• Irradiation: the annual total global radiation will slightly increase by ca. + 4 %. The 
parameter global radiation measures the energy that is available for growth and 
development of plants. 

• CO2-concentration: a big increase of the CO2-concentration in the atmosphere of + 28 % 
is expected. For plants, the carbon contained in CO2 is the main building block for the 
production of biomass. 

For the crop yield model, the parameters average yield and yield scattering were used: 
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• Average yield: For all locations, a yield increase could be observed for winter rapeseed 
and winter barley. For summer barley, at all locations a decrease is expected. The yields 
for winter wheat depend largely on the location, yield increases and yield decreases can 
occur. The yield of silage corn is expected to decrease, while grain maize will have 
higher yields. 

• Yield scattering: For corn and winter barley, at all locations, the yield scattering 
increases. For summer barley and winter rapeseed, at all location but one the yield 
scattering increases. Winter wheat also shows different tendencies in dependence of the 
location. 

 
The main results were that the higher CO2-content, which is positive for the crops, almost 
completely offsets the negative impacts like heat waves and heavy precipitation. For yield 
risks, the experts recommend the farmers to take out harvest failure insurances (LfL, 
2017_a). 
Although the possible climate change consequences for the Bavarian agricultural sector seem to 
be manageable, research is going on worldwide to find heat and drought resilient crops. For 
wheat, the international Wheat Initiative (http://www.wheatinitiative.org/) which was founded in 
2011, is providing a framework to establish strategic research and organisation priorities for 
wheat research at international level in developed and developing countries. The research 
activities shall lead to the creation of improved wheat varieties and to the dissemination of better 
agronomic practices worldwide. 
Meanwhile corn originally comes from warmer regions, in Bavaria a common research project 
called BayKlimaFit (http://www.bayklimafit.de/) is also carried out to find culture crops (including 
maize) that are especially resilient against abiotic stress like waterlogging, cold, drought or heat. 
The researchers use genome analysis to find markers that carry the properties (i.e. resilience 
against cold, heat or drought) and continue with conventional breeding using the identified suited 
plants (Rauch, 2017). The project still runs until January 2019. After this, it is expected that other 
researchers will use the data to breed new climate change adapted crops. However, it is not 
expected that the resilient plants will be available for the agricultural sector before 2030. 
 

Scenarios for the horizon 2035 
 
Basic assumptions for the agricultural sector of the future include as main fields of development 
genetic engineering and robotic applications. Especially the high-tech applicationsfor fields and 
stables have changed the agricultural sector in the recent years. In Bavaria, also the ecological 
aspect plays an important role. Compared with other countries, and also compared within 
Germany, the average farm size is rather small (around 20 ha per farm). That is the reason why 
in Bavaria the farmers need to look also for special crops to be competitive on the market (BR5, 
2017). 
Several different scenarios for the regional agriculture are possible. Within this study, 
three different scenarios are presented that each would have a different consequence for 
the agricultural sector and for the supply of 2G-bioethanol plants.For all scenarios in 
Bavaria, no negative impacts of climate change are assumed. This assumption goes in 
line with the research in the field that is optimistic to have solutions for potential climate 
related problems for plants. 
In Germany 200,000 ha of cultivated land were used in 2016 for the production of 
bioethanol (Deutscher Bauernverband, 2018: 21). However, for Bavaria, although being 
the biggest agricultural state in Germany, only 9,000 ha were reported to being used 
for1G bioethanol production. 75 % of it comes from different grains, and 25 % from sugar 
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beet. All of this feedstock is exported from Bavaria as there is no commercial bioethanol 
plant at the moment (Bayerischer Agrarbericht, 2016: 5). 
 
Scenario 1– Pessimistic 
 
For scenario 1, a distribution of the agricultural sector of 90 % conventional agriculture and 10 % 
organic farming is assumed. 
This scenario can be compared with the situation of today in Bavaria, where at the moment 8 % 
of the farms apply organic farming. It is assumed that politically no big efforts are made to foster 
the production of bioethanol in Bavaria.This scenario would make the implementation of 2G 
ethanol plants very difficult. 
 
Scenario 2– Neutral 
 
Scenario 2 is the most recent official future plan of the German Farmer's Federation (Deutscher 
Bauernverband - DBV). Already in 2010 it was decided to reduce the emissions related to the 
German agricultural sector by 30 % compared to 1990. Starting from 80 M t CO2eq, the farming 
sector has managed to reduce the emissions to 67 M t CO2eq in 2015. Until 2030, a reduction to 
56 M t CO2eq (i.e. 70 % of 1990’s emissions) is planned. The emissions’ reductions could be 
reached mostly by energy efficiency measures and reduction of livestock numbers. For further 
reductions, it is planned to increase energy efficiency and enhance the agricultural areas used 
for bioenergy in 2030 from 2.7 M ha (as of 2016) to 3 M ha, or 18 % of the agricultural used 
areas (Deutscher Bauernverband, 2018: 27-32). It is interesting that among the main objecives 
for improvements, like biogas plants (enhance biogas production from manure and reduce 
emissions from digestate storages), breeding (reduction of methane emissions from cattle), 
feeding and the reduction of surplus nutrition also biofuels are mentioned. However, the share of 
biofuels mentioned in the future scenario is not too ambitious and set to 7 % of especially for 1G 
biofuels cultivated biomass only. Bioethanol is not mentioned as the future biofuel of choice, 
meanwhile biodiesel and rapeseed oil fuels are mentioned as a favourable biofuel by the 
federation because by-products can be used in the agricultural sector (Deutscher 
Bauernverband, 2018: 46). Regarding the implementation of 2G bioethanol plants concept in 
such a scenario, only if stakeholders are convinced to foster the exploitation of residual 
biomass in the future, good chances can be seen in the future. 
 
Scenario 3- Optimistic 
 
In scenario 3, a progressive agricultural sector is assumed in 2035. Farming is carried out in a 
sustainable way, and the agricultural sector is acting more in an integrated way, that means that 
all possibilities (i.e. cultivation, breeding and bioenergy) are considered to being used. It is 
assumed that the agricultural sector has been informed about the possibilities to use also the 
residues after some pioneers have shown that the 2G bioethanol is sustainable and an 
economical benefit for the farmers. Therefore, 90 % of the available sustainable straw will be 
used to produce bioethanol.  
It is assumed, that by 2035 in Bavaria at least one plant is producing 2G bioethanol. This 
assumption is emphasized by the fact that, in Germany, a compulsory rate of biofuels was 
replaced by the obligation to reduce greenhouse gases. This is a favourable market condition 
for biofuels like 2G bioethanol (Deutscher Bauernverband, 2018: 23). 
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Risk evaluation for 2030 2035 
 
As can be seen in the sub-chapter above, the risk for a successful implementation of a 
2G-bioethanol project depends on how the agricultural sector will have evolved. Of the 
three scenarios, only scenario 3 seems to be promising for a bioethanol project. Within 
the agricultural sector, agro-biofuels will have to compete with already established forms 
(i.e. in Bavaria especially biogas plants). 
It is important to consider the political influence as risk. Should biofuels be limited or at 
least not be fostered in the future, then the success of a 2G-bioethanol plant is 
endangered. 
Should the ecological performance of the new concept not be proven, then also the whole 
project is at risk. It is believed though, that the ecological performance for the production 
of 2G bioethanol will be proven thanks to the project BABET-REAL5. 
 
Another main aspect is the economic performance of the concept. The econonomical issues will 
be addressed when studying selected business cases. 
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Environmental assessment 
 

Environmental Priorities 
 
The main environmental issue at regional scale can be identified as the maintenance of soil 
carbon in the cultivated areas. 
 
For knowing more about the state of environment, several criteria are available. Many of these 
criteria have been addressed in the chapters above. For Bavaria, indicators are published by the 
Bavarian State Ministry of the Environment (LfU). The 29 indicators are ordered in four thematic 
groups: 

• climate & energy 
• nature & landscape 
• environment & health 
• resources & efficiency 

 
For agricultural activities, the following indicators have been identified: 

• climate change and vegetation development 
• carbon dioxide emissions 
• energy consumption 
• renewable energies 
• landscape fragmentation 
• biodiversity and landscape quality 
• Red List species 
• Areas for nature conservation objectives 
• Agricultural areas of high nature value 
• Forest condition 
• acidity and nitrogen deposition 
• nitrogen surplus 
• good environmental status for surface water 
• nitrate in groundwater 
• organic farming 

 
All indicators are being updated each half year. They can be accessed online via the link: 
https://www.lfu.bayern.de/umweltdaten/indikatoren/liste_indikatoren/index.htm (only in German). 
 

Environmental Impact Assessment (EIA) on studied areas 
 
At this stage of the project, only a preliminary investigation of the expected environmental impact 
can be given. A complete assessment will be done when studying the business case when all 
the data from production from cradle-to-grave is available. 
 
For Bavaria, at this stage of the project, the following major environmental issues have been 
identified, which could inhibit the realisation of a sustainable concept. 

• Nutrition loss 
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• Erosion risk 
• CO2-emissions 
• Climate change 

 
Impact prediction 
 
Based on the assumption of a plant that uses per year 30,000 tons of residual feedstock, the 
impacts of the recovery are reviewed for wheat straw and corn stover. 
 
Wheat straw 
 
The nutrition loss, when using wheat straw as feedstock can be measured using the NPK 
parameters of the residue.Per ton of recovered wheat straw, 5 kg nitrogen (N), 3 kg per ton of 
phosphorus pentoxide (P2O5) and 14 kg of potassium oxide (P2O5) are withdrawn from the fields 
(Table 23). For the presumed bioethanol plant with a capacity of 30,000 tons this means 
that a nutrition loss of 150,000 kg nitrogen, 90,000 kg phosphorus pentoxide and 420,000 
kg potassium dioxide need to be considered. 
 

Table 153: NPK content of wheat straw (Witzelsberger, 2006: 139) 

N [kg/t] P2O5 [kg/t] K2O [kg/t] 

5 3 14 
 
The erosion risk can be considered as minor problem when wheat straw is used as 
feedstock. As shown previously (winter) wheat fields are only prone to erosion if they are 
late sown. This can be addressed by the farmers with comprehensive planning of the 
crop rotation to avoid erosion. 
 
CO2-emissions 
 
The calculation ofCO2-emissionsis carried out for the straw recovery and the logistics until the 
gates of the 2G bioethanol plant. This plant will use 30,000 t of wheat straw from a 50-km radius 
catchment area. The presumed process steps include baling, on-field logistics, loading and 
transport to the plant gate. Considering the 10-year average yields of wheat in Lower Bavaria 
and the sustainability factor used (i.e. recovery of 30 % of the theoretical potential), the needed 
hectares can be calculated. The yearly average yield for wheat is 7.88 t/ha, basedon a residue 
rate of 0.83, the yearly theoretical straw potential in the region is 6.53 t/ha. 30 % of the 
theoretical potential amount to 1.96 t/ha to be recovered. So, theoretically, to collect the 30,000 
tons for the plant, 15,304 ha/y would be needed. This approach turned out to be not practicable 
in the end. 
Instead, the technical potential of wheat straw harvest needs to be considered, and a complete 
recovery of the straw in one year out of three needs to be done. This means, that 67 % 
(Schwarz, 2012) instead of the 33 % of the theoretical potential will be used for the calculation of 
the needed areas. Collecting the straw in one year out of three is a cautious approach. The 
recovery could also be planned in one year out of two, however, then the monitoring of the field 
shall be intensively carried out. 

Recovering 67 % of the yearly theoretical straw potential in the region of 6.53 t/ha, means that 
4.38 t/ha can be recovered. Following this approach, for the 30,000 t/y, around 6,850 ha/y are 
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needed. A first calculation of the process steps baling, on-field logistics and loading uses a 
parameter of 20 l diesel/ha (Agrarheute, 2016). It is assumed that such fuel consumption is 
realistc under optimum conditions (i.e. dry field, good maintenance of equipment).  
For each litre of consumed diesel, CO2-emissions of 3,229 g/l are calculated. This value is 
based on the average emissions of 83.8 gCO2eq/MJ (RED, 2009: 55)from the fossil part of diesel 
(i.e. CO2 emissions that take into account the production and combustion of the fossil diesel), 
and the calorific value of diesel fuel, which is 38.53 MJ/litre (1 MJ = 0.00027777778 kWh) 
according to the International Energy Agency (IEA, 2005: 181).  

For the harvesting process on-field, using the given parameters, 442.373 t of CO2 are 
emitted per year (6,850 ha/y*20 l/ha*3,229 g/l). 

For the transport, an average trip distance of 25 km from field to gate is assumed. Further 
releveant assumptions are that a truck with platform trailer is used for the on-road transport. The 
total weight of the truck is 16 tons (own weight: 9.6 tons), the platform trailer weighs 3.9 tons and 
can be loaded until a maximum weight of 18 tons. Thus, on the truck, per transport 6.4 tons (15 
bales à 415 kg) can be loaded and on the platform trailer 14.1 t (33 bales). It is assumed that the 
loaded transport vehicle respects the traffic regulations regarding maximum external 
dimensions. In straw bales of 415 kg, the amount of 30,000 tons would be available as 72,290 
straw bales. Per transport, 48 bales can be transported, which means that 1,507 (theoretically 
1,506.04) transports are necessary. Assuming a fuel consumptionof 0.3917 l/km (Witzelsberger, 
2006: 134), for the 25-km transport, 9.8 litres of diesel are needed. For the way to the field 
without load around 0.26 l/km (real consumption according to a truck driver) need to be 
calculated. Thus, for 25 km, 6.5 litres of dieselneed to be added. In total, 16.3 litres of diesel 
need to be calculated per transport. In CO2-emissions, one transport would mean 52.633 kg CO2 
emitted. For all transports (i.e. 1,507 transports for the 30,000 t), 79.318 t of CO2 are 
emitted.  
Harvest and transport emissions added amount to 521.691 t of CO2 emitted from field to 
gate (442.373 tCO2+79.318 t CO2).  
It corresponds to a CO2emission of 17.4 kg CO2 per supply ton of wheat straw. 
 
Corn stover 
 
If corn stoveris used in the future 2G bioethanol plant, then per ton of used feedstock, 9 kg 
nitrogen, 0.9 kg phosphorus pentoxide and 16.6 kg of potassium oxide are withdrawn from the 
soils (Table 24). Based on the 30,000 tons, 270,000 kg of nitrogen, 27,000 kg of 
phosphorus pentoxide and 498,000 kg of potassium dioxide need to be calculated as 
nutrition losses per year. 
 

Table 164: NPK content corn stover (Roschke, 2009) 

N [kg/t] P2O5 [kg/t] K2O [kg/t] 
9 0.9 16.6 

 
As already described earlier in the chapter Current and near future risk assessment - Corn, for 
corn fields a higher erosion risk exists than for wheat. It is therefore necessary that cultivation 
techniques are carried out that reduce the risk of erosion. 
 
CO2-emissions 
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In Bavaria, investigation of the use of corn stover as feedstock in the renewable energy sector 
has started only some years ago. First results for corn stover have been published by Fleschhut 
and Strobl (2017) and Thurner et al. (2017). These results so far only show values for feedstock 
provision (harvesting techniques and costs) and parameters for a later use in biogas plants 
(which is the aim of the Bavarian research). CO2-emissions related with the harvesting and 
transport process have not yet been investigated by official Bavarian institutes however it is 
foreseen to do this in the coming years. 
Nevertheless, using real based assumptions, an attempt is made to calculate the expected CO2-
emissions related with the recovery of corn stover. In doing so, it is assumed that the corn stover 
is recovered using a combine harvester that is equipped with the Star Collect system by 
Geringhoff (Geringhoff, 2017). Using this equipment, the corn stover is already swathed and 
ready for pick-up in the loadingwagon in a next step. As for wheat straw above, the needed 
number of hectaresis calculated for 30,000 t of corn stover from a 50-km radius catchment area. 
The yearly average yield for corn in Bavaria is 9.65 t/ha, based on a corn/straw rate of 0.9, the 
yearly theoretical straw potential in the region is 8.69 t/ha. 30 % of the theoretical potential 
amount to 2.6 t/ha to be recovered. Because of practical reasons, as for wheat straw, the 
technical potential of corn stover harvest is considered, and a complete recovery of the straw in 
one year out of three is foreseen. According to Thurner et al. (2017), a technical potential of 49 
%(i.e. 4.26 t(ha) needs to be considered for corn stover. Following this approach, for the 30,000 
t/a, around 7,042 ha/y are needed to supply a plant with the required amount of feedstock.As for 
wheat straw, the cycle of collecting for corn stover can be carried out in two ways, cautious 
approaching and recovering the corn stover in one year out of three, or more often, every 
second year with an intensified monitoring. Other than for wheat straw, because of the lower 
technical potential the impacts of the recovery are seen less critical than compared with wheat 
straw in the same cycle. 

To calculate the CO2-emissions only for the corn stover, for the process step with the combine 
harvester, higher diesel consumption is assumed due to the applicated Star Collect device. The 
average consumption of a combine harvester under good conditions (i.e. maintenance of the 
machine and stable conditions on the fields) are set to 20 l diesel/ha (Agrarheute, 2010). 
Additionally, 5 more litres of diesel consumption are assumed when using the Star Collect 
device (i.e. this is a conservative assumption as discussed with an expert in agriculture). As the 
use of the combine harvester is necessary for harvesting the grains, for this process step only 5 l 
diesel/ha are considered. For the next step, the pick-up of the swathed corn stover, a diesel 
consumption of 14.5 l/ha is assumed (Holzer et al. 2011: 179). For the corn stover recovery on 
field, 19.5 l diesel/ha are thus used for the calculation. The calculated CO2-emissions for the on-
field work amount to 443.403 tof emitted CO2 per year (7,042 ha/y*19.5 l/ha*3,229 g/l). 

In Bavaria, as already stated, corn stover is too wet to make baling of it a possible solution. 
Thus, the transport needs to be done with the loading wagons to a collection point where the 
corn stover can be concentrated. The expected bulk density of corn stover, as recently observed 
by the Bavarian State Research Centre for Agriculture (Thurner, 2018), ranges between 55 – 75 
kg/m3, so an average of 65 kg/m3 is used for the further calculations. Assuming that the corn 
stover is transported in a 40 m3 loading wagon, per transport only 2.6 t can be transported.To 
collect the 30,000 t, more than 11,500 (exactly 11,539) transports would be necessary. 
According to Kaltschmitt et al. (2016: 333), the maximum distance for a transport with a tractor is 
30 km. Published consumptions for a 15 km-transport range from 7 to 9.2 l diesel, an average 
consumption of 8.1 l diesel for the 15 km is used for these calculations (Landwirtschaftskammer 
Niedersachsen, 2005). As for wheat straw, a 25 km-distance is assumed for all transports, so 
the whole transport can be realistically assumedto use a tractor for the whole transport. The 
expected diesel consumption for this distance is 13.5 l diesel (i.e. 0.54 l/km). For all transports, 
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until the gate, 155,776 l diesel per year (11,539*13.5 l) are calculated. For the way to the field 
without load around a diesel consumption of 0.28 l/km (Witzelsberger, 2006: 133-135). All 
transport without load amount to (0.28 l/km*25 km*11,539) 80,773 l diesel per year.Altogether 
(155,776 l + 80,773 l) 236,549 l diesel per year would be needed if corn stover is transported 
this way. In CO2-emissions, (236,549 l*3,229 g/l) 763.817 t of CO2 would be emitted only for 
transport. These high emissions are due to the loose bulk density corn stover shows if not baled. 
For corn stover, harvest and transport emissions added (443.403 t CO2 + 763.817 t CO2) 
amount to 1,207.22 t CO2.  
It corresponds to a value of 40.2 kg of CO2 emitted by supply ton of corn stover. 
 
Climate change 
In many regions of the world, the risk going along with the expected climate change can have 
negative consequences for the agricultural sector. Less precipitation and more extreme 
weathers can mean a completely change in the affected local agricultural sectors. However, as 
described in chapterCurrent and near future risk assessment, for Bavaria no negative climate 
change consequences are expected. Meanwhile also in Bavaria climate change related events 
(i.e. droughts, higher temperatures or heavy precipitation) are predicted, the agricultural yields 
are expected to be maintained (a.o. because of more favourable temperatures and a higher 
CO2-concentration in the air). Thus, for Bavaria the impact of climate change related events 
is compensated by climate change related favourable conditions and mitigation 
measures in this assessment are not considered further. 
 

Mitigation measures 
 
Nutrition loss 
For both cases of nutrition loss (wheat straw and corn stover) it is possible to substitute 
even more nutrients than were lost because of the residues recovery. If for example 48 
tfm/ha of compost are spread in three years on the fields, then 413 kg nitrogen (of which only 5-
10 % are directly accessible for plants; this means that 90 % of the added nitrogen will be 
available successively for the plants and not directly washed out into the groundwater), 202 kg 
P2O5, 346 kg K2O and 3,408 kg humus-C are brought back to the field. This total load shows that 
the nutrition losses are more than only balanced. Such humic reproduction potential of 48 tfm/ha 
corresponds to a humic reproduction potential of 34 tons of grain straw (Schneider, 2011: 4). 
Compared with the intended recovery of 1.96 t/ha*y for wheat straw, in three years less than 6 
tons of wheat straw (5.88 tons in three years) need to be compensated in three years. 
To calculate the exact needed amount of compost, a compost/straw rate of 1.412 (according to 
literature: 48 t/34 t)is used. 

Wheat straw nutrition loss (per ha for 3 years): 
5 kg/t N * 5.88 t= 29.4 kg N 
3 kg/t P2O5 * 5.88 t= 17.64 kg P2O5 
14 kg/t K2O * 5.88 t= 82.32 K2O 

The compost amount for humus-C compensation of wheat straw, according to Schneider (2011), 
should be (5.88 t*1.412=) 8.31 t/ha of compost in three years(i.e. 17.31 % of 48 t), meaning that 
2.77 t/ha need to be calculated on a yearly base. 

N-compensation: 71.5 kg N/ha 
P2O5-compensation: 34.97 kgP2O5 
K2O-compensation: 59.9 kg K2O 
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Table 175: Wheat straw - nutrition loss compensation with compost according to literature 

Wheat 
Straw 

Nutrition loss 
[kg/ha] 

Compost 
compensation 

[kg/ha] 
Saldo [kg/ha] 

N 29.40 71.50 42.10 

P2O5 17.64 34.97 17.33 

K2O 82.32 59.90 -22.42 
 
Table 25 shows, that by using this compensation method, the nutrition losses of nitrogen and 
phosphorus pentoxide are over-compensated, while for potassium dioxide a negative balance of 
22.42 kg per hectare is expected. Therefore, more compost than according to literature should 
be added (37.43 % more compost than initially calculated) to equal the K2O nutrition loss.If 
11.42 t of compost per hectare are added every 3 years instead of 8.31 t (i.e. 23.8 % of 48 t), all 
nutrition losses can be compensated (Table 26). 
 

Table 186: Wheat straw –complete nutrition loss compensation with compost 

Wheat 
Straw 

Nutrition loss 
[kg/ha] 

Compost 
compensation 

[kg/ha] 
3 years-saldo 

[kg/ha] 

N 29.40 98.30 68.90 

P2O5 17.64 48.08 30.44 

K2O 82.32 82.35 0.03 
 
The positive side effect of the compost addition is that the humus-C amount brought to the field 
could also be considered as erosion mitigation measure: Put in relation to the amount of 
compost used, additionally to the nutrition loss compensation, 811 kg humus-C are added to the 
soil. 
 
For corn stover, the nutrition loss for 7.8 tons of stover needs to be compensated in that time. 

Corn stover nutrition loss (per ha for 3 years): 
9 kg/t N * 7.8 t= 70.2 kg N 
0.9 kg/t P2O5 * 7.8 t= 7.02 kg P2O5 
16.6 kg/t K20 *7.8= 129.48 kg K20 
According to Schneider (2011),the compost amount for humic-C compensation of corn stover 
should be (7.8 t*1.412=) 11.02 t of compost in three years (i.e. 22.96 % of 48 t). Regarding the 
nutrition loss, this addition would lead to the compensation of 94.83 kg N, 46.38 kg P2O5 and 
79.44 kg K2O. 
 

Table 197: Corn stover - nutrition loss compensation with compost according to literature  

Corn 
stover 

Nutrition loss 
[kg/ha] 

Compost 
compensation 

[kg/ha] 
3 years-saldo 

[kg/ha] 

N 70.20 94.83 24.63 

P2O5 7.02 46.38 39.36 
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K2O 129.48 79.44 -50.04 
 
Table 27 shows, that with compost the nutrition loss cannot be completely compensated. For 
completely compensating the expected nutrition loss, 17.97 t/ha(i.e. 37.44 % of 48 t)compost per 
hectare every 3 years instead of 11.02 t, will be needed to compensate the recovery of 7.8 t of 
corn stover as one can see in Table 28. 
 

Table 208: Corn stover - complete nutrition loss compensation with compost  

Corn 
stover 

Nutrition loss 
[kg/ha] 

Compost 
compensation 

[kg/ha] 
3 years-saldo 

[kg/ha] 

N 70.20 154.55 84.35 

P2O5 7.02 75.59 68.57 

K2O 129.48 129.47 -0.01 
 
The side effect of compost compensation regarding soil carbon is, that 1,276 kg humus-C/ha 
would be added to the fields. 
 
Schneider (2011: 4) used for his calculations straw prices of 100 €/t from field edge and 
showed that a farmer could sell for example 34 t of straw for 3,400 € while guaranteeing 
enough humus-C return if in this period 48 t of compost would have been 
used.Depending on the straw and compost prices, a win-win situation can be reached. In 
Lower Bavaria, the compost prices to be found on the market in 2017 are between 10 €/t 
(Hahn Kompost, 2017)and 21 €/t (ZAW Straubing, 2017). 
 
Erosion 
As stated already in before, for wheat straw, the erosion risk can be controlled if the crop 
is not sown too late in the year (i.e. between 1 and 20 October in Germany). Regarding the 
higher erosion risk for corn cultivation, conservative tillage and mulching are the 
recommended techniques for prevention. It would need to be monitored at fields of 
participating feedstock providers, if nutrition loss compensation and erosion prevention 
can be effective measures. 
 
CO2emissions 
It is possible to reduce the CO2-emissions/carbon footprint related with the recovery of 
both feedstocks. Should the agricultural vehicles be powered with biofuels, then the CO2-
footprint can be reduced by 38 to 83 %, depending on the used biofuel. According to the 
Renewable Energy Directive (RED,2009: 52), for the use of biofuels, different greenhouse gas 
emission savings need to be taken into account: 

• rape seed biodiesel: 38 % 
• sunflower biodiesel: 51 % 
• waste vegetable or animal oil biodiesel: 83 % 
• hydrotreated vegetable oil from rape seed: 47 % 
• hydrotreated vegetable oil from sunflower: 62 % 
• pure vegetable oil from rape seed: 57  
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At Technology and Support Centre (TFZ) in Straubing, long time monitoring of 14 tractors that 
run on rapeseed oil has shown so far that all tractors show high operational reliability. At TfZ, not 
only the reduced CO2-emissions related with the tractor operations were considered, yet also the 
by-product press-cake (as protein feed) and the remaining straw on the fields, which supply 
nutrients and humus to the soils. During the 10 years of the accompanying research, so far 
336,000 l of rape seed oil (coming from 245 ha of rapeseed) were used in the tractors and 
replaced 326,000 l of diesel. At the same time, around 630 t of press cake could be produced 
and more than 3,500 t of organic matter were supplied for the fields (TfZ, 2016: 168). 
 

Cumulative effects 
 
After assessing the possible environmental impacts of the intended residues use it can 
be stated that, only seen from the ecological perspective, residual wheat straw could be 
more favourable than corn stoveras a sustainable feedstock in Bavaria if mitigation 
measures are implemented. 
 
First, it is possible to prevent erosion by applying known techniques (i.e. conservation tillage) 
and nutrition losses can be compensated (with compost). Second, the assessment of the related 
CO2-emissionsshows for Bavaria, that the use of wheat straw has a lower carbon footprint than 
corn stover. This is due to the fact, that in Bavaria corn stover is not dry enough at the time of 
harvest, which makes baling not recommendable because of the risk of fouling and self-ignition. 
Should it be possible that also corn stover can be baled and further on be dried at storage, then 
also corn stover can be considered. But in this case, the supplying cost will increase. 
The results show that a more sustainable process can be realistically assumed when lowering 
the carbon footprint of the tractor by 57 % when using rapeseed oil. 

For wheat straw, this would mean that instead of 521.691 t of CO2, 331.471 t of CO2would be 
emitted (0.57*442.373 t CO2+79.318 t CO2). The reduction is only calculated for the process 
steps that are carried out with the tractor. It results in 11 kg of emitted CO2per ton of supply 
wheat straw. 

Regarding corn stover, the whole process is carried out using a tractor, thus the reduction factor 
is used for the total emissions. Instead of 995.067 t CO2, then only 567.188 t of CO2 are emitted 
[0.57*(443.403 t CO2+551.664 t CO2)]. It results in 18.9 kg of emitted CO2 per ton of supply corn 
stover. 
 
Further research needs to be done to know more about the economic conditions of the general 
concept. This will be realized when studying the business cases. 
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Conclusions and perspectives 
 

In Germany, the use of agricultural residues for the generation of bioenergy is mainly connected 
to the implementation of the German Renewable Energy Act (EEG) in the year 2000. This law 
was the result of a growing awareness for sustainability and nature protection issues in the 
country. Since then, especially solar and wind energy have shown an enormous growth yet also 
bioenergy in the form of biogas plants.Today, around 9,000 biogas plants can be found in 
Germany. Bioenergy production in the form of bioethanol is at a much lower level with less than 
20 plants to be found all over Germany. Although the legislative framework urges the European 
Member States to fulfil the quota of 10 % biofuel until 2020, the situation seems difficult for 
bioethanol production. The main critic that can be found is the food or fuel discussion. Therefore, 
the BABET-REAL5 project aims to provide a feedstock for bioethanol production that is as 
sustainable as possible. In this study, it was investigated whether enough lignocellulosic residual 
biomass can be provided for a new 2G bioethanol plant concept, considering theoretical, 
technical and sustainable aspects and also the competitive uses that could limit the feedstock 
provision. 
 
To do so, all in all, 96 districts of Bavaria were investigated regarding the sustainable 
potential of primary residues from arable crops, namely: 

• wheat straw 
• rye straw 
• barley straw 
• oat straw 
• corn stover 
• triticale straw 
 

The available amount of residual feedstock is mainly limited by the sustainability factor of 
33 %, which means, that for the preservation of soil carbon on average 67 % of the crop 
residues need to remain on the fields. Considering this issue, it could be shown, that it is 
possible to find sustainable potentials of at least 30,000 tons dry matter per year for 
wheat straw, barley straw and corn stover in some regions of Bavaria.  
 
In this study, the sustainable potentials of wheat straw and corn stover were further investigated 
in the region Lower Bavaria. The impact of a regional changed climate to predict a mid-to long-
term reliable feedstock supply and furthermore the environmental impact that goes along the 
residue recovery was also investigated.  
 
Residual wheat straw would be available in a 50-km radius zone near the city of Landshut 
in amounts estimated at 121,000 tons dry matter per year and corn stover in amounts of 
172,000 tons dry matter per year in the region around Passau. Both residual crop 
potentials exceed by far the project set threshold of 30,000 t DM/y. 
 
In the investigated region, mainly the risk of erosion needs to be addressed by farmers, 
especially when growing corn on hilly slopes. The Bavarian agricultural authorities have already 
taken action to raise more awareness for this threat among the farmers. 
 
Surprisingly, the expected consequences of climate change seem not to affect the expected 
yields in Bavaria (and thus the residual feedstock potential). The negative impacts (i.e. heat 
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waves or heavy precipitation) are expected to be compensated by more favourable conditions 
for the plants (i.e. longer growing periods and higher CO2 content in the air which is favourable 
for plants). Although the impacts of climate change might be more severe in other regions of the 
world, Bavarian scientists are working to prepare the agricultural sector for the changed 
conditions. 
 
Mitigation measures of the recovery related impact were investigated also and it was found that 
the whole residue recovery process can have a considerably lower carbon footprint if known 
measures are applied (i.e. nutrients compensation with compost and CO2-emissions reduction 
by the use of biofuels in the recovery vehicles).  
 
At the moment, wheat straw seems to be the more sustainable feedstock of the two 
investigated crop residues. Mainly, this is because of the smaller erosion risk related with 
the cultivation of wheat and also because of the lower costs for transport due to the 
possibility of baling the wheat straw and thus being able to transport higher weights per 
transport. 
 
It needs to be stated that these measures have not been investigated in detail from the 
economical point of view. This will be done in the next part of the project. 
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Understanding of agricultural, agro-industrial and forestry sectors 
at regional scale 

 
Agriculture, forest, climate and soil issues 
 
ARTERRIS Innovation is the subsidiary of the agricultural cooperative group ARTERRIS. 
The group covers a large area from the South-West to the South-East of France as one can 
see in the map below and 2 administrative regions: 

• Occitanie: former Midi-Pyrénées + former Languedoc-Roussillon 
• PACA (Provence-Alpes-Côte d’Azur)  

 

 

Figure 1: Arterris’ area 
 
ARTERRIS generates 756 M€ turn over with 1,800 employees and 25,000 farmers 
members. The cooperative activity is distributed in 3 areas:   

• Vegetal production, 
• Animal production, 
• Transformation and viticulture.  

 
ARTERRIS is the first producer of sunflower, durum wheat and sorghum in France. 
The vegetal production amounts to 1 M ton from 350,000 cultivated ha.  

 
Results from land cover data bases 
 
A great diversity of cultures exists in the South of France. Productions are mainly cereals, 
vines, orchards, vegetable production. The particular point is the geographical distribution of 
crops by sector. 
Occitanie is characterized by a very diversified agriculture and a form of specialization 
according to distinct territories as one can see in the map below. It is the second region of 
France for agriculture (behind New Aquitaine), which presents a very wide variety of 
agricultural products (cereals, oilseed vineyard, sheep, cattle, ducks, chickens…). The vine is 
mostly present in the departments of the Mediterranean coast: breeding of cattle and sheep 
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in the mountainous regions of the Pyrenees, the Causses and the foothills of the Massif 
Central (Lozère and Aveyron). Field crops and polyculture and poly-livestock systems 
concentrate on the low-lying areas and the foothills of the Pyrenees. 

q  

Figure 2: Farming and livestock distribution in Occitanie (Agreste 2010) 
 

The region of Provence-Alpes-Côte d'Azur (PACA) also offers a rich diversity of agriculture 
as one can see in the map below thanks to a territory going from the Mediterranean Sea to 
the high mountains. The vineyard is dominant, especially in the Var and Vaucluse. Plant 
production accounts 2/3 of regional agricultural income. The rest of the region is devoted to 
breeding (mainly sheep) and is located in the pre-mountain region (Alps).The PACA region is 
the first region to produce fruits, fresh vegetables and flowers. The Bouches du Rhône and 
the Vaucluse are the main producing departments (fields). Horticulture is a specificity of Var 
and Alpes-Maritimes. The region produces apples, particularly in the Hautes-Alpes and the 
Alpes de Haute Provence. The cultivation of olive oil is an emblematic production of the 
region. 
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Figure 3: Farming and livestock distribution in PACA (Agreste 2010) 
 

Agriculture patterns 
 
Crops 
 
Occitanie 
 
Field crops and seeds occupy just over 1 Mha of UAA. They are concentrated in the plains 
and hillsides, even the buttresses. In the Mediterranean region, yields are lower than in the 
rest of the region. The region is the national leader in the production of durum wheat, 
sunflower, sorghum and soybeans. Vegetable production occupies more than 26,400 ha in 
2016. After a period of sharp decline in the early 2000s, vegetables have tended to increase 
again over the past five years. Vegetable production is mainly developed in peri-urban areas, 
near pools of consumption. The region is particularly distinguished by its production of 
melons, legumes, tomatoes and garlic.  
The region has the first national vineyard production with vineyards spread over 2 production 
areas, with 3,000 ha in the south-west and 226,000 ha in Languedoc-Roussillon. They are 
located mainly in the region of Hérault (32% of the regional vineyard), Aude (25%), Gard 
(21%), Pyrénées-Orientales (9%) and Gers (7%). 
With 20% of the French orchard (including table grapes), Occitanie is the second region 
producing fruit. It produces the whole range in four main production areas: the Tarn-et-
Garonne for apple, kiwi, plum, table grape, hazelnut, Gard and the Pyrénées-Orientales for 
Fruit Core, so Lot for The nut. The region is the largest producer of peaches, nectarines and 
plums. In addition, it is characterized by an efficient and dynamic export sector, concentrated 
mainly on the Tarn-et-Garonne. 
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Figure 4: Land use on farms in Occitanie (Agriscopie 2017) 

 
PACA 
 
Field crops play an important role in the great regional plains. Durum is the most cultivated 
cereal in the region, out of a total of 41,304 ha (47% of the cereal area). Rice, the specificity 
of the Bouches du Rhône, is the third cereal produced and represents 11,456 ha (Agreste 
2014). Oleaginous and protein seeds are relatively uncropped (13.411 ha). Among tree 
farms, 1/4 are specialized in pome fruits, 21% in stone fruits and almost 44% in olive growing 
(10 061 ha). The main vegetable crops are salads (2,194 ha), tomatoes (1,347 ha) and 
melons (2,202 ha). For horticulture, regional production concentrates on the coast, from 
Toulon to Nice. The Var counts about half of the farms on 786 hectares and the production of 
the Alpes Maritimes extend over 230 ha. Production adapts to cut flowers with controlled 
production costs. Thus, the rose recedes in favour of peonies, hydrangeas, ranunculus... 
They are cultivated mainly in the Alpes de Haute Provence (10 182 ha) and in Vaucluse 4 
759 ha). The lavandin is grown on 73% of the surfaces. 
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Figure 5: Land use on farms in PACA (Agreste 2010) 

 
Crop yields are highly dependent on external conditions (for example climate and sol) of the 
farmer's production area. The following table shows the variations obtained over 5 years for 
the main crops. 
Table 1: Minimum and maximum yield per crop in the two regions (Expert interview –Chambre 

d’Agriculture 2016) 

 

The region of Occitanie with 10% of its UAA in organic farming is experiencing a conversion 
dynamic unprecedented in France. Occitanie is therefore the 1st organic region in France in 
terms of number of farmers, hectares and production. Organic farming also corresponds to 
an increasing demand from consumers. In 2016, the Occitanie region grows nearly one 
hectare out of four engaged in organic farming in France. The PACA region remains the first 

Min yield  (T/ha) Max yield (T/ha)
Barley 2.8 4.8
Corn 6.8 11.8

Durum 2.8 4.8
Faxseed 1 1.6

Oat 2.3 4.8
Peas 2.1 3.3

Rapeseed 1.7 2.6
Rice 5 5.6
Rye 2 3.8

Sorghum 4.1 6.3
Soybean 2.1 2.8

Sunflower 1.5 2.3
Triticale 3 4.6
Wheat 3.3 5.6
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region in terms of organic UAA share in France with 19.4%. This significant increase in 
organic farming has an impact on areas affected by crop residue harvesting. 

 

Figure 6: Area organic and in conversion and share of the UAA in each department in 2016 
(Agence BIO/OC, Agreste 2015) 

 
In Occitanie, water resources are essential for agricultural activity, livestock feeding and 
irrigation. Irrigable areas reflect irrigation potential, agricultural areas equipped with irrigation 
equipment. As an essential component of the production of arable crops in the region, 
irrigation is an insurance against the vagaries of the climate and guarantees quality and 
productivity. In 2010, 16% of arable land is irrigated, in particular 79% corn (seeds / seeds), 
74% soybean and 18% sorghum. Field crops and polyculture and poly-livestock systems in 
the Garonne plain, in particular, have the highest concentrations of irrigation equipment. 
8.3% of the useful agricultural area (UAA) in more than 262,000 ha are irrigated. 
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Figure 7: Irrigable areas in ha by canton in Occitanie (Région Occitanie 2017) 
 
PACA's flagship productions require heavy private investment: construction / renovation of 
greenhouses in horticulture and market gardening; Acquisition / planting in arboriculture and 
viticulture. These productions also require hydraulic public investments. Irrigation is essential 
for flowers, fruits and vegetables. Farms where irrigation is essential account for one-third of 
agricultural employment. More generally, irrigation farms account for 60% of agricultural 
employment. In PACA in 2011, 54% of the value of agricultural production requires irrigation. 
 

 

Figure 8: Irrigable areas in ha by canton in PACA (Agreste 2016). 

Livestock 
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Occitanie 
 
Occitanie counts 12% of the national livestock population, with 523,000 suckler cows in 
2016. The livestock sector is one of the main agricultural activities in the region, with one in 
seven operations specialized in this activity. Production is mainly concentrated in the north of 
the region (Aveyron, Lozère, and Tarn) and on the Pyrenean foothills. The stocks of mothers 
are decreased by 12% in 2000. Farms have specialized and expanded. 
 

 
Figure 9: Distribution of suckling cattle in number per canton (Agriscopie 2017) 

 
Since 2016, the region has approximately 140,000 dairy cows producing 825 million litres of 
milk or 3% of national volumes. The production is concentrated in the foothills of the Massif 
Central (Aveyron, Lot, Lozère and Tarn) and the Pyrenees for a smaller part. The number of 
specialized farms has declined sharply since 2000. The region has also lost a quarter (27%) 
of its dairy farming since 2000. Production throughout the region has decreased by 16% 
since the elimination of milk quotas in 2015 accentuated this phenomenon. 

 
Figure 10: Distribution of the dairy cattle in number per canton (Agriscopie 2017) 

 
The region is the main breeding region for suckling sheep in France, with nearly 21% of the 
national herd (700 000 nurses’ ewes). It is a traditional production area. The production is 
located in the north of the region (Lot, Aveyron, Lozère and Tarn). There are also sheep 
farms in the Pyrenees and foothills. 1,842 farms are specialized and account for about 55% 
of the workforce. More than 1,000 other farms combine a bovine meat or bovine milk 
workshop with a sheepmeat workshop. The number of livestock farmers decreased sharply 
in 10 years, as did the number of ewes (-32% between 2000 and 2015). Production 
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decreased by almost 22% over the same period. A still large number of farms retain modest 
herds (less than 50 lactating ewes). 
 

 
Figure 11: Distribution of suckling sheep in number per canton (Agriscopie 2017) 

 
The region is at the head of the sheep milk producing regions (71% of the national 
production) with more than 738 600 dairy ewes. Production is largely concentrated in 
Roquefort PDO, Aveyron, Tarn and Lozère. The farms hold about 66% of the livestock, the 
rest being distributed on the farms with a second workshop, beef most often or sheep meat. 
Since 2000, livestock has decreased slightly (-4.7%), while production has remained stable. 
 

 
Figure 12: Distribution of dairy sheep in number per canton (Agriscopie 2017) 

 
The region has 3.5% of the national sows while it produces 3% of the French pig meat. This 
sector has been declining since the beginning of the 2000s. Production fell between 2000 
and 2015 by nearly 21%. It remains insufficient to meet the demand of local processors, 
many in the area. The workshops are concentrated in the north of the region (Lot-Aveyron-
Tarn), which accounts for 70% of production and to a lesser extent in Gers and Hautes-
Pyrénées. Most farms have one or even two workshops complementary to the swine 
workshop: vegetable workshop (field crops) or animal (cattle meat or milk). 
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Figure 13: Distribution of the pig population in number per canton (Agriscopie 2017) 

 
The region produced in 2015, 3% of fowl, 22% of fatty ducks, 21% of foie gras (duck and 
goose) and 4% of rabbits of the national territory. The region also produces 7% of fowl 
poultry (turkeys, guinea fowl, etc.) and 3% of eggs for consumption. More than one third of 
poultry holdings are located in the Gers. This department comprises 34% of farms with 
poultry. The rest of the production is mainly found in the Lot and Tarn (10% of poultry). The 
Gers also owns 41% of the farms with palmipeds. This production can also be found in Lot, 
Hautes-Pyrénées (11% each) and Haute-Garonne (9%). The production of rabbits is 
concentrated in the north of the region (Aveyron and Lot), Hautes-Pyrénées and Hérault. 
 

 
Figure 14: Distribution of poultry, palmipeds and rabbits (Agriscopie 2017) 

 
PACA 
 
Livestock farming promotes the maintenance and development of ecologically sensitive 
areas. This is a major production in the Alps de Haute Provence (04) and Hautes Alpes (05) 
in the upper districts (second place in value after fruits in these two departments) and in the 
department of the Alps Maritime then (5th place of agricultural productions). Livestock 
systems, rather extensive, are specialized in a pastoral component with a strong territorial 
impact where transhumance is very present. 
With nearly 2,000 breeders and 600,000 sheep, PACA is the third largest French sheep 
production area. In the high and medium mountains, sheep breeding is the majority 
production and is often the last agricultural activity of many villages. In the regions of 
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Préalpes and Haute-Provence, breeding is associated with very diverse productions and the 
herds are of average size (300 to 600 ewes). Finally, in the Rhone valley and in the 
Mediterranean coast, sheep farming is concentrated in Crau and Comtat and practices 
summer transhumance towards the Alpine massif. The herds are important (500 to 2000 
ewes). The production is 80% lambs for slaughter. 
There are 60,000 cattle in the area. Breeders have been steadily increasing in recent years 
to the detriment of dairy breeds. 50% of regional production is exported to Italy.  
Nearly 200,000 pigs are produced each year. This production, organized at 80%, is family 
type, and is located in the Bouches du Rhône and the Alpine area. It values local cereals 
(40% of farms).  
The production of bovine milk represents a herd of 7,500 cows. 78% of production is located 
in the Hautes Alpes and 7% in the Alpes de Haute Provence. 36% of the collected milk is 
treated locally. 
Goat farms in the region are modest in size, with an average of 50 goats. Their cheese 
specialist and their organization around direct sales or short-circuits are the guarantees of a 
very good valorisation of milk. 
 
The table below shows the current livestock by department and by categories in all two 
regions. 
 

Table 2: Livestock by department (in number of head) in Arterris’ territory (Agreste 2010) 
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Additional indicators 
Occitanie region 

Population: 5,791,885 inhabitants  
Total surface: 72,724 km² 
Agricultural area: 3,150.000 ha  
74,530 farms (20,939 full time employees)  
1,974 agro-industries (22,022 employees)  
4,248 artisans (13,047 employees) 
7,960 trades of agricultural products  
(23,211 employees) 
The agricultural turnover of this region is about 13.7 billion. 

 
PACA region 

Population: 4,964,859 inhabitants  
Total surface: 31,800 km² 
Agricultural area: 804,000 ha  
20,340 farms (38,200 full time employees)  
1,836 agro-industries (13,919 employees)  
3,233 trades of agricultural products (16,678 employees) 
 
 
Climate and soil issues at regional scale 
 
Climates 
 
The climate is quite different between the two administrative regions.  
 

 
Figure 15: French climatic regions (IGN 2016) 

 
The Occitanie region has climate diversity. The Languedoc coastline is subject to the 
Mediterranean climate, the Aquitaine basin has a slightly warmer climate for the ocean, as 
further south, and the Pyrenees and the Massif Central undergo a climate influenced by the 
mountain. Between the Toulousain and the threshold of Lauragais, there is an area under 
oceanic and mountainous influence. This particular geography explains a contrasted and 

5th region producing cereals, oilseeds and protein crops 
2nd seed production region  
1st vineyard of France  
2nd fruit-producing region 
4th vegetable-producing region  
1st sheep production region 
 

1st region producing fruits, fresh vegetables and flowers 
2nd sheep production region  
3rd vineyard of France  
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very random climate: under the Mediterranean influence in the East, it evolves according to 
the remoteness of the sea and the altitude. It is strongly marked by extreme events (drought, 
floods, hail, frosts and strong winds). 
The region is characterized by hot and dry summers, mainly over July and August, and a 
small quantity of precipitation at this moment. It is in spring (in April and May) that there are 
the biggest precipitations. Annual average annual amount of precipitation is 650mm. The 
winter is quite cold, and we can have some negative temperatures. The climate is 
Mediterranean with some oceanic influence, especially particularly in winter. The Occitanie / 
Pyrénées-Méditerranée coastline boasts one of the highest sun rays in France and with more 
than 2,200 hours of sunshine every year, Toulouse, Millau and Gourdon are among the 
sunniest metropolitan cities. It is also a country of wind, which explains the strong penetration 
of solar and wind renewable energies. 
 

 
Figure 16: Annual normal temperatures in Occitanie (°C min and°C max) (meteofrance.com) 

 

 
Figure 17: Normal annual precipitation in Occitanie (mm/year and d/year) (meteofrance.com) 

 
For PACA, the climate is Mediterranean. This region is under the influence of the warm 
Mediterranean Sea and protected from the air masses coming from the Atlantic or the North 
by the relief: the southern foothills of the Alps, from Mount Ventoux to the Italian border. The 
sunshine is important; the winters are mild and the summers are hot. These regions are the 
lands of predilection of violent winds like the mistral, the tramontane and the libeccio. The 
rainfall pattern is very peculiar: only 70 to 80 days of rain greater than 1 mm irregularly 
distributed throughout the year. In very dry summers succeed autumns very watered (40% of 
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the annual total in 3 months). These stormy precipitations can sometimes bring in 4 hours 
more than the monthly average in a given place. 

 
Figure 18: Annual normal temperatures in PACA (°C min and°C max) (meteofrance.com) 

 

 
Figure 19: Normal annual precipitation in PACA (mm/year and d/year) (meteofrance.com) 

 
Soils 
 
The great variety of soils reflects the geological diversity of France. It generates soils of 
colour, texture (clay, sand, silt) and different consistency. The soils of the limestone rocks of 
the Paris Basin and the Midi cover about a quarter of the territory, while the soils of alteration 
differ slightly one quarter less. The soils of the silt formations, particularly fertile, mark the soil 
on a fifth of the territory, notably in Beauce, Île-de-France and Picardy. The soils of sandy 
materials (7%) are found in the Landes or in Sologne, for example, and clayey soils (11%) in 
the south-west or northeast. Finally, the other soils represent 16% of the territory. 
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Figure 20: Distribution of major soil types in France (SOeS, 2014) 
 
Soil organic matter provides many environmental functions. They increase the resistance of 
the soil to compaction, its aeration and its water reserve, indirectly favouring its biodiversity. 
They constitute a carbon stock in soils, which is mainly influenced by changes in use and 
agricultural practices.  
 

 

Figure 21: Variations in organic carbon stock depending on land use in France (ADEME 
2015) 

The analysis of the spatial distribution of organic carbon stocks in agricultural soils between 
1995 and 2005 shows a loss in carbon storage of 6 Mt/year for crops and 0.7 Mt/year for 
forest. The organic matter of the soil is composed on average of 58% of organic carbon. 
They improve soil fertility releasing nutrients (nitrogen, phosphorus, sulphur, potassium) to 
their mineralization. They increase soil resistance to compaction, aeration and water reserve, 
indirectly promoting biodiversity. Some use agricultural change and practices that favour 

Soils of limestone rocks  
Soils of clay materials 
 

Soils of sandy materials 
 

Soils of alterations, little differentiated 
 

Soils of silty formations 
 

Other soils 
 

Absence of soil (glaciers, cities, lakes) 
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storage, such as converting grasslands into crops or grasslands into forests. On the contrary, 
the conversion of grasslands into crops or from forests to grasslands leads to a decrease in 
the carbon stock. The rates of evolution of organic carbon in soils, however, are not 
symmetrical. Thus, in 20 years, crop-induced destocking (1 t C / ha / year) is twice as fast as 
storage resulting from crop failure for grassland or forests (0.5 TC / ha / year). 
One can see that in the studied regions, the stocks of organic carbon are particularly 
low. 
 

 
Figure 22: Stock of organic carbon in France (SOeS 2013). 

 
Erosion results from the degradation of the surface layers of the soil cover and the 
displacement of the materials that constitute them. This process, generated by the action of 
natural climatic agents (water, wind, rivers, glaciers), is often reinforced by anthropic 
pressures on the soil (intensification of agriculture, overgrazing, deforestation, waterproofing 
of surfaces). Soil losses due to water erosion are estimated at 1.5 t / ha / year on average in 
France. 
One can see that in the studied regions the erosion is particularly high in the West and 
low in the East. 
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Figure 23: Description of the soil erosion assessments in France representing here the 

important risk for soil in the south of France (Gis Sol-INRA-SOeS 2011). 
 

Agronomical and socio-economic approaches 
 
Agronomical approach 
 
Description of cropping systems 
 
Definition 
A cropping system (Sebillotte M., 1990) is the set of technical arrangements implemented on 
identically cultivated plots. Each system is defined by:  

• the nature of crops and their order of succession, 
• the technical procedures applied to these different crops, including the choice of 

varieties.  
 

Regional approach / annual crops (or perennial crops) 
 
Today, seven crops account for 90% of French sole (wheat, durum wheat, barley, corn, 
rapeseed, sunflower and temporary pasture). For more than 85% of the farms, less than four 
crops cover more than 80% of the cultivated footing (on average between 2006 and 2009). 
At the national level, the rotation of rapeseed / common wheat / barley alone represents 9% 
of the French grown sole; the two-year rotations (durum / sunflower, corn / soft wheat or rape 
/ soft wheat) cover 15% of the cultivated sole; and corn monoculture represents 6%. 
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Figure 24: Indicator of diversity of cropping systems by commune in France (Agreste 2010). 

 
A score is established for each farm (scale 1 to 10) based on the relative importance of crops 
in its rotation relative to the farm area used per farm. The artificial and permanent 
grasslands, as well as the poorly represented production (less than 10% of the area of 
exploitation), do not decrease the score. A farm that devotes all its soils to a single crop other 
than grassland (maize or vine for example) will have a value score of 1.  
In Arterris’ area, the dominant rotations are cereals (durum wheat, wheat), oilseeds 
(sunflower, rapeseed).  
Of the farms engaged in livestock production, the most frequent rotation is cereals and corn. 
The extreme south east is a region rich in cereals monoculture (durum wheat) as one can 
see in thge map above but it represents only 3% of the UAA of this region. 
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Figure 25: Main rotations (Agreste 2011) 

 
Table 3: Description of main crop rotations: sunflower, durum wheat, wheat and corn 

monoculture 
 Sunflower Durum wheat Wheat Corn Grain 

Soil work   
Stubble stripping 
– Deep 
decompaction 

Stubble stripping – 
Recovery cultivator or 
rotary harrow 

Stubble stripping – 
Recovery cultivator or 
rotary harrow 

Stubble stripping – 
Deep decompaction 

Seedling   April End of October – 
beginning of November 

End of October – 
beginning of 
November 

April 

Weed 
control   

1 à 2 treatments 
AG + in autumn 
and/or spring 

1 treatment AG + AD at 
seeding 
1 treatment if needed 
after emergence 
1 hoeing at 6-8 leaves 

1 treatment AG + AD 
at seeding 
1 treatment if needed 
after emergence 
1 hoeing at 6-8 
leaves 

1 treatment AG + AD 
at seeding 
1 treatment if needed 
after emergence 
1 hoeing at 6-8 
leaves 

Disease 
control / 

2 à 3 treatments in the 
spring (septoriosis-rust-
fusariosis) 

2 à 3 treatments in 
the spring 
(septoriosis-rust-
fusariosis) 

/ 

Insect 
control  / 

Seed or vegetation 
treatment in autumn (if 
aphids are present) 

Seed or vegetation 
treatment in autumn 
(if aphids are present) 

None in most cases 
1 à 2 treatment 
against borer 

Slug control   1 treatment after 
emergence 

1 treatment after 
emergence 

1 treatment after 
emergence / 

Fertilization  0 – 80 Nitrogen 
unit Bore 180 – 220 Nitrogen unit 180 – 220 Nitrogen 

unit 
180 – 220 Nitrogen 
unit 

Harvest   Mid-September Beginning of July Beginning of July End of October 
Residues 
management  Buried Buried or exported Buried or exported Buried 

Yields (2017) 24 q/ha 52 q/ha 56 q/ha 102q/ha in irrigation 
71q :ha non-irrigation 

AG : Anti-Grass AD : Anti-Dicotyledon  
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Economical approach: a simplified approach at farm level 
 
Economic and social indicator at farm level 
 
Occitanie occupies the second place in the French agricultural region with more than 78 300 
farms behind New Aquitaine (Agri'Scopie 2017 - Cerfrance and the Chamber of Agriculture), and 
even if 85% of the territory of Occitan is located in the "area of natural handicap", that is to 
say in the zone of piedmont and mountain. 
 

 
Figure 26: Areas with natural disability area Occitanie (Agriscopie 2017). 

 
Out of the 5.7 million inhabitants of Occitanie, the agricultural sector employs 164,300 people 
in 2013, including nearly 86,000 farm managers, 17,700 permanent employees and 16,500 
seasonal workers. Despite the general aging of the agricultural population (37% of 
agricultural managers are over 55) the youth settlement rate in the region does not decline: 
in 2014, 1,215 new farmers were settled, 40 years. The replacement rate in 2014 was 
therefore 63%, slightly over 10 years (60.8%). 
The "new farmers" are engaged in much diversified agricultural sectors: 33% choose the 
beef sector (meat and milk), 20% opt for permanent and specialized crops (such as 
viticulture with 11% of them). And 19% turn to sheep and goat (meat and milk). 
Although their size has increased, regional farms are rather small in terms of UAA. Indeed, 
the regional average SAU remains 26% lower than the French average and it is the second 
smallest in France. More than 70% of the farms in the region make less than 50 ha and only 
4.5% occupy more than 150 ha, half the French average. 
Despite the weight of its agriculture, the region represents only 10% of the agricultural value 
added and the national EBE, whereas it represents 16% of the farms. The productivity of 
farms in the region is rather low and their economic performance is generally low (see table 
above). In particular, there is a greater reliance on aid and higher costs compared to the 
French average, which is detrimental to the economy of farms. Nevertheless, by 2015, 
regional agricultural value added increased by 9%, twice the French average increase over 
the same year. Historically, the average farm income (RCAI / UTANS) in Occitanie has 
always been lower than the national average. For several years, the region has recorded the 
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lowest agricultural income in France. Nevertheless, this result hides a great disparity 
between farms, according to the sectors and the systems (see the branches of the page). 
The region is particularly concerned about the economic constraints associated with areas 
with natural handicaps (or disadvantaged areas). Indeed, 85% of the territory is in 
disadvantaged areas, of which about half are in mountain areas (including piedmont and high 
mountains). From the agricultural point of view, this concerns 86% of the UAA and 72% of 
agricultural holdings, mainly located in ZDS (less-favoured area). 
 

Table 4: Key figures of the agricultural economy in Occitanie (Agriscope 2017) 

Agricultural economy in Occitanie Occitanie Region Metropolitan 
France 

Part of the Region 
in the national total 

Regional gross added value (in M€) - 2015 2717 27802 9.8% 
Regional EBITDA (in M€) - 2015 2619 27208 9.6% 
Including operating subsidies (not related to the product) 37% 30%  
    

Economic indicators of farms Occitanie Region Metropolitan 
France 

Part of the Region 
in the national total 

EBT - 2014 (€/Non-salaried annual work unit) 17704 28623 62% 
EBT evolution --> 2013 - 2014 -7% -10%  
Surface productivity (€/Annual work unit) - 2014 1 836 2330 79% 
Labour productivity (€/Annual work unit) - 2014 65 561 99170 66% 
Charges per hectare (€/ha) - 2014 1 864 2247 83% 

 
Since 2015, agricultural production (plant and animal) in PACA is estimated at 2.8 billion 
euros per year, mainly by wines, fruits, fresh vegetables and flowers. The region contributes 
30% to the turnover of metropolitan France in fruit and a quarter of that of flowers and plants. 
There are 20,340 farms in the region, employing close to 38,200 full-time equivalent 
equivalents (FTEs). The production of vegetables, fruits and flowers is the most productive 
work with more than 3 FTE on average per farm. Nearly 450 farms cross the threshold of 10 
FTE jobs; they are like real SMEs and are often exporters. Unlike the spectrum, a quarter of 
the farms are small but very present in the landscapes (olive trees). The number of farms 
continues to decline by an average of 2.4% per year, but the surfaces and employment are 
more resistant in recent times. 
Regional production requires heavy investment, especially in greenhouses and fruit or 
vineyards, while revenues are subject to large fluctuations related to both supply (weather 
and sanitation) and demand. Fresh fruits and vegetables are in fact not very resistant and 
directly facing international competition. In addition, the labels develop to differentiate by 
quality and proximity the regional productions. 
The average age is 54 years. More than half (52%) are between 40 and 59 years of age. 
Those under 40 years of age account for 16.4%. Transmission of farms is major challenges 
as nearly one third (31.6%) of farmers are over 60 years of age. It is in the arboriculture and 
to a lesser extent the viticulture that the operators are the oldest. Breeders are younger. 

 
Agro-industry sector,  residue quantification and logistic issues 
 
Agro-industry residues quantification at regional level 
 
Arterris has 3 seed plants, 2 feed mills and 2 mills for wheat.  
There is no possibility of realizing partnerships with the industrial actors in Arterris’ zone 
because it is not possible to reach their residues, since they are already valued mainly for 
animal feed. 
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Main flow of biomass, upstream selection process and mapping 

Lignocellulosic biomass quantification at regional level - Theoretical 
biomass potential 
 
According to BEE project (2010), theoretical biomass potential is:  

• For primary residues, the theoretical biomass potential is the maximum amount 
of biomass that is exportable from the fields with the current harvesting 
equipment and practices. It is determined by area of a territory and land uses (area 
covered by forest or cereals, ecological issues: nature reserve), bio-physical 
component (type of soil, climate, constraints like slope, pest, etc.) and management 
component (soil tillage, inputs, irrigations, etc.). At the end, usable area and yields of 
crops are the most relevant data to determine theoretical biomass potential.  

• For secondary residues: it is the maximum amount of biomass. It is determine by 
industrial activities (food industry, papermill, sawmill, agricultural cooperatives) 

For primary residues, the studied area corresponds to the municipalities where the 
farm members of Arterris cooperative have got their cultivated land. Municipality is the 
smallest administrative unit in France. In its territory Arterris has got farm members in all the 
municipalities. Therefore, the cultivated area covered by Arterris in its territory is a large part 
of the total cultivated area in the same territory. The outer limits of the territory are 
determined by the presence of at least one farmer in the municipality. All municipalities within 
Arterris’ territory are studied. The identification of the municipalities of interest was performed 
with the geographical locations of the fields cultivated by the Arterris’ members. Then the 
entire area of the selected municipalities were considered to calculate the production of 
biomass residues that could be directly or indirectly accessible to Arterris, knowing that other 
farmers non adherents to Arterris are also present in the selected municipalities. The next 
figure shows the distribution of cultures in Arterris territory (Agreste 2012-2014).  

 
Figure 27: distribution of crops in the Arterris’ area (black line) (Invivo 2015) 

 
 
 
 

Crops (RPG 2012 - 2014)

MAIN CROPS
Durum wheat: 196,000ha
Wheat : 194,000 ha
Sunflower: 205,000 ha
Corn: 90,000 ha
Barley : 51,000 ha
Rapeseed: 39,000 ha
Sorghum: 14,000 ha

Vineyard: 253,000 ha
Orchards: 28,000 ha
Olives: 8,700 ha
Walnut Trees -
Almonds: 2,500 ha

TOULOUSE

MARSEILLE

MONTPELLIER
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Primary residues from arable crops 
 
The main arable crops in the Arterris’ area are common and durum wheat, sunflower, corn, 
barley, oats, rapeseed and sorghum. Other crops (such as rice) represent less than 5% of 
the UAA in the sector. They are mainly located on the Eastern part of the territory.  
 
Data sources and coefficient 
 
The theoretical potential of biomass for arable crop residues was calculated from 
different parameters: 

• Agricultural area of crop: municipalities’ surfaces 
• Yields estimation of crop: 5 years average from 2010 to 2015 (Agreste – French 

agricultural statistics) 
• Harvest Index of crop: BS / BPA, where BS is the dry grain yield (t/ha) and BPA is 

the total aerial part of the plant yield (t/ha) (source: « Méthodologie d’estimation des 
quantités de matière sèche et d’azote  contenues dans les résidus de culture en France » 
CITEPA janvier 2013). 

• Exportation rates of crop: estimation of the harvestable biomass 50% (source: 
“Unifa, Fiche 14: Exporter les pailles” and Expert opinion). This rate takes into account the 
part of the aerial biomass which will never be harvested (no matter the means of 
harvesting), the collar (junction between the root and the stem) of the plant and the 
dried leaves already fallen to the ground…  

 

 

 

Harvest Indexes are different between crops as one can see in the table below. 
Yields of course are different between crops but also between areas for the same crops. So 
it is essential to use the correct yields in the different areas. 
 
 
 

BPA 

                      Non-harvestable part 

          Grain yield = BS 

               Harvestable part 
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Table 5: main HI value for different crops (Citepa 2013) 
Wheat 0.49 
Durum 0.44 
Barley 0.53 
Triticale 0.44 
Corn 0.49 
Peas 0.58 
Rapeseed 0.29 
Bean 0.17 
Onion 0.89 
Rye 0.50 
Oat 0.43 
Rice 0.42 
Sorghum 0.42 
Soy 0.32 
Sunflower 0.33 

 
Table 6: Average yields (t/ha) over 5 years by culture and department (annual reports 2010-

2015 Agreste - Chamber of agriculture - experts interview). 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
Results 
 

After applying the different parameters to Arterris’ territory, one can see in the table 
below that common and durum wheat straws, sunflower and corn stovers are the only 
crops with sufficient theoretical biomass potential for further study.  
Barley, sorghum and rapeseed are not considered for the rest of the study because in most 
of the departments their concentration does not even reach 30,000 t DM per year. 

Table 7: Theoretical biomass potential by total crops and department in Arterris area  
(t DM/year) 
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Primary residues from perennial crops 
 
Perennial crops are located in the southern area. Grapes are the main culture with more than 
253,000 ha. The orchards (apple, peach, apricot, plum, cherry...) represents 28,000 ha, olive 
trees 8,700 ha and walnut trees (walnut, almond trees) about 2,500 ha. Only vineyard and 
orchards will be considered given the low surfaces of other crops. 
 
3 sources of biomass residues can be distinguished: 

• Crops maintenance with pruning and branches. 
• The renewal of the plots: vine stock, carpenter and trunks in orchards. 
• The net uprooting without replanting (reduction of areas). 

 
Only the first feedstock is easily accessible and will be studied later. 
In viticulture, according to regions, the annual productivity of residues from pruning is 
between 1.2 and 2.13 t DM/ha/year (Ademe, 2009). In this case, all of the pruning of vineyard 
may be recovered (i.e. there is no technical limitation). 

 
Table 8: Productivity of pruning of vineyard by region (t DM/ha/year) (SOLAGRO – 2009) 

Administrative Regions Annual productivity of vineyard pruning 
(t DM/ha/year) 

Aquitaine 1.80 
Languedoc-Roussillon 2.13 
Midi-Pyrénées 1.20 
Provence-Alpes-Côte d’Azur 2.13 
 
In orchards, the annual productivity of residues from pruning depends on the culture and its 
location. 

Table 9: Productivity of sized timber by type of orchard (SOLAGRO – 2009) 

Location Species 
Annual productivity of 

orchard pruning 
 (t DM/ha/year) 

Midi-Pyrénées Apple tree 1.5 
Languedoc Roussillon - 
PACA 

Apple tree, pear tree, cherry tree, 
plum tree, peach tree, apricot tree 2.3 

France Walnut trees 1.3 
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The table below presents the biomass residues that can be harvested from the pruning and 
branching of vineyards and orchards (taking into account the local variations of yields). 
One can see in the table that the pruning/branching of vineyard is the only biomass 
with sufficient quantity for further study. The other biomasses are not concentrating 
more than 30,000 t DM in any department.  
 

Table 10: Theoretical biomass potential by department in Arterris’ area (tDM / year) 

 
 
 
Upstream lignocellulosic biomass selection process 
 
Threshold capacity: 30,000 t DM/yr 
 
The business model of the project is based on small-scale industrial plant with a 
minimum processing capacity of 30,000 t equivalent dry biomass per year in a small 
catchment area of 50 km radius. This is why a minimum production level of residue in 
such an area will be used in the project as the threshold to select a sustainable 
biomass feedstock. 

 
Biomass selection thresholds and results 
 
For crop residues, anticipating competitive uses, at this stage of the study we only consider 
biomasses with theoretical harvestable amounts > 100,000 t/year. The final selection will be 
made on the basis of a coherent and sustainable net available amount of minimum 30 000 
t/year. 
The lignocellulosic biomasses preselected at this stage of the study on Arterris’ 
territory are common and durum wheat straws, pruning of vineyard, sunflower and 
corn stovers with total amounts presented in the next figure. 
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Figure 28: theoretical biomass potential in Arterris’ area 
 
Chemical criteria 
 
The table below presents the critical levels for the main compounds of the 
lignocellulosic biomasses: cellulose, hemicelluloses, lignin, mineral (ash), lipids and 
protein to be considered in relation with the processes involved in the pretreatment of 
the biomass and an efficient production of 2G ethanol. Cellulose should be the major 
compound and hemicelluloses and lignin should be limited to a maximum level of 30 and 
22% respectively. Materials with high lignin content are difficult to treat and their contents 
should be limited to 10% in order to avoid excessive wearing of the equipment. Lipids and 
proteins critical values were set at 10% to avoid respectively excessive saponification and 
“plastification” of the biomasses. Proteins submitted to thermo-mechanical treatment have a 
tendency to reticulate and produce rubber-like products. 
 

Table: Critical levels of chemical composition for the process 
Compounds Content % DM  

Cellulose ≥34% To allow destructuration of the lignocellulosic 
matrix, avoid excessive wearing of the 
equipment and obtain sufficient yield for the 
conversion to ethanol 

Hemicelluloses ≤30% 
Lignin ≤22% 
Mineral content (ashes) ≤10% To avoid excessive wearing of the equipment 

Lipids ≤10% For the stability of the material and prevention 
of inhibition compounds for the bioconversion 
processes Proteins ≤10% 

 
The table below presents the chemical composition of the preselected biomasses that 
were found in previous studies. All the biomasses pass the critical levels. 
 

Table 11: Summary of the chemical composition in % DM of the preselected biomasses  
Residue type Mineral 

(%) 
Lipid 
(%) 

Protein 
(%) 

Lignin  
(%) 

Cellulose 
(%) 

Hemicelluloses 
(%) 

Wheat straws 2.4 1.6 4 15 – 18 28 – 35 28.8 
Corn stover 4 – 7 1.3 6 – 9 11 – 21 32 – 36 26.1 
Sunflower stover 7– 9 1.5 7 – 11 14 – 17 43 – 48 11 - 19 
Pruning of vineyard 8 05 – 0.7 4 20 – 22 34 – 36 11 
 

Arterris territory
total theoretical
980,000 tDM/year

665,000 tDM/year

460,000 tDM/year

308,000 tDM/year
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Mapping of the preselected biomasses 
 
For all investigated crops, GIS (Geo Information System) based maps were elaborated. 
These maps can be used as a tool for visualing and preselecting the geographical 
locations of the most promising feedstock. 
The GIS map is based on the programme QGIS, version 2.18. 
The colour gets darker as the quantity of theoretical biomass increases in a given area. 
Circles representing catchment areas of 50 km radius are positioned in the maps to identify 
the areas with potential amounts superior to 30,000 t dry matter per year. 
 
The following map shows the distribution on the Arterris territory of the theoretical potential 
for wheat straw in two production areas in the West and the East.  
The quantities vary from 40,000 t DM/year to 200,000 t DM/year per department. 
 

Figure 29: Theoretical potential of common and durum wheat straw 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example: 50 km 
radius areas

Haute Garonne: 197,000 T
Gers: 174,000 T
Tarn: 168,000 T
Tarn et Garonne: 130,000 T
Aude: 116,000 T
Gard: 37,000 T
Other: 154,000 T

Durum wheat straw and wheat straw
(tDM/year)
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The theoretical potential for sunflower stover varies from 47,000 t DM/year to 123,000 t 
DM/year per department with high concentration in the West.  
 

 
Figure 30: Theoretical potential of sunflower stover 

 
The theoretical potential for corn stover varies from 23,000 t DM/year to 73,000 t 
DM/year per department with also high concentrated in the West  
 

Figure 31: Theoretical potential–corn stover 

Haute Garonne: 123,000 T
Gers: 96,000 T
Tarn et Garonne: 73,000 T
Tarn: 67,000 T
Aude: 47,000 T
Other: 51,000 T

Sunflower stover (tDM/year)

Example: 50 km 
radius areas

Example: 50 km 
radius areas

Tarn et Garonne: 73,000 T
Haute Garonne: 66,000 T
Gers: 55,000 T
Tarn: 45,000 T
Ariege: 23,000 T
Other: 44,000 T

Corn stover (tDM/year)
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The theoretical potential for the pruning of vineyard varies from 54,000 t DM/year to 
169,000 t DM/year per department with two areas of concentration in the East.  
 

 
Figure 32: Theoretical potential–pruning of vineyard 

 

Biomass quantification: from theoretical potential to non-
competitive potential 

 
To quantify the net available amount of biomass 3 additional steps must be 
considered:   

• The agronomic potential 
• The technical potential 
• The competitive uses when exported from the field.  

 

Pruning of vineyard (tDM/year)

Herault: 169,000 T
Aude: 142,000 T
Gard: 116,000 T
Vaucluse: 98,000 T
PO: 54,000 T
Other: 84,000 T 

Examples: 50 km 
radius areas
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Figure 33: Steps to determine the real available amount 

 

Agronomical Potential 
 
Organic matter enters the soil in a ‘fresh’ form: plants (fallen leaves, crop residues, root 
exudates etc.), microorganisms or dead animals. A large part is quickly decomposed: in a 
few months, organic matter is mineralized by decomposers such as fungi and bacteria, and 
transformed into carbon dioxide (CO2) which is quickly released into the atmosphere*. To a 
lesser extent, losses of organic matter are also due to leaching of dissolved organic matter, 
water and wind erosion, and fire. 
 

 
Figure 34: How is organic matter formed and degraded? (ADEME 2015) 

 
In the soils of some large ecosystems such as African savannas and tropical forests, the 
storage of organic matter in the soil happens with the same rapidity as its degradation. In 
agro ecosystems this balance can be disturbed by many factors, which can favour the 
accumulation of organic material or, on the contrary, its mineralization. Rainfall and 
temperature play a major role. For example, low or high humidity levels can hinder the 
activity of decomposers in soils which naturally accumulate more organic matter than others. 
Conversely, a 10°C increase in temperature can double or even triple microbiological activity. 
Climate change, which currently stimulates plant productivity (temperature and CO2 
concentration in the atmosphere) and mineralization of organic matter, has an impact on 
carbon storage which is difficult to assess. Finally, the physical and chemical characteristics 
of soil reduce mineralization through their ability to ‘protect’ organic matter. 
 

Theoretical potential

Agronomical potential

Technical potential

Competitive uses

Real available amount
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The agronomic potential is the fraction of the theoretical biomass potential that can be 
exported from the field after leaving on the soil enough organic residues for its 
maintenance. It takes into account at least soil carbon balance and soil erosion 
considerations. Most of the time, this fraction varies from 0% to 50% of the theoretical 
biomass potential.  
 
It has to be defined for each territory, depending on several factors (soil type, crop rotation, 
exogenous organic matter …). Depending of the location, other parameters can be added to 
determine this fraction:  

• Soil biodiversity: necessity to bring fresh organic matter to soil  
• Soil nutrients (relevant for forest residues) : necessity to keep (forest) residues to 

maintain soil nutrient rate  
• Prevent water erosion (and wind) issues: mulch and straw spread over the surface of 

the soil reduce the impact of raindrops striking the soil and cover it from the wind. 
 
Water (and wind) erosion at regional level 
 
Soil erosion by water and/or wind is part of the global agronomic issue. If crop residues are 
exported the impact on soil erosion can be mitigated by the implementation of reduced soil 
tillage and/or intermediary cover crops. The effects of soil erosion are known and studied by 
local research and technical institutes in different regions and for different crops. 
Arterris’ territory is particularly affected by erosion (slopes, soil structure, and 
climate) in cereal crops, especially in the South-West with risks much higher than the 
average as one can see in the map below 
 

 
Figure 35: Erosion risk in Arterris’ area (http://acklins.orleans.inra.fr/geoindiquasol/main.php) 
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This first observation indicates that the removal of crop residues in cereal fields will 
be subject to compensation measures to avoid soil depletion (fertility, structure, 
texture). The impact coefficient will be globalized with the other factors. 
 
Soil fertility 
 
The objective is to maintain soil fertility and therefore to calculate the amount of crop 
residues that can be exported from the field without damaging the organic carbon stock.  
Looking at the soils’ types in Arterris territory in the next figure, one can see much 
heterogeneity that has consequences on the strategy and driving of the cultures.  
All the soils found in France are represented in this territory, in different concentrations. 
There are vertical and spatial differentiations of soils leading to a different sensitivity to 
environmental pressures. Thus, sandy soil is generally less able to trap pollution and protect 
water resources because of its high permeability. On the other hand, argillaceous soil, due to 
its water storage capacity, is more interesting for agricultural production but is also more 
concerned by erosion. 

 
Figure 36: Distribution of soils on Arterris’ territory (INRA, BDGSF à 1/1 000 000, 1998. 

Treatments: SoeS, 2014) 
 
One can see in the following map that in the Arterris region, the organic carbon stock 
is low to very low (<60 T / ha), especially in vineyards, farmlands and Mediterranean 
zones. 
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Figure 37: Estimation of the stock of organic carbon in the top of soil (0 – 30 cm) in t/ha on 

Arterris’ territory (INRA) 
 
Organic matter reduces soil sensitivity to erosion through a number of mechanisms: 
decreased susceptibility to siltation of silty soils, increased cohesion of sandy soils, and litter 
of poorly degraded crop residues. In muddy soils, reduced susceptibility to ovens (see 
above) limits the risk of runoff and therefore the risk of soil and pollutant entrainment in 
surface water. The increase in cohesion that follows, in the short and long term, the regular 
supply of organic matter leads to a reduction in the risk of wind erosion. Finally, the presence 
of a dead plant residue layer has a protective effect against wind and rain when the 
percentage of covered area exceeds 30%. 
Looking at the knowledge developed by the technical institutes ARVALIS in the region, the 
export of cereal straw always leads to a decrease in the stock of organic matter in the soil. 
This loss of organic matter varies considerably depending on the type of soil, the initial 
organic matter content and the frequency of straw crops in the succession of crops. The 
decrease of the organic matter stock varies between 160 and 700 kg /ha/year on 8 long-term 
tests (UNIFA, 2009). 
The choice of plots for the straw must take into account the parameters of the soil type: 

• Correct the initial organic content 
• Cation exchange capacity, CEC> 14 meq / 100g 
• or clay content> 20% 
• Satisfactory structural stability (no sign of soil crusting) 

In order to maintain the soil organic matter stock, other practices can play a positive role: to 
sow an intermediate crop that will restore fresh organic matter (green manure), to reduce the 
depth and frequency of tillage to limit the mineralization of soil organic matter.  
As a general rule in Arterris’ territory, it is possible to export the wheat straws and 
corn stover 1 year out of 3 giving an agronomic potential of 33% (ARVALIS / ONIDOL - 
Return to the soil organic matter necessary for their maintenance in agricultural soil 2009).  
 
For sunflower stover, according to the technical institute TERRES INOVIA, the agronomic 
impact of the exportation on soil fertility is less than that of straw cereals. Nevertheless, it is 
probably neglected, especially on potash and on the basis of a yield of 23 q / ha, the quantity 
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of K2O not recovered by the exported sunflower stover would be in the order from 100 units 
of K2O and only 5 units of P2O5. Thus, potash is a point to be monitored, although 
argillaceous-calcareous soils are generally well supplied in this element (a different case for 
phosphorus). 
With a very simplified approach, as a general rule in Arterris’ territory, it is possible to 
export sunflower stover 1 year out of 2 giving an agronomic potential of 50%. 

 
As a common practice, currently the pruning of vineyard is crushed and left in the field for 
several reasons: 

• Removing it represents a significant cost and investment. 
• The lower the density of the vineyard and the greater the space between the rows, 

the easier the crushing. 
• The crushing of the pruning of vineyard on site allows a return of carbon to the soil 

and contributes to the maintenance of its organic matter and its stability. It is, in most 
cases, the only source of organic matter: other sources are rare (grape marc) and 
difficult to bring because they require specific materials. 

• It appears that this practice can also contribute to the fertilization of the vine, even if it 
does not require significant fertilization. 

 
However, a question remains about this practice. Indeed, there are diseases of the wood of 
the vine (several fungi, excoriosis for example) and the pruning left in the fields could 
contribute to the development of some of them. Compared to this disease problem, some 
researchers advocate composting. Some winegrowers burn the vine shoots at the end of the 
plot. 
 
At the time being, about 79% of vineyard pruning are left on the soil as organic 
amendment or burned in the field (FranceAgrimer, 2016). So, only 21 % would be 
available for other uses out of the fields. 
 
Mitigation actions to face soil issues (erosion hazards, soil carbon losses, reduction 
of soil biodiversity) 
 
Sustainable land management is defined as follows: “Soil management is sustainable if the 
supporting, provisioning, regulating, and cultural services provided by soil are maintained or 
enhanced without significantly impairing either the soil functions that enable those services or 
biodiversity. The balance between the supporting and provisioning services for plant 
production and the regulating services the soil provides for water quality and availability and 
for atmospheric greenhouse gas composition is a particular concern” (Food and Agriculture 
Organization of the United Nations, 2017). 
The measures to put in place to mitigate the effects of the degradation of the organic state of 
soils are: 

• Organic inputs: make optimum use of all sources of organic inputs, such as animal 
manure and properly processed human wastes 

• Intermediate Crops and Vegetation Cover: They are planted between harvesting 
summer and fall crops and planting spring crops. The establishment of a winter cover 
allows the introduction of new species in rotation (to reduce the parasite pressure), 
the enrichment of the soil in organic matter (humus effect of the residues), the 
improvement of the lift of the grounds, limiting the development of weeds (by 
smothering), improving soil fertility while limiting direct fertilization (organic or mineral) 
by restoring nitrogen and other nutrients (potash, phosphorus ...)) from the cover to 
the next crop (possible savings of 30 to 70 nitrogen depending on the nature and 
development of the cover. 

• Simplified cultivation techniques: decrease decomposition rates of soil organic matter 
by practicing minimum or no-tillage without increasing the use of herbicides 
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• Increase rotations by diversifying crops: implementing crop rotations, planting 
legumes (including pulses) or improving the crop mix. 

Technical potential 
 
The technical potential (BEE, 2010) is the fraction of the theoretical potential, which is 
available under the regarded techno-structural framework conditions with the current 
technological possibilities such as:  

• harvesting techniques,  
• infrastructure and accessibility,  
• processing techniques, 
• local constraints (steep slope, short harvesting period, etc.).  

It also takes into account:  
• spatial confinement due to other land uses 
• ecological constraints (nature reserve such as Natura 2000 areas) – (see section 7 of 

the method “environmental coherence”/regional scale) 
• social limits:  

o have the necessary time to do harvest work 
o identify peak work loads  

Wheat straw 
 
There are 2 solutions for harvesting straw: 

• Crusher – sawther (or windrower) – baler  
• forage harvester 
 

Crusher – sawther (or windrower) – baler  
After harvesting the grain, the crushed straws are gathered in a windrow, collected and 
pressed by a baler. This method requires passing three times on the plot: once with the 
crusher, a second time with the sawther (or windrower), a third time with the baler. This is a 
bale harvest. 
The straws can be conditioned in round or square bales. The dry straw is pressed in 
square bales or round boots. The formats and the level of compression vary according to the 
type of machine used. High density presses produce bales with a density of between 170 
and 200 kg / m3. This type of harvest requires the intervention of a loader and a tray coupled 
to a tractor on the ground to harvest the bullets. These are either grouped at the edge of the 
plot for later recovery, or transported (over a short distance) to a place of consolidation or 
intermediate storage, or directly stored at the place of use. 
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Figure 38: Straw pressing (source: Chambre Régionale d’Agriculture des Hauts-de-France) 
 

 
Figure 39: Harvesting in square bales, Kuhn (source: Chambre régionale d’Agriculture des Hauts-

de-France) 
 
Forage harvester: this self-propelled machine harvests biomass by cutting it into longer or 
shorter strands. The classic scheme of a construction site is thus composed of a forage 
harvester, served by a set agricultural tractor + trailer. The number of sets depends on the 
distance between the package and the place of collection or use. However this distance must 
remain low. For larger distances, there are other solutions involving tipper trailers: either the 
rear axle of the forage harvester has been modified to harness such a trailer, or it is the 
cashier who unloads the bucket. in the semitrailer that stays at the end of the field. Biomass 
harvested in bulk is transported to an intermediate collection or storage location or stored 
directly at the point of use. 
 

 
Figure 40: Forage harvester and tractor + trailer 
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Figure 41: Forage harvester and tipper semi-trailer (source : Chambre Régionale d’Agriculture 

des Hauts-de-France) 
 
The advantage of the last system is the cost of passage and the number of staff required, 
unlike the usual straw harvest technique. 
But this equipment cannot go on all the parcels, including those situated on the slopes. In 
addition, the weight of the machines can lead to soil compaction if soil type and weather 
conditions are unfavourable.  

Taking all these factors into account, about 20% of the exportable biomass is lost in 
the field giving a technical potential of 80%. 

Sunflower stover and corn stover 
 
Wheat straws are usually harvested as litter and food for livestock production. So the 
harvesting techniques are well known. But corn and sunflower stovers are not exported 
currently and the harvesting techniques are not as familiar and optimized as for cereal straw.  
 
There are two possibilities to harvest stovers as for straw. In both cases the harvest 
occurs after the grain harvest.  
 
 Crusher – sawther (or windrower) – baler  

 

 
Figure 42 (source: Ovalie-Innovation photography) 
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Figure 43 (source: Ovalie-Innovation photography) 

 

 
Figure 44 (source: krone.fr) 

 
After harvesting the grain, the crushed straws or stovers are gathered in a windrow, collected 
and pressed by a baler. This method requires passing three times on the plot: once with 
the crusher, a second time with the sawther (or windrower), a third time with the baler. This is 
a bale harvest. 
 
Advantages: it harvests almost all the biomass, including some stovers flattened during the 
cultivation and during the harvesting of the grain. 
 
Drawbacks: it also collects stones and dust; the residues must be cleaned before entering 
into the pretreatment process, so this is a great disadvantage and can lead to an increase in 
treatment. Moreover, in wet conditions, the crusher-sawther cannot get into the plot.  
The percentage of biomass lost due to inaccessible plots is from 10 to 20% giving a 
technical potential of 80 to 90%. 
 
 Forage harvester  
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Figure 45: Sunflower stovers harvest with a forage harvester  

 (source: http://renaissancelochoise.com/cop-21-le-lochois-roule-deja-pour-le-climat/) 
 

After harvesting the grain, the standing straws or stovers are cut, crushed and recovered in a 
trailer. These two machines enter the plot simultaneously. This is a bulk harvest.  

 
Advantages: it harvests clean material (without soil or stones). It seems the most suitable 
for the project if the weather conditions are favourable. 
Drawbacks: it is heavy machinery, so the harvest is expensive and cause soil compaction. 
Moreover, in wet conditions, the forage harvester cannot get into the plot.  
The percentage of biomass lost due to inaccessible plots is from 10 to 20%. The 
flattened stovers are not harvested which adds another loss of about 10%. Overall the 
technical potential is 70 to 80%.  
 
Especially for corn stovers, the harvest occurs at early autumn (October-November), a period 
when the entry of large agricultural machinery into the plots becomes difficult in relation with 
the soil bearing capacity (increasing moisture, day shorter). The risk for soil compaction is 
important as one van see in the next figure. 

 

 
Figure 46: Forage harvester - Ruts on a plot – Soil compaction 

 
For sunflower, there is another solution that is not developed to date. Sunflower stovers are a 
very hygroscopic product that easily re-wets in case of rain. Given the harvest period 
(September), the drying can be random (ADEME ITCF AGRICE, 2000). The stovers can be 
harvested mechanically from agricultural machinery. The forage harvester is well suited for 
harvesting sunflower stems as it consists of a crusher that makes it possible to obtain the 
desired product immediately. But it is difficult to recover the sunflower properly using the 
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usual technique of running a forage harvester and a trailer in which the crushed pieces are 
spit. Indeed, given the lightness of the sunflower, most of the ground material flies away and 
does not fall back into the trailer (Expert interview, Terres Inovia). It is necessary to recover it 
directly in bags out of the forage harvester. Yield: 5 m3 / ha approximately. Duration: 0.5h / 
m3. The stems are harvested, crushed and bagged in one operation. The crushed material 
produced by the forage harvester is coarse. The stems are captured by the hammer mill. A 
different system that would cut the stems before hanging them would probably be more 
effective. 

 
Figure 47: Tractor + forage harvester + bag for the recovery of crushed products (Terres 

Inovia) 
 

Pruning of vineyard 
 
There are 2 machines capable of recovering the residues from the pruning of vineyard: 

• The press and baler  
• The crusher and collector in bags 

Another aspect of the zone in the vineyard side is that the large presence of stones makes it 
difficult to mechanize the harvest of the pruning of vineyard. The map below shows the soil 
limitations by the stones. 
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Figure 428: Dominant soil limitation on Arterris’ area (INRA). 

 
The press to pruning of vineyard is a rotary press capable of collecting, compacting and 
binding the branches (CAEB Company). The balls are 40 cm in diameter, 60 cm long and 
weighing around 30 kilograms. 
 

 
Figure 439: Press and baler– pruning of vineyard (CAEB society). 

 
The crusher allows cutting the shoots directly to the planned sizing and without fibres. The 
mill has the particularity of being knives and not hammers which allows to cut and not to 
shred the wood and therefore makes it less fibrous. The shoots obtained form small bursts. 
After being cut, the pieces of wood are sent directly into large bags placed at the rear of the 
tractor and in which they will remain stored and dry. The cut, sharper, allows a faster drying 

No constraint 
 

Stony (more than 30% stones) 
 

Almost permanent congestion 
 

Stony (presence of stones> 7.5 cm - 
mechanization impracticable) 
 

Lithic (hard rock less than 50 cm) 
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of wood and natural avoiding the fermentation of wood. The shoots are crushed and sent 
directly into the big-bags installed behind the tractor. 
 

 
Figure 5044: Crusher– pruning of vineyard (NICOLAS society). 

 
Both techniques are estimated to harvest 80% of the available biomass. 
 

Social limits and regulatory restrictions 
 
The most important restriction is the European nitrates directive that came into force on 
December 12, 1991 to reduce water pollution caused by nitrates used for agricultural 
purposes. The nitrates directive is transposed into French law with provisions for the 
monitoring of water quality, delineation of zones vulnerable to nitrates and establishment of a 
code of good agricultural practices and measures to be implemented in vulnerable zones to 
nitrates.  
The territory of Arterris is well concerned by this directive (arable crops sectors) as 
one can see in the map below. 
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Figure 51: Vulnerable areas 2017 Occitanie (DDTM, 2017) 

 
The main obligations are:  

• to leave on the soil crushed corn and sunflower stover within 15 days after grain 
harvest,  

• or to sow a winter cover during long interculture.  
 
If the crop residues should be exported, the farmers would always have the obligation to 
cover the soil. For this, they can sow a cover, but it leads to additional cost. Farmers will be 
able to export the crop residues only if the commercialisation of the biomass compensates 
the additional cost to comply with the nitrates directive. 

Non-competitive potential 
 
It is the share of the exportable quantity of biomass (i.e. theoretical + agronomical & 
technical potentials) that will be available for the production of 2G ethanol after 
considering the part taken by the competitive uses:  

• For annual crop residues, main competitive uses are:  
o livestock bedding  
o livestock feeding 
o Production of energy through combustion and gasification 
o Production of materials for the construction 

• For secondary processing residues of agricultural products 
o livestock feeding 
o Production of energy in biogas plants. 

 
Straw 
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The quantity of straw used for littering (or bedding) varies both with the type of livestock and 
per country. Livestocks taken into account for calculating the amount of manure are:  

• dairy cows  
• other cows  
• goats  
• sheep  
• horses  
• pigs  
• poultry  

 
The quantity of straw for littering is given by the following equation. 

SL = number of animals * housing time * share of solid manure * amount of straw 
With: 

• SL: straw for litter (or bedding) 
• Number of animals: dairy cows, other cows, buffaloes, goats, sheep, horses 
• Housing time (nb of days per year)  
• Share of solid manure (%)  
• Amount of straw for manure (kg/head/day)- coefficient per type of livestock 

 
The consumption of straw for littering was calculated for the 2 regions covered by Arterris. 
The amounts were compared to the quantity of straw produced in Arterris’ area. 
One can see in the table and maps below that in most of the departments the 
production of straw is not enough to cover the needs for littering. 
 

Table 12: Wheat straw needs for littering and Wheat straw production in Arterris’ area by 
departments 

DEPARTEMENT Wheat straw needs for 
littering (t/year) 

Wheat straw production 
(t/year) 

Alpes-de-Haute-Provence 6,682 10,195 
Hautes-Alpes 15,318  

Alpes-Maritimes 9,97  
Ariège 56,653 9,758 
Aude 19,290 38,995 

Aveyron 252,150  
Bouches-du-Rhône 9,823 9562 

Gard 18,168 12,589 
Haute-Garonne 71,116 65,987 

Gers 63,530 58,262 
Hérault 17,211 8,923 

Lot 77,431 3,962 
Lot et Garonne  7,745 

Lozère 78,255  
Hautes-Pyrénées 66,028  

Pyrénées-Orientales 14,151 1,040 
Tarn 92,384 56,079 

Tarn-et-Garonne 42,031 43,448 
Var 705 992 

Vaucluse 405 4,326 
Total 902,328 331,863 
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Figure 52: Distribution of production and consumption areas for wheat straw. 
 

On Arterris’ territory, currently there is no straw available for other uses than littering 
for livestock. This situation may change in the future only if livestock activity would 
decrease. 
 
Other preselected biomasses 
 
For sunflower and corn stovers and pruning of vineyard, there are no competitive 
uses at the moment. 
 
Net amounts and mapping of preselected lignocellulosic biomasses 
 
Taking into account all the biomass feedstock reductions from agronomical, technical, 
social, regulatory and competitive considerations, the estimated non-competitive 
amounts (net available for the production of 2G bioethanol) is presented in the 
following table for the preselected biomasses: wheat straw, corn and sunflower 
stovers and pruning of vineyards.  
 

Table 13: From theoretical to net amount  

Crops Wheat straw 
t DM/year 

Sunflower 
stovers 

t DM/year 
Corn stovers 

t DM/year 
Pruning of vineyard 

t DM/year 

Theoretical 
potential 980,000 460,000 308,000 665,000 

Agronomical 
potential 

1 year out of 3 
33% 

1 year out of 2 
50% 

1 year out of 3 
33% 19% 

326,000 230,000 102,000 126,000 
Technical Loss of 20%- Exportation rate of 80% 
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potential 260,000 184,000 81,600 101,000 
Competitive uses 100% none none none 
Net available 
amount 0 184,000 81,600 101,000 

 
There are only 3 biomasses with sufficient quantities for the production of 2G ethanol: 
sunflower and corn stovers and pruning of vineyards. 
 
The GIS maps below show the concentrations of the biomasses in 50 km radius. 

 
Sunflower stover is the best candidates in terms of quantities with high 
concentrations of biomass in 4 departments. 

 

 
Figure 53: Biomass map available –sunflower stover 
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Corn stover is quite limited in terms of quantities on Arterris’ territory but the biomass 
is concentrated in the same area as sunflower stover. 
 

Figure 454: Biomass map available –corn stover 
 

The pruning of vineyard is concentrated in 2 areas near the Mediterranean coast, in 
sufficient quantities to build one plant in each place. 
It is worth mentioning that these figures are the quantities that can be exported while 
maintaining sufficient organic matter in the soils. Larger amounts could be exported 
but in this case an external organic amendment (compost or else) would need to be 
spread as a replacement which would increase the price of the supply. 
 

Figure 465: Biomass map available – pruning of vineyard 
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It is also worth mentioning that in France more than 50% of pruning residues are 
produced in Nouvelle Aquitaine and Languedoc Roussillon, 2 regions in the territory 
of Ovalie and Arterris respectively. It represents 171,000 t of residues that could be 
exported for the production of 2G bioethanol if a good purchasing price could be 
offered to the farmers. 
 
Logistics and operational costs 
Logistics and seasonality 
 
Seasonality 
 
Agricultural biomass is derived from plants with a growth cycle of a few months to a year. 
These plants are annual plants (cereals, corn, sunflower,) grown in main crop (6 to 10 
months between sowing and harvesting). It can also be perennial crop residues (pruning of 
vineyards) that also require an annual harvest. Some agricultural biomasses must be 
recovered over a very short period (of the order of a few weeks or even a few days). This is 
the case of straw, which must be harvested during or just after the harvest of grains.  
The crop residues are harvested once a year at different periods depending on the nature of 
the crop: 

• For agricultural co-products (straw type cereals, oilseeds), the harvest dates 
correspond to that of the cereal harvest, in a few days, to allow the straws to dry on 
the stubble. The straw harvest should be done shortly after harvest so as not to delay 
the agricultural work of preparing the next harvest. There is usually a maximum of 15 
to 20 days for pressing agricultural co-products. 

• The stovers of corn and sunflower are harvested just after the harvest of the grain. 
Indeed, at this time the risk of degradation of the material is too important, and it is no 
longer possible to dry the material in the field. 

• The prunings of vineyard are harvested between January and March but the climatic 
hazards complicate the task. 

 
Table 14: Harvesting period for different crop residues 

Month Jan Feb March April May June July August Sept Oct Nov Dec 

Biomass Pruning of vineyard   Straw   
Sunflower 
and corn 
stovers 

 

 
Logistic from harvest to plant gate 
 
The operations include several steps: 

• Harvesting 
• Transport  
• Storage (bin, silo, tank, pit) 
• Conditioning (compaction) 
 

Harvest 
There are several ways to harvest depending on the biomass considered. All of these 
operations are described in the technical potential chapter 
 
Transport 
Several types of transport are available: 

• Bulk transport: most of the time, bulk products have low humidity and there is no flow 
of juice. Transport is provided by tipper trucks or semi-trailers of 30 m³ (single tipper), 
60 m³ (polycabin trailer or semi-trailer) or 90-100 m³ (moving floor semi-trailer). The 
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loading is ensured by a bucket or a loader with fork according to the texture of the 
product: fluid (pellets, plates ...) or "mixed", heterogeneous (green waste) etc. 

• Transport of square or round bales: two options are possible for biomasses packed in 
bales: 

o either the distance to the storage or treatment site is low (<20 km as a rule), 
the bales are loaded into the plot on an 8 m agricultural plateau, allowing the 
transport of 8 to 10 tons of straw; the loader making the "shuttle" between the 
boots and the tray. 

o Or the distance to the storage or processing site is greater and the transport is 
by truck, the low bed can load up to 20 tons of straw. In this case, the bales 
are grouped at the end of the field during the harvest. 

But there are additional conditions related to the type of biomass because the end of the field 
can become a buffer zone before going to the plant: 

• For biomass packed in bales: straw bales can be stored at the end of the field for a 
short period (3 months after harvest), up to a limit of 1000 m3 (according to 
departmental health regulations), if they are near the treatment site (<10 km). The 
risks of degradation of the biomass are high (rain, fire). 

• For longer distances and longer residence times: bales are transported on an 
agricultural plateau to an intermediate storage site, a farm or a collective site, as soon 
as the straws are pressed. Storages of straw are subject to ICPE 15-32 in terms of 
volume. The collections on these intermediate sites can then be carried out 
throughout the year at the request of the manufacturer by truck. 

• For bulk biomass: ligneous (shoot type) or not, a bulk storage at the headland can be 
organized: the farmer is responsible for collecting the material at the end of the plot. It 
will then be recovered by a collector who will seek to optimize the visits in truck. 
Depending on the sustainability of this end-of-field collection, it may be useful to 
develop these platforms. 

 

 
Figure 56: Comparison of the main transport materials (ADEME et de FranceAgriMer, 2017). 
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Storage 
The issue of harvesting and / or collection and conservation of agricultural biomass involves: 

• Consider the use of one or more sources of biomass with contrasting harvest 
seasons, to mobilize harvesting equipment over a longer period of the year and to 
limit long-term storage, 

• A requirement for good conditioning of biomass for optimal recovery: percentage of 
dry matter, moisture, quality... 

• A very organized logistics to implement the biomass producer to future customers 
(from the harvesting site to the delivery points) through the cooperatives, 

• Good conservation so as not to degrade the quality of the biomass, adapted to the 
quantities to be supplied. 

Thus, between harvesting and on-site processing, it can take a few hours to several months, 
depending on the distance, the seasonality of the request and the quantities requested by 
the customer. It is then necessary to store the biomass under conditions that make it 
possible to offer a quality that meets the specifications. 
Depending on the conditioning of the biomass (bulk, granules, bales), we can consider 
several types of storage:  

• Bulk or millstone at the edge of the field (or on unconsolidated soil), advantages: low 
costs (mainly handling), disadvantages: loss of material in the storage, humidity 
difficult to control 

• Bulk or millstone on concrete slab, covered or not by a tarpaulin or a geotextile, 
ventilated or not, advantages: limited investment, suitable for short-term storage for 
dry biomass, or for storage of wet biomass in the form of silage under canvas, 
disadvantages: limited volume, sensitive to climatic conditions, damaged cover can 
degrade the quality of the biomass. 

• Under shed, ventilated or not, advantages: secure, protects from climatic conditions, 
adapted to the storage of dry biomass, disadvantages: significant investment, 
considered ICPE site if the volume stored is greater than 1000 m3. 

• In a vertical silo, ventilated or not, advantages: a limited and secure space, adapted 
to the storage of the fluid biomass (granulated type) facilitates the loading / unloading 
operations disadvantages: large investment, not suitable for wet biomasses. 

 
Table: Table summarizing the main properties of storage types of agricultural biomass 

excluding livestock effluents (Mobilisation de la biomasse agricole du champ à l’usine, l’ADEME et 
de FranceAgriMer, 2017) 

Type of storage Advantages  Drawbacks Cost 
€/ t/year Conditioning  

Edge of the field 
(on a concrete 
floor or not) 

Low costs (mainly 
handling) 

Loss of material in 
storage, humidity difficult 
to control 

< 5  Bulk, round or 
square bale  

Concrete slab, 
covered or not by 
a tarpaulin or a 
geotextile, broken 
down or not  

Low investment, suitable 
for short-term storage for 
dry biomass, or for 
storage of wet biomass 
in the form of silage 
under tarpaulin 

Low volume, sensitive to 
climatic conditions, 
damaged tarpaulin can 
degrade the quality of 
biomass 

5 to 7  Bulk, round or 
square bale 

Under shed, 
broken down or 
not 

Secure, protects from 
climatic conditions, 
suitable for storage of 
dry biomass  

Significant investment, 
considered ICPE* site if 
the volume stored is 
greater than 1000 m² 

10 to 15  Bulk, bale, 
granule 

In vertical silo, 
broken down or 
not 

Low footprint, secure, 
suitable for storage of 
fluid biomass (granulated 
type) to facilitate loading 
/ unloading operations 

Significant investment, 
considered ICPE* site if 
the volume stored is 
greater than 1000 m²  

12  Granule, fluid 
biomass  

*ICPE: Classified Installation for Environmental Protection 
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Conditioning 
Conditioning includes all the processing steps preceding the use of the biomass 
(combustion, anaerobic digestion, transformation of plant fibres, etc.). It includes all the 
operations carried out before this final use; whether they are mandatory (preservation of 
quality by drying for example) or they meet an economic requirement (i.e. densification in 
particular). 
The main conditioning processes are: 

• Densification: to increase the density of the material by compression prior to 
transportation or storage. Agricultural matter is, by definition, very sparse. Bulk straw, 
for example, has a density of about 100 kg / m3. 

• Drying: to reduce the humidity of the biomass prior to transportation or strorage or 
processing in the plant. 

• Crushing: to reduce the particle size of the biomass, using litigation or sharp tools. 
Sometimes can be done during the harvest/collection in the field. 

• Ensilage: wet storage technique with anaerobic lactic fermentation. Generally used 
for forage harvested at low dry matter content. This treatment is beneficial for 
lignocellulosic matrix destructuration. 

• Roasting: Thermochemical process without oxygen, roasting consists in exposing the 
biomass to a very high temperature, generally between 200 and 300 ° C. 

 
Seasonality also has an impact on the pretreatment stages. For example, depending on the 
time difference between biomass production and customer demand, a storage step may be 
necessary. In this case, it is necessary to ensure the stabilization of the biomass over a 
period that may extend over several months: to reduce the risk of fermentation, a drying step 
may be necessary. In order to reduce logistics costs, the material can be densified, which 
makes it possible to optimize the transport steps. 

Operational cost from harvest to plant gate 
 
Wheat straw 
 
The straw is harvested in square bales of high density (400 to 420 kg/bales). Currently, for 
this technique the work rate is 30 bales / h. The cost of the ball is estimated at 20 to 23 € (CA 
Hauts de France 2017). This includes windrowing, pressing, string, labor.  
The overall cost of harvesting is from 45 to 60 € / t DM. 
Depending on the distance to the storage site, there are two types of transport:  

• <20 km: the bales are loaded into the plot on an 8 m agricultural plateau, allowing the 
transport of 8 to 10 tons of bales,  

• >20km: the transport is by truck, with load up to 20 tons of bales. 
Unit costs related to road transport are available on the website of the Comité National 
Routier (www.cnr.fr). These are the components of the trinomial formula for a 40 t high 
volume trailer truck: 

• cost for 1 km traveled excluding tolls : 0.428 €/km 
• cost for 1 hour of service time :  19.34 €/h 
• fixed daily cost (vehicle + structure) : 160.14 €/j 

The data used are those updated at the economic conditions of January 2018. The 
calculations are made for a 5-axle trailer truck with an empty weight of 15 tons (average 
weight of the trucks weighed during the measurements carried out by GIE ARVALIS / 
ONIDOL ) The total laden weight allowed is 40 tons The weight of the bales transported + the 
empty truck must not exceed 40 tons. 
The average speed of the trucks is adjusted according to distances: 60 km / h for journeys 
between 20 and 50 km. (PNRB, 2009). 
Other assumptions for calculating the number of trips per day: 

• service time = 9.18 h / day 
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• loading time = 0.5 h 
• unloading time = 0.5 h 
• waiting time = 0.25 h 

In a 50km radius, the transport cost by dump truck are between 7€/t to 9€/t DM. 
So the overall supply cost for wheat straw varies from 52 to 69 9€/t DM. 
 
Corn stover supply cost with forage harvester 
 
Harvest  
Forage harvester is preferably used to collect corn stovers. This machinery costs from 125 to 
170 €/ha. The tipper tractor combined with the forage harvester costs from 65 to 80€/ha. 
Thus, the harvesting costs are estimated from 190 to 250 €/ha. 
(Sources: Barème d’entraide – Matériels 2015-2016, Tarifs moyens par type de chantier; Etude 
PEREL CA – CUMA 2015; and according to expert opinion) 
 
Transport 
Once harvested and crushed, the corn stovers (not yet compacted in silage) are transported 
in bulk to the silage site. Depending on the distance to the storage site, there are two types 
of transport:  
 <20 km: the corn stovers are loaded into the plot on agricultural trailer 
 >20km: the transport is by dump truck  

 
In a 50km radius, the transport cost varies from 20 to 30 €/t (source: Vivadour Transport 
Service). 
 
Conditioning 
To store corn stovers it is necessary to ensile it, indeed the percentage of moisture in the 
corn stover is quite high (30% moisture).  
Silage is a method of preserving wet plants using lactic fermentation; corn stover are 
crushed, pressed and put in a bunker silo (concrete slab, covered by a tarpaulin) 
The density of corn stover before silage is about 160 kg DM/m3 (source: 
www.expertagricolenord.fr,  Poids et volumes)  
The density of corn stover after silage is about 235 kg DM/m3 (source: agrireseau.net) 
 

 
 

Figure 57: Bunker silo (source:machinisme.reussir.fr)  
 
The tamping and the purchase of silage tarpaulin cost is from 20 to 25 €/ha. (source: 
Etude PEREL CA – CUMA 2015) 

http://www.expertagricolenord.fr/
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Storage 
As we can see on the table summarizing the main storage types (ADEME and 
FranceAgriMer, 2017) and according to expert opinion, the cost of storage in bunker 
silo is about 6 €/t (5 to 7).  
 
Total estimated cost 
Quantity of harvestable corn stovers = about 4.6 t/ha 
Quantity of harvested corn stovers, taking into account the losses during harvest = 4.1 t/ha 
 
Steps Harvest Transport Conditioning Storage TOTAL 

Cost (€/ha) From 190 to 250 / From 20 to 
25 /  

Cost (€/t) From 46 to 60 From 20 to 
30 From 5 to 6 

From 5 to 
7 

From 76 to 
103 

 
The total cost for supplying corn stover with forage harvester can be estimated 
between 76 and 103 €/t dry matter. 
 
Corn stover supply with crusher-sawther-baler 
 
Harvest  
The machinery costs from 17.4 to 26.1 €/t DM.The density of corn stovers bale is about 170 
kg/m3. 
(Sources: Potentiel biomasse cellulosique Etude ethanol cellulosique usine 2gAbengoa Bionergy 
Biomass France (Lacq) OCEOL/AGPM/GAO, 2015) 
 
Transport 
Once harvested, the corn stovers (not yet in silage) are transported in bale to the silage site. 
Depending on the distance to the storage site, there are two types of transport:  
 <20 km: the corn stovers are loaded into the plot on agricultural trailer 
 >20km: the transport is by dump truck  

In a 50km radius, the transport cost varies from 10 to 15 €/t (Sources: Potentiel biomasse 
cellulosique Etude ethanol cellulosique usine 2g Abengoa Bionergy Biomass France (Lacq) 
OCEOL/AGPM/GAO, 2015). 
 
Conditioning and storage 
To store corn stovers it is necessary to ensile it, indeed the percentage of moisture in the 
corn stover is quite high (30% moisture).  
Silage is a method of preserving wet plants using lactic fermentation. 
 

 
Figure 58: Concrete slab, covered by a tarpaulin (source: Maïsadour) 
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The tamping, the purchase of silage tarpaulin, and the storage in the bunker silo costs are 
from 9 to 13.5 €/T DM. (Sources: Potentiel biomasse cellulosique Etude ethanol cellulosique usine 
2g Abengoa Bionergy Biomass France (Lacq) OCEOL/AGPM/GAO, 2015) 
 
Total estimated cost 
Quantity of harvestable corn stovers = about 4.6T/ha 
Quantity of harvested corn stovers, taking into account the losses during harvest = 4.1T/ha 
 

Steps Harvest Transport Conditioning and 
storage TOTAL 

Cost (€/t) From 17.4 to 26.1 From 10 to 15 From 9 to 13.5 From 36.4 to 54.6 
 
The total cost for supplying corn stover can be estimated between 36.4 and 54.6 €/t 
dry matter. However an additional step of biomass cleaning will be necessary in the 
processing plant and will generate additional costs. 
 
Sunflower stover with forage harvester 
 
Harvest  
The harvesting costs with forage harvester are similar to corn stover: from 190 to 250 €/ha. 
(Sources: Barème d’entraide – Matériels 2015-2016, Tarifs moyens par type de chantier; Etude 
PEREL CA – CUMA 2015; and according to expert opinion) 
 
Transport 
Once harvested and crushed the sunflower stovers are transported to the storage site. 
If the transport is done in bulk without pressing, the transport cost is high because of the low 
density of the biomass. In a 50km radius, the transport costs are estimated from 25 to 40 
€/t (source: Vivadour Transport Service). 
If the stovers are pressed before transported, the transport cost would decrease according to 
the increase in density. 
 
Conditioning/storage 
Sunflower stovers are collected in bulk. The density of sunflower stovers is about 100 kg 
DM/m3. 
(source: « Diagnostic du Pays de Loire Nature Touraine pour le développement de micro-filières 
d’agromatériaux » Alter’énergies and Chambre d’agriculture d’Indre-et-Loire Report). 
Due to their low density, the sunflower stovers may be pressed to facilitate the transport and 
the storage. However, we do not have any economic and technical information on the 
feasibility of pressing sunflower stovers. 
The storage of sunflower stovers could be done in big-bag or bulk in a covered and 
ventilated building. Indeed, the low percentage of moisture allows a good conservation. 
Due to the low density of this biomass the storage cost assumed is higher than other 
biomasses. As we can see on the table summarizing the main storage types (ADEME and 
FranceAgriMer, 2017) and according to expert opinion, the cost of a bulk storage under 
shed is about 12.5 €/t (10-15). 

 
Total estimated cost 
Quantity of harvestable sunflower stovers = about 2.2T/ha 
Quantity of harvested corn stovers, taking into account the losses during harvest = 1.9T/ha 
 

Steps Harvest Transport Conditioning & 
storage TOTAL 

Cost (€/ha) 190 to 250 / /  
Cost (€/t) 96 to 127 25 to 40 10 to 15 131 to 182 
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The total cost for supplying sunflower stovers with forage harvester can be estimated 
between 136 and 182 €/t dry matter. 
 
Sunflower stover with crusher-sawther-baler 
 
Harvest  
This machinery costs from 34.8 to 52.2 €/t DM. 
(Sources: Potentiel biomasse cellulosique Etude ethanol cellulosique usine 2g Abengoa Bionergy 
Biomass France (Lacq) OCEOL/AGPM/GAO, 2015) 
 
Transport 
Once harvested, the corn stovers (not yet in silage) are transported in bale to the silage site. 
Depending on the distance to the storage site, there are two types of transport:  
 <20 km: the corn stovers are loaded into the plot on agricultural trailer 
 >20km: the transport is by dump truck  

 
Having no element concerning the sunflower stovers, we estimate that the transport cost of 
bales is the same as for the cornstovers:  
In a 50km radius, the transport cost varies from 10 to 15 €/t. 
 
Conditioning/storage 
As we can see on the table summarizing the main storage types (ADEME and FranceAgriMer, 
2017) and according to expert opinion, the cost of a bulk storage under shed is about 12.5 
€/t (10-15). 

 
Total estimated cost 
Quantity of harvestable sunflower stovers = about 2.2T/ha 
Quantity of harvested corn stovers, taking into account the losses during harvest = 1.9T/ha 
 

Steps Harvest Transport Conditioning & 
storage TOTAL 

Cost 
(€/T) 34.8 to 52.2 10 to 15 10 to 15 54.8 to 82.2 

 
The total cost for supplying sunflower stovers can be estimated between 54.8 and 82.2 
€/t dry matter. However an additional step of biomass cleaning will be necessary in the 
processing plant and will generate additional costs. 
 
Pruning of vineyard 
 
Harvesting with press and bailer technique 
The cost of harvesting is estimated using the figures below: 

• Harvesting yield: 2 to 2.5 t / ha of wood or about 60 to 80 bales / ha (data from the 
equipment manufacturer). 

• Each bale has a weight of 30 to 35 kg. 
• Labour for harvesting about 3 h of work per ha and for gathering of the bales about 

1h / ha. 

The harvesting cost is estimated between 80 and 85 € / t DM which is close to the 
result obtained in a different study presented in the table below.  
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Table 15: Estimated cost of harvesting of the pruning of vineyard (OCEALIA Group) 
(SUCELLOG, 2016) 

 
320 % and 40 % of the 80,000 ha of Cognac production, that is 15,000 ha with a yield of 1.5 t of dry 
matter/ha (DUREPAIRE estimation).  
 
Harvesting with grinding and direct recovery in big bags 
The cost is estimated between 80 and 120 € / t DM of shredded shoots (ADEME - CRA 
PACA, 2009). 
 
Transport 
Unit costs related to road transport are available on the website of the Comité National 
Routier (www.cnr.fr). These are the components of the trinomial formula for a 40 t high 
volume trailer truck: 

• cost for 1 km traveled excluding tolls : 0.428 €/km 
• cost for 1 hour of service time :  19.34 €/h 
• fixed daily cost (vehicle + structure) : 160.14 €/j 

The data used are those updated at the economic conditions of January 2018. The 
calculations are made for a 5-axle trailer truck with an empty weight of 15 tons (average 
weight of the trucks weighed during the measurements carried out by GIE ARVALIS / 
ONIDOL ) The total laden weight allowed is 40 tons The weight of the bales transported + the 
empty truck must not exceed 40 tons. 
The average speed of the trucks is adjusted according to distances: 60 km / h for journeys 
between 20 and 50 km. (PNRB, 2009). 
Other assumptions for calculating the number of trips per day: 

• service time = 9.18 h / day 
• loading time = 5 h to 6 h 
• unloading time = 5 h to 6 h 
• waiting time = 0.25 h 
•  

In a catchment area of 50km radius, the transport cost by dump truck is estimated 
between 20 and 30 €/ t DM. 
 

Total supply costs 
 
When harvesting with press and baler technique, the total cost of supply is estimated 
from 100 to 115 €/ t DM. 
 
When harvesting with crusher and direct recovery in big bags, the total cost of supply 
is estimated from 100 to 150 €/ t DM. 
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Risk assessment 

Current and near future risk assessment 
 
The objectives of this section are to: 

• Identify potential evolutions for the preselected feedstock  
• Quantify the potential variations of the preselected biomasses and their 

frequencies 
• Define a level of risk (current and near future) for the supply of the preselected 

biomasses. 
 
This risk assessment has been done on the recent past, from 2000 to 2015, to be able to 
analyse current risk and from 2015 to 2035 horizon to analyse the near future risks.  
One of the tools used to assign risk ratings is a qualitative risk assessment matrix. 
The risk rating combines the occurrence probabilities and consequences of the 
identified risk. Each risk rating represents an assessment as to the relative risk to 
positively or negatively impact the project. Three levels of probability and consequence 
are used for the evaluation as shown in the table below. The higher the consequences and 
the probabilities for a given risk, the worse its impact on the project. 

Table: Probability and consequence of risks on the availability of biomass 
 

   Consequence 
   0-25% 25-50% >50% 
   1 2 3 

Probability 
>50% 3    
25-50% 2    
0-25% 1    

 
The combination of the situations is characterized by a colour code corresponding to 
3 impacts: 

• “Red” situations refer to risks leading to an available quantity of biomass too 
small (below the minimum threshold) to ensure the regular supply of the plant  

• “Orange” situations refer to factors risks leading to an available quantity of 
biomass near the minimum threshold (i.e. 30,000 t/y in 50 km radius) to ensure 
the regular supply of the plant  

• “Yellow” situations refer to risks leading to an available quantity of biomass 
widely sufficient to ensure the regular supply of the plant. 

Situations that would have a positive impact will be characterized by a “green” colour. 
 
Several factors were selected likely to impact the quantities of biomass available: 

• Agronomical  
• Climatic  
• Regulatory  
• Competitive uses 
• Social and economic (at this stage we have not taken into account the purchase price 

of the material to the farmer and the willingness of farmers to participate)  
• Technical  

The table below is a description of all the risks identified in the studied territory of ARTERRIS 
in the recent past and near future at horizon 2035 for the different investigated factors. For 
each risk a colour code is provided which corresponds to the impact level on the amount of 
biomass available for the project. 
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RISKS  CURRENT (2000-
2015) FUTUR (2015-2035) 

EVOLUTION 
BIOMASS 
AVAILABILITY 

AGRONOMICAL  
 

Surfaces 
 

Land 
abandonment  
Crop 
abandonment  
Changes in crop 
production 
activities  
diversification 
(spelled, quinoa, 
pea, soybean, 
chia, lentil, bean)  

Fewer farmers  
Land artificialisation 
Integration in the 
rotations of these new 
crops  decrease of 
wheat, corn and 
sunflower surfaces 

 

Yields  
Genetic progress 
Selection of 
varieties  

Genetic progress 
Selection of varieties  
Global increase of 
grain and biomass 
yield for all crops, 
except for wheat : 
straws shortening in 
order to reduce 
lodging  

 Corn and 
sunflower Wheat 

Cultivation 
techniques 

Use of pesticides  
 Emergence of 
resistances on 
crops and on 
weeds, crop pests 
and diseases 

Conservation 
agriculture and 
Simplified Cultivation 
Techniques (TCS)  
crops residues left on 
the soil  
Successive 
Prohibitions of 
pesticides 
competition and 
reduction of grain and 
biomass yield  

 

CLIMATE  
 

Water/rainfall     

Changes in 
precipitation 
amounts  
 
Changes in 
intensity and 
seasonal 
distribution 
 

Water stress  
competition for water   
Rainy Autumn  
decrease in soil 
bearing capacity 
Changes in crop 
quality  
Conflicts of use 
(social, industrial, 
agricultural) 
Evolution of water 
quality (problems in 
the use and 
effectiveness of 
fertilization and 
pesticides) 

 

Temperature 

Changes in 
temperature, and 
the effects of heat 
stress  
Lower yields of 

Evolution of the 
average daily 
temperature in the 
South-West by 2050: 
1.5 to + 2.8 ° C1 

 

                                                
1Garonne 2050 - Report of the Adour-Garonne Water Agency 
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RISKS  CURRENT (2000-
2015) FUTUR (2015-2035) 

EVOLUTION 
BIOMASS 
AVAILABILITY 

cereal crops Lower yields of cereal 
crops 
Aridification: decrease 
in cultivated area  
Increased diversity 
and number of weed 
diseases and pests, 
for example corn borer 
(see below)  

Extreme 
weather 
events 

Increase in 
extreme and 
potentially 
damaging 
weather events  

• 2003 : heat 
wave  

• 2007 : rainy 
spring  

• 2011 : rainy 
spring 
(competition 
for forage)  

• 2013 : rainy 
spring 
(problem of 
corn 
seedling)  

• 2016 : rainy 
spring 
(increase of 
crop 
diseases)  

 
Increase inter-
annual variations 
in yields  
 

Increase in extreme 
weather events 
(frequency and 
intensity) 
Crop failure because 
of wet period (problem 
of sowing or harvest, 
increase of diseases, 
soil not bearing)  
Competition for water 
and for forage  
Availability of pastures 
which leads to the use 
of biomasses for 
animal feed (wheat 
straws and silage of 
corn stovers)  
Increase inter-annual 
variations in yields 
(grain and biomass)  
Changed occurrence 
of storm flooding and 
storm damage  
Increase in some 
pests  
Changes in crop 
quality  

 
 

Wind  

Increased 
frequency of 
winds 
 
Wind erosion  

Increased frequency of 
winds  increase 
evapotranspiration of 
crop and soil (crops 
that reaches 
senescence before 
maturing)  
Wind erosion  loss 
of soil, organic matter 
and nutrients   

 

REGULATORY  
Water 
European 
Directive   

Regulation of 
quantities of 
water available 
for agricultural 
use 
Good condition of 
the different 
environments 
throughout 
Europe by 2015 

Reorientation of water 
uses and reduction of 
the amount allocated 
to agricultural use (-
20% in 2030) 
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RISKS  CURRENT (2000-
2015) FUTUR (2015-2035) 

EVOLUTION 
BIOMASS 
AVAILABILITY 

Nitrate 
Directive   

Fertilization: form 
and maximum 
amount of 
nitrogen applied 
and spreading 
planning   
Harvesting of 
crop residues 
provided that 
winter cover is 
established 

Decrease in the use of 
pesticides and 
fertilizers, change in 
quantities and dates of 
inputs  decrease in 
yields 

 

Wood pigeon 
areas : residues 
left on the ground 
uncrushed and 
not buried  

Evolution of the areas 
concerned 
Eventual 
disappearance of 
wood pigeon areas 

 

 COP 
(Conference 
of the Parties)  

COP21 : "4 per 
1000" - an 
international 
research program 
on soil carbon 
sequestration in 
agricultural soils 

"4 per 1000" - carbon 
sequestration in 
agricultural soils 
COP23 : winter cover, 
no export of residues 
Eventual Soil Directive 
?  

 

PAC 

Diversification of 
rotations 
(minimum 3 
different crops on 
the farm) 
Extension of 
ecological interest 
areas (SIE in 
french)  

Future of corn 
monoculture ?  
Decrease of the area 
of crops to the benefit 
of SIE or other device 
(“4 per 1000”) 

 

Humid zones 
-  
Natura 2000  

Wildlife protection 
areas, flora, bird 
habitat and 
migration areas 

Prohibition of human 
activities (preservation 
of biodiversity and 
water stocks) 

 

 
Agri-
environmental 
measures  

Agri-
environmental 
and climate 
measures (MAEC 
in french). 
Example :  
MAEC Field 
Crops Systems 
(Limits on the 
return of the 
same crop on the 
same plot  
obligation of 
rotation -  
Legume 
integration in the 
rotation -  
Limitation of 
pesticide uses)  

MAEC Soil  
MAEC Pesticides   
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RISKS  CURRENT (2000-
2015) FUTUR (2015-2035) 

EVOLUTION 
BIOMASS 
AVAILABILITY 

COMPETITIVES 
USES   

Livestock   

Competition for 
fodder due to 
climatic events 
(wheat, corn) 

Competition for fodder 
due to climatic events 
(wheat, corn) 
Decrease in breeding  
Change in eating 
habits (animal protein 
replaced by vegetable 
protein, decrease in 
milk consumption) 

 

 

Methanisation   
Multiplication of the 
number of 
methanisation units 

 

Industrial 
ecology   

Building biomaterials 
(RT2018) 
Energy production 
(cogeneration units) 

 

SOCIAL / 
ECONOMIC  

Change in eating 
habits (animal 
protein replaced 
by vegetable 
protein) 
 
 
 
 
 
Aging agricultural 
population  
decrease in the 
number of 
farmers / farms 
and increase in 
average areas 
per farm 
 
 
 
 
 
 

Decrease in breeding 
and integration of new 
crops in rotations 
(spelled, quinoa, pea, 
soybean, chia, lentil, 
bean)  
Decrease of corn and 
sunflower surfaces  
Accentuation of the 
decrease in the 
number of farms  
Positive point for a 
farmer : interest in 
recovering a biomass 
feedstock and valuing 
it economically 
Negative point for a 
farmer : not enough 
time for this extra 
activity  
Leads to a farm 
specialization 
(monoculture or 
breeding) 
Economic 
reorientation of a 
production basin (duck 
health crises for 
example, political 
decision, monoculture 
ban, increase of 
tourism, increase of 
the population)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TECHNICAL  New 
machinery  

Development of 
Box-on-combine 
Harvester (to 
collect chaff = 
chopped straws). 
  
Development of a 
machine to make 

Increase in the 
equipment rate of 
farmers 
 Increase in pooling of 
equipment: 
- Pooling plateforms 
and website: 
WEFARMUP, 
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RISKS  CURRENT (2000-
2015) FUTUR (2015-2035) 

EVOLUTION 
BIOMASS 
AVAILABILITY 

bundles of vine 
shoots  

OUIFIELD, 
AGRICONOMIE. 
- Type of society: 
Cooperative use of 
agricultural equipment 
(CUMA in French) ; 
Agriculture work 
company (ETA in 
French) 
 Development of new 
harvesting machine. 
 Robotisation and 
development of 
decision support tools. 
Optimization and 
better efficiency (pest, 
disease, water)  

 
Scenarios for the horizon 2035 
 
After identifying all the potential current and near future risks and their general impact 
on agriculture in the studied area (i.e. South West and East of France), a more specific 
analysis of the impacts of these risks on the preselected biomasses was performed. 
The impacts were classified in two scenarios representing the “worst” and “best” 
situations for the evolution of the preselected biomass amounts at horizon 2035 based 
on the following parameters: 

• Crop areas  
• Crop yields  
• Livestock  
• Primary and secondary crop residues productions  
• Competitive uses  
• Agro-industry pattern 
• Political and economic context  
• Level of adaptation of agriculture to face climate changes 

 
The next table present the description of each scenario and the estimated impact on the 
evolution of the biomass amounts. 

Sunflower stover 
 
Parameters Best scenario Worst scenario 

AGRONOMICAL  
 

Genetic progress / Selection of 
varieties : increase grain and 
stover yield  
 
 
 
Conservation agriculture and 
Simplified Cultivation Techniques 
(TCS)  currently concerns 2% of 
sunflower surfaces (Agreste, 2016)  

Changes in crop production activities 
 integration the rotations of these 
new crops (spelled, quinoa, pea, 
soybean, chia, lentil, bean)  
decrease of sunflower surfaces  
Increase in pests and diseases  
reduction of grain and biomass yield 
due to successive prohibitions of 
pesticides.  
Development of conservation 
agriculture and Simplified Cultivation 
Techniques (TCS)  residues must 
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Parameters Best scenario Worst scenario 
be left in the field  

CLIMATE 

Water stress  competition 
for water according to the 
least impacting warming trend 
 
 
 
 
 
Inter-annual variations in yields  

Water stress  competition for water 
according to the worst impacting 
warming trend 
Rainy Autumn  decrease in soil 
bearing capacity 
Increase in extreme weather events 
(frequency and intensity) 
Increase inter-annual variations in 
yields (grain and biomass)  

REGULATORY No evolution 

More diversification of rotations (PAC 
2020) 
"4 per 1000" - carbon sequestration in 
agricultural soils 
COP23 : winter cover, no export of 
residues 
Enforcement of a Soil Directive 

COMPETITIVE USES   No competitive uses  Building biomaterials (RT2018) 
Energy production (cogeneration units) 

SOCIAL 
/ECONOMIQUE 

Farmers’ interest in recovering a 
biomass deposit and valuing it 
economically 
High sunflower purchase price to 
farmer  

Farmers are not interested in valuing their 
biomasses   
Low sunflower purchase price to farmer  
High biomass harvesting cost 

TECHNICAL  

Increase in pooling of equipment 
Development of new harvesting 
machine 
Robotisation and development of 
decision support tools. Optimization 
and better efficiency (pest, disease, 
water) 

Farmers poorly equipped to collect 
biomass  
 
 
 

Estimated 
evolution of the 

current net 
amounts 

80 to 100% 
 40% 

 
Sunflower stover is particularly dependent on harvesting technique because farmers 
are currently poorly equipped.  
 
Corn stover 
 
 Best scenario Worst scenario 

AGRONOMICAL  
 

Genetic progress:  
Selection of efficient varieties 
of water 
 Precocious crop management 
(sow early to avoid drought during 
sensitive stages) 
Conservation agriculture and 
Simplified Cultivation Technics 
(TCS)  currently concerns 2% of 
corn surfaces (Agreste, 2016)  

Changes in crop production activities 
 integration the rotations of these 
new crops (spelled, quinoa, pea, 
soybean, chia, lentil, bean)  
decrease of corn surfaces  
Increase in pests and diseases  
reduction of grain and biomass yield 
due to successive prohibitions of 
pesticides.  
Development of conservation 
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 Best scenario Worst scenario 
agriculture and Simplified Cultivation 
Technics (TCS)  residues must be 
left in the field  

CLIMATE  
 

Water stress  competition 
for water according to the 
least impacting warming trend 
 
 
 
 
 
Inter-annual variations in yields  

Water stress  competition for water 
according to the worst impacting 
warming trend 
Rainy Autumn  decrease in soil 
bearing capacity 
Increase in extreme weather events 
(frequency and intensity) 
Increase inter-annual variations in 
yields (grain and biomass)  

REGULATORY 

Regulation of quantities of water 
available for agricultural use (-
20% in 2030) 
Common Agricultural Policy : 
Diversification of rotations 
(minimum 3 different crops on the 
farm) 

Water reduction (quantities -50% in 
2030)  
Prohibition of corn monoculture  
"4 per 1000" - carbon sequestration in 
agricultural soils 
COP23 : winter cover, no export of 
residues 
Enforcement of a Soil Directive 

COMPETITIVE USES   Competition for fodder due to 
climatic events  

Increase in competition for fodder due 
to climatic events  
Multiplication of the number of 
methanisation units 

SOCIAL 
/ECONOMIQUE 

Farmers’ interest in recovering a 
biomass deposit and valuing it 
economically 
High corn purchase price to 
farmer  
 

Farmers are not interested in valuing their 
biomasses   
Low corn purchase price to farmer  
High biomass harvesting cost 

TECHNICAL  

Increase in pooling of equipment 
Development of new harvesting 
machine 
Robotisation and development of 
decision support tools. 
Optimization and better efficiency 
(pest, disease, water) 

Farmers poorly equipped to collect 
biomass  
 
 
 

Estimated 
evolution of the 
current net 
amounts 

 
80 to 100% 

 
40% 

 
Corn stover is particularly affected by climate change and regulations.  
 
Pruning of vineyard 
 
 Best scenario Worst scenario 

AGRONOMICA   
 

Increase in fertilization, increase of 
organic matter inputs in soils 

Land artificialisation 
Increase in tourism in the South East 
Increase in pests and diseases  
reduction of biomass yield due to 
successive prohibitions of pesticides. 
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 Best scenario Worst scenario 

CLIMATE 

Water stress  competition for 
water according to the least 
impacting warming trend 
 
Development of a new plot 
irrigation network (Aqua Domitia) 

Water stress  competition for water 
according to the worst impacting warming 
trend 
Increased Cevennes phenomenon: floods 
Rainy Autumn  decrease in soil bearing 
capacity 
Increase in extreme weather events 
(frequency and intensity) 

REGULATORY  

Regulation of quantities of water 
available for agricultural use (-20% in 
2030) 
 

Water reduction (-50% in 2030)  
"4 per 1000" - carbon sequestration in 
agricultural soils 
COP23 : winter cover, no export of residues : 
grinding mandatory 
Enforcement of a Soil Directive 

COMPETITIVE 
USES   

Competition for fodder due to climatic 
events  

Increase in competition for fodder due to 
climatic events  

SOCIAL 
/ECONOMIQUE 

Farmers’ interest in recovering a 
biomass deposit and valuing it 
economically 
High biomass price 

Farmers are not interested in valuing their 
biomasses   
 

TECHNICAL  

Increase in pooling of equipment 
Development of new harvesting 
machine 
Robotisation and development of 
decision support tools. Optimization 
and better efficiency (pest, disease, 
water) 

Farmers poorly equipped to collect 
biomass  
 
 
 

Estimated 
evolution of 
the current 
net amounts 

80 to 100% 40% 

 
Pruning of vineyard is particularly affected by climate change and decrease of 
surfaces because of the tourism development. 
 
Environmental assessment 

 
Environmental Issues at regional scale 
 
Environmental priorities 
 
At European scale, several projects and/or policies take into account principles, criteria and 
parameter to propose a framework for environmental assessment (adapted to biomass 
energy project). The starting must be, at EU level, criteria listed in the European Renewable 
Energy Directive (2009/28/EC 2009 – so call RED Directive). This Directive has to be seen 
as a minimum consensus among the EU member states. BEE project (Rettenmaier et al., 2010 
– Biomass Energy Europe) provides a more complete list of principles, criteria and parameters 
to be included in biomass resource assessment (see table below). This list will be the 
framework of the methodology used in this study. The main principles are:  

• The loss of biodiversity shall be prevented 
• There has to be a significant contribution to GHG mitigation 
• Negative impacts on soil shall be minimized 
• Negative impacts on water shall be minimized 
• Negative impacts on air shall be minimize; 
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• Resource use shall be minimized. 

Environmental priorities and restriction of agricultural activities 
 
Biodiversity: Natura 2000 and protected areas for the environment 
 
Natura 2000 is a network of nature protection areas in the territory of the European Union. It 
is the key instrument to protect biodiversity in the European Union. It is an ecological network 
of protected areas, set up to ensure the survival of Europe's most valuable species and 
habitats. It is made up of Special Areas of Conservation (SACs) and Special Protection 
Areas (SPAs) designated respectively under the Habitats Directive and Birds Directive. The 
network includes both terrestrial and marine sites (Marine Protected Areas (MPAs)). Natura 
2000 protects around 18% of land in the EU countries (787,767 km squared in 2013) and is 
considered almost complete in the EU terrestrial environment. 
The cultivated lands in Arterris territory are mainly concerned by Natura 2000 in the 
Eastern regions of Languedoc Roussillon and Provence-Alpes-Côte d’Azur. 
 
Protected areas encompass mountainous areas with national parks and together they cover 
the entire Mediterranean coastline of metropolitan France. In 2010, 5% of their area was 
protected with strict conservation objectives (national park, reserves, and land bought by the 
coastal conservancy), 12% with protection aimed at the reconciliation of biodiversity 
conservation and economic activities (e.g., regional natural parks and biosphere reserves), 
and ~30% by Natura 2000 sites, which rely on a contractual approach with land users and 
owners in France (Médail and Quezél 1999, Myers et al. 2000). 

Figure 
479: Land use and spatial distribution of the different types of protected areas in southern 

France (Languedoc-Roussillon and Provence-Alpes-Côte d’Azur regions). 

The overall Arterris territory in the Eastern part is very significantly impacted by these 
protecting regulations, although the crop areas are not directly concerned by the 
protecting measures. 
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Water quality and quantity: the European Water Framework Directive 
 
The Water Framework Directive (Directive 2000/60/EC of the European Parliament and of 
the Council of 23 October 2000 establishing a framework for Community action in the field of 
water policy) is a European Union directive which commits European Union member states 
to achieve good qualitative and quantitative status of all water bodies (including marine 
waters up to one nautical mile from shore) by 2015. It is a framework in the sense that it 
prescribes steps to reach the common goal rather than adopting the more traditional limit 
value approach. The Directive aims for 'good status' for all ground and surface waters (rivers, 
lakes, transitional waters, and coastal waters) in the EU. The ecological and chemical 
statuses of surface waters are assessed according to the following criteria: 

• Biological quality (fish, benthic invertebrates, aquatic flora) 
• Hydromorphological quality such as river bank structure, river continuity or substrate 

of the river bed 
• Physical-chemical quality such as temperature, oxygenation and nutrient conditions 
• Chemical quality that refers to environmental quality standards for river basin specific 

pollutants. These standards specify maximum concentrations for specific water 
pollutants, including pollutants from agricultural activities: nitrates, pesticides 
… If even one such concentration is exceeded, the water body will not be classed as 
having a “good ecological status” and land uses or local practices must be changed.  

 
For the water quality, a descriptive inventory and mapping of the areas concerned in the 
Arterris territory (Carto INVIVO AgroSolutions 2015), including the requirements related to the 
preservation of the resource (our priority areas of action) are presented in the map below.  
Several areas in Arterris’ territory delimited in purple are especially concerned by 
water pollution with nitrates and/or pesticides. 
 

 
Figure 60: Priority areas of water quality actions in the Arterris territory 

 

https://en.wikipedia.org/wiki/Surface_water
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The irrigable areas reflect the irrigation potential; it is the agricultural surfaces equipped with 
irrigation equipment. This equipment is a way for farmers to overcome rainfall deficits and to 
control the water supply to crops to optimize the yields. The arable crops and polyculture 
systems of the Garonne plain in particular, have the highest concentrations of irrigation 
equipment (8.3% of the utilized agricultural area (UAA), i.e. more than 262,000 ha is 
irrigated) as one can see in dark grey in the left of the map below. 
 

 

Figure 61: Irrigable areas in ha per canton in Occitanie (H2030 - Etat des lieux sur les 
ressources et les milieux aquatiques, 2017). 

For the past three years, there has been an increase in the number of decrees in the south of 
France limiting the use of water for all uses (agriculture, industry, domestic use). In addition, 
these orders are taken earlier and earlier in the season (from June) and can be renewed until 
December (Gard department 2017). These drought decrees entail restrictions on irrigations 
of crops that can go so far as to prohibit irrigations. In all cases, the impact on crop and yield 
is significant (up to -30% yield of maize Arvalis 2017) and the resulting crop residues are also 
affected. 

The following maps indicate with colours the areas that were impacted by the water 
restrictions in 2017. 
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Figure 62: Status of limitation orders for water uses at 30/06/2017 in South of France (grey: 
vigilance, yellow: alert, orange: reinforced alert, red: crisis) (http://propluvia.developpement-

durable.gouv.fr). 

 

Figure 63: Status of limitation orders for water uses at 01/12/2017 in South of France (grey: 
vigilance, yellow: alert, orange: reinforced alert, red: crisis) (http://propluvia.developpement-

durable.gouv.fr). 

Soil issues: proposal for a Soil Framework Directive 
 
The soil situation in Arterris’ territory is critical. Soils are the poorest of France in 
organic matter and the most affected by erosion. Moreover climate changes do not 
improve soils’ quality. This is the main risk of decreasing acreage and yields in the 
coming years. 
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The European Commission adopted a Soil Thematic Strategy (COM(2006) 231) on 22 
September 2006 with the objective to protect soils across the EU. While the Commission in 
May 2014 decided to withdraw the proposal for a Soil Framework Directive, the Seventh 
Environment Action Programme, which entered into force on 17 January 2014, recognizes 
that soil degradation is a serious challenge. It provides that by 2020 land is managed 
sustainably in the Union, soil is adequately protected and the remediation of contaminated 
sites is well underway and commits the EU and its Member States to increasing efforts to 
reduce soil erosion and increase soil organic matter and to remediate contaminated sites. 
 
Soil issues: research program 4 per 1000 
 
The international initiative "4‰" sets up by France on 2015 during COP 21 (United Nations 
Climate Change Conference) concerns all public and private voluntary actors in the 
framework of the Lima-Paris Action Plan. 
The initiative aims to show that agriculture, and in particular agricultural soils, can play a 
crucial role for food security and climate change. 
An annual growth rate of carbon stock in soils of 0.4% (i.e. 4 ‰ per year), would halt the 
increase in the concentration of CO2 in the atmosphere. 
The increase in carbon stock in agricultural and forest soils is a major lever for improving soil 
fertility and agricultural production and helping to meet the long-term goal of limiting rising 
temperatures to + 2°C; threshold beyond which the consequences of climate change would 
be significant, according to the IPCC (Intergovernmental Panel on Climate Change). 
The "4 ‰" Initiative is voluntary: it is up to each member state to define how they contribute 
to their objectives. 
Every year, 30% of the CO2 emitted is recovered by the plants because of the 
photosynthesis. During plants decomposition, soil organisms turn them into organic matter. 
This organic matter, rich in carbon, is essential for its composition in water, nitrogen, and 
phosphorus, essential for plants growth. 
Increasing the carbon content by 0.4% in the first 30-40 cm of soil would halt the annual 
increase in CO2 in the atmosphere. 
Policy measures will be put in place to encourage agro-ecological practices that increase the 
amount of organic matter in soils and meet the target of 4 ‰ per year: 

• Not leaving bare soil (cover crops in intercrop) 
• Less tilling the soil (no plowing)  
• Spreading of manure and compost 
• Planting trees and hedges 
• Introducing vegetables in rotations. 

 
The accumulation of carbon in soils would continue 20 to 30 years after the implementation 
of good practices for a sustainable effect. (source:https://www.4p1000.org/fr) 

Environmental Impact Assessment (EIA) on studied areas 
 
The environmental impact of a planned project depends on both the nature / specification of 
the project and on the specific quality of the environment at a certain geographic location. 
Thus the same project probably entails different environmental impacts at two different 
locations.  
 
The Environmental Impact Assessment (EIA) approach is a methodology for the assessment 
of local, site specific, environmental impact of a project (ex: 2G-Ethanol project). An EIA is 
carried out before the implementation of construction projects. It serves primarily as a 
decision support for project management and authorities, which have to decide on approval.  



BABET-REAL5 – Deliverable D4.2 Part 2 ARTERRIS France 

Arterris Page 74/79 

EIA is therefore usually conducted at a site-specific / local level, to prioritize environmental 
issues and impacts. These environmental impacts are compared to a reference situation 
without the project being implemented. Part of EIA could be also dedicated to cumulative 
effects and mitigation actions. According to EU Directive (Directive 85/337/EEC), an EIA 
covers direct and indirect effects of a project on the following factors:  

• Human beings, fauna and flora and biodiversity; 
• Soil, water, air, climate and landscape; 
• Material assets and cultural heritage ;  
• The interaction between these factors. 

 
The table below is a review of the impacts resulting from the exportation, transport, 
conditioning and storage of crop residues, on environmental indicators and the mitigations 
perspectives whenever applicable. Colour code goes from green positive, through yellow 
neutral and red negative. 
 
The pressures on the environment caused by intensive cropping systems to reach optimal 
yields with mechanization, mineral fertilizers, water, pesticides…) are high. Since the South 
West of France is particularly sensitive to threats coming from erosion, soil organic content, 
water quality and quantity, the recovery of crop residues for other uses than soil maintenance 
will be limited somehow unless mitigation measures and new cultivation practices are applied 
in the future.  
The supply of the biomass to the ethanol production plant should result in low-level negative 
impacts on the environment as long as the transportation is limited to short distances. The 
impact of the supply of biomass on the environment will be calculated when studying a 
business case and integrated in the Life Cycle Assessment of the production plant.   
 
Table: Indicators and impacts to describe additional pressures of farming practices linked to 

the biomass removal and mitigation measures 
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Environment indicators Biomass picking 
on field Transport Treatment Storage Mitigation 

Soil 

Organic matter  NC NC NC 

 Maximum exportation rate for crop residues (Cf. agronomical potential)  
 Organic inputs (digestate, manure, slurry, fertilizer and compost) 
 CIMS (Culture Intermédiaires Multi-services): intermediate crop which 
produce various ecosystem services. 
 No tillage.  

Erosion  NC NC NC 

 Trace-eraser: vibrating teeth that are located at the back of an 
agricultural machine. They aim to level the soil. 
 Twin wheels are used to reduce the pressure on the ground. 
Organic inputs (digestate, manure, slurry, fertilizer and compost) 
 CIMS 
 No tillage 

Compaction  NC NC NC 

 Trace-eraser 
 Twin wheels  
 Organic inputs (digestate, manure, slurry, fertilizer and compost) 
 CIMS 

Biodiversity  NC NC NC 
 Agroforestry 
 Buffer zone and hedges 
 CIMS  

Water 

Quantity / 
availability  NC NC NC 

 Agroforestry 
 Buffer zone and hedges 
 CIMS 
 Decision support tool 

Surface water 
quality  NC NC NC 

 CIMS 
 Trace-eraser 
 Twin wheels  

Ground water 
quality  NC NC NC 

 CIMS 
 Trace-eraser 
 Twin wheels 

Climate GES     
 Use of renewable energies for all actions necessary for the biomass 
removal (agricultural machinery / transport / processing and storage) 
 CIMS 

Inputs  
Petroleum     Use of renewable energies 
Weed control  NC NC NC  

NC: Not concerned  
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Conclusions and perspectives 

 
Lignocellulosic biomasses such as crop, forestry and agro-industrial residues are known to be 
potential sources for the production of energy and biofuel. The South-West and South-East of 
France, territory of the cooperative ARTERRIS, is characterized by a great diversity and 
dispersion of crops, livestock, vineyards and orchards. Wheat, sunflower, corn and grapes are 
the dominant cultures in this territory. 
 
ARTERRIS has investigated the amounts of lignocellulosic biomasses that could be available for 
the production of 2G bioethanol in the areas with lands cultivated by the farmers of the 
cooperative. Such amounts of biomasses would represent the feedstock directly 
accessible by the cooperatives if the techno-economical and environmental feasibility of 
producing 2G bioethanol would be demonstrated.  
 
The evaluation of the feedstock was performed in different steps after identifying the true 
amounts that could be recovered taking into account the harvesting and storing techniques and 
conditions, the requirements for soil maintenance and the competitive uses out of the field. At 
the beginning of the selection process, feedstock that could not provide 100,000 t equivalent dry 
matter (DM) per year were eliminated and at the end of the process only the preselected 
feedstock that could achieve 30,000 t DM per year in a short catchment area of 50 km radius 
were considered as potential feedstock for the supply of a 2G bioethanol production plant.  
 
The results demonstrate that from large initial volumes of produced biomasses much 
smaller shares were available at the end of the investigation.  
 
For common and durum wheat straws, all the exported biomass is currently used for 
livestock feeding and littering. So from the initial harvestable quantities of 900,000 t 
equivalent DM per year none is available for other uses. The reduction of the livestock 
activity in the region is the only perspective that could allow recovering some of the straw for 
other uses. 
 
For corn and sunflower stovers, the initial volumes of harvestable biomass are reduced 
by a coefficient of 26 % and 40 % respectively, mainly in relation with soil maintenance. 
 
For corn stover the volume decreases from 308,000 to 81,600 t DM per year net available 
amount and for sunflower stover from 460,000 to 184,000 t DM/y. It is worth mentioning that 
such levels are still available because currently they are no competitive uses for these 
biomasses if they were exported.  
 
For the pruning of vineyards, the initial volume of harvestable biomass is reduced from 
665,000 t DM per year to 101,000 t DM which is the only exportable part after taking into 
account the requirements for soil maintenance. 
 
However in the near future at horizon 2035, further reductions in the current available 
amounts are foreseen due to agronomical, climate, regulatory, socio-economical and 
technical considerations which in the worse scenario could reduce the calculated net 
available amounts by 60%. In which case, the remaining amount for corn stover would be 
close to the minimum threshold of 30,000 t DM per year to build one plant. 
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The first requirement to qualify the feasibility of a feedstock is the amount of biomass. 
The cost of supply is then the second parameter that allows assessing the feedstock 
potential as a raw material for the production of 2G ethanol. 
 
Corn and sunflower stovers are generally not harvested and currently the costs are probably not 
optimized. Moreover, these crops are harvested in autumn and the moisture rates are much 
higher than for cereal straws collected in the summer.  
 
The total cost of supplying corn and sunflower stovers and the residues from the pruning of 
vineyard varies with the harvesting techniques. The table below is a summary of the estimated 
costs including the harvesting, transportation (50km), conditioning and storage steps. Although 
using the same harvesting technique, costs are higher for sunflower stover because of the lower 
yield per ha due to the lower density of the biomass. Crusher-sawther-baler is cheaper but an 
additional preliminary step of cleaning the biomass will be necessary in the processing plant and 
will add cost to the process. 
 
Biomass With forage harvester With crusher-sawther-baler 
Corn stover (€/t DM) 76-103 36-55 
Sunflower stover (€/t DM) 136-182 55-82 

 With press and baler With crusher and direct 
recovery 

Pruning of vineyard (€/t DM) 100-115 100-150 
 
It is worth mentioning that these figures are costs and not commercial prices that would 
probably be higher taking into account profit margins for the farmers. 
 
Although considerably reduced, sunflower stover and the pruning of vineyard are the 
most potential feedstock in the studied area in terms of available amounts for the 
production of 2G ethanol and can be considered as the best candidates for the business 
case study. The chemical composition of sunflower stover is better than the one of the 
pruning of vineyard in terms of polysaccharides and lignin. So a favourable option may 
be placed on sunflower stover if the harvest is performed with the crusher-sawther-baler 
technique.  
 
Further investigation is necessary to define an optimised scenario for the deployment of 
production plants taking into account the best strategy for logistics in order to minimize 
the supply cost of the biomass.  
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Understanding of agricultural, agro-industrial and forestry 
sectors at regional scale 
 
Agriculture, forest, climate and soil issues 
 
Ovalie Innovation is a subsidiary of two cooperative groups Maïsadour and Vivadour located 
in the south-west of France. The territory is in two administrative regions: NouvelleAquitaine 
and Occitanie as shown on the map below.  
 

 
Figure 1 (source: cartesfrance.fr) 

 
 Nouvelle Aquitaine region  

 
Nouvelle Aquitaine region is the first region of France for agriculture and forest exploitation.  
The agriculture of the NA region offers a landscape of large diversity, including areas of 
agricultural plains valorizing the crops, two famous wine grape areas around Bordeaux and 
Cognac, and livestock farming in areas where crop production is more difficult. There are a 
lot of official quality labels (AOP, IGP, AB, etc.).  

 

 
 

Some numbers about the Nouvelle Aquitaine region 

Nouvelle Aquitaine region 

Occitanie region 
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Population: 5 900 000 inhabitants 
Total surface: 8 500 000 hectares (ha)  
Agricultural area: 4 200 000 ha 
76 500 farms - (124 000 employees)  
 
 
 
 

 Crops,  
 

Plant production accounts for 69% of agriculture compared with 31% for livestock production. 
With 1.3 million hectares, it is ¼ of the farms that produce arable crops; 1/3 of the regional 
useful agricultural area (2nd in France). 9 million tons of cereals are produced annually. Corn 
and wheat are the two leading productions with 500,000 ha each. 

 
 Livestock  

 
Between breeding of cattle meat (especially races Limousine and Blonde of Aquitaine), fat 
ducks and broilers, agricultural production is distinguished by its diversity and quality.  
Agricultural production is not always transformed locally: in particular, a significant share of 
young cattle (veal and weanlings) is exported to Europe. Cattle breeding meat is 
predominant on half of the region's departments; the herd of meat cows accounts for 22% of 
the French herd. 
The production of chicken and fat duck also predominates in several departments (Landes, 
Deux-Sèvres, Dordogne, Lot-et-Garonne). Nouvelle Aquitaine comprises 22% of French 
farms specialized in poultry farming. 
The sheep farms are concentrated in the departments of Limousin and Pyrénées-
Atlantiques. The goat farms are located mainly in the departments of Deux-Sèvres and 
Vienne.  

 
 Forest 

 
34% of the territory is occupied by maritime pine forest, in particular the region of Landes de 
Gascogne. The majority of the regional forest is privately owned (90%), with 250,000 owners 
out of 2.6 million hectares.  
The 9.7 million m3 of timber harvested (¼ of national production) is divided into 50% timber, 
40% industrial wood and 10% wood energy. 60% of the volume (excluding energy wood) 
consists of maritime pine. 
56,300 employees work in the 28,300 companies in the sector, which have a turnover of € 
9.7 billion, of which € 1.6 billion are exported. 
 

 Farms characteristics  
 

The agricultural turnover of this region is about 10.5 billion €, with 70% for crops and 30% for 
livestock.  
The average of the UAA is 45 ha per farm compared to 61 ha in France.  
The average age of active farmers is between 47 and 49. However, farmers over 55 are 
more than those under 40 years of age. The renewal of generations is therefore a major 
challenge. Farming provides 124,000 full-time jobs in 2013 (1st in France with 17% in French 
agricultural production). 
The number of workers per farm increased from 1.3 in 2000 to 1.6 in 2013. By contrast, the 
number of workers per hectare decreased from 3.23 in 2000 to 3.08 in 2013. 

1st place in France for corn and sweet corn growing 
1st region for sunflower growing  
2nd vineyard behind Occitanie region  
1st livestock for bovine meat production and 1st with 
the Occitanie for caprine and ovine production.  
3rd region for poultry 
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The region has 155 quality labels, representing 10.3% of French Protected Designations of 
Origin (AOP: Appellation d’Origine Protégée) and 20% of Protected Geographical Indications 
(IGP: Indication Géographique Protégée), excluding wines.  
40% of farms in the Nouvelle Aquitaine produce at least one product with quality labels as 
compared to 29% in France. 5% of farms are certified organic farming (5.2% in France). 
 

Table 1: Number of farms by agricultural orientation 
unit: number, %   
Techico-economic orientation Nouvelle Aquitaine Region % in France 

Field crops 20 384 17 
horticulture, gardening 1 859 13 
viticulture 12 992 19 
fruits and other permanent crops 2 612 14 
Cattle milk 2 984 6 
beef cattle 13 020 22 
mixed cattle 798 7 
sheep, goats and herbivores 10 979 20 
pigs, poultry 5 054 17 
polyculture, mixed livestock 12 456 20 
All the farms 83 138 17 

 
 

 Climatic conditions   
 
The Nouvelle Aquitaine region benefits from an oceanic climate. The coastal regions are the 
rainiest with moderate rains throughout the year, with the exception of the summer months, 
where there are periods of drought. The annual average is 800 to 1200mm of rain.  
The summers, relatively hot, are tempered by the sea breezes, and the winters are warm. 
Frosts are rare and snow is exceptional (12°C or 53°F annual average).  
There is a lot of sunshine, close to 2,000 to 2,200 hours per year. Summer precipitation often 
takes the form of rain storms, while winter is sometimes marked by foul wind storms, some of 
which have marked the region by their exceptional character: Martin in 1999 (198 km / h 
record in Saint-Denis-d'Oléron), Klaus in 2009 (172 km / h in Biscarrosse) or Xynthia in 2010 
(160 km / h on the Ré island).  
The climate of the Basque region and the south of the Landes of Gascogne is characterized 
by its warm summers, mild winters and, above all, by its high rainfall (1100 mm per year), 
with Atlantic perturbations hitting the Pyrenean foothills. This microclimate explains the 
presence of lush vegetation and the verdant aspect of the region, which differs from that of 
the Spanish slope. Mists are common, but generally dissipate very quickly. 
In the northern part of the region, the climate is characterized by moderate rainfall, warm 
summers and cool winters. 
The maximum altitude is 195m in the east of the region.  
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Figure 2: Map : Normal annual temperatures (° C min / max)     Map: Annual normal 

precipitation (mm) 
 

(source : meteofrance.com) 
 
 Occitanie region  

 
Occitanie is the 2nd region of France for agriculture (behind Nouvelle Aquitaine), which 
presents a very wide variety of agricultural products. This region is characterized by the 
diversity of its agricultural productions: oilseed and cereal crops in the Garonne valley, 
vineyard spread over most of the country, cattle, sheep and goat farms in hills and mountains 
and arboriculture in the west of the region. 
 

 
 

Some numbers about Occitanie region 
 
Population: 5 800 000 inhabitants  
Total surface: 7 300 000 ha 
Agricultural area: 3 150 000 ha  
74 530 farms (103 000 employees)  
 

 
 
 
 
 Crops  

5th region producing cereals, oilseeds and protein crops 
2nd seed production region  
1st vineyard of France  
2nd fruit-producing region 
4th vegetable-producing region  
2nd region for foie-gras production  
1st livestock for caprine and ovine production with 
Nouvelle Aquitaine  
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The majority of agricultural land in Occitanie region is used for cereals (814,500 hectares), 
forage crops (for animal feed, 317,300 hectares), viticulture (270,000 hectares), and 974,000 
hectares are grassland.  
 

 Livestock  
 
With a value of 732 M€ for meat and 324 M€ for milk, cattle’s breeding is the majority in the 
region. 
Occitanie is the first ovine region in France, accounting for 32% of ewes; most herds are 
located in the departments of Aveyron and Tarn for milk for the manufacturing of Roquefort 
cheese and in the department of Lot for meat.  
Goat farming accounts for 13% of the national herd. Aveyron is the department where the 
most milk is produced. 
The region produces more than 20% of fatty palmipeds and foie gras at the national level, 
the farms are mainly located in the Gers. 
Occitanie is also renowned for its pig breeding. Production is concentrated in the North of the 
region (Lot-Aveyron-Tarn). 
Livestock farming concerns 66% of farms and represents 52% of the production (in value).  
 

 Forest  
 
Occitanie is the 2nd largest forest region in France with 2.6 million hectares of forests. ¾ of 
this surface corresponds to hardwoods (pubescent oak, beech, chestnut). 
This forest is 79% private with 430,000 owners. 
2.14 million Cubic meters of lumber and industrial wood and 1.72 million cubic meters of 
fuelwood are harvested.  
 

 Farms characteristics  
  
The agricultural turnover of this region is about 13.7 billion €.  
The average of the UAA is 51 ha per farm (the second smallest in France) compared to 61 
ha. More than 70% of the farms in the region are less than 50ha and only 4.5% of farms 
have more than 150 ha.  
In 2014, nearly 86,000 farm managers and co-operators manage 70,420 farms. The family 
workforce is very present (10% of the total workforce) compared to the national average of 
8%. The region is also characterized by the presence of seasonal workers, who account for 
more than half of the salaried workforce on farms. 
In 2010, 57% of farm managers were over 50 years old, 7% more than in 2000.42% of farms 
produce at least one product with quality labels, as compared to 29% in France. 9.2% of 
farms are certified organic farming (5.2% in France) and 10.5% of the UAA.  
 

Table 2: Number of farms by agricultural orientation 
 

number of farms by technical-
economic orientation Occitanie Region Metropolitan France Part of the new region in 

the national total 
Total 78 329 489977 16% 
viticulture 19 840 69953 28% 
field crops 16 727 118763 14% 
vegetable and mushroom 1 368 6126 22% 
fruits and other permanent crops 4 371 18599 24% 
beef cattle 9 505 59530 16% 
sheep, goats and herbivores 7 330 30536 24% 
polyculture, mixed livestock 8 785 61445 14% 
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A majority of the territory is classified as a disadvantaged area (territories affected by 
economic, agricultural, physical and demographic disadvantages in which the activity is 
supported by government financial aid). Indeed, 85% of the territory is in disadvantaged 
areas, of which about half in mountain areas (foothills and mountains). From the agricultural 
point of view, this concerns 86% of the UAA and 72% of the farms. 
The cooperative agricultural fabric is composed of 270 cooperatives and unions of 
cooperatives, realizing a total of nearly 5.3 billion € in turnover and employing nearly 10,000 
permanent employees. 

 
 Climatic conditions  

 
Situated halfway between the Atlantic Ocean and the Mediterranean sea, Occitanie is 
characterized by a contrasted and very diversified climate: under Mediterranean influence in 
the East, it evolves according to the distance from the sea and the altitude. It is strongly 
marked by extreme events (drought, floods, hail, frost, strong winds, etc.). The region is 
swept by two prevailing winds: the Autan wind and its gusts coming from the south-east dries 
up the crops, the west wind is often accompanied by rain. 
Spring is usually rainy. The summer is dry and hot. With more than 2,200 hours of sunshine 
per year, Toulouse, Gourdon and Millau are amongst the sunniest French cities. 
In summer, temperatures are sometimes scorching (temperatures above 36°C or 97°F during 
the day and 21°C or 67°F at night) in the Toulouse, Tarn and Gers regions and on the 
Mediterranean side. 
Autumn is often mild and sunny. Winter is marked by abundant precipitation in the 
mountains, in the form of rain or snow, whether it is the Pyrenees or the foothills of the 
Massif Central. 
 

 

 
 

Figure 3: Map: Normal annual temperatures (° C min / max) 
                                                                       Map: Normal annual precipitations (mm) 

(source: meteofrance.com) 
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 Nouvelle Aquitaine and Occitanie territories:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: (Source: Technical and economic orientation of the township – Agreste - Agricultural census 

2010) 
  
This map and circle represents the distribution of crop surfaces (by percentage of UAA: 
Utilized Agricultural Area): the most represented surface is polyculture with 39% of the total 
crop surface.  
 
The regional landscape is characterized mainly by two mountain ranges that surround it: the 
Pyrenees in the south and the Massif Central in the north covering about 45% of the territory 
and in which we find grassland and fodder crops. Between the two, the agricultural plain is 
declined in a wide variety of landscapes and vegetal productions like cereal crops and 
orchards. In the east, 4 departments along Mediterranean Sea have 231 km of coastline with 
vineyard. In the west, 4 departments along Atlantic Ocean have 456 km of coastline with 
vineyard and pine forest of Landes de Gascogne.  
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 Climatic conditions 
 

 
■ Monthly rainfall – Toulouse 
■Monthly rainfall – Bordeaux 

 
Figure 5 : Graph: Monthly precipitation normal year (mm) - comparison Toulouse (Occitanie) 

- Bordeaux (Nouvelle Aquitaine) 
 
 

 
- - - - - - Minimum monthly temperatures – Toulouse 
- - - - - - Maximum monthly temperatures – Toulouse 
______ Minimum monthly temperatures – Bordeaux 
______ Maximum monthly temperatures – Bordeaux 

 
Figure 6 : Graph: Temperatures monthly normal year (°C) - comparison Toulouse (Occitanie) 

-Bordeaux (Nouvelle Aquitaine) 
 (source: meteofrance.com) 
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 Soil conditions  
 

 
Figure 7: Map: Distribution of major types of soils in south-western France 

Source: INRA, BDGSF à 1/1000000, 1998, Traitements: SOeS, 2014 
(http://www.statistiques.developpement-durable.gouv.fr/lessentiel/ar/272/0/diversite-sols-france.html) 

 
Poitou: superficial, stony and clay-limestone soils, fertile but quickly dried up. 
Limousin: the soil texture is predominantly loamy, sandy-loam or sandy. Soils rather poor, 
hydromorphic and acid, agronomic potential quite limited. Areas of cultivation to the north 
and northwest, elsewhere the prairie constitutes the main production. 
Bassin Central Occitanie:  

• Alluvial plains and terraces loamy and acid soils called locally “Boulbènes”. These are 
hydromorphic soils located in the department of Haute-Garonne and Lot-et-Garonne  

• Clayey-limestone hillsides and plateaux, organic matter ∼ 2-3% (locally called 
“Terreforts”) located in Gers. 

South of Massif Central 
• Hills and mounts on acid rocks (locally called “Segala”) sandy-gravelly (sometimes 

sandy-clay) soils. Located in departments of Aveyron, Lot and Tarn 
• Limestone plateaus and hillsides: high proportion of superficial stony soils often 

clayey and colored in red. Located in Northern Aveyron  
Zone Mediterranean Coast:  

• Marine or lacustrine deposits, sandy-clay texture, rather deep and rich but which 
present constraints of summer dryness, sensitivity to settlement  

• The terraces are fairly poor soils, laden with pebbles  

http://www.statistiques.developpement-durable.gouv.fr/lessentiel/ar/272/0/diversite-sols-france.html
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• Alluvium produces deep and fertile sandy loam soils; the proximity of the sea induces 
saline ascents  

• Sedimentary basins between mid-mountain areas and alluvial plains, medium slopes 
and very heterogeneous soils  

Zone Atlantic coast: Landes de Gascogne : filtering soil, sandy, superficial, acid soil (pH ∼5) 
with low biological activity, black soils rich in organic matter (∼5%), low soil mineral content, 
superficial groundwater 
Pyrenean Piémont: Alluvium of the Pyrenean valleys, stony, acidic, rich in organic matter 
(∼8%)  
The variability of the landscapes and the climate allowed the development of very varied 
agricultures, covering practically all the agricultural productions existing in France. The 
landforms and the hydrography explain to a large extent, the distribution of the productions 
on the territory. Although, the mountains and limestone plateaux are suitable for herbivorous 
breeding, the plains and hillsides of the west-central part of the region are mainly oriented 
towards arable crops, with some areas adapted to the development of perennial crops, along 
the rivers. The coastline, on the other hand, lends itself to vineyards, which are very 
dominant in this area. 

 
Agronomic and socio-economic approaches 
 
A cropping system (Sebillotte M., 1990) is the set of technical arrangements implemented on 
identically cultivated plots. Each system is defined by:  

• the nature of crops and their order of succession (monoculture: the same crop on the 
same plot for several years or rotation : succession from year to year of several crops 
on the same plot)  

• the technical procedures applied to these different crops, including the choice of 
varieties.  

 
 Annual crops  
 

The main rotation described here is the one that represents the highest surface area.  
 

 
Figure 8: Map: Main rotation in the region over the period 2006-2011 

 (source: Agreste - survey of cultural practices 2011) 
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The main cropping systems present in the two regions of Nouvelle Aquitaine and Occitanie 
are:  

• Corn monoculture: observed mainly in irrigated systems, on silty-clay or sandy soils of 
valleys  

• Wheat monoculture: observed in non-irrigated systems, on low fertile soils 
• Weakness of monocultures: soil depletion  
• Short rotation (2-3 years): observed in low irrigated systems, mostly on superficial 

soils of hillsides. Examples: 

 
• Long rotation (4-5 years): observed in irrigated systems, and on medium to deep 

valley soils, integrating crops with multiple seed multiplication. Examples: 

 
(Source: Chambre d’Agriculture de Midi-Pyrénées) 

 
Increasingly, sorghum is being integrated into rotations as a summer crop such as corn or 
sunflower.  
With regard to soil work, 1/3 of surfaces are non-tilled field crops. The most non-tilled 
crops are winter cereals (common wheat, durum wheat, barley). This technique 
gradually spreads to summer crops (corn, sunflower).  
The most represented rotations on the territory are Sunflower/Wheat and Corn 
monoculture. These two cropping systems are detailed below. 
 

Table 3: Description of main Crop rotations : sunflower/wheat and corn monoculture 
 

 Sunflower Common wheat Corn Grain 

Soil work   Stubble stripping – 
Deep decompaction    

Stubble stripping – Recovery 
cultivator or rotary harrow 

Stubble stripping – Deep 
decompaction    

Seedling   Mid April End of October – beginning 
of November  End of April  

Weed control   
1 à 2 treatments AG + 
in autumn and/or 
spring   

1 treatment AG + AD at 
seeding   
1 treatment if needed after 
emergence 

1 treatment AG + AD at 
seeding  
1 treatment if needed 
after emergence 
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1 hoeing at 6-8 leaves    1 hoeing at 6-8 leaves    

Disease control / 
2 à 3 treatments in the 
spring (septoriosis-rust-
fusariosis) 

/ 

Insect control  / 
Seed or vegetation treatment 
in autumn (if aphids are 
present) 

None in most cases  
1 à 2 treatment against 
borer  

Slug control   1 treatment after 
emergence 1 treatment after emergence / 

Fertilization  0 – 80 Nitrogen unit 
Bore  180 – 220 Nitrogen unit 180 – 220 Nitrogen unit 

Harvest   Mid September  Beginning of July  End of October  
Residues 
management  Buried Buried or exported  Buried 

Yields   21 qx/ha 53 qx/ha 
89 qx/ha (100 in 
irrigation/72 in non-
irrigation)  

AG: Anti-Grass AD: Anti-Dicotyledon  
 
Table 4: Average of Yield and Gross margin of main arable crops in the south-west of France 

 
Crop  Yield (tons/ha) Gross margin of crop (€/ha) 
Common wheat  6.7 270 
Durum wheat  6 375 
Barley  6.5 200 
Rapeseed  3 340 
Irrigated Corn 11.5 470 
Dry Corn  7 140 
Sunflower  2.4 260 
Irrigated Soy  3.5 575 
Dry Soy  2.2 230 
Irrigated Peas  3.5 100 
Dry Peas  3 60 
Broad Beans  2.6 -30 

(source: expert opinion – Vivadour Agronomic Service) 
 

 Occitanie  
 
The productivity of farms in Occitanieregion is quite low and their economic performance is 
generally low.  
 

Agricultural economy in Occitanie Occitanie 
Region 

Metropolitan 
France 

Part of the Region in 
the national total 

Regional gross added value (in M€) - 2014 2 023 27825 7.3% 
Regional EBITDA (in M€) - 2014 1 832 27389 6.7% 
Including operating subsidies (not related to the product) 49% 30%  
    

Economic indicators of farms Occitanie 
Region 

Metropolitan 
France 

Part of the Region in 
the national total 

EBT - 2014 (€/Non-salaried annual work unit) 18 604 29288 64% 
EBT evolution --> 2013 - 2014 -10% -8%  
Surface productivity (€/Annual work unit) - 2013 1 839 2313 79% 
Labour productivity (€/Annual work unit) - 2013 65 106 97493 67 
Charges per hectare (€/ha) - 2013 1 843 2180 85% 

 
EBITDA: earnings before interest, taxes, depreciation, and amortization 
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EBT: earnings before taxes 
(source: Comptes de l’agriculture. RICA – « Agri’scopie édition 2016 – Chambre d’Agriculture 

Occitanie et CERFrance ») 
 
There is a dependence on aid and heavy expenses compared to the French average, thus 
weakening the economy of farms. Historically, average farm income has always been below 
the national average. For several years, the region has recorded the lowest agricultural 
income in France. Nevertheless, this result conceals a great disparity between the farms, 
according to the sectors and the systems. 
 

 Nouvelle Aquitaine  
 

Table 5: Key figures of the economy of farms in Nouvelle Aquitaine 2015  
 

 

Production 
of the net 

year of 
purchases 
of animals 

Supply 
charges 

Other 
external 

expenses 
(renting 

...) 

Added 
value 

Operating 
grants EBITDA 

Depreciation 
and 

amortization 

Earnings 
before 

tax 
EBT 

Average values 
per holding (in 

K€) 
184.65 63.50 51.92 69.65 28.95 69.43 27.36 38.54 

 

 
Value 

added by 
total UTA 

EBTby 
UTANS 

Social 
security costs 
of the farmer 

Weight of 
debt (%)   

Long-term and 
medium-term 
borrowings 

Debt 
ratio 
(%)  

Average values per 
holding (in K€) 32.7 27.8 9.7 40.9 24.1 39.9 

(source: Agreste – RICA – « Analyses & Résultats Juin 2017 numéro 42 »)  
 
(UTA: annual work unit; UTANS: Non-salaried annual work unit; EBT: Earnings before tax)  
 
In 2015, EBITDA amounted to € 69,400 in Nouvelle Aquitaine compared to € 74,900 in the 
French average. 
Financial dependence on subsidies is important; without direct or local aids, a quarter of 
Nouvelle Aquitaine holdings would have negative EBITDA. 
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Main flow of biomass, upstream selection process and mapping 
 
Lignocellulosic biomass quantification at regional level - Theoretical biomass 
potential 
 
Primary residues of agricultural and forest products 
 
For primary residues, the theoretical biomass potential is the maximum amount of 
biomass that is exportable from the fields with the current harvesting equipment and 
practices. It is determined by area of a territory and land uses (area covered by forest or 
cereals, ecological issues: nature reserve), bio-physical component (type of soil, climate, 
constraints like slope, pest, etc.) and management component (soil tillage, inputs, irrigations, 
etc.). At the end, usable area and yields of crops are the most relevant data to determine 
theoretical biomass potential.  

 
 From arable crops  

 
The theoretical potential of biomass for arable crop residues was calculated from 
different parameters: 

• Agricultural area: Cantonal surfaces 2014 (data.gouv.fr): The perimeter of the study 
concerns the cantons in which the two cooperatives Vivadour and Maïsadour have 
farmer adherents.  

• Yields estimation: 5 year average from 2011 to 2015 (Agreste – French agricultural 
statistics) 

• Harvest Index : Total biomass yield from grain yield (source: « Méthodologie 
d’estimation des quantités de matière sèche et d’azote  contenues dans les résidus 
de culture en France » CITEPA janvier 2013) 

• Exportation rates: Estimation of harvestable biomass 50% (source: “Unifa, Fiche 14: 
Exporter les pailles” and Expert opinion). This rate takes into account the part of the 
aerial biomass which will never be harvested (no matter the means of harvesting), the 
collar (junction between the root and the stem) of the plant and the dried leaves 
already fallen to the ground…  
 

 
Figure 9: Schematic representation of harvestable residues for wheat 

 (source: picture from larousse.fr) 
 

Harvest Index HI = Harvest (t/ha) / Aerial part of plant (t/ha) (from the CITEPA report) 
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Aerial part of plant = Departmental Yield / Harvest Index  
Total residues = Aerial part of plants - Departmental Yield  
Harvestable residues = Total residues X 50%  
 

Table 6: Result: example for the department of Gers 

  
Tons per hectare 

Example: Department 
of Gers  

HR  
departmental 

yield 
aerial part of 

plants total residues 
harvestable 

residues  
Common wheat 0.49 5.7 11.6 5.93 3.0 
Durum wheat 0.44 5.2 11.8 6.62 3.3 
Spring barley  0.53 5.2 9.8 4.61 2.3 
Winter barley 0.5 3.6 7.2 3.60 1.8 
triticale 0.44 4.3 9.8 5.47 2.7 
Corn grain  0.49 9.6 19.6 9.99 5.0 
Peas  0.58 3.1 5.3 2.24 1.1 
Broad beans  0.53 2 3.8 1.77 0.9 
Carrot  0.88 22.3 25.3 3.04 1.5 
Rapeseed  0.29 2.8 9.7 6.86 3.4 
Green Beans  0.58 12.9 22.2 9.34 4.7 
Flax  0.41 1.2 2.9 1.73 0.9 
Corn forage  0.9 12 13.3 1.33 0.7 
Onion  0.89 12 13.5 1.48 0.7 
Potatoe 0.8 25.1 31.4 6.28 3.1 
Rye  0.5 4.2 8.4 4.20 2.1 
Oat  0.43 3.9 9.1 5.17 2.6 
Sorghum  0.42 5.9 14.0 8.15 4.1 
Soy  0.32 2.7 8.4 5.74 2.9 
Sunflower 0.33 2.2 6.7 4.47 2.2 
 
Then to obtain Theoretical potential biomass: Harvestable residues X agricultural surfaces  
 

 Case of wheat and barley chaff:  
 
The chaff is composed of straw cereal debris formed during the harvest (chopped straw, 
glumes, barbs ...) as well as weeds present in the field.  
 

 
 
 
 
 
 
 

 
 
 

Figure 10: Chaff and Compacted chaff (source: Frédéric Douard photography) 
 
It is also a primary residue from arable crops that we quantify from:  

• Agricultural area: Cantonal surfaces 2014 (data.gouv.fr): on the surfaces of common 
wheat, durum wheat and barley  

• Production of chaff per hectare: 1,5 tons/ha/year (source: “Estimation des gisements 
potentiels de substrats utilisables en méthanisation” Study realised for ADEME by Solagro 
and Inddigo – April 2013)  
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 From perennial crops  
 

The theoretical potential of biomass for perennial crop residues was calculated from: 
• Agricultural area: Cantonal surfaces 2014 (data.gouv.fr) 
• Yields estimation and harvest index: 

 
 From viticulture:  

 
Table 7: Estimate of the productivity of the vine shoots and stumps by region (ton DM / ha / 

year) 
 

Regions 
Vine shoots annual productivity  

(t DM/ha/year) 
Vine stumps - renewal and 

stripping (t DM/ha/year) 

Aquitaine 1.80 10.2 

Languedoc-Roussillon 2.13 8.5 

Midi-Pyrénées 1.20 8.5 

Poitou-Charentes 1.13 8.5 
(Source: “Biomasse forestière, populicole et bocagère disponible pour l’énergie à l’horizon 2020” 
Rapport réalisé pour le compte de l’Ademe par l’Inventaire Forestier National (IFN) avec l’Institut 

Technique Forêt Cellulose Bois Ameublement (FCBA) et l’association Solagro. 2009) 
 

 From arboriculture:  
 
Table 8: Productivity of pruning wood by type of orchard (ton DM / ha / year) 

Administrative 
regions  

Annual productivity of pruning wood 
t DM / ha Species  

France 1.5  Apple tree  
Languedoc-Roussillon. 
PACA. Corse. Rhône-

Alpes  
2.3  

Apple 
pearcherryplumpeachapricot 

tree 
France 1.3  Walnut tree  
France 4.25  Olive  

(Source : “Biomasse forestière, populicole et bocagère disponible pour l’énergie à l’horizon 2020” 
Rapport réalisé pour le compte de l’Ademe par l’Inventaire Forestier National (IFN) avec l’Institut 

Technique Forêt Cellulose Bois Ameublement (FCBA) et l’association Solagro. 2009) 
 

 From forest  
 

The Landes de Gascogne constitutes a homogeneous forest massif of maritime pine where 
the resource is easily mobilizable. It has been severely affected by the two storms of 1999 
and 2009. It is already widely used in the form of timber or timber industry. The mobilization 
of biomass wood residues in this massif can be envisaged by sampling the branches 
residues (wood ∅<7cm, dry stems, dead wood, decommissioned wood) and tree stumps 
during the cut clean. 

 
 Branches residues  

For the maritime pine, the annual biomass of branches left after logging is estimated at 
600000 tons for the whole of the Landes massif (AFOCEL, 2004). 

 
 Tree stump  

For the maritime pine on the Landes massif, the annual biomass of tree stump mobilisable 
after clear cutting is estimated at about 300000 tons. 
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(source: « Récolte des branches et des souches en vue d’une valorisation énergétique » Information 
Forêt n°3-2007 Fiche n°756 – FCBA) 

Secondary processing residues of agricultural and forest products 
 
For secondary residues, the theoretical biomass potential is the maximum amount of 
biomass. It is determined by industrial activities (papermill, sawmill, agricultural 
cooperatives).  

 
 Crops residues quantification  

 
The secondary processing residues for agriculture arise from the steps of collection, storage, 
marketing and transport of the cereals, oilseeds and protein crops. This biomass deposit 
(flour, dust, broken grain of wheat, corn cobs without grains, spathe, follicle, …) estimated at 
8000 tons /year on the Maïsadour and Vivadour groups (internal source) is part of the long-
established animal feed value chain, which is why we did not want to go into more detail on 
this type of residue. 
 
On the other hand, Ovalie has a project to separate heart and bark of sunflower stovers, in 
which the heart is valued into isolation material, and in which the bark is a by-product. We 
think this by-product would represents 30 000 Tons/year and would be relevant for the 
BABET-REAL5 project.  
 

 
Figure 11: (Data from agro-industries – Mapping done with Q-Gis) 

 
 Forest residues quantification  

 
The wood industry generates by-products and waste corresponding to each processing step. 
They are therefore distributed according to their origin: 

• residues from logging: strains that remain on the ground and platelets (shredded 
wood reduced to small pieces 3 to 5 cm long);  
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• related products resulting from the primary processing of wood by sawmills, board 
and paper mills: bark, sawdust, ... in the form of wet waste;  

• waste resulting from the second processing of wood by joinery, the furniture 
industries: chips, sawdust, in the form of dry waste more or less soiled.  

Untreated wood waste not contaminated by hazardous substances is waste that can be 
recovered. 

 
Table 9: Quantity of by-products of wood industry in both regions 

 
 Average 2013-2014-2015 (tons/year) 

New regions Old regions Hardwood pellets  Softwood pellets  Sawdust  Barks  

Nouvelle 
Aquitaine  

Aquitaine 34204 559162 307966 176292 
Poitou-Charentes 15196 58248 104707 66136 
Limousin 11356 98456 90806 61196 

Occitanie 
Midi-Pyrénées 18902 56876 34438 18201 
Languedoc-Roussillon 307 31800 51995 17508 

 
(source: Agreste) 

 
There are three main types of treatment for the wood industry and untreated co-products: 

 
• Energy recovery (the first wood waste recovery process): processing, by compaction, 

of wood waste and co-products (wood chips, sawdust, etc.) into granules and logs, 
which can be used in many installations (boilers, ovens, etc.) use untreated wood 
waste as fuel. 

• Material recovery: recycling of wood waste in various manufacturing processes: 
manufacture of pulp for wet waste; manufacture of particle board ("chipboard"); reuse 
of packaging (pallets and crates); manufacture of charcoal (by carbonization). 

• Agronomic valorisation: it concerns only dry wood waste in the form of untreated 
sawdust, chips and platelets which are valorized as: composting; mulching in 
horticulture with bark; use of sawdust and chips for the manufacture of animal litter. 
 

The valuations of this biomass are numerous. Maïsadour and Vivadour are not forestry 
cooperatives and do not have the possibility to contract with members for this type of 
material. It seemed interesting to speak of it, all the same, because it represents a tonnage 
not negligible. 
 

 Agro-industry residues quantification  
 
The plant residues of interest for the BABET-REAL5 project are residues from the bakery-
pastry and fruit-vegetable sectors.  
The co-products of flour milling (flour, broken grain) are part of the long-established animal 
feed value chain, which is why we did not want to go into more detail on this type of residue. 
In the department of Landes, there are three sweet corn industries in Maïsadour subsidiaries. 
The residues (corn cob, spathes and broken grains) represents more than 100 000 
Tons/year of raw material (nearly 30 000 tons of Dry Matter) and are not valued today.  
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Figure12 (Data from agro-industries – Mapping done with Q-Gis) 

 
Upstream lignocellulosic biomass selection process 
 
Threshold capacity: 30,000 t DM/yr 
 
The business model of the project is based on small-scale industrial plant with a 
minimum processing capacity of 30,000 t equivalent dry biomass per year in a small 
catchment area of 50 km radius. This is why a minimum production level of residue in 
such an area will be used in the project as the threshold capacity to select sustainable 
biomass feedstock. 

 
Biomass selection 
 
For field residues (crops, vines and arboriculture), it was decided to retain biomass 
with a theoretical potential in excess of 100 000 ton per year, to take into account the 
competitive uses and possible obstacles to their harvest; the objective is to obtain at 
least 30 00 ton per year at the end of the selection process in a small catchment area 
of 50 km radius. 
For agro-industry residues, we decided to retain biomass with a potential exceeding 
30 000 ton per year, which are directly accessible from the factory.  
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Figure 13: Result of the calculation of the theoretical biomass potential for fields and agro-
industry residues (ton DM / year)  

 
As one can see on the figure above, the preselected biomasses by quantity and 
directly accessible by Maïsadour and Vivadour groups are:  
 
 From arable crops:  
• Corn and sunflower stovers 
• Wheat and barley straws  
• Wheat and barley chaff  
• Vegetable stalks  

 
 From industries:  
• Sweet corn residues  
• Sunflower stovers barks  
• Wood barks 

 
Chemical criteria 
 
The table below presents the critical levels for the main compounds of the lignocellulosic 
biomasses: cellulose, hemicelluloses, lignin, mineral (ash), lipids and protein to be 
considered in relation with the processes involved in the pretreatment of the biomass 
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and an efficient production of 2G ethanol. Cellulose should be the major compound and 
hemicelluloses and lignin should be limited to a maximum level of 30 and 22% respectively. 
Materials with high lignin content are difficult to treat and its content should be limited to 10% 
in order to avoid excessive wearing of the equipment. Lipids and proteins critical values were 
set at 10% to avoid respectively excessive saponification and “plastification” of the 
biomasses. Proteins submitted to thermo-mechanical treatment have a tendency to reticulate 
and produce rubber-like products. 
 

Table 10: Critical levels of chemical composition for the process 
Compounds Content % DM  

Cellulose ≥34% To allow destructuration of the lignocellulosic 
matrix, avoid excessive wearing of the 
equipment and obtain sufficient yield for the 
conversion to ethanol 

Hemicelluloses ≤30% 
Lignin ≤22% 
Mineral content (ashes) ≤10% To avoid excessive wearing of the equipment 

Lipids ≤10% For the stability of the material and prevention 
of inhibition compounds for the bioconversion 
processes Proteins ≤10% 

 
Results  
The tables below present the composition of the preselected biomasses. All of them 
are suitable for the production of 2G ethanol, except the vegetable stalks (not 
presented).The composition for sweet corn cob may vary with the level of drying of 
the samples. 

 
 Arable crops residues characterization 

 
Table 11: Levels of cellulose, hemicellulose and lignin with their standard deviations of 
various lignocellulosic biomassdetermined by the method of Van Soest (kg.100kg-1 DM)  

Lignocellulosic 
biomass Cellulose Hemicellulose Lignin 

Wheat straw  36.6 ± 5.7 29.8 ± 7.7 16.9 ± 4.7 
Corn stover 37.3 ± 5.1 25.4 ± 4.3 15.8 ± 3.6 
Barley straw 40.4 ± 7.8 25.6 ± 5.1 12.7 ±3.6  

(source : Bruno Godin, 2010) 
 

 Sweet corn residues characterization 
 

Table 12: Composition of sweet corn cob in % of dry matter (%DM)  
Lignocellulosic 

biomass Cellulose Hemicellulose Lignin Mineral Protein 

Sweet corn cob 2017 30.2 38.0 8.1 5.1 6.0 
Sweet corn cob 2016 37.5 33.4 8.6 5.7 6.7 

(source: « INPT Babet-Real5 2016-2017 » 
 

 Sunflower stover barks characterization   
 

Table 13: Composition of sunflower stover in % of dry matter (%DM)  
Parameters Sunflower stover bark composition % DM 

Humidity 9.8  
 

Mineral materials 4.9  
 

Lipids 0.9  
 Protein 2.1  
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Cellulose 46.1 
 Hemicellulose 18.7  
 Lignin 16.9  
 (source: Analysis by Ovalie-Innovation) 

 
 Forest residues characterization  
 

Table 14: (source: Laboratory of Agro-industrial Chemistry LCA – ENSIACET – INP Toulouse) 

Parameters 

Bark of 
Maritime pine 

 

Node of 
Maritime pine 

 

Stump of 
Maritime pine 

 
Cellulose 62.2 ± 2.9 50.9 ± 1.3 57.5 ± 1.4 
Hemicellulose 7.3 ± 0.5 24.6 ± 0.4 9.5 ± 1.2 
Lignins 14.8 ± 4.2 15.4 ± 1.2 15.5 ± 0.1 
Mineral materials 4.4 ± 0.6 0.3 ± 0.1 7.9 ± 0.2 
Protein 0.63 ± 0.02 0.38 ± 0.02 3.63 ± 0.02 

 
 Vegetable stalks 

 
The vegetable stalks exceed the threshold of 100 000 tons / year of field biomass, but this 
biomass does not seem relevant because it is made up of various species of plants and do 
not constitute a homogeneous biomass (potato, asparagus, Celery branches, leeks, lettuce, 
chicory, parsley, strawberries, eggplant, courgettes, melons, watermelons, peppers, 
pumpkins, tomatoes, garlic, beetroot, carrots, turnips, onions, peas, shelled beans, green 
beans). Moreover, their compositions are not suitable for the production of bioethanol (low 
cellulose, high proteins and/or lipids – Babethanol project). 

 
Mapping of the preselected biomasses 
 
For all investigated crops, GIS (Geo Information System) based maps were elaborated. 
These maps can be used as a tool for visualing and preselecting the geographical 
locations of the most promising feedstock. 
The GIS map is based on the programme QGIS, version 2.18. 
The colour gets darker as the quantity of theoretical biomass increases in a given area. 
Circles representing catchment areas of 50 km radius are positioned in the maps to identify 
the areas with potential amounts superior to 30,000 t dry matter per year. 
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The theoretical amount of corn stover is very high and much concentrated in 2 
departments Landes and Pyrénées-Atlantiques with quantities far superior to 30,000 t 
in a 50 km radius.  
 

 
 

The theoretical amounts of wheat and barley straw are high and much concentrated in 
Gers with quantities superior to 30,000 t in a 50 km radius.  
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The theoretical amounts of wheat and barley chaff are good and much concentrated in 
the same departments as for straw.  
 

 
 
The theoretical amounts of sunflower stover are good and much concentrated in the 
department of Gers. 
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Biomass quantification: from theoretical potential to non-
competitive potential 

 
The following quantification of lignocellulosic biomass takes into account: the 
agronomical and technical considerations and the competitive uses out of the field.  
 
Agronomical Potential 
 
Organic matter (FAO) within the soil serves several functions. From a practical agricultural 
standpoint, it is important for two main reasons: as a “revolving nutrient fund”; and as an 
agent to improve soil structure, maintain tilth and minimize erosion. Maintaining crop 
residues on soil surfaces not only protects the soils from splash erosion, but also increases 
infiltration rates and reduces surface runoff resulting in less soil loss. 
 
This potential is a fraction of the estimated theoretical biomass (relevant for primary 
agriculture and forest residues) that should remain on the soil. It takes into account at 
least soil carbon balance and soil erosion issues. Most of the time, this fraction varies 
from 0% to 50% of the theoretical biomass potential (harvestable potential). Depending 
of the location, several parameters can be taken into account to determine this fraction:  

• Crop rotation, 
• Slope and climate, 
• Soil texture and stability of soil structure,  
• Management factor: soil cover, soil tillage, crop residues management,  
• Soil biodiversity: necessity to bring fresh organic matter to soil  
• Soil nutrients: necessity to keep residues to maintain soil nutrient rate,  
• Prevent water erosion issues.  

 
Erosion at regional level 
 
Erosion is the removal and transport of soil particles. Three types of erosion are observed in 
the south-west of France: 

o Agricultural erosion: due to tillage and especially plowing in the direction of the slope, 
it is the most important erosion in many of the region's hillsides 

o Water erosion: due to water, it is the most visible and studied erosion, it has a strong 
impact on water quality, silting of ditches, etc. 

o Wind erosion: due to wind, less widespread but locally it can be significant. 
 

The following map shows the level of erosion in France.  
One can see that the levels of erosion in the studied regions (i.e. South-West of 
France) are particularly strong, notably due to the very hilly relief and weather 
conditions. 
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Figure 14: Risks of soil erosion 

 
Figure 14: Risks of soil erosion 

*Note: Erosive hazards of soils by small agricultural region, estimated using the Mesales model. 
Source: Gis Sol - INRA - SOeS, 2011 

 
The Mesales model combines several characteristics of the soil (susceptibility to battance 
and erodibility - closely related to the rate of soil organic matter), terrain (type of land use, 
slope) and climate (intensity and height of precipitation). 
 

 
Figure 15: Equation of the Mesale model 

 (source: MESALES (Modèle d'Evaluation Spatiale de l'ALéa Erosion des Sols - Regional Modelling of 
Soil Erosion Risk) – INRA)  

 
Soils that respond best to repeated exports of crop residues are stony clay-limestone soils 
with a clay hold of close to 40%, total limestone from 15% to 30% and organic matter 2.5-
3%. 
The most sensitive soils for residue exports are sandy loams and silt with low organic 
matter content and low calcareous soils. In these soils, organic matter is indispensable to 
maintain a minimum of structure. (source: V. Thecle, France Agricole, 29/10/2004). 
In agricultural soils, in South-West France, soil losses due to water erosion are estimated 
from 2 to 5 tons / hectare / year (Panagos et al., 2015). 
(Risk erosion by small agricultural region and by season - Gis Sol – Inra – SOeS, 2010.)  
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Soil carbon and soil biodiversity issue 
 
Soils are home to over one fourth of all living species on earth, and one teaspoon of garden 
soil may contain thousands of species, millions of individuals, and a hundred meters of 
fungal networks. Bacterial biomass is particularly impressive and in a temperate grassland 
soil can amount to 1-2 tons per hectare – which is roughly equivalent to the weight of one or 
two cows. 
 

 
Figure 16: Organic matter cycle in the soil 

 (source: www.sare.comSustainable Agriculture Research and Education) 
 
The lowest stocks of organic matter (less than 40 Tons of C / ha or less than 2% Organic 
Matter) are observed in plains with arable crops and clay loamy soils (Valley of Garonne).  
Areas of weak stocks (40 to 50 Tons of C / ha or 2 to 2.6% OM) are characteristic of the 
plains with arable crops and silty soils (Landes). 
Medium-high stocks (50 to 70 Tons of C / ha or 2.6 to 3.4% OM) are characteristic of regions 
with a high proportion of forest and / or permanent grassland. 
Finally, the highest stocks correspond to mountainous or swampy areas (D. Arrouays, INRA, 
2002). 
One can see in the following maps that the studied area is particularly low in organic 
matter contents, and that the content has decreased over the last 20 years. 
 

 
 
 

 
 
 
 
 
 
 
 

 
 

Figure 17: Organic matter content of cultivated soils (%) 
(source: Base de données nationale « Analyse de terre », Gis Sol , Inra Orléans - 2004) 

 
 
 

Organic Matter % 
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Figure 18: Variation in organic carbon content of soils between 1995-1999 and 2000-

2004 by canton 
 (source: Gis Sol – BDAT, 2009 – Traitements : SOeS, 2013) 

 
Consideration of the soil type and slope for the decision whether to export straw is important, 
but it is also necessary to consider the technical and economic orientation of the farm. 
In agriculture, organic refunds may be insufficient over a long period of time and lead to a 
significant reduction in soil humus and fertility in the long term. This is mainly the case in the 
cereal area where lack of grazing livestock causes a deficit in organic matter (many soils 
have seen their humus rate rise from 2.4% to 1.8% in 30 years).  
In other cases, manure and slurry inputs can be largely in surplus and cause nitrate ion 
pollution problems due to its significant mineralization.  
So there are many different situations that can be found at local level. However, major 
tendencies can be defined:  
 

• Balance: exploitation in polyculture-breeding comprising 1 to 2 LU / ha, except for the 
export of manure and slurry, there is no overall surplus or deficit of organic matter at 
the farm level, as the export of crop residues for self-consumption (litter) is balanced 
by spreading these products on the plots. These soils contain 2-3% organic matter. In 
this case, no further action is required to maintain an acceptable organic matter level. 

• Surplus: farms generally comprising more than 2.5 LU / ha, geared towards animal 
production. In livestock-oriented farms, despite quasi-systematic export of straw, the 
soils of these farms have never or almost no organic matter deficit, with rates often 
exceeding 2.5%. Almost all the livestock manure is applied to the plots of the farm, 
both interesting for their fertilizer value and for their organic matter content. 

• Deficit: field crop farms (without permanent grassland). In this configuration, 
maintaining the level of soil organic matter is more problematic. The straw exported is 
not returned to the soil as manure. 

 
In the first two situations, the rate of organic matter is mainly maintained thanks to the 
presence in the rotation of the permanent grasslands. Indeed, they provide the soil with 
organic residues that are already positioned in the soil (source: “Retour au sol des matières 
organiques nécessaire au maintien en état en sols agricoles” Rapport du GIE Arvalis/Onidol – Céline 
Laboubée – Juillet 2007). 

 

Variation by canton  
 Increase  
 No variation  
 Decrease  
 Absence of data  
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On the map on the left, one can observe the estimates of the yearly mounts of exogenous 
stable organic matter required within 5 years for restoring and maintaining cropped loamy 
soils suffering from erosion risks (target threshold value: 1.5% C); considering equivalent to 
the amounts required for restoring.  
On the map on the right, one can observe the estimates of the yearly amounts of exogenous 
stable organic matter - after spreading of all available manure from the department - required 
within 5 years for restoring and maintaining cropped loamy soils suffering from erosion risks 
(target threshold value: 1.5% C); considering equivalent to the amounts required for 
restoring.  

 
Figure 19 : (source: Etude et Gestion des sols, 2001, Le Villio, Arrouays, Deslais, Daroussin, Le 

Bissonnais, Clergeot, CReeD – INRA) 
 

In many departments of the two regions of interest Nouvelle Aquitaine and Occitanie, 
the soils remain deficient in organic matter after manure application.  
According to the experts’ opinion and based on the usual practice of harvesting cereal 
straw, we can establish that exports of biomass (wheat and barley straws, wheat and 
barley chaff, corn and sunflower stovers) can reasonably be of: 

• 2 years out of 3, so an exportation rate of 66% in organic matter with surplus or 
balance soils 

• 1 year out of 3, so an exportation rate of 33% in organic matter with deficit 
soils, in order to avoid aggravation of erosion problems.  

 
As for the forest, the branches residues harvestable are the compartments of the tree which 
possess the most minerals. The return of minerals to the soil is an important aspect in the life 
of the stands because it allows maintaining the fertility and a durability of the production of 
wood. 
Thus, biomass harvesting must be carried out within reasonable limits taking into account 
soil fertility. In Aquitaine, soils are naturally poor in mineral elements, so the 
recommendations are: 

• not to harvest all the aboveground biomass leaving a part of the remnants on the 
ground 

• not to harvest branches residues more than once in the life of the stand 
 
Knowing that the average lifespan of a maritime pine stand is 30 years, the export rate 
is therefore very low at 3%. 
(source: « Récolte des branches et des souches en vue d’une valorisation énergétique » Information 

Forêt n°3-2007 Fiche n°756 – FCBA) 
 

Mitigation actions to face soil issues (erosion hazards, soil carbon losses, reduction 
of soil biodiversity) 
 

 



BABET-REAL5 – Deliverable D4.2 – Part 3 OVALIE 

Ovalie Page 32/75 

In these deficient systems, techniques exist to limit the degradation of the organic status of 
soils: 

• Rotation with integration of vegetables: cultural successions limit the risks of 
parasitic infestations and promote the biological functioning of the soil. The 
introduction of a legume into the rotation makes it possible to enrich the soil with 
nitrogen.  

• Organic inputs: manure and other livestock manure, sludge, compost and other 
organic or urban waste. Organic waste is for the soil potential sources of exogenous 
organic matter to increase the stock of soil organic matter.  

• Green manure: this practice consists in establishing an intermediate crop, in winter in 
general, to destroy without harvesting it before the establishment of the following 
crop. The advantages of this practice are: 
⇒ limit nitrogen pollution (nitrate trap)  
⇒ store carbon in soil 
⇒ improve soil structure 
⇒ to combat erosion by covering the ground in winter and spring 

• Simplified cropping techniques: soil cultivation and / or crop planting which allows 
at least 30% of crop residues to be maintained on the soil surface after seeding. The 
best known is the suppression of plowing.  

• Perennial crops: replacing annual crops with perennial crops such as meadows or 
forests (on the other hand, in the case of an orchard or vines, the positive effect on 
soil organic matter remains to be demonstrated). The elimination of tillage allows 
stabilization of aggregates that protect organic matter (Arrouays D., 2002B). Even if 
the aerial parts of these perennial crops are exported, the balance remains positive 
for the organic matter of the soil by a restitution of the root system. 

• This practice is not feasible on a large scale. The same type of interest can be found 
in the establishment of hedges or agro-forestry. 

 
Green manure is a Common Agricultural Policy requirement if the farm does not have a 
rotation of 3 different crops or if the area of the main crop exceeds 75% of the UAA. 
(Example: many farms making corn monoculture in the departments of Landes, Pyrénées-
Atlantiques and Gers)  
 
Technical potential 
 
The technical potential is the fraction of the theoretical harvestable potential, which is 
exportable under the techno-structural framework conditions with the current 
technological possibilities such as:  

• Harvesting techniques 
• Processing techniques 

It has been evaluated for the preselected biomasses: wheat and barley straws, wheat and 
barley chaff, corn and sunflower stovers.  
 
Wheat and barley straws  
 
There are 2 solutions for harvesting straw: 

• Crusher – sawther (or windrower) – baler  
• forage harvester 

 
Crusher – sawther (or windrower) – baler  
After harvesting the grain, the crushed straws are gathered in a windrow, collected and 
pressed by a baler. This method requires passing three times on the plot: once with the 
crusher, a second time with the sawther (or windrower), a third time with the baler. This is a 
bale harvest. 
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The straws can be conditioned in round or square bales. The dry straw is pressed in 
square bales or round boots. The formats and the level of compression vary according to the 
type of machine used. High density presses produce bales with a density of between 170 
and 200 kg / m3. This type of harvest requires the intervention of a loader and a tray coupled 
to a tractor on the ground to harvest the bullets. These are either grouped at the edge of the 
plot for later recovery, or transported (over a short distance) to a place of consolidation or 
intermediate storage, or directly stored at the place of use. 
 

 
Figure 20: Straw pressing (source: Chambre Régionale d’Agriculture des Hauts-de-France) 

 

 
Figure 21: Harvesting in square bales, Kuhn (source: Chambre régionale d’Agriculture des 

Hauts-de-France) 
 
Forage harvester: this self-propelled machine harvests biomass by cutting it into longer or 
shorter strands. The classic scheme of a construction site is thus composed of a forage 
harvester, served by a set agricultural tractor + trailer. The number of sets depends on the 
distance between the package and the place of collection or use. However this distance must 
remain low. For larger distances, there are other solutions involving tipper trailers: either the 
rear axle of the forage harvester has been modified to harness such a trailer, or it is the 
cashier who unloads the bucket. in the semitrailer that stays at the end of the field. Biomass 
harvested in bulk is transported to an intermediate collection or storage location or stored 
directly at the point of use. 
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Figure 22: Forage harvester and tractor + trailer 

 

 
Figure 23: Forage harvester and tipper semi-trailer (source : Chambre Régionale 

d’Agriculture des Hauts-de-France) 
 
The advantage of the last system is the cost of passage and the number of staff required, 
unlike the usual straw harvest version. 
But this equipment cannot go on all the parcels, including those situated on the slopes. In 
addition, the weight of the machines can lead to soil compaction if soil type and weather 
conditions are unfavourable.  

Taking all these factors into account, about 20% of the exportable biomass is lost in 
the field giving a technical potential of 80%. 
 
Corn and sunflower stover 
 
Wheat straws are usually harvested as litter and food for livestock production. So the 
harvesting techniques are well known. But corn and sunflower stovers are not exported 
currently and the harvesting techniques are not as familiar and optimized as for cereal straw.  
 
There are two possibilities to harvest stovers as for straw. In both cases the harvest 
occurs after the grain harvest.  
 
 Crusher – sawther (or windrower) – baler  
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Figure 24 (source: Ovalie-Innovation photography) 

 

 
Figure 25 (source: Ovalie-Innovation photography) 

 

 
Figure 26 (source: krone.fr) 

 
After harvesting the grain, the crushed straws or stovers are gathered in a windrow, collected 
and pressed by a baler. This method requires passing three times on the plot: once with 
the crusher, a second time with the sawther (or windrower), a third time with the baler. This is 
a bale harvest. 
 
Advantages: it harvests almost all the biomass, including some stovers flattened during the 
cultivation and during the harvesting of the grain. 
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Drawbacks: it also collects stones and dust; the residues must be cleaned before entering 
into the pretreatment process, so this is a great disadvantage and can lead to an increase in 
treatment. Moreover, in wet conditions, the crusher-sawther cannot get into the plot.  
The percentage of biomass lost due to inaccessible plots is from 10 to 20% giving a 
technical potential of 80 to 90%. 
 
 Forage harvester  

 

 
Figure 27: Sunflower stovers harvest with a forage harvester  

 (source: http://renaissancelochoise.com/cop-21-le-lochois-roule-deja-pour-le-climat/) 
 

After harvesting the grain, the standing straws or stovers are cut, crushed and recovered in a 
trailer. These two machines enter the plot simultaneously. This is a bulk harvest.  

 
Advantages: it harvests clean material (without soil or stones). It seems the most suitable 
for the project if the weather conditions are favourable. 
Drawbacks: it is heavy machinery, so the harvest is expensive and cause soil compaction. 
Moreover, in wet conditions, the forage harvester cannot get into the plot.  
The percentage of biomass lost due to inaccessible plots is from 10 to 20%. The 
flattened stovers are not harvested which adds another loss of about 10%. Overall the 
technical potential is 70 to 80%.  
 
Especially for corn stovers, the harvest occurs at early autumn (October-November), a period 
when the entry of large agricultural machinery into the plots begins to become delicate 
relative to the soil's bearing capacity (increasing moisture, day shorter). The risk is the soil 
compaction.  

 
Figure 28: Ruts on a plot 

 (source: Michelin)  
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Figure 29: Compaction of the soil at the tractor wheels  

 (source: Michelin – Wikiagri.fr)  
 

Wheat and barley chaffs 

Contrary to straw that is harvested for use in livestock production, chaff is not currently 
harvested. Chaff is like straw of very small size. It is usually dispersed on the soil. However, 
it is possible to collect chaff with new equipments that have been developed for about 5 
years.  
There are two possibilities:  

• Harvest straw and chaff: this solution is adopted to increase the volume of straw, by 
breeders who use the straw as litter. This is a bale harvest.  

• Harvest grain and chaff: addition of a box on the combine harvester which collects 
the chaff separately (instead of releasing them in the field). The box must be emptied 
at the end of the field. This is a bulk harvest. This method seems to be the most 
suitable for the project. 

 

 
Figure 30: Box on a combine harvester   

 (source: menuepaille.fr) 
 
The farmers are today very little equipped. Only 1% of them have got the required equipment 
(expert opinion).  
Equipped with the box, the combine harvester is large and heavy. This increases fuel 
consumption and workload (+1h/ha).  
Moreover, the equipment does not allow taking all the paths and all the entries of 
plots. There is also a difficulty in accessing hillsides: the percentage of inaccessible 
plots is estimated at 20%. 
Due to the low density of chaff, there are losses during the harvest (wind): we 
estimated at 20% the losses. It is a bulk harvest, so the chaff must be densified by 
pressing it in bale, to limit losses and decrease the volume during transport and 
storage. 
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Social limits and regulatory restrictions 
 
Social limits 
 
Some farmers do not want to make additional passages: the risk is to tamp the soil.  
The additional income must clearly compensate all the costs or losses (fertilizing value of 
biomass, investment in new harvesting or storage equipment, work time, financial incentive).  
As we said previously, in vulnerable areas a winter cover is needed to compensate the 
exportation of biomass; the choice should be made by each farmer, and some will not 
choose to sow winter cover. 
 
Regulatory restrictions 

 
The most important restriction concerning biomass recovery is the Nitrate Directive: Nitrate 
Directive is a European Directive which aims to reduce water pollution caused by nitrates 
used in agriculture, and established the Vulnerable Areas.  
The main obligations are:  

• to leave on the soil crushed corn and sunflower stovers within 15 days after grain 
harvest,  

• or to sow a winter cover during long interculture.  
 

 
 
One can see that the south west of 
France is very impacted by this 
directive. Moreover, it is an 
important corn production area. We 
can see on the map below, the corn 
monoculture surfaces (source: 
Agreste 2010):  
 
- Landes: 92%  
- Pyrénées Atlantiques: 91%  
- Hautes-Pyrénées: 83%  
- Poitou-Charentes: 54%  
- Charente: 68% 
 

Figure 31: Vulnerable Areas 2015 in 
the south west of France  

 (source: www.gers.gouv.fr) 
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Figure 32: Corn monoculture surfaces % 

 
Non-competitive potential 
 
It is the share of the exportable quantity of biomass (i.e. theoretical - agronomic - 
technical) that will be available for the production of 2G ethanol after considering the 
part taken by the competitive uses:  
 For annual crop residues, main competitive uses are:  

o livestock bedding  
o livestock feeding 
o Production of energy through combustion and gasification 
o Production of materials for the construction 

 For secondary processing residues of agricultural products 
o livestock feeding 
o Production of energy in biogas plants. 

 
Straw 
 
The principal use of cereal straws is animal feeding and bedding.  
Major livestock taken into account in calculating the amount of manure are:  

• dairy cows  
• other cows  
• goats  
• sheep  
• horses  
• pigs  
• poultry  

To simplify the calculation of quantity of straw used for littering we will talk in Livestock Unit.  
Quantity of straw for litter is given by the following equation:  
Straw for bedding = number of Livestock Unit * housing time * share of solid manure * 
amount of straw 
With: 
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• Straw for bedding (tons/year)  
• Number of Livestock Unit (source: Agreste Agricultural Census) 
• Housing time (nb of days per year) = average 188 days /year (source: Klimont and 

Brink, 2004) 
• Share of solid manure (%) = average 90% (source: Burton and Turner, 2003) 
• Amount of straw for manure: 5 kg of straw per Livestock Unit per day (source: expert 

opinion) 
 

 
Figure 33: Balance between production of wheat and barley straws and needs for livestock 

bedding (Tons Dry Matter / year)  
 (map done with Q-Gis)  

 
When applying the calculations to the departments of interest, one can see on the map 
above the departments that have deficit and surplus of straw. The most deficient 
departments are Pyrénées-Atlantiques, Dordogne, Landes and Corrèze, the area in which 
we find the most important part of the livestock. However, in reality the departments with 
surplus straw export biomass to the departments with lack of straw. 
At regional level, the balance between the production of straws and the needs for livestock 
is:  

• For Nouvelle Aquitaine: -1 575 618 Tons / year of deficit of straws  
• For Occitanie: -303 957 Tons / year of deficit of straws  

 
This balance shows that the two administrative regions are largely deficient in wheat 
and barley straw for the uses for livestock. Therefore, the two regions are even 
obliged to import straw from other French cereal regions, such as Beauce, a large 
French cereal area South of Paris. 
 
As a consequence, the non-competitive potential for the project for wheat and barley 
straws in the studied regions is therefore 0%.  

 
Corn stover 
 
Corn stover is generally not exported from the field. 
It can be used as silage for animal feeding. Successful crops (finely chopped stovers, lack 
of soil, good silage settlement) can be the basis of rations for meat bovine and growing 
heifers. The quantity dispensed can be 25 kg / LU / day on average. 
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Quantity of corn stover for silage is given by the following equation:  
Corn stover for silage = number of Livestock Unit * amount of silage 
With: 

• Corn stover for silage (tons/year)  
• Number of Livestock Unit (source: Agreste Agricultural Census) 
• Amount of silage for feed: 25 kg per Livestock Unit per day (source: Chambre 

d’Agriculture Pyrénées-Atlantiques et Landes) 
 
The corn stovers can also be used as dry matter substrate for methanization.  
Indeed, it is an interesting material in methanization: 52% Dry Matter, 90% Organic Matter, 
Methane yield: 448 m3CH4 / T OM (www.domaix-energie.com).  
Currently, there is no methanization plant in the territory which has been interested in this 
matter; the major issue seems to be economic (see Section 4: Logistic and operational 
costs).  
So the competitive potential for the project is currently 100% but can be expected to 
evolve in the next 5 to 10 years.(see Section 5-2: Near futur risk assessment).  
 
At regional scale, the balance between the production of corn stovers and the needs 
for animal feed gives an exportation rate of 95%.  
 
Sunflower stover 
 
Currently, sunflower stovers are not exported from the field. The non-competitive 
potential for the project could be 100%. 
 
Studies are emerging to valorise the medula of sunflower as insulation materials for the 
constructions. Ovalie has a project about it.  
If this project was to occur, the availability of sunflower stovers would be 0%, but 
there would be an opportunity to valorise the bark of sunflower stovers. 
 
Wheat and barley chaffs 
 
The main competitive can be:  

• Livestock littering, in case of harvest of chaff at the same time as straw, which 
is done by a small number of breeders.  

• Production of biogas, although it is not currently done at industrial level. 
 

So the non-competitive potential of wheat and barley chaffs if harvested and exported 
separately can reach 95%. 
 
Secondary processing residues of agricultural products 
 

 Sweet corn residues 
 

Currently, all the produced sweet corn residues are used as silage in animal feed and 
supplied for free to neighbour farmers.  
The companies ALS and Soléal, which produce sweet corn, are looking for a better way to 
valorise this co-product and are increasingly solicited by methanization plants. This biomass 
was tested by Ovalie-Innovation as part of a methanization project and seems relatively 
interesting for the production of biogas: 21% Dry Matter, 92% Organic Matter, Methane yield: 
257 m3 CH4/ton Organic Matter (analysis by Ovalie-Innovation).  
 



BABET-REAL5 – Deliverable D4.2 – Part 3 OVALIE 

Ovalie Page 42/75 

So, sweet corn residues are coveted but not used yet under competitive commercial 
agreement. They can be available at 100% for the production of 2G ethanol providing 
that the economic offer is attractive for the suppliers. 
 

 Sunflower stover barks  
 

100% would be available as a feedstock for the production of 2G ethanol. 
 
Net amounts and mapping of preselected lignocellulosic biomasses 
 
Taking into account all the biomass feedstock reduction considerations (agronomical, 
technical, social, regulatory and competitive uses), the estimated non-competitive 
amounts (net available for the production of 2G bioethanol) and areas with 
concentrated amounts above 30,000 t in 50 km radius (whenever possible) are 
presented in the following maps for the preselected biomasses: wheat and barley 
chaff, corn and sunflower stovers, sweet corn residues and sunflower stover barks. 
Wheat and barley straws are not considered anymore because they are not available 
at all. 
 
There is no area that concentrates more than 30,000 t in 50 km radius for wheat and 
barley chaffs. 
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Corn stover is a most potential feedstock with concentrated amounts in 50 km radius 
in Landes department. 
 

 
 
Sunflower stover could concentrate enough feedstock for small-scale plant in 50 km 
radius in Gers and Haute-Garonne departments. 
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Sweet corn residues and sunflower stover barks could concentrate just enough 
feedstock for small-scale plant in 50 km radius in Landes and Gers– Haute-Garonne 
departments respectively. 
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Logistic and operational costs 
 
Logistics and seasonality 
 
Each preselected biomass is produced once a year, and can be harvested on a two month 
period. 

• Wheat and barley chaffs 
The harvesting of grains and chaff (as this is a simultaneous harvest) takes place at 
the end of June or early July; the harvesting of straws occurs 15 days later.  
 

• Sunflower stovers  
The harvesting of stovers would occur 15 days after the grains harvest, to let the 
stovers dry, that is to say end of August or early September.  
 

• Corn stovers  
The harvesting of stovers would occur just after the grain harvest, indeed the stovers 
are harvested wet to be ensile, that is to say from the end of September to early 
November, depends on climatic areas and precocity of varieties.  
 
Operational costs from harvest to plant gate 
 
The operations include several steps: 

• Harvesting 
• Transport  
• Storage (bin, silo, tank, pit) 
• Conditioning (compaction) 

 
 Several types of harvesting techniques 

 
There are several types of harvesting techniques that were presented earlier in the report. 
 
 Several types of transportation 

 
Bulk transport: it is used for products which cannot be baled in the field or products with low 
humidity and flow of juice. Transport is provided by tipper trucks or semi-trailers of 30 m³ 
(single tipper), 60 m³ (polycabin trailer or semi-trailer) or 90-100 m³ (moving floor semi-
trailer). The loading is ensured by a bucket or a loader with fork according to the texture of 
the product: fluid (pellets, plates ...) or "mixed", heterogeneous (green waste) etc. 
Transport of square or round bales: two ways of transporting bales: 

• the distance to the storage or treatment site is low (<20 km as a rule), the bales are 
loaded into the plot on an 8 m agricultural plateau, allowing the transport of 8 to 10 
tons of bales; the loader making the "shuttle" between the boots and the tray. 

• the distance to the storage or processing site is greater and the transport is by truck, 
we can load up to 20 tons of bales. In this case, the bales are grouped at the edge of 
the field during the harvest. 

 
But there are additional conditions related to the type of biomass because the edge of the 
field can become a buffer zone before going to the plant: 

• For biomass packed in bales: straw bales can be stored at the end of the field for a 
short period (3 months after harvest), up to a limit of 1000 m3 (according to 
departmental health regulations), if they are near the treatment site (<10 km). The 
risks of degradation of the biomass are high (rain, fire). 
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• For longer distances and longer residence times: bales are transported on an 
agricultural plateau to an intermediate storage site, a farm or a cooperative site, as 
soon as the straws are pressed. Storages of straw are subject to ICPE 15-32 in terms 
of volume. The collections on these intermediate sites can then be carried out 
throughout the year at the request of the processing plant by truck. 

• For bulk biomass: ligneous (shoot type) or not, a bulk storage at the headland can be 
organized: the farmer is responsible for collecting the material at the end of the plot. It 
will then be recovered by a collector who will seek to optimize the visits in truck. 
Depending on the sustainability of this end-of-field collection, it may be useful to 
develop these platforms. 

 
 Several ways of storing  

 
There are several ways of storing the biomass. The table below presents the most current 
ways and their costs, advantages and drawbacks. 
 

Table 15: Table summarizing the main properties of storage types of agricultural biomass 
excluding livestock effluents (Mobilisation de la biomasse agricole du champ à l’usine,. l’ADEME et 

de FranceAgriMer, 2017) 

Type of storage Advantages  Drawbacks Cost 
€/t/year Conditioning  

Edge of the field 
(on a concrete 

floor or not) 

Low costs (mainly 
handling) 

Loss of material in 
storage, humidity difficult 

to control 
< 5  Bulk, round or 

square bale  

Concrete slab, 
covered or not by 
a tarpaulin or a 

geotextile, broken 
down or not  

Low investment, suitable 
for short-term storage for 

dry biomass, or for 
storage of wet biomass 

in the form of silage 
under tarpaulin 

Low volume, sensitive to 
climatic conditions, 

damaged tarpaulin can 
degrade the quality of 

biomass 

5 to 7  Bulk, round or 
square bale 

Under shed, 
broken down or 

not 

Secure, protects from 
climatic conditions, 

suitable for storage of 
dry biomass  

Significant investment, 
considered ICPE* site if 

the volume stored is 
greater than 1000 m² 

10 to 15  Bulk, bale, 
granule 

In vertical silo, 
broken down or 

not 

Low footprint, secure, 
suitable for storage of 

fluid biomass (granulated 
type) to facilitate loading 
/ unloading operations 

Significant investment, 
considered ICPE* site if 

the volume stored is 
greater than 1000 m²  

12  Granule, fluid 
biomass  

*ICPE: Classified Installation for Environmental Protection 
 
Wheat straw 
 
The straw is harvested in square bales of high density (400 to 420 kg/bales). Currently, for 
this technique the work rate is 30 bales / h. The cost of the ball is estimated at 20 to 23 € (CA 
Hauts de France 2017). This includes windrowing, pressing, string, labor.  
The overall cost of harvesting is from 45 to 60 € / t DM. 
Depending on the distance to the storage site, there are two types of transport:  

• <20 km: the bales are loaded into the plot on an 8 m agricultural plateau, allowing the 
transport of 8 to 10 tons of bales,  

• >20km: the transport is by truck, with load up to 20 tons of bales. 
Unit costs related to road transport are available on the website of the Comité National 
Routier (www.cnr.fr). These are the components of the trinomial formula for a 40 t high 
volume trailer truck: 

• cost for 1 km traveled excluding tolls : 0.428 €/km 
• cost for 1 hour of service time :  19.34 €/h 
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• fixed daily cost (vehicle + structure) : 160.14 €/j 
The data used are those updated at the economic conditions of January 2018. The 
calculations are made for a 5-axle trailer truck with an empty weight of 15 tons (average 
weight of the trucks weighed during the measurements carried out by GIE ARVALIS / 
ONIDOL ) The total laden weight allowed is 40 tons The weight of the bales transported + the 
empty truck must not exceed 40 tons. 
The average speed of the trucks is adjusted according to distances: 60 km / h for journeys 
between 20 and 50 km. (PNRB, 2009). 
Other assumptions for calculating the number of trips per day: 

• service time = 9.18 h / day 
• loading time = 0.5 h 
• unloading time = 0.5 h 
• waiting time = 0.25 h 

In a 50km radius, the transport cost by dump truck are between 7€/t to 9€/t DM. 
So the overall supply cost for wheat straw varies from 52 to 69 9€/t DM. 
 
Wheat and barley chaff 
 
Harvest  
To collect chaff, it is necessary to use a box on a combine harvester. It generates an 
additional cost to the grain harvest estimated to 40 €/t (according to expert opinion). 
 
Conditioning 
Due to its low density, the chaff will not be transportable in bulk over long distances (risk of 
flying). It is necessary to condition the chaff into pellets, but this operation will represent a 
significant economic and energy cost (Bodineau, 2006). 
Indeed, the wheat and barley chaff are very voluminous. Here are some figures for bulk 
storage:  
 

Table 16 Chaff densities 
  Density (kg/m3) Considering the ratio of the densities, there is a 

factor 3 reduction between 1 cm and 1 mm. 
Considering that the solid has a density of 1700 
g/l, the chaff crushed at 1 mm contains between 
80 and 90% air. 

Chaff (1cm) 59.54 

Chaff crushed (1 mm) 175.36 

 
Therefore it is really difficult to transport and store the chaff. On the other hand, as this 
biomass is dry, there is no problem of conservation. 
To facilitate transport and storage, the most suitable solution seems to be the pressing in 
high density bales (example of bales’ size: 220/120/80). 
Once in bale, the density of chaff is around 210 kg DM/m3.  
According to expert opinion, the cost of compaction in high density bales is about 20 
€/T. 
 
Transport 
Depending on the distance to the storage site, there are two types of transport:  

• <20 km: the bales are loaded into the plot on an 8 m agricultural plateau, allowing the 
transport of 8 to 10 tons of bales,  

• >20km: the transport is by truck, with load up to 20 tons of bales. 
 
According to expert opinion, the bale transport costs are about 8 €/t.  
 
Storage 
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As we can see on the table summarizing the main storage types (ADEME and FranceAgriMer, 
2017) and according to expert opinion, the cost of a bale storage under shed is about 12.5 
€/t (from 10 to 15).  
 
Total estimated cost 
Steps Harvest Conditioning Transport Storage TOTAL 
Cost (€/t) 40 20 8 12.5 80.5 
 
The total cost for supplying wheat and barley chaffs can be estimated at 80.5 €/t dry 
matter. 
 
Corn stover supply with forage harvester 
 
Harvest  
Forage harvester is preferably used to collect corn stovers. This machinery costs from 125 to 
170 €/ha. The tipper tractor combined with the forage harvester costs from 65 to 80€/ha. 
Thus, the harvesting costs are estimated from 190 to 250 €/ha. 
(Sources: Barème d’entraide – Matériels 2015-2016, Tarifs moyens par type de chantier; Etude 
PEREL CA – CUMA 2015; and according to expert opinion) 
 
Transport 
Once harvested and crushed, the corn stovers (not yet compacted in silage) are transported 
in bulk to the silage site. Depending on the distance to the storage site, there are two types 
of transport:  
 <20 km: the corn stovers are loaded into the plot on agricultural trailer 
 >20km: the transport is by dump truck  

In a 50km radius, the transport cost varies from 20 to 30 €/t (source: Vivadour Transport 
Service). 
 
Conditioning 
To store corn stovers it is necessary to ensile it, indeed the percentage of moisture in the 
corn stover is quite high (30% moisture).  
Silage is a method of preserving wet plants using lactic fermentation; corn stover are 
crushed, pressed and put in a bunker silo (concrete slab, covered by a tarpaulin) 
The density of corn stover before silage is about 160 kg DM/m3 (source: 
www.expertagricolenord.fr,  Poids et volumes)  
The density of corn stover after silage is about 235 kg DM/m3 (source: agrireseau.net) 
 

 
Figure 34: Bunker silo  

http://www.expertagricolenord.fr/
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 (source:machinisme.reussir.fr)  
 
The tamping and the purchase of silage tarpaulin cost is from 20 to 25 €/ha. (source: 
Etude PEREL CA – CUMA 2015) 
 
Storage 
As we can see on the table summarizing the main storage types (ADEME and 
FranceAgriMer, 2017) and according to expert opinion, the cost of storage in bunker 
silo is about 6 €/t (5 to 7).  
 
Total estimated cost 
Quantity of harvestable corn stovers = about 4.6 t/ha 
Quantity of harvested corn stovers, taking into account the losses during harvest = 4.1 t/ha 
 
Steps Harvest Transport Conditioning Storage TOTAL 

Cost (€/ha) From 190 to 250 / From 20 to 
25 /  

Cost (€/t) From 46 to 60 From 20 to 
30 From 5 to 6 From 5 to 

7 
From 76 to 
103 

 
The total cost for supplying corn stover with forage harvester can be estimated 
between 76 and 103 €/t dry matter. 
 
Corn stover supply with crusher-sawther-baler 
 
Harvest  
The machinery costs from 17.4 to 26.1 €/t DM.The density of corn stovers bale is about 170 
kg/m3. 
(Sources: Potentiel biomasse cellulosique Etude ethanol cellulosique usine 2gAbengoa Bionergy 
Biomass France (Lacq) OCEOL/AGPM/GAO, 2015) 
 
Transport 
Once harvested, the corn stovers (not yet in silage) are transported in bale to the silage site. 
Depending on the distance to the storage site, there are two types of transport:  
 <20 km: the corn stovers are loaded into the plot on agricultural trailer 
 >20km: the transport is by dump truck  

In a 50km radius, the transport cost varies from 10 to 15 €/t (Sources: Potentiel biomasse 
cellulosique Etude ethanol cellulosique usine 2g Abengoa Bionergy Biomass France (Lacq) 
OCEOL/AGPM/GAO, 2015). 
 
Conditioning and storage 
To store corn stovers it is necessary to ensile it, indeed the percentage of moisture in the 
corn stover is quite high (30% moisture).  
Silage is a method of preserving wet plants using lactic fermentation. 
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Figure 35: Concrete slab, covered by a tarpaulin 

 (source: Maïsadour) 
 
The tamping, the purchase of silage tarpaulin, and the storage in the bunker silo costs are 
from 9 to 13.5€/T DM. (Sources: Potentiel biomasse cellulosique Etude ethanol cellulosique usine 
2g Abengoa Bionergy Biomass France (Lacq) OCEOL/AGPM/GAO, 2015) 
 
Total estimated cost 
Quantity of harvestable corn stovers = about 4.6T/ha 
Quantity of harvested corn stovers, taking into account the losses during harvest = 4.1T/ha 
 

Steps Harvest Transport Conditioning and 
storage TOTAL 

Cost (€/t) From 17.4 to 26.1 From 10 to 15 From 9 to 13.5 From 36.4 to 54.6 
 
The total cost for supplying corn stover can be estimated between 36.4 and 54.6 €/t 
dry matter. However an additional step of biomass cleaning will be necessary in the 
processing plant and will generate additional costs. 
 
Sunflower stover with forage harvester 

Harvest  
The harvesting costs with forage harvester are similar to corn stover: from 190 to 250 €/ha. 
(Sources: Barème d’entraide – Matériels 2015-2016, Tarifs moyens par type de chantier; Etude PEREL 
CA – CUMA 2015; and according to expert opinion) 
 
Transport 
Once harvested and crushed the sunflower stovers are transported to the storage site. 
If the transport is done in bulk without pressing, the transport cost is high because of the low 
density of the biomass. In a 50km radius, the transport costs are estimated from 25 to 40 
€/t (source: Vivadour Transport Service). 
If the stovers are pressed before transported, the transport cost would decrease according to 
the increase in density. 
 
Conditioning/storage 
Sunflower stovers are collected in bulk. The density of sunflower stovers is about 100 kg 
DM/m3. 
(source: « Diagnostic du Pays de Loire Nature Touraine pour le développement de micro-filières 
d’agromatériaux » Alter’énergies and Chambre d’agriculture d’Indre-et-Loire Report). 
Due to their low density, the sunflower stovers may be pressed to facilitate the transport and 
the storage. However, we do not have any economic and technical information on the 
feasibility of pressing sunflower stovers. 
The storage of sunflower stovers could be done in big-bag or bulk in a covered and 
ventilated building. Indeed, the low percentage of moisture allows a good conservation. 
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Due to the low density of this biomass the storage cost assumed is higher than other 
biomasses. As we can see on the table summarizing the main storage types (ADEME and 
FranceAgriMer, 2017) and according to expert opinion, the cost of a bulk storage under 
shed is about 12.5 €/t (10-15). 

 
Total estimated cost 
Quantity of harvestable sunflower stovers = about 2.2T/ha 
Quantity of harvested corn stovers, taking into account the losses during harvest = 1.9T/ha 
 
Steps Harvest Transport Conditioning & 

storage TOTAL 

Cost (€/ha) From 190 to 250 / /  

Cost (€/t) From 96 to 127 From 25 to 40 From 10 to 15 From 131 to 
182 

 
The total cost for supplying sunflower stovers with forage harvester can be estimated 
between 136 and 182 €/t dry matter. 
 
Sunflower stover with crusher-sawther-baler 
 
Harvest  
This machinery costs from 34.8 to 52.2 €/t DM. 
(Sources: Potentiel biomasse cellulosique Etude ethanol cellulosique usine 2g Abengoa Bionergy 
Biomass France (Lacq) OCEOL/AGPM/GAO, 2015) 
 
Transport 
Once harvested, the corn stovers (not yet in silage) are transported in bale to the silage site. 
Depending on the distance to the storage site, there are two types of transport:  
 <20 km: the corn stovers are loaded into the plot on agricultural trailer 
 >20km: the transport is by dump truck  

 
Having no element concerning the sunflower stovers, we estimate that the transport cost of 
bales is the same as for the cornstovers:  
In a 50km radius, the transport cost varies from 10 to 15 €/t. 
 
Conditioning/storage 
As we can see on the table summarizing the main storage types (ADEME and FranceAgriMer, 
2017) and according to expert opinion, the cost of a bulk storage under shed is about 12.5 
€/t (10-15). 

 
Total estimated cost 
Quantity of harvestable sunflower stovers = about 2.2T/ha 
Quantity of harvested corn stovers, taking into account the losses during harvest = 1.9T/ha 
 
Steps Harvest Transport Conditioning & 

storage TOTAL 

Cost 
(€/T) From 34.8 to 52.2 From 10 to 15 From 10 to 15 From 54.8 to 82.2 

 
The total cost for supplying sunflower stovers can be estimated between 54.8 and 82.2 
€/t dry matter. However an additional step of biomass cleaning will be necessary in the 
processing plant and will generate additional costs. 
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Operational costs for agro-industrial residues 
 
Sunflower stover barks  

 
The density of sunflower stover barks is about 135 kg DM/m3. (Source: “Nouvelles 
agroressources pour panneaux de particules 100% biosourcés” Seminar Ecomatériaux november 
2014). 
The transport and storage costs are not known because this by-product is not yet produced. 
The factory price will have to be evaluated. 
 
Sweet corn residues  

 
Currently, the sweet corn residues are stored in bunker silo as corn stover. So, the density, 
the transportation and storage costs are nearly the same as corn stovers.  
Factory price of sweet corn residues is given by the following equation:  
Factory price = actual valorization + transport cost 
With:  
• actual valorization for animal feed is 10-15 €/t at 25%DM, and if sold dry (12% DM) 45-

60 €/t (according to the production factory of ALS)  
• transport cost: 25 €/t(according to our calculations)  

 
So the cost for supplying sweet corn residues can be estimated at 37.5 €/t if supplied 
wet and 77.5 €/t if dry. 
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Risk assessment 
 
Current and near-future risks assessment 
 
The objectives of this section are to: 

• Identify potential evolutions for the preselected feedstock  
• Quantify the potential variations of the preselected biomasses and their 

frequencies 
• Define a level of risk (current and near future) for the supply of the preselected 

biomasses. 
 
This risk assessment has been done on the recent past, from 2000 to 2015, to be able to 
analyse current risk and from 2015 to 2035 horizon to analyse the near future risks.  
One of the tools used to assign risk ratings is a qualitative risk assessment matrix. 
The risk rating combines the occurrence probabilities and consequences of the 
identified risk. Each risk rating represents an assessment as to the relative risk to 
positively or negatively impact the project. 
3 levels of probability and consequence are used for the evaluation as shown in the table 
below. The higher the consequences and the probabilities for  a given risk, the worse its 
impact on the project. 
 

Table 17: Probability and consequence of risks on the availability of biomass 
 

   Consequence 
   0-25% 25-50% >50% 
   1 2 3 

Probability 
>50% 3    

25-50% 2    
0-25% 1    

 
The combination of the situations is characterized by a colour code corresponding to 3 
impacts: 

• “Red” situations refer to risks leading to an available quantity of biomass too small 
(below the minimum threshold) to ensure the regular supply of the plant  

• “Orange” situations refer to factors risks leading to an available quantity of biomass 
near the minimum threshold (i.e. 30,000 t/y in 50 km radius) to ensure the regular 
supply of the plant  

• “Yellow” situations refer to risks leading to an available quantity of biomass widely 
sufficient to ensure the regular supply of the plant. 

 
Situations that would have a positive impact will be characterized by a “green” colour. 
 
Risks identification for crop residues 
 
Several factors were selected likely to impact the quantities of biomass available: 

• Agronomical  
• Climatic  
• Regulatory  
• Competitive uses 
• Social and economic (at this stage we have not taken into account the purchase price 

of the material to the farmer and the willingness of farmers to participate)  
• Technical  

To illustrate the climate impact, one can see on the following map that the vulnerability to 
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climate change has varied widely across the regions, depending on their exposure to 
adverse climate pressures and their capacity to find adaptive solutions.  
 

Figure: Time series of global annual mean surface air temperature anomalies (relative to 
1986–2005) from CMIP5 concentration-driven experiments (source: IPCC) 

 

 
Figure 36: European climate risk areas at European level Europe (EC leaflet) 

 
Farming has been mostly affected in the South and South-western European regions 
with negative impacts on crops’ yields and suitable areas for crops. 
 
The table below is a description of all the risks identified in the studied territory of OVALIE in 
the recent past and near future at horizon 2035 for the different investigated factors. For 
each risk a colour code is provided which corresponds to the impact level on the amount of 
biomass available for the project. 
 
 
 
 
 
 
 
 

Table 18: Global current and near future risks assessment in Maïsadour and Vivadour 
territory 
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RISKS  CURRENT (2000-2015) FUTURE (2015-2035) 
EVOLUTION  

BIOMASS  
AVAILABILITY 

AGRONOMICAL  
 

Surfaces  
 

Land abandonment  
Crop abandonment  
 
Changes in crop production activities 
diversification (spelled, quinoa, pea, 
soybean, chia, lentil, bean)  

Fewer farmers  
Land artificialisation  
 
Integration in the rotations of these new crops  
decrease of wheat, corn and sunflower surfaces  

 

Yields  Genetic progress 
Selection of varieties  

Genetic progress 
Selection of varieties  
Global increase of grain and biomass yield for all 
crops, except for wheat : straws shortening in order to 
reduce lodging  

 corn and 
sunflower wheat 

Cultivation 
techniques 

Use of pesticides  Emergence of 
resistances on crops and on weeds, 
crop pests and diseases 

Conservation agriculture and Simplified Cultivation 
Techniques (TCS)  crops residues left on the soil  
Successive Prohibitions of pesticidescompetition 
and reduction of grain and biomass yield  

 

CLIMATE  
 

Water/rainfall  

Changes in precipitation amounts  
Rainy Autumn  decrease in soil 
bearing capacity 
Changes in intensity and seasonal 
distribution 
 

Water stress  competition for water  
Rainy Autumn  decrease in soil bearing capacity 
Changes in crop quality  
Conflicts of use (social, industrial, agricultural) 
Evolution of water quality (problems in the use and 
effectiveness of fertilization and pesticides) 

 

Temperature 
Changes in temperature, and the effects 
of heat stress  
Lower yields of cereal crops 

Evolution of the average daily temperature in the 
South-West by 2050: 1.5 to + 2.8 ° C1 
Lower yields of cereal crops 
Aridification: decrease in cultivated area  
Increased diversity and number of weed diseases and 
pests, for example corn borer (see below)  

 

Extreme 
weather 
events 

Increase in extreme and potentially 
damaging weather events  
• 2003: heat wave  

Increase in extreme weather events (frequency and 
intensity) 
Crop failure because of wet period (problem of sowing 
or harvest, increase of diseases, soil not bearing)  

 

                                                           
1Garonne 2050 - Report of the Adour-Garonne Water Agency 
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RISKS  CURRENT (2000-2015) FUTURE (2015-2035) 
EVOLUTION  

BIOMASS  
AVAILABILITY 

• 2007: rainy spring  
• 2011: rainy spring (competition for 

forage)  
• 2013: rainy spring (problem of corn 

seedling)  
• 2015: dry winter  
• 2016: rainy spring (increase of 

crop diseases)  
 

Increase inter-annual variations in yields  

Competition for water and for forage  
Non-availability of pastures which leads to the use of 
biomasses for animal feed (wheat straws and silage of 
corn stovers)  
Increase inter-annual variations in yields (grain and 
biomass)  
Changed occurrence of storm flooding and storm 
damage  
Increase in some pests 
Changes in crop quality  

Wind  
Increased frequency of winds 
 
Wind erosion  

Increased frequency of winds increase 
evapotranspiration of crop and soil (crops that reaches 
senescence before maturing)  
Wind erosionloss of soil, organic matter and 
nutrients  

 

 
 
 
 
REGULATORY  
 

Water 
European 
Directive   

Regulation of quantities of water 
available for agricultural use 
Good condition of the different 
environments throughout Europe by 
2015 

Reorientation of water uses and reduction of the 
amount allocated to agricultural use (-20% in 2030)  

Nitrate 
Directive   

Fertilization: form and maximum amount 
of nitrogen applied and spreading 
planning   
Harvesting of crop residues provided 
that winter cover is established 

Decrease in the use of pesticides and fertilizers, 
change in quantities and dates of inputs  decrease in 
yields 

 

Wood pigeon areas: residues left on the 
ground uncrushed and not buried  

Evolution of the areas concerned 
Eventual disappearance of wood pigeon areas  

 COP 
(Conference of 
the Parties)  

COP21: "4 per 1000" - an international 
research program on soil carbon 
sequestration in agricultural soils 

"4 per 1000" - carbon sequestration in agricultural soils 
COP23: winter cover, no export of residues 
Eventual Soil Directive? 
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RISKS  CURRENT (2000-2015) FUTURE (2015-2035) 
EVOLUTION  

BIOMASS  
AVAILABILITY 

PAC 

Diversification of rotations (minimum 3 
different crops on the farm) 
Extension of ecological interest areas 
(SIE in French)  

Future of corn monoculture?  
Decrease of the area of crops to the benefit of SIE or 
other device (“4 per 1000”) 

 

Zones 
humides -  
Natura 2000  

Wildlife protection areas, flora, bird 
habitat and migration areas 

Prohibition of human activities (preservation of 
biodiversity and water stocks)  

Agri-
environmental 
measures  

Agri-environmental and climate 
measures (MAEC in French). Example :  
MAEC Field Crops Systems (Limits on 
the return of the same crop on the same 
plot  obligation of rotation -  
Legume integration in the rotation -  
Limitation of pesticide uses)  

MAEC Soil  
MAEC Pesticides   
 

 

COMPETITIVES 
USES   

Livestock   Competition for fodder due to climatic 
events (wheat, corn) 

Competition for fodder due to climatic events (wheat, 
corn) 
Decrease in breeding  
Change in eating habits (animal protein replaced by 
vegetable protein, decrease in milk consumption) 

 

 

Methanization   Multiplication of the number of methanization units  

Industrial 
ecology   Building biomaterials (RT2018) 

Energy production (cogeneration units)  

SOCIAL 
/ECONOMIQUE  

Change in eating habits (animal protein 
replaced by vegetable protein) 
 
 
 
 
 
Low crop purchase price to farmer  
 
High biomass harvesting cost 
Aging agricultural population  

Decrease in breeding and integration of new crops in 
rotations (spelled, quinoa, pea, soybean, chia, lentil, 
bean)  
Decrease of corn and sunflower surfaces  
Accentuation of the decrease in the number of farms  
Positive point for a farmer: interest in recovering a 
biomass deposit and valuing it economically 
Negative point for a farmer: not enough time for this 
extra activity 
Decrease in crop purchase price to farmer 
Leads to a farm specialization (monoculture or 
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RISKS  CURRENT (2000-2015) FUTURE (2015-2035) 
EVOLUTION  

BIOMASS  
AVAILABILITY 

decrease in the number of farmers / 
farms and increase in average areas per 
farm 
 
 

breeding) 
Economic reorientation of a production basin (duck 
health crises for example, political decision, 
monoculture ban, increase of tourism, increase of the 
population)  

 
 
 

 
 

 

TECHNICAL  New 
machinery  

Development of Box-on-combine 
Harvester (to collect chaff). 
  
Development of a machine to make 
bundles of vine shoots  

Increase in the equipment rate of farmers 
 Increase in pooling of equipment: 
- Pooling plateforms and website: WEFARMUP, 
OUIFIELD, AGRICONOMIE. 
- Type of society: Cooperative use of agricultural 
equipment (CUMA in French) ; Agriculture work 
company (ETA in French) 
 Development of new harvesting machine. 
 Robotisation and development of decision support 
tools. Optimization and better efficiency (pest, disease, 
water)  
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Additional risk identification for agro-industrial residues 
 
As agribusinesses often represent significant amounts of residues, valorisation/recycling 
processes are generally put in place in order to avoid excessive disposal costs. Furthermore, 
companies have sometimes to comply with regulatory requirements for waste recovery. This 
is why most of the time, secondary crop residues are already valorised. Competitive uses 
represent the additional risks for this type of residues:  

• Use in agriculture: Where possible (healthy product, with agronomic or nutritional 
value) agro-industrial residue is usually valued in agriculture. This is usually the 
cheapest and easiest way. 

o Feed: the feed is often one of the main outlets for organic residues. This 
example concerns sweet corn residue.  

o Spreading: agricultural spreading is also an interesting opportunity, particularly 
in grain production area. Regulations may require specific treatment before 
back to the soil (for example, European regulations require a thermal 
treatment of animal by-products before spreading). 

• Waste: Waste disposal (incineration or landfill) is generally performed when the use 
in agriculture is not possible (product not suitable, urban area). The waste treatment 
may represent significant costs (ex: in the case of wet waste). 

• Others: Some residues can be used as products for other industries. This model of 
"industrial ecology" are more complicated to implement, and can only be implemented 
if the opportunities exist and have been identified. This example concerns sunflower 
stovers barks. 

 
Scenarios for the horizon 2035 
 
After identifying all the potential current and near future risks and their general impact 
on agriculture in the studied area (i.e. South West of France), a more specific analysis 
of the impacts of these risks on the preselected biomasses was performed. The 
impacts were classified in two scenarios representing the “worst” and “best” 
situations for the evolution of the preselected biomass amounts at horizon 2035 based 
on the following parameters: 

• Crop areas  
• Crop yields  
• Livestock  
• Primary and secondary crop residues productions  
• Competitive uses  
• Agro-industry pattern 
• Political and economic context  
• Level of adaptation of agriculture to face climate changes 

 
The next table present the description of each scenario and the estimated impact on the 
evolution of the biomass amounts.  
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 Corn stover 
 

Table 19: scenarios for corn stover 
Parameters Best scenario Worst scenario 

AGRONOMICAL  
 

Genetic progress:  
Selection of efficient varieties of 
water 
 Precocious crop management (sow 
early to avoid drought during sensitive 
stages) 
 
 
Conservation agriculture and 
Simplified Cultivation Techniques 
(TCS)  currently concerns 2% of 
corn surfaces (source: Agreste)  

Changes in crop production activities  
integration the rotations of these new 
crops (spelled, quinoa, pea, soybean, 
chia, lentil, bean)  decrease of corn 
surfaces  
Increase in pests and diseases  
reduction of grain and biomass yield due 
to successive prohibitions of pesticides.  
Development of conservation agriculture 
and Simplified Cultivation 
Techniques(TCS)  residues must be 
left in the field  

CLIMATE  
 

Water stress  competition for 
water according to the least 
impacting warming trend 
 
 
 
 
 
Inter-annual variations in yields  

Water stress  competition for water 
according to the worst impacting warming 
trend 
Rainy Autumn  decrease in soil bearing 
capacity 
Increase in extreme weather events 
(frequency and intensity) 
Increase inter-annual variations in yields 
(grain and biomass)  

 
 
 
 
REGULATORY  
 

Regulation of quantities of water 
available for agricultural use (-20% in 
2030) 
Common Agricultural Policy: 
Diversification of rotations (minimum 
3 different crops on the farm) 
 
Disappearance of Wood pigeon areas  

Water reduction (-50% in 2030)  
Prohibition of corn monoculture  
Maintaining or enlargement of Wood 
pigeon areas: residues left on the ground 
uncrushed and not buried  
"4 per 1000" - carbon sequestration in 
agricultural soils 
COP23: winter cover, no export of residues 
Enforcement of a Soil Directive 

COMPETITIVE 
USES   

Competition for fodder due to climatic 
events  

Increase in competition for fodder due to 
climatic events  
Multiplication of the number of 
methanization units 

SOCIAL 
/ECONOMIQUE 

Farmers’ interest in crop residues and 
valuing it economically 
High corn purchase price to farmer  

Farmers are not interested in valuing their 
biomasses   
Low corn purchase price to farmer  
High biomass harvesting cost 

TECHNICAL  Increase in pooling of equipment 
Development of new harvesting 
machine 
Robotisation and development of 
decision support tools. Optimization 
and better efficiency (pest, disease, 
water) 

Farmers poorly equipped to collect 
biomass  
 
 
 

Estimated 
evolution from 
the current net 

amount 

 
80 to 100%  

 
50%  

 
Corn stover is particularly affected by the impacts of the climate change and 
regulatory measures on corn crops.  
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 Wheat and barley chaff 
 

Table 19: scenarios for wheat and barley chaffs 
Parameters Best scenario  Worst scenario  

AGRONOMICAL  

Genetic progress / Selection of 
varieties: increase grain and straws 
yield  
 
 
Conservation agriculture and 
Simplified Cultivation Techniques 
(TCS)  currently concerns 4% of 
wheat surfaces(source: Agreste) 

Genetic progress / Selection of varieties: 
global increase of grain yield, but decrease in 
straws yield: shortening in order to reduce 
lodging  
Development of conservation agriculture and 
Simplified Cultivation Techniques (TCS)  
crops residues left in the field   
Increase in pests and diseases due to 
successive prohibitions of pesticides.  

CLIMATE  
 

Inter-annual variations in yields  
 

Increase in inter-annual variations in yields: 
climate deregulation (increase in water 
stress, late spring frosts)  
Decrease in crop quality  

 
 
 
 
REGULATORY  
 

Nitrate Directive Fertilization: form 
and maximum amount of nitrogen 
applied and spreading planning as at 
present 
 

 

Decrease in the use of pesticides and 
fertilizers, change in quantities and dates of 
inputs  decrease in yields  
"4 per 1000" - carbon sequestration in 
agricultural soils 
COP23: winter cover, no export of residues 
Enforcement of a Soil Directive 
Extension of ecological interest areas (SIE in 
French) - Wildlife protection areas, flora, bird 
habitat and migration areas 
Legume integration in the rotation 

COMPETITIVE 
USES   

Decrease in breeding  
 

Competition for fodder due to climatic events 
Multiplication of the number of methanization 
units 
Building biomaterials (RT2018) 
Energy production (cogeneration units) 

SOCIAL 
/ECONOMIQUE 

Farmers’ interest in recovering a 
biomass deposit and valuing it 
economically 
High wheat purchase price to farmer  

Farmers are not interested in valuing their 
biomasses   
Low wheat purchase price to farmer  
High biomass harvesting cost 

TECHNICAL  

Development of Box-on-Combine 
Harvester - Increase in the 
equipment rate of farmers 
Increase in pooling of equipment  

Farmers poorly equipped to collect 
biomass  

Estimated 
evolution from 

the current 
amount 

 
80 to 100%  

 
Maximum 50%  

 
Wheat and barley chaff are particularly dependent on harvesting techniques and 
competitive uses.  
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 Sunflower stovers  
 

Table 20: scenarios for sunflower stover 
Parameters Best scenario Worst scenario 
AGRONOMICAL  
 

Genetic progress / Selection of 
varieties: increase grain and straws 
yield  
 
 
 
 
Conservation agriculture and 
Simplified Cultivation Techniques 
(TCS)  currently concerns 2% of 
sunflower surfaces (source: Agreste)  

Changes in crop production activities  
integration the rotations of these new 
crops (spelled, quinoa, pea, soybean, 
chia, lentil, bean)  decrease of 
sunflower surfaces  
Increase in pests and diseases  
reduction of grain and biomass yield due 
to successive prohibitions of pesticides.  
Development of conservation agriculture 
and Simplified Cultivation 
Techniques(TCS)  residues must be 
left in the field  

CLIMATE  
 

Water stress  competition for 
water according to the least 
impacting warming trend 
 
 
 
 
 
Inter-annual variations in yields  

Water stress  competition for water 
according to the worst impacting warming 
trend 
Rainy Autumn  decrease in soil bearing 
capacity 
Increase in extreme weather events 
(frequency and intensity) 
Increase inter-annual variations in yields 
(grain and biomass)  

 
 
 
 
REGULATORY  
 

Disappearance of Wood pigeon areas  Maintaining or enlargement of Wood 
pigeon areas: residues left on the ground 
uncrushed and not buried  
"4 per 1000" - carbon sequestration in 
agricultural soils 
COP23: winter cover, no export of residues 
Enforcement of a Soil Directive 

COMPETITIVE 
USES   

No competitive uses  Project: medula as insulation materials for 
the constructions  
Building biomaterials (RT2018) 
Energy production (cogeneration units) 

SOCIAL 
/ECONOMIQUE 

Farmers’ interest in recovering a 
biomass deposit and valuing it 
economically 
High sunflower purchase price to 
farmer  

Farmers are not interested in valuing their 
biomasses   
Low sunflower purchase price to farmer  
High biomass harvesting cost 

TECHNICAL  Increase in pooling of equipment 
Development of new harvesting 
machine 
Robotisation and development of 
decision support tools. Optimization 
and better efficiency (pest, disease, 
water) 

Farmers poorly equipped to collect 
biomass  
 
 
 

Estimated 
evolution from 

the current 
amount 

 
80 to 100%  

 
50%  

 
Sunflower stover is particularly affected by competitive uses. In case of success of the 
insulation project, OVALIE sees an opportunity to valorise the bark of sunflower 
stovers for the project.  
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 Sunflower stover barks  

 
The availability of sunflower stover barks as an industry residue is dependent on a sunflower 
stovers harvest project for insulation.  
 

Table 21: scenarios for sunflower barks 
Parameters Best scenario Worst scenario 
COMPETITIVE 
USES   

Competitive price can be offered to 
the producers  
No competitive uses 

Energy production (cogeneration units) 
Other competitive uses  

Estimated 
evolution from 

the current 
amount 

 
100%  

 

 
0%  

 
 
 Sweet corn residues  
 

Table 22: scenarios for sweet corn residues 
 Best scenario Worst scenario 

COMPETITIVE 
USES   

Competitive price can be offered to 
the producers  
No competitive uses 

Increase competitive uses 
Multiplication of the number of methanization 
units 
Energy production (cogeneration units) 
Animal feed  
Other competitive uses  

Estimated 
evolution from 

the current 
amount 

 
100%  

 

 
0%  

 
The availability of sweet corn residue is only dependant on competitive uses. It means 
that the suppliers will engage with the clients making the best commercial offer.  
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Environmental assessment 
 
The objective of the EIA approach is to evaluate the impacts of a 2G bioethanol 
production plant on the environment. This assessment is performed in 3 steps by 

• Identifying environmental priorities  
• Identifying current environmental impact of agriculture and forestry activities 
• Defining mitigation actions to reduce negative additional impacts of removing 

biomass  
 
Environmental issues at regional level 
 
Biodiversity - Natura 2000 
 
Natura 2000 is a network of nature protection areas in the territory of the European Union. 
Natura 2000 is the key instrument to protect biodiversity in the European Union. It is an 
ecological network of protected areas, set up to ensure the survival of Europe's most 
valuable species and habitats. It is made up of Special Areas of Conservation (SACs) and 
Special Protection Areas (SPAs) designated respectively under the Habitats Directive and 
Birds Directive. Natura 2000 protects around 18% of land in the EU countries.  
 
The map below is an overview of the protected sites in South West of France, including 
Natura 2000 sites. 
 

 
Figure 37: overview of protected sites (biodiversity) in South West of France 

 (source: Solagro)  
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As one can see on this map, the studied area is not much concerned by protected 
sites except for some areas in the department of Landes and in the Pyrenean foothills.  
 
Water issues 
 
European Water Framework Directive  
 
The Water Framework Directive (Directive 2000/60/EC of the European Parliament and of 
the Council of 23 October 2000 establishing a framework for Community action in the field of 
water policy) is a European Union directive which commits European Union member states 
to achieve good qualitative and quantitative status of all water bodies (including marine 
waters up to one nautical mile from shore) by 2015. It is a framework in the sense that it 
recommends steps to reach the common goal rather than adopting the more traditional limit 
value approach. The Directive aims for 'good status' for all ground and surface waters (rivers, 
lakes, transitional waters, and coastal waters) in the EU. The ecological and chemical 
statuses of surface waters are assessed according to the following criteria: 

• Biological quality (fish, benthic invertebrates, aquatic flora) 
• Hydromorphological quality such as river bank structure, river continuity or substrate 

of the river bed 
• Physical-chemical quality such as temperature, oxygenation and nutrient conditions 
• Chemical quality that refers to environmental quality standards for river basin specific 

pollutants.  
 

These standards specify maximum concentrations for specific water pollutants, including 
pollutants from agricultural activities: nitrates, pesticides, etc. If even one such concentration 
is exceeded, the water body will not be classed as having a “good ecological status” and land 
uses or local practices must be changed.  
 
Water pollution with pesticides 
 
The presence of pesticides is widespread in France. Only a few mountainous areas are 
untouched. The highest concentrations are in areas of field crops, and of arboriculture and 
viticulture. 
When they reach groundwater, pesticides can persist for decades; these substances being 
stable to very stable in water. 
The maps below show the level on contamination of surface and underground waters by 
pesticides.  
One can see that the studied areas are particularly concerned by the water 
contamination with pesticides. 

https://en.wikipedia.org/wiki/Surface_water
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Figure 38 (Source: agences et offices de l’Eau; BRGM, banque ADES et BDLisa ; Meem, 

BDCarthage - Traitements: SOeS, 2017) 
 
The « Ecophyto » plan is an initiative started in 2008 led by the Ministry of Agriculture, Agri-
Food and Forestry. It aims to gradually reduce the use of pesticides in France, while 
continuing to ensure a high level of production both in quantity and quality 
To achieve this, tools have been put in place, for example: 

• Farmers’ awareness of the responsible use of pesticides: “Certiphyto” (certificate 
attesting to sufficient knowledge to safely use pesticides and to reduce their use), 

• Creation of a network of pilot farms to share best practices, 
• Publication in each Region of “plant health” bulletins that alert producers to the arrival 

of parasites, 
• Implementation of a control program for all sprayers that are used for the application 

of phytosanitary products, 
(Source : http://agriculture.gouv.fr/le-plan-ecophyto-pour-reduire-lutilisation-des-produits- 
Phyto sanitaires-en-france) 
 
Water pollution with nitrates 
 
The Nitrates Directive (1991) aims to protect water quality across Europe by preventing 
nitrates from agricultural sources polluting ground and surface waters and by promoting the 
use of good farming practices (including in some areas: recommendations for crop residues 
management. The Nitrates Directive forms an integral part of the Water Framework Directive 
and is one of the key instruments in the protection of waters against agricultural pressures. 
Implementation of this Directive requires:  

• Identification of water polluted, or at risk of pollution;  
• Designation as "Nitrate Vulnerable Zones"(NVZs) of areas of land which drain into 

polluted waters or waters at risk of pollution and which contribute to nitrate pollution.  
• Establishment of action programmes to be implemented by farmers within NVZs on a 

compulsory basis. 
As already seen earlier in the report, the south west of France is much concerned by 
the application of this directive which has a negative impact on the recovery of crop 
residues. 
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Water restriction 

 
In 2015, 2016 and 2017, major droughts were observed in France which impacted the 
yields of non-irrigated summer crops, and in certain areas limited the quantity of water 
for irrigated cultures. The map below presents the regions with water restrictions in 
2017. One can see that the South West of France was concerned with such 
restrictions. 
All agricultural sectors were affected by the phenomenon: livestock, grains and oilseeds. 
Policies restricting the use of water are applied in case of event of lack of rainfall and decline 
of river flows. Thresholds involving restriction measures are defined locally by the Prefects. 
This facilitates the reaction in a crisis situation, and allows transparency and consultation 
between the different users of the same sector. Policies must determine priority uses, in 
particular health, civil security, the supply of drinking water and the preservation of aquatic 
ecosystems. The water use limitations are progressive (according to the defined thresholds: 
survey, alert, reinforced alert, crisis) and adapted to the different users. 
 Domestic use: sensibilisation and limitation of uses for the watering of the lawns, the 
washing of cars, the filling of the swimming pools, until the total prohibition of this type of use 
(except use potable water). 
 Agriculture (80% water pumping between June and August): prohibition to irrigate 1 day a 
week, several days a week until the total prohibition of irrigation. 
Industry: Specific measures were taken on the most consuming plants. They impose a 
gradual reduction of activity, the recycling of certain wastewaters and modification of certain 
practices. 
(Source:http://propluvia.developpementdurable.gouv.fr/propluvia/faces/public/mesuresRestrictions.jsp) 

 

 
Figure 39: water restrictions in France in 2017 
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Figure 40 

 
It is worth mentioning that 22% of all surfaces are irrigated in the South-West of France 
mainly for the cultivation of corn(source: Agricultural Census - Agreste 2010)and that in the areas 
with most restrictions the yields decreased in the last decade as one can see on the map 
below.  
 

 
Figure 41 
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Soil issues 
 
Proposal for a Soil Framework Directive 
 
In the studied territory, soil is increasingly degrading. Erosion, loss of organic matter, 
compaction, and contamination have negative impacts on natural ecosystems and climate. 
The continued unsustainable use of soils is compromising the biodiversity and climate 
change objectives. 
The European Commission adopted a Soil Thematic Strategy (COM (2006) 231) on 22 
September 2006 with the objective to protect soils across the EU. While the Commission in 
May 2014 decided to withdraw the proposal for a Soil Framework Directive, the Seventh 
Environment Action Programme, which entered into force on 17 January 2014, recognises 
that soil degradation is a serious challenge. It provides that by 2020 land is managed 
sustainably in the Union, soil is adequately protected and the remediation of contaminated 
sites is well underway and commits the EU and its Member States to increasing efforts to 
reduce soil erosion and increase soil organic matter and to remediate contaminated sites.  
(source: http://ec.europa.eu) 
 
Initiative "4‰" 
 
The international initiative "4‰" sets up by France on 2015 during COP 21 (United Nations 
Climate Change Conference) concerns all public and private voluntary actors in the 
framework of the Lima-Paris Action Plan. 
The initiative aims to show that agriculture, and in particular agricultural soils, can play a 
crucial role for food security and climate change. 
An annual growth rate of carbon stock in soils of 0.4% (i.e. 4 ‰ per year), would halt the 
increase in the concentration of CO2 in the atmosphere. 
The increase in carbon stock in agricultural and forest soils is a major lever for improving soil 
fertility and agricultural production and helping to meet the long-term goal of limiting rising 
temperatures to + 2°C; threshold beyond which the consequences of climate change would 
be significant, according to the IPCC (Intergovernmental Panel on Climate Change). 
The "4 ‰" Initiative is voluntary: it is up to each member state to define how they contribute 
to their objectives. 
Every year, 30% of the CO2 emitted is recovered by the plants because of the 
photosynthesis. During plants decomposition, soil organisms turn them into organic matter. 
This organic matter, rich in carbon, is essential for its composition in water, nitrogen, and 
phosphorus, essential for plants growth. 
Increasing the carbon content by 0.4% in the first 30-40 cm of soil would halt the annual 
increase in CO2 in the atmosphere. 
Policy measures will be put in place to encourage agro-ecological practices that increase the 
amount of organic matter in soils and meet the target of 4 ‰ per year: 

• Not leaving bare soil (cover crops in intercrop) 
• Less tilling the soil (no plowing)  
• Spreading of manure and compost 
• Planting trees and hedges 
• Introducing vegetables in rotations. 

 
The accumulation of carbon in soils would continue 20 to 30 years after the implementation 
of good practices for a sustainable effect. (source:https://www.4p1000.org/fr) 
 
 
Environmental Impact Assessment (EIA) on studied areas 
 
Methods and indicators 
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The assessment is performed in several steps: 
1. The state of the environment of the case study area. It is useful to have a vision of the 

environmental situation on different themes. It helps to identify the main current 
environmental issues and what the priorities will be for each case study. (6.1 Focus 
on three main environmental priorities for south west of France: biodiversity, water 
and soil)  

2. Current pressure and the impact of agricultural practices on the environment. The 
starting point is a description of current agricultural practices, forest management and 
land use (described in previous sections). At this stage, the environmental impacts of 
agricultural or sylvicultural practices (without the biorefinery project) can be observed 
by cross-referencing the state of the environment data and current practices. It 
defines the reference situation. 

3. It is assumed that the removal or production of biomass for a 2G-Ethanol plant would 
have additional impacts on the environment. The additional impacts of biomass 
production and / or the removal of the linked 2G-Ethanol plant are assessed by 
comparing the "baseline situation" and the "2G-ethanol situation".   

 
At the end, mitigation measures are proposed to reduce the identified environmental impacts. 
 
Results 
 
The table below is a review of the impacts resulting from the exportation, transport, 
conditioning and storage of crop residues, on environmental indicators and the mitigations 
perspectives whenever applicable. Colour code goes from green positive, through yellow 
neutral and red negative. 
 
The pressures on the environment caused by intensive cropping systems to reach optimal 
yields with mechanization, mineral fertilizers, water, pesticides…) are high. Since the South 
West of France is particularly sensitive to threats coming from erosion, soil organic content, 
water quality and quantity, the recovery of crop residues for other uses than soil maintenance 
will be limited somehow unless mitigation measures and new cultivation practices are applied 
in the future.  
The supply of the biomass to the ethanol production plant should result in low-level negative 
impacts on the environment as long as the transportation is limited to short distances. The 
impact of the supply of biomass on the environment will be calculated when studying a 
business case and integrated in the Life Cycle Assessment of the production plant.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 24: criteria and indicators to describe additional pressures of farming practices linked 

to biomass removal 
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Environment indicators Biomass picking 
on field Transport Treatment Storage Mitigation 

Soil 

Organic matter  NC NC NC 

 Maximum exportation rate for crop residues (Cf. agronomical potential)  
 Organic inputs (digestate, manure, slurry, fertilizer and compost) 
 CIMS (Culture Intermédiaires Multi-services): intermediate crop which 
produce various ecosystem services. 
 No tillage.  

Erosion  NC NC NC 

 Trace-eraser: vibrating teeth that are located at the back of an 
agricultural machine. They aim to level the soil. 
 Twin wheels are used to reduce the pressure on the ground. 
Organic inputs (digestate, manure, slurry, fertilizer and compost) 
 CIMS 
 No tillage 

Compaction  NC NC NC 

 Trace-eraser 
 Twin wheels  
 Organic inputs (digestate, manure, slurry, fertilizer and compost) 
 CIMS 

Biodiversity  NC NC NC 
 Agroforestry 
 Buffer zone and hedges 
 CIMS  

Water 

Quantity / 
availability  NC NC NC 

 Agroforestry 
 Buffer zone and hedges 
 CIMS 
 Decision support tool 

Surface water 
quality  NC NC NC 

 CIMS 
 Trace-eraser 
 Twin wheels  

Ground water 
quality  NC NC NC 

 CIMS 
 Trace-eraser 
 Twin wheels 

Climate GES  - - - 
 Use of renewable energies for all actions necessary for the biomass 
removal (agricultural machinery / transport / processing and storage) 
 CIMS 

Inputs  
Petroleum  - - - Use of renewable energies 

Weed control  NC NC NC  
NC: Not concerned  
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Conclusions and perspectives 
 
Lignocellulosic biomasses such as crop, forestry and agro-industrial residues are known to 
be potential sources for the production of energy and biofuel. The South-West of France, 
territory of the two cooperatives Maïsadour and Vivadour represented by OVALIE, is 
characterized by a great diversity and dispersion of crops, livestock and forest, and various 
agro-industrial production plants. Corn, wheat, sunflower and pine trees are the dominant 
cultures in this territory. 
 
OVALIE has investigated the amounts of lignocellulosic biomasses that could be available for 
the production of 2G bioethanol in the areas with lands cultivated by the farmers of the 2 
cooperatives. Such amounts of biomasses would represent the feedstock directly 
accessible by the cooperatives if the techno-economical and environmental feasibility 
of producing 2G bioethanol would be demonstrated.  
 
The evaluation of the feedstock was performed in different steps after identifying the true 
amounts that could be recovered taking into account the harvesting and storing techniques 
and conditions, the requirements for soil maintenance and the competitive uses out of the 
field. At the beginning of the selection process, feedstock that could not provide 100,000 t 
equivalent dry biomass (DM) per year were eliminated and at the end of the process only the 
preselected feedstock that could achieve 30,000 t DM per year in a short catchment area of 
50 km radius were considered as potential feedstock for the supply of a 2 G bioethanol 
production plant.  
 
The results demonstrate that from large initial volumes of produced biomasses much 
smaller shares were available at the end of the study.  
 
For wheat and barley straws, all the exported biomass is currently used for livestock 
feeding and littering. So from the initial harvestable quantities of 1,165,000 t equivalent 
DM none is available for other uses. The reduction of the livestock activity in the region is 
the main perspective that could allow recovering some biomass for other uses. 
 
For corn and sunflower stovers, the initial volumes of harvestable biomass are 
reduced by a coefficient of 53 % to 26 % in the worth case depending on the soil 
conditions in terms of organic matter contents. 
 
For corn stover the volume decreases from 2,140,000 to 740,000 t DM per year net 
available amount and for sunflower stover from 452,000 to 141,000 t DM/y. It is worth 
mentioning that such levels are still available because currently they are no competitive uses 
for these biomasses if they are exported.  
 
However in the near future at horizon 2035, further reductions in the current available 
amounts are foreseen due to agronomical, climate, regulatory, socio-economical and 
technical considerations which in the worse cases could divide the current net 
available amounts by 2.  
 
Still, corn stover would be a good candidate for a sustainable supply of 370,000 t DM 
per year. 
 
For sunflower stover, the quantity could be further reduced if a new perspective of 
using the medulla of the stems as insulating material for construction was 
demonstrated viable. Still, the remaining barks would be available for other uses. 
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The first requirement to qualify the feasibility of a feedstock is the amount of biomass. 
The cost of supply is then the second parameter that allows assessing the feedstock 
potential as a raw material for the production of 2G ethanol. 
 
Corn and sunflower stovers are generally not harvested and currently the costs are probably 
not optimized. Moreover, these crops are harvested in autumn and the moisture rates are 
much higher than for cereal straws collected in the summer.  
 
The total cost of supplying corn and sunflower stovers varies with the harvesting techniques. 
The table below is a summary of the estimated costs including the harvesting, transportation 
(50km), conditioning and storage. Although using the same harvesting technique, Costs are 
higher for sunflower stover because of the lower yield per ha due to the lower density of the 
biomass. Crusher-sawther-baler is cheaper but an additional preliminary step of cleaning the 
biomass is necessary in the processing plant and will add cost to the process. 
 
Biomass With forage harvester With crusher-sawther-baler 
Corn stover (€/t DM) 76-103 36-55 
Sunflower stover (€/t DM) 136-182 55-82 

 
The best alternative might come with the combination of other identified smaller 
potential feedstock from agro-industrial activity where the residues are already 
collected and available at the plant which will lead to lower supplying costs.  
Sweet corn residues from the production of sweet corn processing plants in the 
South-West of France could be a good candidate with a potential supply of 30,000 t 
DM per year at an estimated delivery cost of 77 €/t DM.  
 
Although considerably reduced, corn stover is the most potential feedstock in the 
studied area for the production of 2G ethanol and can be considered as the best 
candidate for the business case study. Further investigation is necessary to define an 
optimised scenario for the deployment of production plants taking into account the 
best strategy for logistics in order to minimize the supply cost of the biomass.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



BABET-REAL5 – Deliverable D4.2 – Part 3 OVALIE 

Ovalie Page 74/75 

Bibliography  
 
Articles  
 
• AGRESTE, 2010. Memento Occitanie et Nouvelle Aquitaine de la statistique agricole, 

26p. 
• AGRESTE, 2014. Agreste Les Dossiers. Enquête sur les pratiques culturales 2011 

principaux résultats, 21 : 17 – 18. 
• AGRESTE, Chambre d’Agriculture, 2016. Rapport annuel 
• ITAB, 2011. Rotations pratiquées en grandes cultures biologiques en France : état des 

lieux par région, 9 – 10. 
• Agreste, RICA, 2017. Analyses & Résultats Juin 2017 numéro 42 
• CITEPA, 2013. Méthodologie d’estimation des quantités de matière sèche et d’azote 

contenues dans les résidus de culture en France 
• UNIFA, 2009. Fiches ferti pratique, exporter les pailles conséquences pour la 

fertilisation, 14: 4p. 
• ADEME, Solagro, Inddigo, 2013. Estimation des gisements potentiels de substrats 

utilisables en méthanisation 
• ADEME. IFN, FCBA, SOLAGRO, 2009. Biomasse forestière, populicole et bocagère 

disponible pour l’énergie à l’horizon H2020 Rapport final, 59 – 61. 
• ADEME, France AgriMer, 2017. Mobilisation de la biomasse agricole du champ à 

l’usine, quelles recommandations pour réduire les charges logistiques ? Etude menée 
sur les filières combustion, méthanisation et matériaux biosourcés, 142p. 

• Biocore project, 2013. BIOCOmmodity REfinery. D 7.7: Final report on SWOT analysis 
and biomass competition. Grant agreement no. : FP7-241566  

• FCBA, 2007. Fiche n°756 Information Forêt n°3 Récolte des branches et des souches 
en vue d’une valorisation énergétique.  

• Bruno Godin, 2010. Détermination de la cellulose, des hémicelluloses, de la lignine et 
des cendres dans diverses cultures lignocellulosiques dédiées à la production de 
bioéthanol de deuxième génération Biotechnol. Agron. Soc. Environ. 2010 14(S2), 549-
560  

• Burton and Turner, 2003. Manure management, treatment strategies for sustainable 
agriculture  

• Thecle V.La France Agricole, Octobre 2004. L’exportation de la paille en assolement 
céréalier  

• Gis Sol – Inra – SOeS, 2010. Risk erosion by small agricultural region and by season.  
• Chambre Régionale Agriculture Occitanie, CERFRANCE, 2017. Agriscopie, 56p. 
• FRANCE AgriMer, 2016. Observatoire national des ressources en biomasse – 

Evaluation des ressources disponibles en France, 126p. 
• Gis Sol-INRA-SOeS 2011 
• Gis Sol 2013 – d’après Meersmans et al.,2012. Traitements SOeS 2013 
• INRA, BDGSF à 1/1000000, 1998, Traitements: SOeS, 2014.  
• GIE Arvalis/Onidol, Céline Laboubée, 2007. Retour au sol des matières organiques 

nécessaire au maintien en état en sols agricoles  
• INRA, Le Villio, Arrouays, Deslais, Daroussin, Le Bissonnais, Clergeot, CReeD, 2001. 

Etude et Gestion des sols  
• Cop21, Lelochoisroule déjà pourleclimat. La Renaissance Lochoise, décembre 2015.  
• PEREL CA, CUMA, 2015. Barème d’entraide – Matériels 2015-2016, Tarifs moyens 

par type de chantier.  
• Union Nord des experts fonciers, 2017. Poids et volumes 
• OCEOL, AGPM, GAO, 2015. Potentiel biomasse cellulosique Etude éthanol 

cellulosique usine 2gAbengoa Bionergy Biomass France (Lacq)  



BABET-REAL5 – Deliverable D4.2 – Part 3 OVALIE 

Ovalie Page 75/75 

• PNRB –ECOBIOM (Programme National de Recherche sur les Bioénergies), 2009. 
Une approche socio-économique et environnementale de l’offre de biomasse 
lignocellulosique, Projet ANR-05-PNRB-BIOE-18, volet1 Analyse micro économique et 
environnementale de l’offre de biomasse lignocellulosique agricole et forestière, 
livrable 11-2, 52p. 

• Chambre Agriculture Hauts de France, 2017. Barème paille et fourrages de l’Oise, 3p. 
• Alter’énergies, Chambre d’agriculture d’Indre-et-Loire, 2017. Diagnostic du Pays de 

Loire Nature Touraine pour le développement de micro-filières d’agromatériaux  
• Hélène Lenormand, Angélique Mahieu, Nathalie Leblanc, Alexandre Vivet, 2014. 

Nouvelles agroressources pour panneaux de particules 100% biosourcés. Colloque 
Ecomatériaux Montpellier, France 

• Région Occitanie, 2017. Etat des lieux sur les ressources et les milieux aquatiques de 
la région Occitanie / Pyrénées – Méditerranée, document de synthèse, 28p.  

• Agence de l’eau Adour-Garonne, 2014. Synthèse Garonne 2050-Etude prospective sur 
les besoins et les ressources en eau, à l’échelle du bassin de la Garonne 

• Agences et offices de l’Eau; BRGM, banque ADES et BDLisa ; Meem, BDCarthage - 
Traitements: SOeS, 2017 

• IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical 
Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. 
Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. 
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 

 
Web sites : 
 
• Data.gouv.fr : Plateforme ouverte des données publiques françaises URL 

https://www.data.gouv.fr/fr/ 
• Cartes de France : Départements Régions Villes – Cartes de France URL 

http://www.cartesfrance.fr/ 
• METEO France. URL meteofrance.com. 
• Larousse.fr : Encyclopédie et dictionnaires gratuits en ligne URL http://www.larousse.fr/ 
• Maschinenfabrik Bernard Krone GmbH & Co. KG http://krone.fr/ 
• Michelin France: Pneus pour autos, SUV, 4X4, utilitaires https://www.michelin.fr/ 
• Menue paille – ETS Thiérart https://www.menuepaille.fr/ 
• Les services de l’état dans le Gers http://www.gers.gouv.fr/ 
• Arvalis: Toute l’info pour gérer son exploitation agricole https://www.arvalis-

infos.fr/index.html 
• Alim’agri, le site du Ministère de l’agriculture et de l’alimentation. Ecophyto 2018 

http://agriculture.gouv.fr/le-plan-ecophyto-pour-reduire-lutilisation-des-produits-
Phytosanitaires-en-france 

• Agri-réseau: Le savoir et l'expertise du réseau agricole et agroalimentaire 
https://www.agrireseau.net/ 

• Réussir machinisme URL machinisme.reussir.fr/ 
• Propluvia, la consultation des arrêtés 

d’eauhttp://propluvia.developpementdurable.gouv.fr/propluvia/faces/public/mesuresRes
trictions.jsp 

• Initiative 4p1000 https://www.4p1000.org/fr  
 

http://krone.fr/


BABET-REAL5 – Deliverable D4.2 – Part 4 INIA Uruguay 

INIA Page 1 / 68 

 
 
 
 
 

 

 

 
 

               Horizon 2020 
                 Topic: LCE-11-2015 
                Type of action: RIA 
                 Project No. 654365 

 
 
 

Identification and selection of 
lignocellulosic biomass feedstock 

at regional level 

 
Deliverable 4.2 

 
 
 
 
 
 

 
 
 
 

Elaborated by: Cecila Rachid (Instituto Nacional de Investigación Agropecuaria) 
 



BABET-REAL5 – Deliverable D4.2 – Part 4 INIA Uruguay 

INIA Page 2 / 68 

Table of contents  
 
 
 
Understanding of agricultural, agro-industrial and forestry sectors at regional scale ........ 3 
Understanding of forestry at national and regional scale ............................................................. 4 
Climate and soil issues at regional scale .................................................................................... 9 
Agronomical approach and socio-economic approach .............................................................. 10 
Field and agro-industry residue characterization and logistic issues ......................................... 12 
 

Main flow of biomass, upstream selection process and mapping ...................................... 15 
Lignocellulosic biomass quantification at regional level - Theoretical biomass potential ............ 15 
Upstream biomass selection process ........................................................................................ 17 
Mapping of the preselected biomasses ..................................................................................... 19 
First regional workshop ............................................................................................................. 20 
 

Biomass quantification: from theoretical potential to non-competitive potential .............. 24 
Agronomical Potential ............................................................................................................... 24 
Technical and non-competitive potential ................................................................................... 32 
 

Logistic and operational costs .............................................................................................. 36 
Logistic and seasonality ............................................................................................................ 36 
Operational cost from harvest to plant gate ............................................................................... 40 
 

Risk assessment ..................................................................................................................... 43 
Current risk assessment ........................................................................................................... 43 
Near future risk assessment ..................................................................................................... 50 
Scenarios for the horizon 2035 ................................................................................................. 52 
 

Environmental assessment .................................................................................................... 57 
Environmental Issues at regional Scale .................................................................................... 57 
Environmental Impact Assessment (EIA) on studied areas ....................................................... 59 
 

Conclusions and perspectives .............................................................................................. 61 
 
 
 
 
 
 
 
 
 



BABET-REAL5 – Deliverable D4.2 – Part 4 INIA Uruguay 

INIA Page 3 / 68 

Understanding of agricultural, agro-industrial and forestry 
sectors at regional scale 
 
Scope and objectives 
 
In the former project Babethanol, forest field residues of 4 eucalypt species and 1 pine species 
were evaluated as candidates for ethanol feedstock in Uruguay (Hilbert et al., 2013). These 
results agree with other projects’ results that highlighted the potentialities of theses forest 
biomasses as energy sources in lands that cannot be used for food production (Vázquez et al., 
2012, Carrasco-Letelier et al., 2013, Resquin et al., 2014, 2015). Additionally, Babethanol 
Project’s results showed that values of chemical characteristics of Eucalyptus grandis, 
Eucalyptus dunnii, Ecucalyptus gobulus sp. globulus, and Eucalyptus globulus sp. maidenii, 
were suitable for the selected processes of biomass pretreatment and ethanol production. Also, 
it was observed that Eucalyptus grandis is managed with pruning and thinning, yielding more 
residues, in longer and more sustainable rotation. For those reasons, Eucalyptus grandis 
plantations located in the Departments of Rivera and Tacuarembó (Figure 1) were chosen to be 
further analyzed in project BABET-REAL5. In the following points a characterization of forestry in 
Uruguay and the chosen region, followed by the mapping and projections of residues amounts 
for the next 25 years are presented.  

 
Figure 1. Priority soils for forestry and afforested areas with selected region (FAO et al., 2015). 
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Understanding of forestry at national and regional scale 
 
Results from national data bases 

The afforested area in Uruguay (Figure 1) had a huge growth since the forestry law provided 
legal and tax incentives to the sector in the final part of 1980's decade. Until that moment the 
country had almost 40,000 ha planted with commercial species, maintaining this area more or 
less stable during many decades before the 80's. But after the Government incentives were 
passed, the forest surface increased until the current 1,000,000 ha (Figure 2). It is expected that 
the growth would continue at the same rate in the next years (DIEA, 2016).  

 

 
Figure 2.Accumulated planted area (SPF, 2017) 

 
Most of the afforested surface is planted with the genera Eucalyptus and Pinus in a ratio of 65% 
and 35%, respectively. The most planted Eucalyptus species are: E. grandis, E. globulus and E. 
dunnii, which are used mainly for pulp mills. Approximately 80,000 ha of E. grandis are situated 
in Rivera, Tacuarembó and Paysandú, and oriented to saw log and plywood production (mainly 
in Rivera and Tacuarembó).  
Pinus species (P. taeda and P. elliottii) are planted in the North (Departments of Rivera and 
Tacuarembó), and West (Department of Paysandú), and most recently in the East (Cerro Largo 
and Treinta y Tres). Pine plantations are mainly oriented for saw logs and ply logs.  
Soils with certain characteristics were prioritized for forestry by the Forestry Law (1989). The 
area of priority soils for forestry has undergone a series of changes in the last decade. Currently, 
the forest priority soils area is 4,420,000 ha, which represents 25% of the national agriculture 
soils. The current area under commercial forest plantation is 6% (Figure 1). 
Regarding land distribution among foresters, there is a variety of ownership sizes (Figure 3). But 
almost 50% of the planted area is owned by 3 companies: UPM/Forestal Oriental, Montes del 
Plata, and Lumin.  
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Figure 3. Land distribution of forest owners: number of forest owners (in bold), and hectares. 

(Gabinete Productivo, 2009). 
 
The main destinations of wood are elemental chlorine free (ECF) pulp mill production (for 
cellulose and paper), saw logs, plywood, and bioenergy (thermoelectric generation). Most of 
production is exported. Furthermore, both eucalyptus and pine logs are exported. In 2016, 
cellulose ranked second among the country’s exports (15%), after beef (17%), whereas soy 
remained in third place (10%). The increase of cellulose exports compared to other wood 
products is depicted in Figure 4.  
 

 
Figure 4. Uruguayan forest exports in millions of USD (Uruguay XXI, 2015. Based on information 

provided by the National Customs Authority, DNA). 
 

Regarding the primary forest sector gross domestic product (GDP), including forestry, logging, 
and related services, the Central Bank of Uruguay has registered an average growth rate of 
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6.5% in a rising trend during the last decade (Figure 5). However, the sector share in the overall 
GDP of the economy has remained around 0.5 and 0.6%.  
Regarding the industry, the added value has shown an upward trend going from 1.3% to 3.1% 
since the beginning of the last decade until 2014 (Figure 5). This increment can be explained 
mainly by to the installation of UPM´s pulp mill in 2007, and the Montes del Plata pulp mill in 
2014.  
 

 
 

Figure 5.Forestry, logging and related services GDP (left), and GDP forestry complex industrial 
stage (right). (Index 2002 =100). Source: Uruguay XXI, 2015. 

 
Forest patterns at a regional scale 
 
The region chosen for the project BABET-REAL5 is located in the North of the country (30°11' ~ 
35°1' S, 53°23' ~ 58°26' ) covering 176,215 km2. It borders with Brazil and comprise the 
Departments of Rivera and Tacuarembó. The main socioeconomic characteristics of the region 
are depicted in Table 1 below. 
 

Table 1.  Regional socioeconomic characteristics (Source: Censo, 2011) 
 

Descriptor  Rivera Tacuarembó Total 

Area (km2) 9.370 15.969 25.339 

Urban population 95.871 80.391 176.262 

Rural population 7.602 9.660 17.262 

Number of holdings 
by business size 
(farming) 

<5 ha 59 90 149 

5-99 ha 940 1.018 1.958 

100-999 ha 888 1.088 1.976 

1.000-10.000 ha 189 423 612 

>10.000 ha 7 3 10 
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The main agroindustry activities in this region are: cattle, forestry, rice and dairy products. 
(Figure 6). There is an important slaughter house, big to small sawmills and one plywood mill, 
rice processing mills and small to medium dairy products facilities. Rice and forestry industries 
articulate regionally whereas the other activities remain at a department level. 

 

 
Figure 6. Agricultural regions based on information corresponding on information corresponding 

on the Agricultural Survey, 2011 (DIEA, 2016) 

Wood industry and afforestation have had a sustained growth, increasing the processing 
capacity in the region, therefore leading the region to become one of the most important centers 
for wood production and industrialization of the country. This sector in expansion comprises 
mainly foreign investors. Plantations in Rivera and Tacuarembó cover almost 200.000 ha 
according to the Forestry Directorate (DGF). A description of the proportion of species planted in 
the region is shown in Table 2. 
 

Table 2. Planted area by species and region (DGF, 2012) 
 

Species 
Planted area(ha) 

Rivera Tacuarembó Total 

Pinus taeda 
Pinus elliotii 70,233 58,335 128,568 

Eucalyptus grandis 
Eucalyptus dunnii 
Eucalyptus saligna 

43,160 20,657 63,817 
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Eucalyptus 
globulus 1,340 3,026 4,366 

Total 114,733 82,018 196,751 

 
Five of the largest sawmills in the country are located in this region. While three of them are 
owned by foreign investors, two of them are owned by national investors. The production is 
mainly exported.  
 
Those industries are: 

• Lumin: the plywood mill is located in Tacuarembó and operating since 2006. The 
company owns plantations, both pine and eucalypts, in Rivera, Tacuarembó, Cerro Largo 
and Treinta y Tres. The milling production capacity is 120000 cubic meters (m3) of 
plywood per year. Industrial residues are used for electricity cogeneration of 10 Mw. This 
business was recently sold by Weyerhaeuser, a USA firm, to BTG Pactual a Brazilian 
investment bank.  

• Urufor: the sawmill is located in Rivera and operating since 1992. The group owns 
COFUSA, a company that owns plantations (mainly eucalypt) in Rivera. The sawmill 
produces high quality eucalyptus lumber and laminated scantlings. The consumption is 
around 360,000 m3 per year. The industry integrates a generation plant that utilizes the 
industry residues. 

• Tingelsur: the sawmill is located in Rivera and it has been operating since 2008, with 
some interruptions. It processes mainly pines from local third-parties plantations to 
produce lumber. The consumption is around 80000 m3/year. 

• Frutifor: the sawmill is located in Tacuarembó and started operating in 2016. It produces 
lumber under a flexible scheme, it consumes around 170000 m3/year of local pine wood 
from third-parties  

Besides those large industries, there are sawmills of medium and small size, as well as 
carpentries which sell mostly in the local market. Those are mostly family industries and use 
local pines and eucalypts, as well as imported wood (OPYPA, 2012). Some of these companies 
have problems to get the wood as raw material (Rodríguez Miranda, 2015). 
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Climate and soil issues at regional scale 
 
Climate 
 
According to the Köppen–Geiger classification (Kottek et al., 2006), the climate is temperate and 
humid without a dry season (Cfa). The region where Tacuarembó and Rivera are located is the 
one with the highest rainfall of the country.  Main climate characteristics of the region are shown 
in Table 3. 
 

Table 3. Climate characteristics of the region. 
 

Descriptor 
 

Climate variable 
(values corresponding to the period 1980-2009, Castaño et al., 2011) 

Rainfall 
(mm) 

Tempera-
ture (°C) 

Accumulated 
days with 

frosts 

Radiation 
hours.day-

1 

Annual air 
relative 
humidity 

(%) 

Penman- 
Monteith ETP 
(mm.month-1) 

Mean 1400 17.7 30 7 74 1100 

Maximum 1600 22.6 40 - 78 1200 

Minimum 1200 12.9 20 - 70 1000 
 
Soils 
 
According to the Soil Atlas of Latin America and the Caribbean, the main soils of Uruguay are 
Phaeozems, Leptosols, Vertisols, Acrisols, and Luvisols (Gardi et al., 2014). The national survey 
of Uruguayan soils uses a country-specific taxonomy (Fig. 7).  
In the region of interest, where most of commercial plantations occur, soils are acidic, low in 
base saturation, containing exchangeable aluminum, exhibiting significant textural differentiation 
between superficial and sub-superficial horizons, and deep (up to 1.5 to 3m). These soils are 
classified as Acrisols and Luvisols (Altamirano et al., 1976) that have developed on parent 
material of sandstone from the Tacuarembó or Rivera regions (MAP/DSF, 1976; Durán et al., 
2005).  On the eastern portions of the region, more fertile soils as Vertisols and Brunosols can 
be found, however those soils are not prioritized for forestry and are dedicated instead to 
agriculture and cattle. On the riverine and flood zones across the region, as in the country, 
Gleysols, Fluvisols, Luvic Brunosols and halomorphic soils can be found as small areas. 
The most important climax vegetation is perennial pasture, according to historical records of the 
natural state of this landscape; the vegetation was characterized by tall grass in most of this 
territory (Royo Pallares et al., 2005). 
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Figure 7. Soil taxonomy system of Uruguay according to Durán & García-Préchac (Carrasco-

Letelier & Beretta-Blanco, 2017) 
 

Agronomical approach and socio-economic approach 
 

Agronomical approach 
 
Description of forestry systems 
 
Definition 
 
A cropping system (Sebillotte, 1990) is the set of technical arrangements implemented on 
identically cultivated plots. Each system is defined by:  

• the nature of crops and their order of succession, 
• the technical procedures applied to these different crops, including the choice of 

varieties.  
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Regional approach / forestry systems 
 
At a regional level, companies can be classified according to their final products: pulp logs or 
saw logs, and the management regime varies according to the product. Although the area of 
plantations oriented to produce pulp logs has been growing, the majority of plantations are still 
oriented to produce saw logs. Therefore the management regimes for plantations oriented to 
produce saw logs are described.  
 
Foresters that manage plantations for saw logs have mainly three different profiles: small 
farmers, medium to large companies that are vertically integrated, and pension funds. Even 
though there are some differences among the management regimes (number of pruning, 
number of thinning, etc.), the main activities can be summarized as follows: soil preparation, 
plantation, pruning, thinning and harvest. Those tasks are applied in pines as well as eucalypts 
in the area with some variations between genera. However, as mentioned before only the 
management sequence for eucalypts will be characterized. The sequence of management 
practices of eucalypt plantations oriented to solid wood is depicted in Table 4. 
 

Table 4. Management regimes for eucalypts plantations (for saw log production) 
 

Operation Year Description 

Ants control  0-1.5 2 to 4 times 

Soil preparation 0 Plantation rows,  “minimum slope”, (subsoiler ripper), 
1 or 2 offset disk passes, mounding 

Plantation 0 800-1200 trees per hectare, manual or mechanized  

Fertilization 0 On plantation, prescription according to soil 
characteristic (i.e. 45 g/plant) 

Weed controls  0 to 2 Post-emergent previous plantation, pre-emergent on 
plantation and post-emergent 1or two times up to 
canopy closure  

Thinning 2 to 10 2 to 3 thinning depending on site quality and 
company purposes 

Pruning 2 to 10 2 to 3 pruning depending on site quality and company 
purposes up to 6.5 or 9 m 

Ants control (pre-harvest) 15-18 - 

Harvest 16-19 Cut-to-length or full-tree systems, depending on  
topography, density 
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Field and agro-industry residue characterization and logistic issues 
 

Residues characterization 
 
Dry matter of residues varies according to the fractions in the field as well as the industry 
residues. The proportion of those fractions suppose a different chemical composition of the total 
feedstock (Table 5), and for Eucalyptus grandis, proportions of those fractions comprising the 
residues´ bulk are shown in Figure 8.  In the case of the industry, composition of waste is much 
more uniform, since only wood and bark are used in sawmills. Proportion of industry waste types 
in Uruguay is depicted in Figure 9.  
 

Table 5. Chemical composition for different fractions in eucalypts. 
 

Residues 
fraction/species 

Mineral 
(%) 

Lignin 
(%) 

Cellulose 
(%) 

Hemi- 
celluloses 

(%) 
Reference 

Wood/Eucalyptus 
grandis 0.17 25.7 46.6 13.5 Evtuguin and 

Neto, 2007 

Bark/ Eucalyptus 
grandis - 21.6 39.5 18.8 Lima, et. al., 

2014 
Leaves / Eucalyptus 

globulus 4.9 26.1 48.0 8.0 Fernandez, et. 
al., 1994 

 
 

 
Figure 8. Proportion of fractions in Eucalyptus grandis field residues when logs are commercially 

used up to a minimum diameter of 19 cm (left), and 6 cm (right), (PROBIO, 2015). 
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Figure 9. Proportion of residues types produced by wood industry in Uruguay (PROBIO, 2013)          

 
Logistic issue (annual timing, treatment) 
 
Timing 
 
Industrial activity in forestry has monthly oscillations during the year, or in some cases they are 
related to changes in international markets. No established seasonality occurs, however field 
operations in winter can be often delayed due to soil conditions during and after rainfall events. 
 
Costs 
 
Water content is one of the main factors influencing costs when handling and transporting 
residues.  For fresh biomass, just after harvest, water content varies at around 45-55%, and it 
starts to decrease until an equilibrium with the atmosphere is reached (13-20% depending on 
the drying conditions). Initially, the decrease in water content is fast up to around 30-35% of 
humidity, when is usually handled or used. Beyond this point, the drying rate is lower (Casado, 
2013). 
Cost adapted by Casado (2013) to Uruguay considering different harvesting systems are 
provided in Table 6. 
Table 6. Estimated costs of harvest and transporting considering  40% of water in the biomass, 

and 75 km distance to plant gate (Casado, 2013). 
 

Logging system Average cost 
(USD/ton) 

Cut-to-length clearcut  20-25 

Full-tree clear cut 25-30 

Cut-to-length thinning 30-35 

 
 
Uses of forestry and forest industry residues 
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Field residues are used to: 

• reduce soil compaction during harvest 
• reduce soil erosion after harvest and while a new plantation is established 
• improve soil properties (organic amendment). 
 

In the case of industry residues, 3 of 5 of the largest sawmills utilize their own waste for co-
generation. Moreover, a 10 MW co-generation plant located in Tacuarembó (FENIROL S.A.)  
uses industry residues from several origins within the region. 
 
Industry residues will remain as the main feedstock for co-generation plants.  
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Main flow of LC biomass, upstream selection process and 
mapping 

Lignocellulosic biomass quantification at regional level - Theoretical 
biomass potential 
 
Theoretical biomass potential 
 
According to BEE (2010), theoretical biomass potential is: 
 

• For primary residues: it is the maximum amount of biomass available. It is determined 
by area of a territory and land uses (area covered by forest or cereals, ecological issues: 
nature reserve), bio-physical components (type of soil, climate, constraints like slope, 
pest, etc.) and management component (soil tillage, inputs, irrigations, harvest systems, 
etc.). At the end, usable area and crop yields (in the case of forest, the MAI) are the most 
relevant variables to determine the theoretical biomass potential.  
 

• For secondary residues: it is the maximum amount of biomass. It is determined by 
industrial activities (food industry, papermill, sawmill, agricultural cooperatives). 

 
Primary residues from forests 
 
Principles 
 
The current amount of Eucalyptus grandis’ residues and a projection for the next 25 years was 
estimated based on the area projected to be harvested or thinned per year and the volume of 
dry matter per hectare for thinned or harvested plantations according to PROBIO (2015). 
 
The methodology comprised the following steps: 

• Gathering and classifying geo-referenced cadastral records of plantation plans presented 
by foresters to the Forestry Directorate (Ministry of Cattle, Agriculture, and Fisheries, 
MGAP) in the region since 1975 for the species and purpose of interest (and not 
harvested yet). Moreover, only the effective planted area was considered. 

 
• Based on the plantation date of each record, the thinned or harvested area was 

calculated for each year. It was assumed a pessimistic scenario with a single thinning at 
age 11, and a clear cut at age 21. 

 
• The thinned and harvested area for each year was multiplied by the estimated amount of 

dry matter for each situation according to two scenarios: i) utilizing all above ground dry 
matter but the commercial wood; ii) utilizing only the non-commercial fraction of the stem 
(excluding twigs, branches, leaves, and bark). For estimating the volume of dry matter, 
coefficients of the PROBIO report (2015) were used.  
 

Assumptions 
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For projecting the volume of residues produced by Eucalyptus grandis plantations oriented to 
produce saw logs in the North region of Uruguay during the next 25 years, the following 
assumptions were made: 
 

a. Coefficients reported in PROBIO (2015) were calculated based on the number of trees 
harvested per hectare, both in thinning and clearcut. Following these averages, the 
numbers of trees harvested in each operation were 255 and 165 trees per hectare 
respectively that will generate the estimated volume of residues. 

 
b. Because the coefficients applied were based on PROBIO (2015) study, the minimum 

diameter for commercial logs for sawmilling purposes assumed was 19 cm (as per the 
mentioned work), and minimum diameter for pulp assumed was 6 cm. In this sense, the 
stem portion where diameter is smaller than 19 cm or 6 cm was considered waste. 

 
c. Currently, pine plantations represent around 60% of total plantations in the North region, 

however after harvesting the species is being substituted by eucalypts. Therefore the 
area planted with Eucalyptus grandis would increase. For this study, it was assumed a 
pessimistic scenario where the area planted with the species of interest in the region will 
remain constant for the next 25 years. 

 
Data sources and coefficients  
 
Mainly four data sources were used for this stage: 
 

a. Updated and filtered database of forestry projects from 1975 to 2015 that includes: 
plantation date, affected and effective planted area, number of trees per hectare, 
Department, and cadastral number. This information was provided by the Forestry 
Directorate (DGF) of the Ministry of Cattle, Agriculture, and Fisheries (MGAP). 

 
b. A filtered shapefile of the National Forest Inventory 2010, 2011, and 2014 (which was 

used to check the previous information). 
c. Geo-referenced cadastral from the National Directorate of Land Registry (DNC) of the 

Ministry of Economy and Finances (MEF),  freely available in 
http://catastro.mef.gub.uy/12360/10/areas/geocatastro.html#shape 

 
d. PROBIO report (2015). The information used from this report is depicted in Table 7. 
 

Table 7.  Dry matter of fractions for thinning and clearcut.  Source: PROBIO, 2015. 
 

Management 
practices 

Wood Bark Leaves Branches Tips Total 
residues Total 

Minimum 
commercial 

diameter 
(tons of dry matter/ha) (cm) 

Thinning 97.7 7.8 3.6 6.1 0.6 18.0 115.7 6.0 
Clearcut 139.0 10.3 6.7 16.6 1.1 34.6 173.6 6.0 
Thinning 71.5 5.4 3.6 6.1 32.4 47.5 119.0 19.0 
Clearcut 109.5 8.1 5.6 13.1 19.1 45.9 155.3 19.0 

 
Results  

http://catastro.mef.gub.uy/12360/10/areas/geocatastro.html#shape
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According to forest plans presented to the Forestry Directorate, the effective area occupied by 
Eucalyptus grandis plantations for sawmilling in the North region (Rivera and Tacuarembó) is 
39,772 ha. For this area, the projections of total residues production range from 100.000 to 
250.000 tons of dry matter per year for the region, with an average of 180.000 tons. Considering 
only the tips (non-commercial stem with a small end diameter of 19 cm), the available residues 
range from 50 to 150 ton yearly, with an average around 100.000 ton within the period analyzed 
(Figure 9). For those scenarios projections pointed to 2.6 to 4.6 ton/year/ha of dry matter 
available, considering only tips residues and total, respectively. 
 

 
Figure 10. Projections of primary residues production for Eucalyptus grandis planted for sawmills 

in Rivera and Tacuarembó. 
 
 
Secondary processing residues of forest products 
 
Principles 
 
The volume of residues from sawmills and carpentries in the whole region have not been 
characterized in the past. However, estimations of the amount of dry matter produced per year 
were conducted based on industry residues projections offered by Faroppa (2010).  

 
Results  
 
The volume of sawmills’ residues available for 2020 for Rivera and Tacuarembó range between 
273000 and 588000 m3 per year (Faroppa, 2010), yielding 122800-261500 ton of dry matter. 

 
 Upstream biomass selection process 
 
Threshold capacity: 30,000 t DM/yr 
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The processing capacity for a typical industrial twin-screw extruder is a few tons per hour. 
Today, one can buy off-the-shelves, twin-screw extruders rated at about 30000 tons per year 
processing capacity. Therefore, this figure can be considered as the lowest unit size of  range of 
small-scale industrial plants which processing capacities could vary from 30000 to 120000 t/y 
(i.e. 120-250kt and above 250kt, being considered as medium and large size production plants, 
respectively). Increasing capacity can be easily achieved by multiplying the number of 
pretreatment lines in the plant (which might even be necessary in the case of processing 
different biomasses at the same time) or by designing a higher scale equipment.  
 
The techno-economic and environmental viabilities must be reached at the lowest or unit 
processing scale of 30,000 tons equivalent dry biomass per year: taking a range of collection of 
50 km, this corresponds to a feedstock density of 4 tDM / km2. Therefore this production level 
will be used in the project as the threshold capacity to reach techno-economic and 
environmental performances with the industrial model evaluation. 
 
Chemical thresholds for 2G Ethanol plant 
 
Table 8 presents the critical levels that were selected by the partners. Cellulose should be the 
major compound and hemicelluloses and lignin 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 proteins 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 tend to 
reticulate and produce rubber-like products. 
 

Table 8. Critical levels of chemical composition for the process 
 

Parameters Content % DM  
Cellulose ≥34% To allow breakdown of lignocellulosic 

matrix, avoid excessive wearing of the 
equipment and obtain sufficient yield 
for the conversion to ethanol 

Hemicelluloses ≤30% 
Lignin ≤22% 
Mineral content 
(ashes) ≤10% To avoid excessive wearing of the 

equipment 
Lipids ≤10% For the stability of the material and 

prevention of inhibition compounds for 
the bioconversion processes Proteins ≤10% 

 
Results  
 
Levels of different fractions for Eucalyptus grandis growing in Uruguay were determined by 
sampling procedures of 16-year-old plantations undertaken during 2017. Samples were 
compound by wood subsamples corresponding to logs’ portions which diameters were between 
25 to 1 cm. Chemical composition of industry wood were not sampled, therefore values 
presented in this work correspond to the figures acquired during the project Babethanol. Both 
sources of residues (field or industry) are suitable for combined extrusion-sacharification 
process; however lignin content of industry residues is just over the critical limit (Table 9). 
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Table 9. Eucalyptus grandis´ biomass chemical composition analyzed for the feedstock 
screening purposes. 

 

Source of 
residues 

Mineral 
(%) 

Lipid 
(%) 

Protein 
(%) 

Lignin 
(%) 

Cellulose 
(%) 

Hemi- 
celluloses 

(%) 

Field* 0.4 0.34 1.53 20.9 62.1 12.0 

Industry** 1.2 0.2 0.7 24.1 68.1 3.7 

*Wood sampling 2017 
**Babethanol Report, 2015 
 
Identified LC-Biomass 
 
Because most of the industry residues are currently used to feed 3 plants of electricity 
generation in the region, only field residues were chosen as the main source of biomass for bio-
extrusion and saccarification. 
 

Mapping of the preselected biomasses 
 
Based on the geo-referenced cadastral records along with the forest plans information, a map of 
plantations of interest was developed (Figure11). There is a concentration of potential 
plantations of interest in the North of the region, where a large proportion of plantations remain 
within a 50 km radius.  
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Figure 11. Eucalyptus grandis plantations for sawmilling purposes in Rivera and Tacuarembó 
with a 50 km radius buffer zone centered in the area with higher concentration of plantations. 

 
First regional workshop 
 
The first regional workshop was developed on March 16th 2017 in order to present and receive 
feedback of several aspects of the project and tasks undertaken in WP4. 
 
Objectives 
 
The objectives of the workshop were:  
1. To present the Project Babet-Real5 and the role of INIA as a partner 
2. To get the input of a range of experts and representatives about: 
  a. the methodology used in steps 1 and 2 
  b. results 
  c. main aspects to consider in the future steps 
 
Agenda of the workshop 
 
The 2-hour activity was structured as it follows: 
The first hour was oriented to presenting: 
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• Main aspects of the project  
• WP4 and its methodology  
• The methodology for residues quantification adopted by INIA, and main results 

 
The second half of the meeting was dedicated to discuss: 

• General aspects of the methodology proposed and main results.   
• Identification of constraints, competitive uses, and main risks associated with use of 

forest residues.   
• SWOT analysis of the forestry sector in the studied region (Rivera-Tacuarembó).  

 
Agriculture stakeholders at regional scale 
 
A list of stakeholders for the North region of Uruguay is presented in Table 10. 
 

Table 10. Stakeholders´ main characteristics 
 

Member Affiliation Expertise 

Ignacio Figoli  
Bioenergy Division, 
Ministry of Industry, Energy and 
Mining (MIEM)  

Bioenergy projects  

Alejandro Olivera Consultant; University of the 
Republic  Harvest operations and silviculture  

Santiago Ferrando  Montes del Plata; University of the 
Republic  

Regional silviculture and forest 
management  

Joaquín Brocco Montes del Plata Residues management 

Juan Elhordoy  Cambium  Silviculture and forest management  

Alejandro González  UPM-Forestal Oriental;  University 
of the Republic  Forest nutrition and soils.  

Jorge Hernández  University of the Republic  Soil nutrient dynamics  

Mario Pérez-Bidegain  University of the Republic  Effect of crops on soil physical 
properties  

 
Regional workshops (main learning) 
 
Main comments on the methodology presented and main results were focused in the following 
points: 

• Need to fine tune residues´ chemical properties according to the proportion of the 
fractions (wood, bark, and leaves) that are harvested with the chosen harvest method.  

• Importance of validating residues (post-harvest), since the volume of residues that is 
actually left on the field is usually larger than the theoretical volume.  

• Logistics of exploring residues could increase harvest costs. The lowest possible cost 
(for Wood processing) would be achieved by simply cutting and loading the tips of the 
trees (with bark and branches). 
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• Opportunity to explore a mix of residues including pine species in order to achieve higher 
levels of residues and still compel with the chemical properties required. 
 

Main comments on the next steps are summarized as it follows: 
 
Agronomical constraints: 
 

1. Nutrient extraction 
• Importance of determining the proportion of fractions that would be removed in order to 

understand the nutrient cost of residues uses, and what is the impact on soils of the 
studied region. The ratio of nutrients between what is usually left on the field (leaves, 
bark, and branches) with respect to commercial wood is 70:30 (Hernández et al., 2009) 
Moreover, soils on the studied region are the poorest in nutrients and organic matter and 
hence the impact of residues removal is large with respect to other soils prioritized for 
forestry. In this sense, it is important to identify local characteristics in order to 
understand the impacts of the proposed activities. 
 

2. Nutrients cycling 
• It is important to remember that nutrient cycling is a process that occurs within a certain 

period of time, therefore calculations of nutrient restoration should not be considered as a 
simple mathematical balance.  
 

3. Soil erosion 
• Maintenance of soil health requires keeping it covered with residues or vegetation. 

Practices of residues´ extraction should consider this important rule.  
 
Logistic issues 
 

1. Risk of contamination with sand. 
2. Harvest system and costs. Also how residues are processed for transport: air dried as 

commercial wood ?  Costs increase as (energy) density decreases. 
3. Manipulation and logistic costs must be reduced to a minimum. 
4. Heterogeneity and dispersion of the residues could lead to an important increase on 

freight costs. 
 
Competitive uses 
 

1. Bioelectricity.  
2. Pulp mills. 

 
Risks 
 

1. There is an increasing tendency to plant hybrids and clones. This could yield residues 
with different chemical characteristics than the current plantations. If there is a change in 
chemical properties there is a possibility that new materials are not suitable for the CES 
process.  

2. Species’ substitution. 
3. There is a recommendation to test scenarios with different ages and management 

practices.  
4. It is a possibility that new deployments consuming local biomass will be installed in the 
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region, which would absorb more wood as well as a portion of residues currently 
available.  

 
SWOT analysis 
Discussed items in the SWOT analysis is depicted in Table 11. 
 
Table 11. SWOT analysis 
 

INTERNAL FACTORS  EXTERNAL FACTORS 
Strengths 

• 90% of plantations certified by FSC or 
PEFC 

• There is a variety of companies  
• Regulation of soil use by law 
• Laws for promoting forestry and financial 

investments 
• Forests are spatially concentrated 
• ANCAP is able to directly mix ethanol to 

gasoline (dropping) 

Opportunities 
• There is a tendency for pines to be 

replaced by eucalypts 
• Development of new forest products 
• Reductions in the emission of GHG 
• Decrease of petroleum imports 

Weaknesses 
• Lack of experience with residues´ logistics  

of extraction 
• Soils are poor and highly sensitive to 

nutrient extraction in the region  

Threats 
• Competition with other technologies 
• Possibility of a new pulp mill 
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Biomass quantification: from theoretical potential to non-
competitive potential 
 
The objectives of this section are to determine quantities of LC biomass available at regional 
scale for a 2G-ethanol project. These calculations of LC biomass have considered agronomical 
issues, ethical issues and competitive uses. Social issues (e. g. farmers’ willingness to sell their 
crop residues) and economic issues are not considered this section. 
 

Agronomical Potential 
 
The agronomical potential for forest plantation has been defined in 1989 by the National Forestry 
Law, which prioritized 20% of the Uruguayan territory for forestry purposes.  Only one third of 
this area is currently afforested.  Although prioritized soils for forestry vary in chemical, physical 
and physiographic characteristics, they have been classified as less suitable for human/animal 
food crops (Durán and Califra, 2010).   
This condition of forest plantation in Uruguay avoids any competition of this activity for fertile 
arable soils. However, the use of pasture regions for forest crops was highlighted as a potential 
environmental impact by Caffera (1991), this land use change -in the case of Eucalyptus - can 
promote: reduction of soil fertility; negative soil biochemical changes as soil acidification 
(Bandzouzi, 1993; Bernhard-Reversat, 1999; Loubelo, 1990), iron leaching, allelopathic activities 
(Bernhard-Reversat, 1999) and a high C:N ratio of litter (Aggangan et al., 1999; Khanna, 1994; 
Madeira et al., 1989).   
Some of those and others potential environmental impacts were tested by Carrasco-Letelier 
(2003) in the Western zone of Uruguay, where changes in soil microbial community, humification 
process, and soil acidity were found (Carrasco-Letelier  et al. , 2004). Modifications at different 
levels of the hydrological cycle caused by this land use change were proposed, as functions of 
the characteristics of forested region. Main fresh water changes were: reduction of water 
availability in soils (Delgado et al., 2006; Pérez Bidegain et al., 2010a), reduction of water yield 
in 20-30% (Silvera et al., 2006, Jobbagy et al., 2011) and changes of runoff water quality 
(Suarez-Pírez et al., 2008; Farley et al., 2008; Barreto et al., 2010; Hernández et al., 2010). 
In terms of agronomical problems (erosion, nutrient depletion, soil organic carbon) the important 
potential impacts seems to be: soil erosion by water (Pérez Bidegain et al., 2010); and nutrient 
exportation (Hernández et al 2008), especially of Ca, K and Mn (Zamalvide and Ferrando, 
2010). 
 
Water (and wind) erosion at regional level 
 
During the agricultural expansion in Uruguay in the late 1950s (the first phase of modernization, 
Arbeletche et al., 2012), there was a significant loss of soil due to soil erosion by water (Durán 
and García-Prechac, 2007).  This loss led to the prioritization of research on soil survey during 
the next five decades (CNFR, 2011), calibration of the universal soil loss equation (USLE), and 
calibration revision (RUSLE). It was performed in runoff plots at three sites (Clericí and García-
Préchac, 2001; Durán and García-Prechac, 2007). A development implemented in the software 
program called Erosion 6 (García-Préchac et al., 2013), which application is enforced since 2012 
by Ministry of Agriculture for avoiding soil erosion beyond acceptable values (MGAP, 2012). This 
is due to the fact that 30% of the agricultural land in Uruguay exhibited important soil erosion by 
water in 2000 (CNFR, 2011), which was also associated with loss of productivity (García-
Préchac and Durán, 1998).  
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Methods 
 
Not known studies on soil erosion under slash removal treatments are available in Uruguay.  
Therefore a literature review was carried on considering southern Brazil as most similar soil and 
climate conditions for the species’ plantations 
 
Results 
 
Few studies have quantified or estimated soil erosion related to the extraction of forest residues 
in conditions similar to Uruguay. Investigations carried out in Brazil (Baptista and Levin, 2010, 
Candido et al., 2014, Silva et al., 2015) suggest that total or partial elimination of slash increases 
soil erosion by water. However, Wichter (2005) did not verify that maintaining forest residues in 
the field reduces soil erosion. 
 
In the cases where erosion increased by the removal of the residues the relationship between 
the treatments with and without waste was not similar in all the cases. Baptista and Levin (2010) 
observed increases between 1.57 and 11.05 (Mg / ha yr). In contrast, increments found by 
Candido et al. (2014) ranged between 0.505 and 0.853 (Mg / ha yr), with an annual erosivity 
index of 6792 (MJ mm) / (ha h yr) and an estimated soil erosion tolerance of 9-11 (Mg / ha yr). 
Carrasco-Letelier and Beretta-Blanco (2017) work show soil erosivity values under forest 
plantations in Uruguay between 2 and 5 (Mg / ha yr), with erosivity index between 6,445 and 
9,342 (MJ mm/ ha/ year) and an erosion tolerance of 7 (Mg / ha yr) (Figure 12). 
It is possible to see similarities between conditions given in Brazilian studies and Uruguay. 
However, references for Uruguay shows lower erosion and tolerance levels compared to Brazil. 
Therefore, an hypothesis that the removal of forest residues can increase erosion, can be 
proposed to Uruguay. Conversely, it is not clear that the magnitude of erosion will be greater 
than the tolerance limit. Soil loss might not be an important issue in Uruguay given that: i) 
erosivity index is low (compared to Brazilian’s); ii) differences between treatments (keeping and 
removing slash) across Brazilian studies were not significant or presented different ratio, as 
observed in Wichter (2005), Baptista and Levin (2010), and Candido et al. (2014) results. 
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Figure 12. Soil erosion estimation in soils and basins using calibrated USLE/RUSLE model for: 
A, native forest and forest plantation; B, soil erosion by water per unit of soil; C, weighted-mean 

of soil erosion by water for basins (Carrasco-Letelier and Beretta-Blanco, 2017). 
 

Soil carbon issue / soil organic carbon (SOC) balance 
 
The national characterization of soils developed in the 1970s offered a chemical 
description of the main soils (Altamirano et al., 1976a, 1976b). Since this period, there were no 
additional soil studies at a national level. The main characteristics in minerals of the major soils 
are presented in Figure 13. 
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D  E  

Figure 13. Chemical properties of horizon A of Uruguayan soils  (Altamirano et al., 1976a, 
1976b). 

 
The agricultural research in Uruguay have several long-term experiments (LTE) in rainfed crops, 
where the oldest one is 50 years old, indicating that an adequate crop rotation can recover soil 
organic carbon levels (Quincke et al., 2012). However, soil carbon sequestration requires the 
assessment of humification and carbon mineralization rates for a better understanding of the 
overall process (Zech et al., 1997). Those assessments were started just recently for rainfed 
crops based in AMG model (Andriulo et al., 1999; Duparqueet al., 2013; Milesi Delaye et al., 
2013; Moreno et al., 2016; Saffih-Hdadi and Mary, 2008). 
 
In the case of forestry, soil organic carbon should follow a similar strategy based in the 
assessment of humification and mineralization processes (Lima et al., 2011).  Few studies were 
conducted in soil organic humification (Carrasco-Letelier et al., 2004) and change of carbon 
stable isotope ratio (Céspedes‐Payret, 2003) in north western afforested soils. However, the few 
studies of North Eastern soils (Tacuarembó-Rivera region) had shown important differences with 
respect to western soils, in term of soil fertility and soil biology (Carrasco-Letelier et al., 2012; 
Hernández et al. 2010; Moreno et al, 2005,; Sicardi et al., 2004). The North Eastern soils 
(Tacuarembó-Rivera region) is dominated by sandy soils with low fertility, with limitations for the 
humification process (Moreno et al., 2005) as well as for the modification of soil organic carbon 
in soils under forest plantations (Arrarte et al., 2010). 
 
Methods  
 
A precise and dynamic definition of the effects on the soil organic carbon (SOC) by the harvest 
of forest residues need the use of models such as AMG (Andriulo et al., 1999, Canellas et al., 
2002, Duparque et al., 2013; et al., 2016) or Century (Stevenson and Cole, 1999). They required 
information about humification and mineralization rates for defining the SOC levels in each crop 
stage (Andriulo et al., 1999). From the mentioned models, AMG model demands inputs like: 
humification and mineralization rates of small labile fraction supplied from crop residues. 
Information that require measuring gross carbon mineralization and humification by 13 C isotopic 
pool dilution in intact soil cores. Experiments that have not been made for forest residues in 
Uruguayan Northern soils. 
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Many studies pointed out that forest residues (branches, twigs, leaves and mixtures) could have 
an important proportion of macro- and micro-nutrients in leaves and calcium and phosphorus 
content in bark and large branches (Alvarenga Silva et al., 2012; Bellote et al., 2008; Corrêa et 
al., 2013; de Mello Cunha et al., 2005; Neto et al., 2014; Rocha et al., 2016 Schumacher et al., 
2013; Viera et al., 2014a, 2014b, 2013). Likewise, the most relevant carbon biomass supply for 
SOC maintenance of 0-15 cm horizon is the annual litter fall.  
At deeper soil horizons the main carbon source is based on the roots residues (Carvalho dos 
Santos et al., 2011). For these reasons, it is very important the maintenance of the leaves 
in the forest fields and barks too. Otherwise, there is a risk of generating a nutritional 
imbalance and a reduction in wood production. On the latter, Rocha and collaborators (2016) 
suggest that even if all the forest residues are maintained, there could be a reduction in wood 
production in a 6% for short-rotation crops (8yr) in the San Pablo Region (Brazil). This type of 
information should be corroborated because the mineralization of forest residues depends on 
the climatic conditions and the type of soil involved (Goya et al., 2008), a situation that could be 
improved by thinning practices (Kolm and Poggiani, 2003) and the crop age. However, Bellote et 
al. (2008) proposed complementary fertilization to maintain appropriate tree nutritional status if 
there is some nutritional unbalance. Given that the crops of interest in this project are 20 years 
old and the climatic and pedological conditions are different from the published data, the 
information discussed in this section must be confirmed experimentally in Uruguay at future. 
 
Results 
 
In the case of the region of interest in Uruguay, biomass of leaves in the trees is between 5.8 
and 9 (ton / ha) (PROBIO, 2015), with an annual litter contribution of 8.1 (ton / ha / yr) (Carvalho 
et al., 2014). If the mineralization rate is estimated with STICS model (INRA) (Saffih y Mary, 208) 
for  soils with 0.86 g SOM per 100 g of soil, and 66 grams of clay per kilogram of soil, therefore 
the mineralization rate is 0.113 per year of the active fraction of SOC. Likewise, if only tree 
leaves are considered as the main source of biomass with the following characteristics: 29% of 
NDF, 1.7% of hemicellulose, 12.1% of cellulose and 14.7% of lignin (Foley y Hume, 1987); 
according to Djakovitch’s equation cited by Andriulo et al. (1999) the humification rate could be 
1.34 per year. This rate suggests a potential humification and mineralization between 6.3 and 
0.71 tons of SOC per hectare each year, respectively. Therefore, the net balance may be 5.59 
(Mg SOC/ha. year). However, according to Hernández et al. (2016), values of only 0.20 (MgC / 
ha yr) for carbon sequestration rates were found for 8-year-old crops. This difference between 
the estimation and the current evaluation could be explained by three factors: temperature, clay 
content of soils, and current capacity of soil microbiology to handle such amount of carbon. 
These factors must be studied and confirmed, given the difficulties of these kinds of soils to 
improve their carbon sequestration rate. 
In relation to the systems for harvesting residues, none of them would be a major threat 
to the sustainability and cycling of nutrients if the export of leaves and bark is avoided. 
However, it is necessary to confirm the rates of humification, mineralization, and variations in the 
production of leaves and wood for 20-year crops in the climate and edaphic conditions of forest 
soils in northern Uruguay. 
 
Soil carbon issue / soil carbon sequestration to mitigate climate changes 
 
As afforested soils in Uruguay are poor in SOC, tree roots represent a significant carbon source 
that can potentially be sequestrated if humification occurs. However, these sandy soils have low 
capacity to process root biomass according to Moreno et al. (2005), since levels of humification 
index shows that most of the fresh organic matter migrate to the top of the B horizon. Therefore, 
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a large fraction of root biomass could be induced to increase humification, perhaps by the 
innoculation with specific soil microorganisms to help improving other soil properties (i.e. water 
hold retention and cation exchange capacities). 
 
Soil biodiversity 
 
Soil biodiversity (macro-, meso- and microfauna) (Stenberg, 1999) has not been systematically 
studied in afforested soils in Uruguay. Studies related to changes in soil biochemistry and soil 
microbial communities were conducted by Carrasco-Letelier (2003, 2004) in the north western 
region, whereas a study of soil enzymes activities in northern eastern soils was developed by 
Sicardi et al. (2004). A recent work by Valenzuela (2017) was oriented to soil metagenomic 
analysis for prairies, native forests, and forest plantations of north eastern afforested soils shown 
that acidification promoted change in microbial soil communities. 
 
Methods 
 
Valenzuela´s (2017) work establishes a baseline that would allow comparing the main changes 
promoted by plantations in Tacuarembó region.  
 
Results 
 
The main effects of forest plantations on these soils are described in the Valenzuela (2017), 
Sicardi et al. (2004) and Moreno et al. (2005). 
 
Soil nutrient issue in forest area 
 
This topic had been studied by Hernández et al. research group (Arrarte et al 2010; del Pino et 
al., 2010; Delgado et al., 2006; Hernández et al., 2009, 2010a, 2010b), whose results show an 
important exportation of K, Ca, and Mn. Observing their results it can be recommended to leave 
harvest residues and bark in the field in order to maintain nutrient balance between the crop and 
the soil. At basin scale, potassium exportation becomes an important issue detected at Western 
forest plantations (Carrasco-Letelier et al., 2010). 
 
Methods 
 
A study oriented to quantify nutrients in residues and commercial products was developed for 
Uruguay by PROBIO (2015) and is presented as follows. A site with representative growth levels 
was selected considering average production levels according to one of the companies 
participating in the project. The sampling plot was circular with a radius of approximately 30 m, 
and comprised around 100 trees. The diameter breast height (DBH) of all trees was measured 
classified into 4 diametric classes. 12 trees (3 per class) were felled and had their branches, 
leaves and wood with bark (4 fractions) were weighted on the field. The stem was divided into 
three sections: diameter greater than 19 cm (solid wood,); diameters between 19 and 6 cm 
(wood for cellulose), and diameter smaller than 6 cm (tip). Fractions of all surveyed trees were 
classified according to the tree position. 
 
A tree of each class was chosen for dry assessment. For this purpose, 500 grams of branches 
and leaves were sampled from each section. Discs were taken at diameter breast height, 50 and 
75% of the commercial height (where the diameter over bark is 6 cm).Samples were transported 
to laboratory and dried in an oven at 103°C until constant weight. Dried fractions were weighted. 
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Dry matter per hectare for each fraction was estimated based on the sum of the weight in the 
plot. 
 
Dry matter of stem and bark of the whole tree was estimated according to the weight ratio (dry 
and wet) of the wood / bark of the extracted discs. For the determination of nutrient content, 
samples of all fractions were dried at 65°C, chipped and subsequently grinded to particle sizes 
of less than 1 mm. Minerals analyzed were: nitrogen, potassium, calcium, magnesium and 
phosphorus. Nutrients in each of the fraction were estimated as the product of the dry weight by 
the nutrient content assessed in laboratory. 
 
Results 
 
The results show that the bark contains high levels of Ca. P and Mg levels are lowest and very 
similar among the different fractions. N is concentrated in leaves, whereas K is concentrated in 
leaves and bark (Figures 14 and 15). When using residues as feedstock for fuel production, 
these levels extraction could be compensated by fertilizing except for Ca. As leaves 
concentrate high levels of N, P and K, and bark also contains a significant proportion of 
all the evaluated nutrients, it is recommended to keep those fractions on site during 
harvest operations. 
 

 
Figure 14 Residues’ nutrients content per fraction (PROBIO, 2015) 
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Figure 15 Relative residues’ nutrient content per fraction (PROBIO, 2017) 

 
Mitigation actions to face soil issues (erosion hazards, soil carbon losses, 
reduction of soil biodiversity) 
 
Actions to mitigate the impact on natural resources and in particular on soil, water and 
biodiversity are based on the National Code of Good Forest Practices and the regulations of the 
General Directorate of Natural Resources of the Ministry of Livestock, Agriculture and Fisheries. 
The latter are a set of rules related to the conservation, use and proper management of soil and 
water. It is promoted that regardless of the legal link of the holders of agricultural holdings, apply 
a set of basic techniques to prevent soil erosion and degradation, or achieve their recovery and 
ensure the conservation of rainwater (Law 15239). 
Legislation on "forest priority soils" has a set of rules aimed at the conservation of forests, in 
particular indigenous forests composed of native species (Law 15939). These aspects of 
conservation are linked to the protection of forests, the prevention of fires, and warning systems 
against the appearance of pests and diseases. Failure to comply with these laws determines the 
application of different types of sanctions. Finally, the Code of Good Practices is composed of a 
series of recommendations on the use of soils and water resources. Which seek: (a) the 
installation of forests in places where their productivity is not compromised; (b) to conserve 
water quality and biodiversity of aquatic ecosystems; and (c) to protect water resources during 
forestry operations. 
The application of this set of practices has a guiding nature based on suggestions that have as 
final objective the sustainability of forest production in the long term. 
 
Technical and non-competitive potential 
 
Definitions 
 
In the North region, E. grandis is produced for multiple uses: logs larger than 20-30 cm diameter 
are used in plywood mills, saw mills, or exported; whereas logs between 25 and 8 cm diameter 
are used in pulpmills. Additionally, secondary products such as log waste (due to operating 
problems or log defects), branches and broken logs are used for energy. These products are 
obtained primarily from clear cuts or commercial thinning (second thinning operations). This 
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process leaves residues comprised by leaves, bark, and tops to be decomposed on the field. A 
scheme of use of primary and secondary products where the use of part of residues is oriented 
to ethanol is epicted in Figure16. 
 

 
Figure 16. Diagram of wood harvest and transport of primary and secondary products obtained 
during clear cuts or thinning for E. Grandis planted in the North region of Uruguay incorporating 

the use for ethanol of a portion of the residues. 
 

For E. Grandis mechanized harvest is done either for clearcuts or thinning operations by 
applying Cut to length (CTL) method. This method seeks to fall and process trees for extracting 
commercial products on site, leaving residues well spread on harvested area. Wood for energy 
purposes is extracted by third parties in operations after harvest and extraction of commercial 
products. This operation usually incorporates the following machinery:  

• Feller buncher: to fall and arrange trees for their processing 
• Harvester or processor: process trees (debranches, debarks and cut logs to required 

length). 
• Forwarder: remove commercial products and pile them on the side of the road to be 

loaded and transported. However, logs can be loaded directly to a truck by this machine 
 
For thinnings, only harvesters are often used for felling and processing due to a smaller tree 
size, followed by a forwarder for piling and loading operations. Logs are debarked either for 
sawmilling or pulp purposes.  
Harvesting secondary products (pulp or residues) along with primary products avoid 
contamination of secondary products with soil, it since prevent machinery to transit over residual 
material. Additionally, on-field storage of wood and residues is done over logs specially located 
to isolate piles of commercial products from the soil and avoid contamination. 
 
Methods and assumptions 
 
Considering that the minimum diameter used for primary products is 20 (although some sawmills 
consume diameters larger than 30cm), three options of residues or secondary products recovery 
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were considered as feedstock for bioethanol production. Logs thinner than 19cm diameter 
maintaining 50% of branches and bark. 
 
The three categories were chosen considering that: 

• Residues extraction should be done simultaneously with commercial Wood 
harvest to minimize costs and contamination with soil. 

• A minimum volume of branches and bark must remain on site due to 
environmental restrictions. In this sense, it was established that at least all 
branches, leaves, and bark corresponding to the portion of the tree between 
the bottom and 20 cm plus half of the branches and bark corresponding to the 
upper portion of the trees, should be kept on the field. 

• Although the main product corresponds to log with at least 20-25cm diameter 
in the small end, logs located in the portions between 20 and 6cm are currently 
sold for pulp industry 

 
For the reasons mentioned above, the three categories of feedstock recovery assessed 
were: 

• Tops under 6cm diameter with branches, in order to establish a scenario of no-
competition with pulp industry (non-competitive potential). 

• Debarked and debranched wood between 19 and 6 cm diameter, representing a 
scenario of competition with pulp industry (technical potential 1) 

• All wood under 19cm diameter maintaining 50% of bark and branches. This option 
represents the maximum level of residues that current technology can extract 
simultaneously when harvesting and processing commercial products, and 
leaving a minimum of residues on the field (technical potential 2). 

 
Results 
 
Residues per category are depicted in Table 12. Values were calculated based on information 
published in PROBIO (2015). 
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Table 12. Feedstock availability for three categories of E. grandis residues extraction for clear 
cuts and thinning, and an average for the region considering the area to be clear cut and thinned 
per year within the buffer zone until 2041. 
 

  Biomass weight (ton DM/ha) Average of biomass 
availability for the region  

Feedstock categories Clear cut (TR) Thinning (R) (ton DM/year) 
Tops <6 cm * 1.27 0.67 3,900 
Logs <19 y >6 cm ** 17.8 31.7 81,800 
Logs and tops <19cm 
*** 21.2 35 91,900 

* Tops smaller than de 6 cm diameter under bark with bark on small end, branches and leaves. Non-competitive 
potential. 
** Debarked logs with diameters between 19 and 6 cm. Technical potential 1. 
*** Tops and logs smaller than 19cm diameter with 50% of branches and bark.Technical potential 2. 
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Logistic and operational costs 
 
Methods and assumptions 
 
Different combinations of machinery used for harvest, extraction and transport were considered 
in order to investigate costs and find the option that offer the lower costs. The range of 
alternatives was assess for several reasons; in Uruguay, forest harvest is mechanized for most 
operations; a culture of mechanized harvest is well installed; and mechanized operations are 
considered the most secure option for workers. At the same time, it was an objective to minimize 
costs and simplify operations so that residues collection could be completed along with the 
harvest of commercial products to avoid the increase of support structures such as (workshops, 
maintenance, support personnel, supervision, etc). 
 
For this assessment, several sources of information were used for elaborating the alternatives 
and assigning costs. Those sources were: 

• Literature review of residues´ collection in the country and elsewhere (scientific papers, 
technical notes, congresses proceedings). The search was oriented to cases that could 
be similar to the country´s conditions, i.e. Eucalyptus grandis commercial plantations 
applying similar machinery. 

• Harvest operations were visited to fully understand the operation and to analyze efficient 
mechanisms to extract residues, minimizing the effect on harvest productivity of 
commercial products. During the visits, operation managers were interviewed to obtain 
information about operation yields and drawing scenarios oriented to residues´ 
collection.  

 
Sales representatives of forestry machinery were interviewed about sale prices and operational 
costs of suggested machinery. This information was used to calculate operations ‘costs. The 
following items were evaluated for the selected alternative: machines available in the market 
(harvester, forwarder, and loader); specific machinery for collecting forest residues (bundlers and 
chippers) that could have local sales representatives, even when the machines are not operating 
in the country. In the case where equipment configuration required extra equipment to be 
attached (i.e. bundler on a harvester), potential providers were interviewed to understand the 
feasibility of application in Uruguay.  
 
Once the information was gathered, costs were calculated per hour and per weight unit 
(USD/ton of dry matter) using a spreadsheet. The estimated costs were validated using the tool 
”the cost model for calculation of forest operations costs” (Excel) to calculate operating costs per 
hour and unit of weight (tDM). Such costs were validated using the tool “The Cost model for 
calculation of forest operations costs” (Ackerman et al., 2014). 
 
Logistic and seasonality 
 
Seasonality for selected LC-Biomass 
 
Plantations of E. grandis are harvested all year round, therefore there is no seasonality 
regarding operations. Two main factors affect harvesting: internal and external demand and 
weather. Regarding markets, the demand for pulp logs has been steadily increasing during the 
last decade, with peaks after the two pulpmills started their operations (2007 and 2014); while 
the demand for sawlogs have been less steady, due to changes in international demand.  
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Regarding weather, it can reduce harvest operations when rainfall is heavy and evaporation is 
low. Although rainfalls are well spread over the year, it is during the winter where the influence of 
rainfall limits extractions of Wood (primary and secondary transport), being felling and 
processing operations less influenced by bad weather.  
It is expected that water content of wood and residues remains at the same level during the year 
given that fresh material is harvested.  In case of a need to transport wood or residues with 
lower moisture content than the one obtained at the moment of harvest, wood or residues should 
be stocked in a loading yard so that moisture content can decrease to desired levels. A time 
span of 90 days is enough (during most part of the year) to decrease wood moisture to 40% or 
lower. During rainy winters, this period could last longer due to lower evapotranspiration caused 
by lower temperature, and reduced light hours.  
 
Logistic for selected LC-Biomas: from harvest to plant gate 
 
For the three options of residues presented in 3.8.3, five different options of technology for 
harvest, transport and handling of feedstock were proposed and assessed (Table 13). Options 1 
to 3 were designed for Cut to Lenght (CTL) harvesting methods, whereas the other two (4 and 5) 
were designed for Full Tree (FT) methods. FT methods are not currently used in the country for 
E. grandis, however some companies are evaluating the possibility of its application.  
 
The five alternatives are: 

1.  CTL harvest: harvest with harvesting head on forwarder or hardwarder base machine 
and slash/logs bundling, extraction of bunches with forwarder, stocking for 90 days on road 
side, transport to plant. 

2. CTL harvest: residual logs are left in a pile for direct extraction with Forwarder 
(simultaneously with extraction of wood for pulp), stocked for 90 days on road side, and 
chipped on the field. Chips are transported to plant.  

3. CTL harvest: residual logs are left in a pile, bunched with a slash bundler attached to a 
Forwarder, stocked for 90 days on road side, and chipped on the field. Bunches are 
transported to plant. 

4. FT harvest: residual logs are piled on road side (such as logs for pulp); processed with 
harvesting head on forwardwer or hardwarder base machine (harwarder o clanbunck), 
bundled. 

5. FT harvest: during harvest logs are left in a pile (such as ordinary logs) on the road side, 
stocked for 90 days and chipped on the field. Chips are transported to plant.  

 
Table 13 and Figure 17 show the proposed machinery for each option. In table 13, blue letters 
correspond to machines that are specific for residues´ use. The proposed solution for 
alternatives 1 to 4 is similar; being necessary to install a slash bundler such as the FX15a1 
(Table 14) over a harvester/processor extended chassis similar to the TimberPro 840C2. The 
FX15a can bundle logs up to 40 cm diameter.  
 
The extraction and piling on the side of the road on alternatives 1 and 3 (which include 
bundling), are done simultaneously and applying the same machines used for harvesting pulp 
Wood. This optimizes the operation, avoiding operations oriented exclusively for handling 
bundles. Loading and transport task in alternatives 1, 3, and 4 are done simultaneously with 
same machines used for pulp, which offer the same benefits previously explained. For those 

                                                             
1https://www.youtube.com/watch?v=WRNKXIAUJow. No existen maquinas como estas en el país, pero si hay 
representante.  
2http://timberpro.com/Brochures.html. En el país hay maquinas como esta en operación. 

https://www.youtube.com/watch?v=WRNKXIAUJow
http://timberpro.com/Brochures.html
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alternatives, bundles are sent to industry. The option 3 includes an additional and independent 
operation- residues´ bundling- for which is necessary to attach a bundler such as the SB20 
Slash Bundler3 to the forwarder. This bundle make do not show limitations regarding log 
dimensions for the diameters of 20 cm as considered here.   
 
For the alternatives 2 and 5 a chipping operation directly to a truck´s cage was assumed, so that 
no loading machinery is needed. Instead, a truck must be permanently available during the 
operation. Additionally, a machine for supporting chipper feeding and movement was 
considered, and was assumed to constantly operating. For both alternatives (2 and 5) the 
feedstock is sent to industry as chips. 
 

Table 13. Sequence of machines to be applied in each designed alternative. 
 

Alternative Machines in the harvesting system 

1 

Feller buncher 
Harvester with slash bundler 

Forwarder 
Loader 

2 

Feller buncher 
Harvester 

Forwarder (compactor) 
Chipper 

3 

Feller buncher 
Harvester 

Forwarder with bundler 
Forwarder 

Loader 

4 

Feller buncher 
Skidder 

Processor with bundler 
Loader 

5 

Feller buncher 
Skidder 

Processor 
Chipper 

                                                             
3http://www.dutchdragon.eu/en/machines/bundler/. Such machines are not available within the country currently. 

http://www.dutchdragon.eu/en/machines/bundler/
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Alternatives Machine sequence 

1 

 

2 

 

3 

 

4 

 

5 

 
 

Figure 17.Examples of harvest and processing machinery to be used in each alternative proposed.
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Operational cost from harvest to plant gate 
 
Flow costs for selected LC-Biomass 
 
For each alternative proposed (Tables 12 and 13) and for each feedstock/product (Table11), operating 
costs regarding: harvest, extraction, loading, chipping (alternatives 2 and 5), and transport to industry 
were estimated. Two distances to plant gate were considered: 30 and 50 km. Costs are presented 
on Tables 15, 16, and 17, for thinning (T) and for clear cuts (C), using yield (ton DM/ha) values as 
showed in Table 12. 
Estimated costs on Tables 14 to 16 were assigned using reference values of machines currently 
operating in Uruguay, such as harvester/processor, forwarder and loader. For these machines, costs 
per hour and productivity were estimated and compared with information obtained from interviews to 
contractors. Costs corresponding to Feller Buncher operations were not considered as they do not 
affect directly the costs of residues extraction, and are absorbed by commercial products. Alternatives 4 
and 5 do not include extractions costs since in FT method a whole tree is extracted, and this cost is 
absorber by commercial products.  
For the alternatives 2 and 5, data from literature review was used for dimensioning the chipper for each 
situation and dry mass availability. Costs for the dimensioned machines were gathered from Uruguayan 
representative sales. Finally, costs for machine operations were calculated using “The Cost model for 
calculation of forest operations costs” (Ackerman et al., 2014). This tool was also used to verify costs of 
the other machines. 
Table 14 shows costs from harvest to plant gate of the 5 alternatives when using tips less than 6 
cm under bark (including branches and bark). For an average distance of 30 km, total costs range 
from USD/tonDM 31.5 to 337. The alternatives 1 and 4 show similar high costs (USD/tonDM 137 y 139) 
for 30 and 50km. This result can be explained by the high fix costs of these types of machines which 
leads to a high sensitivity of the costs to the volume extracted. FT systems are not recommended for 
thinning operations due to the high risk of damaging the remaining trees. Therefore alternatives 4 and 5 
were not evaluated for thinning. Alternatives 2 and 5 present lower costs than alternatives 1 and 4 since 
the chipping operation is the main component within the sequence. This cost is also constant among 
the three residues´ levels compared, since it was assumed that the chipper was fed from a pile of 
residues. Therefore, the chipper works continuously, maximizing production and operation timing.  
 

Table 14. Costs of 5 proposed alternatives for extracting tree tops (less than 6 cm diameter) during 
harvest operations. 

 

 Alternative 1 2 3 4 5 
    C T C T C T C T 

Costs 
USD/ton 

DM 

Harvest/bundling 119.5 318.4 1 1 40.6 40.6 119.5 1.0 
Extraction 8.6 9.4 11.1 12.3 8.6 9.4 0 0 
Loading and others 1.5 1.5 0.5 0.5 1.5 1.5 1.5 0.5 
Chipping   19.3 19.3    21.4 
Transport 50km  10.3 11.4 10.3 11.4 
Transport 30km  7.8 8.6 7.8 8.6 
Total 50km 139.9 339.6 43.3 44.4 61.0 61.8 131.3 34.3 
Total 30km 137.4 337.1 40.5 41.6 58.4 59.3 128.8 31.5 
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Costs corresponding to harvest and transport of logs between 19 and 6 of diameter under bark 
are shown in Table 15. In this case, feedstock comprise processed wood instead of harvest residues 
(or slash), therefore bundling operations were not included in the alternative 1, whereas alternative 3 is 
not applicable. Results show that alternatives 1 and 4 represent lower costs compared with the 
previous table, because it represents a commercial harvest without bundler.  Costs of the alternatives 4 
and 5 are markedly lower compared with costs on Table 14 due to the higher volumes. The costs of 
these 2 last solutions are significantly lower compared to table 14 due to the higher amount of wood 
extracted.  
 

Table 15. Costs of proposed alternatives for extracting wood between 19 and 6 cm under bark of 
diameter. 

 

 Alternative 1 2 3 4 5 
    C T C T C T C C 

Costs 
USD/ton 

DM 

Harvest 15.4 22.6 1 1 

NA* 

15 15 
Extraction 8.6 9.4 11.1 12.3 0 0 
Loading and others 1.5 1.5 0.5 0.5 1.5 0.5 
Chipper   19.3 19.3  21.4 
Transport 50km  10.3 11.4 11.4 

 
8.6 Transport 30km  7.8 8.6 

Total 50km 35.8 43.8 43.3 44.4   27.3 48.7 
Total 30km 33.3 41.3 40.5 41.6     24.7 46.0 

*NA: Non-applicable 
 

        Costs for the third feedstock type —tree tops smaller than 19 cm of diameter under bark partially 
debarked and debranched- are lower for harvest alternatives 1 and 4 due to higher amount of dry 
mass. For alternative 2, costs are similar to previous cases, whereas alternative 3 has lower costs 
compared to Table 16. 
 
Table 16. Costs of proposed alternatives for extracting wood smaller than 19 cm under bark with 50% of 

branches and bark. 
 
  Alternative 1 2 3 4 5 

  C T C T C T C C 

Costs 
USD/ton 
DM  

Harvest/bundling 5.6 4.5 1 1 16.9 16.9 5.6 1.0 
Extraction 8.6 9.4 11.1 12.3 8.6 9.4 0 0 
Load and others 1.5 1.5 0.5 0.5 1.5 1.5 1.5 0.5 
Chipping   19.3 19.3    21.4 
Transport 50km  10.3  11.4     
Transport 30km  7.81   8.6         
Total 50km 26.0 25.7 43.3 44.4 37.3 38.2 17.5 34.3 
Total 30km 23.5 23.2 40.5 41.6 34.8 35.6 15.0 31.5 
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Except for alternative 1 in the last table, for all the other situations of feedstock, operation costs 
of thinning are higher than for clearcuts due to a higher extracted volume. Moreover, machine 
productivity is lower for thinning because circulation and movement of machinery must be done 
carefully to avoid damages of the remaining trees.  
Finally, Figure 18 shows a comparison of costs considering residues type, only for the maximum 
transport distance (50 km), for thinning and clearcuts. 
The alternative with the lowest costs depends on the feedstock situation analyzed. For tree tops (the 
lower volume of residues in table 14) lower costs are offered by alternatives 5 and 2, whereas 
for the intermediate and larger amounts of feedstock the alternatives 4 and 1 show the lower 
costs. In all these cases, the cost for harvesting and logistics does not exceed 50 USD/tDM or 
40€/tDM. 
 

 
Figure 18 Costs per residues type for the maximum transport distance (50 km), for thinnings and 

clearcuts 
 
Range values of costs estimated are correlating to the literature (PROBIO, 2013b), except for the 
extreme values (minimums and maximums). Costs higher than 100 USD/ton DM correspond to very 
low volume of residues (0.6 to 1.3 ton DM/ha). Such low values were not found in the literature 
consulted. Minimum costs (less than 30 USD/ton DM) correspond to high amount of feedstock in joint 
operations with commercial products (alternative 1), and also in operations with zero cost of extraction 
(because those are attributed to commercial products) (alternative 4).  
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Risk assessment 
 
Current risk assessment 
 
As detailed before, the establishment and management of forest plantations in Uruguay are regulated 
by national law. The commercial plantations are privately owned, mostly by vertically integrated 
company and, in less extent, by pension funds and farmers. Therefore, forests are relatively stable 
crops without drastic year-to-year oscillations regarding climate, or management practices. 
 
Primary forest residues: risk identification 
 
Variation in afforested areas 
 
There is a tendency for pines to be replaced by eucalypts (discussed in the First Regional Workshop). 
Pine planting activities have almost stopped, and harvested areas are being replanted with eucalypts 
(especially Eucalyptus grandis). Therefore, the area planted with the species of interest is expected to 
increase. However, it remains uncertain the proportion of the replanted area that will be managed for 
saw logs. 
 
Figure 19 shows area planted with Eucalyptus grandis and Pine species for sawmilling, as well as 
prioritized soils for forestry. This shows that possibilities of expansion of E. grandis plantations either by 
substitution of pines, or use of new prioritized soils that are currently under other uses.  
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Figure 19 Localization of Eucalyptus grandis plantations oriented for sawmills, pine plantations and 

prioritized soils for forestry. 
 

Variation in forest yields (and forest residues/forest yield ratio) 
 
Plantation forests managed for saw logs are crops with a long and well-established cycle (16-22 years), 
therefore, regional yearly yield variations are likely related to the age of stands and area planned to be 
harvested or thinned within the year. However, harvests can be delayed or advanced one or two years 
depending on market prices, feedstock needs, etc. The oscillations of regional residues´ production is 
depicted in Figure 20. For the three categories defined by the criteria of residues´ extraction defined in 
3.8 (Table 12), projections for the buffer area shows very low amount of the category comprising tips 
less than 6cm diameter. This is the type of residues that are not competing in any market currently. 
However, amounts are insufficient for the target established in the current project. For the other 2 
categories proposed amount are very similar and sufficient regarding the feedstock threshold, but there 
are oscillations between years that ranges from 174,000 to 39,200 ton DM/year, with a yearly average 
of 81,800 to 91,900 ton DM/year, considering a 24-year period. 
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Figure 20. Projection of potential maximum residues´ availability, and regional availability for three 
criteria of residues´ extraction and average per year. 

 
Fluctuations are prone to change with changes in management practices such as harvest or thinning 
ages, as well as trees planted per hectare, etc. Figure 21 shows the areas to be harvested at expected 
peaks, both low and high, and the intermediate production as shown in Figure 20. Maps show very few 
areas to be harvested during 2027, where a low peak is projected. On the other hand, a larger area is 
shown for the next year, 2028, when the highest peak is predicted. Although the maps show the largest 
area ready to be harvested during 2022, Figure 19 shows average volumes of residues availability. This 
results can be explained by the type of operations developed in each area considering that thinning’s 
yield less residues than clearcuts. 
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Figure 21 Feedstock localization (harvested area) projected for different years within the 50-Km-radius 

buffer zone. 
 

Focus on climate (current and recent past) and crop yields: temperature and water (past 15 
years analysis). 
 
Yield is the result of cumulative growth conditions along 15 or more years for a given site for long term 
crops such as Eucalyptus grandis plantations for sawmilling. Water balance or soil water potentially 
available (as a surrogate of water availability) is a factor that largely influence growth of this species in 
the country along with vapour pressure deficit, whereas temperature plays a secondary role (Rachid 
Casnati, 2016).Figure 22 shows time series of monthly accumulated rainfall and average temperature 
for Tacuarembó along with increments on height growth of 3 trials (2 of them located in Tacuarembó, 
and the other one located in Rivera). The plot shows well spread rainfall events during the year, 
although with irregular amounts of water. In General, during periods of higher rainfall, increments on 
total height are larger. For temperature, relationships are not so clear. 
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Figure 22.  Annual total height increments for 3 trials located in the North region, and monthly 

accumulated rainfall and average local temperature 
 

Changes in agronomical or technical constraints and competitive uses 
 
Results from points 3.2 and 4.3 showed that using secondary products that are currently used by the 
pulp industry represent the option that produces more feedstock, at the minimum cost, and represents 
also the most sustainable option from the environmental point of view. Therefore, the competition 
with pulp industry constitutes the main threat for a sustained feedstock supply to a 2nd 
generation ethanol deployment.  
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Currently, 2 pulp mills operate in the country 430 and 471 Km far from the centre of the buffer area 
proposed in this document, and wood that is not used by the sawmill industry is being sold to the 
nearest pulp mill plant. The operation of a third pulp mill deployment is being assessed and negotiated 
with the government now. The location of this new plant would be around 221 km far from the centre of 
reference. Those facts lead to the conclusion that there is at least 50% of probability that 
competition for smaller pieces of Eucalyptus grandis increase, along with an increase in the 
price due to a decrease in the freight distance. However, distance from the nearest pulp mill would 
still be more than 4 times the maximum distance of 50 km radius set in this study for an ethanol 
deployment.  
 
Pests, diseases and fire 
 
Although there are pests and diseases that affect Eucalyptus grandis in the country, no massive attacks 
to adult plantations have been recorded to date. The risk of new species being identified within the 
country is imminent, however Uruguay shares with neighbouring countries the pool of pests and 
diseases that affect Eucalyptus grandis.  
An important threat for forests in the country is fire. However, a well-organized joint Fire Plan is carried 
on by around 50 forest companies of the whole country. According to the Forest Owners Society (SPF) 
this plan is reviewed every year by 6 experts of different companies. It involves: prevention, detection, 
resources management, and combat.  Around a hundred people work in this task, concentrated in 3 
headquarters with the help of specialized land and aerial equipment. For the North region, there are 5 
towers for fire detection spread in different areas and the Headquarter of the region operates all year 
round. 
 
Implementation in a 2G-ethanol project: risk evaluation 
 
Expected data from risk identification 
 
All the above considerations have to be taken into account together, to define for each selected 
biomass: 1) the worst possible scenario (bad weather conditions, maximum of competitive use, most 
restrictive policy, etc.), and its impact on crop residue availability and its probability; 2) the best possible 
scenario and its impact on crop residue availability and its probability and 3) an intermediate scenario 
and its impact on crop residue availability and their probabilities. 
Main factors considered here that could mostly influence residues yield are: changes in areas planted 
with Eucalyptus grandis, competitive uses such as pulp mills and fire (even when probability of having a 
large fire is very low). Those factors were combined in a best and a worst-case scenario in Table 17. 
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Table 17. Best and worst-case scenarios combining main factor affecting residues´ availability. 
 

Scenario Probability  Impact 

Best 

Planted area with E. grandis: +10% 
Pulp mills: 2  
Fires (area): minor 

80% 
50% 
90% 

90-101 thousand ton/year 
Depends on feedstock price 
0 

Worst 

Planted área E. grandis: +0 
Pulp mills: 3 
Fires (area): 15 to 22% 

20% 
50% 
10% 

82-91.9 thousand ton/year 
Depends on feedstock price 
64-78.1 thousand ton/year 

 
Qualitative risk evaluation 
 
The purpose of qualitative risk analysis is to provide a high-level understanding and prioritization of the 
risks of a project. In practice risks are categorized in words or in categories. This allows the risks to be 
ranked and at a later stage, a risk management approach to be developed (Graf, 2010). One of the 
tools used to assign risk ratings is a qualitative risk assessment matrix. The matrix combines the 
probability and consequence of a risk to identify and a risk rating for each individual risk. Each of these 
risk ratings represents a judgment as to the relative risk to the project and categorizes them according 
to probability of occurrence and impact level. Typically ranges used for probability and consequence 
are structured into 5X5 level matrices. Table 18 shows the risk matrix for using Eucalyptus grandis 
residues in the North region. 
 

Table 18. Risk matrix for main factors affecting residues´ availability. 
 
   Consequence (% of residues´ loss) 

   0-6 7-25 26-50 51-75 76-100 

   1 2 3 4 5 

Pr
ob

ab
ili

ty
 (%

) 

76-100 1      

50-75 2      

26-50 3   

Pulp mills: 2 
(depends on 
feedstock 
price) 

 

Pulp mills: 3 
(depends on 
feedstock 
price) 

7-25 4  
Increment planted 
area E. grandis = 
0 (82 – 91.9) 

   

0-6 5 Fires (<1% 
area) 

Fires (15-22% 
area)    
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Near future risk assessment 
 
Near future - Horizon 2035 
 
As mentioned before, forest plantations are long term crops. Although Eucalyptus grandis is considered 
a fast growth species, cycles for sawmilling range between 16 and 21 years. Therefore, near future 
time span considered in this project contemplate stands planted up to 2018-2019, and many 
characteristic of the plantations harvested up to 2035 are already known or will be defined in one or two 
years. In the same way, many current risks (described in the previous point) are also near future risks. 
 
Risk identification for selected LC biomass 
 
The variable that alter the quantities of Eucalyptus grandis biomass available are: climate changes; 
changes in area dedicated to E. grandis plantations; crop yield (and crop residues/crop yield ratio); 
changes in agronomical or technical constraints and competitive uses. 
Main risks considered in the First Workshop were tree breeding and increase in clones and hybrids with 
different chemical composition not suitable for the project.  
 
Climate issues 
 
Climate in 2030 - 2035  
 
Projections of climate changes for the North region between for 2050 include an increase of rainfall of 
4% and 7% respectively. Rainfalls are expected to increase for all months, but especially for spring and 
summer of around 10 mm with maxima of 20 mm per month. Regarding temperature, a maximum 
increase of 2°C is expected for maximum temperature, whereas for minimum temperature the 
maximum increase expected is of 4ºC. Finally, solar radiation would not show significant changes 
(Gimenez et al., 2009). On average, for 2035, an increase of 1.5 °C would be expected (with an 
increase of 2 °C of average minimum temperature and 1°C of the average of maximum temperature. 
Rainfalls are estimated to increase 5.5%.  
 
For a stand located near Tacuarembó, a simulation of the behaviour of Eucalyptus grandis plantations 
under increased rainfall and temperature was performed by Rachid Casnati (2016) using climate time 
series. Monthly climate information of 17 years was applied since plantation date and time series was 
repeated from the beginning up to 25 years. For the current time series used as a baseline, average 
annual rainfall and temperature for the location were 1230 mm and 17.5°C respectively. Real time 
series from the West (Salto), and the very North of the country (Rivera) respectively were used for the 
increased temperature and rainfall regimes respectively. In this way, the average increase was 20% for 
temperature (19.1°C) and 11 % for rainfall (1480mm/year). Growth of stand characteristics such as 
dominant height, basal area, maximum diameter and standard deviation of diameter, under 4 different 
combinations of temperature and rainfall was compared using hybrid physiological-mensurational 
models developed for the species in the country Rachid Casnati (2016).  Those models project growth 
of the mentioned variables as a function of accumulated light since plantation date, monthly restricted 
by water balance, vapour pressure deficit, and temperature.  
 
Results depicted in Figure 23 show that regimes with higher rainfall were the ones that favoured growth 
the most. However, growth  was  higher  for  the  regimes  combining  higher  rainfall  and  lower 
temperature (1480 mm and 17.5 °C). According to these results, it is expected that E. grandis 
productivity will maintain or increase on climate scenarios of 2035, especially given that temperature 
increase keep the forecasted ranges and an increase of rainfall occurs. 
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Figure 23. Growth curves for the modelled variables as a function of time for the radiation sums 

calculated for the spam of growth conditions analysed for Eucalyptus grandis (Rachid Casnati, 2016). 
 
Changes in area of E. grandis plantation 
 
As discussed in the First Regional Workshop, there is a tendency for pines to be replaced by eucalypts. 
This means that it is expected that the number of hectares planted with eucalyptus would increase. This 
was previously assessed and will not be further discussed here. 
 
Crop yield (and crop residues/crop yield ratio)  
 
Pests and diseases could potentially affect crop yield by affecting plant growth, which leads to a 
decrease in crop yield. However, in some cases the ratio crop residues/crop yield could increase due to 
the need of eliminate infected plants. The risk of infection of E. grandis plantations has been discussed 
in 5.1. 
 
Changes in agronomical or technical constraints and competitive uses 
 
Tree breeding and increase in the use of clones and hybrids with different chemical composition not 
suitable for the project are risks that were raised during the First Workshop. The use of hybrids 
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depends on the company. These were not assessed by PROBIO or in this project, hence their wood 
chemical characteristics remain unknown. 
Competitive uses have been discussed previously as well. 
 
Scenarios for the horizon 2035 
 
As mentioned previously, a scenario is a combination of several factors that must lead to design a 
probable future for agricultural sector in 2030-2035 at regional level. Those factors are: crop areas, 
crop yields, livestock or primary and secondary crop residues productions, competitive uses for primary 
and secondary crop residues productions, and risk assessment. 
3 scenarios were designed defined by the following regional factors: level of adaptation of agriculture to 
face climate changes, political and economic context (international, national and regional), competitive 
use options, crop areas and yield, and agro-industry pattern. 
Projections of plantations’ management and yields have been projected in points 2 and 5. It has been 
discussed that changes in the area planted would occur in a slow rate with a low probability of a 
decrease. Therefore, scenarios would mainly reflect changes in political context and competitive 
markets. Scenarios 1 and 2 assume higher competition for residues than currently, given that a new 
pulp mill could be fully operational in 2035, however scenario 1 also assumes that the government 
would support non-pulp alternatives at a regional level through new policies (Planning and Budget 
Office, OPP, and Uruguay XXI are currently working on a prospective study considering different 
scenarios for the development of the forest sector). 
For all scenarios yield were maintained unchanged, based on the levels presented in PROBIO (2015) 
as it follows: mean annual increment (MAI) of 40 m3/ha/year at commercial thinning age (9-13 years) , 
and 18 m3 at harvest age (16-21 years).Moreover the level of adaptation of forestry to face climate 
changes was kept as average to high. As mentioned before, residues’ production was projected based 
on forestry projects presented to the Ministry of Cattle, Agriculture, and Fisheries, and average current 
management regimes. Therefore, production levels do not present major changes between scenarios 
and with respect to figures presented in the previous chapter. However, a percentage of availability was 
assumed for each scenario.  
 
Scenario 1: best 

 
Political and economic context (international, national and regional): in the last three years, 
worldwide there has been an average economic growth of around 2.5 in real terms and this growth is 
expected to continue in the coming years (World Bank, 2017). Therefore, in this scenario, until 2030, it 
is expected an economic growth with oscillations, with a lower growth of China than recent years. The 
Uruguayan economy has been growing, with oscillations, for 15 years in a row (CEPAL, 2017). The 
fiscal deficit is the main issue concerning this growth. Therefore, in this scenario we assume a 
continued growth at low rates in the coming years. For the region, with favourable evolution of primary 
markets it is expected a sustained economic growth. At an international level, it is expected political 
stability with some uncertainty after the consolidation of the Brexit and the current changes in USA. At a 
national level, there is expected political stability as it has been the tradition in Uruguay. At a regional 
level, it is expected an improved political stability after recent corruption episodes in Brazil.  
 
Competitive use options: higher competition with a third pulp mill in the country, which would be 
located close to the area of interest. Then, the demand for pulpwood would increase in the area.  
 
Crop areas and yield: increase of area planted with E. grandis. Although new plantations are 
managed to produce high quality wood for sawmills, most of the converted areas belong to pension 
funds and it is probable that plantations would be sold in open markets or biddings.  
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Agro-industry pattern: The government design regulations to support the development of new wood 
industries. The government is successful in attracting investors to develop wood industries, other than 
pulpmills.  
 
Afforested area: 39,772 ha. + 10%= 43.750 ha 
 
Livestock or Primary and secondary crop residues productions: up to 77- 87 thousand ton/year 
assuming that a maximum of 15% of residues are sold to other uses, mainly pulpmills, up to 90-101 
thousand ton/year, where almost no residues are sold to other uses. Policies are designed to 
encourage non-pulp uses for wood residues. The price of residues set for ethanol production is too high 
for pulp production. 
 
Scenario 2: worst 

 
Political and economic context (international, national and regional): In this scenario, until 2030, it 
is expected a moderate economic growth with oscillations, with a lower growth of China than recent 
years. It is assumed a continued growth at low rates in the coming years. For the region, with 
favourable evolution of primary markets it is expected a sustained economic growth. At an international 
level, it is expected some political instability due to the Brexit and the uncertainties in USA. At a national 
level, there is expected political stability as it has been the tradition in Uruguay. At a regional level, it is 
expected an improved political stability after recent corruption episodes in Brazil.  
 
Competitive use options: higher competition with a third pulp mill in the country, which would be 
located close to the area of interest for this project. 30% to 50% of residues available. 
 
Crop areas and yield: area planted with E. grandis increases, although new plantations are managed 
to produce high quality wood for sawmills, most of the converted areas belong to pension funds and it is 
probable that plantations would be sold in open markets or biddings.  
 
Agro-industry pattern: less wood industry in the area 
 
Afforested area: 39,772 ha. + 10%= 43.750 ha 
 
Livestock or Primary and secondary crop residues availability: up to 27-30 and 45-55 thousand 
ton/year (70% to 50% of residues sold for pulpmills respectively). No policies supporting a diverse use 
of residues, and higher price for feedstock paid by pulp mill companies given a lower freight cost). 
 
Scenario 3: intermediate 

 
Political and economic context (international, national and regional): in this scenario, until 2030, it 
is expected a moderate economic growth with oscillations, with a lower growth of China than recent 
years. It is assumed a continued growth at low rates in the coming years. For the region, it is expected 
a moderate economic growth with a decrease volume of international trade. At an international level, it 
is expected some political instability due to the Brexit and the uncertainties in USA. At a national level, 
there is expected political stability as it has been the tradition in Uruguay. At a regional level, it is 
expected an improved political stability after recent corruption episodes in Brazil. 
 
Competitive use options: pulp production in the country remains unchanged.  
 
Crop areas and yield: area planted with E. grandis remains the same as current area, although 
plantations are managed to produce wood for pulp mills. However, most of the converted areas are 
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owned by pension funds and it is probable that plantations are sold in open market or in biddings (half 
of residues sold for pulp production). 
 
Agro-industry pattern: under this scenario, it is expected less wood industry activity to the increase of 
pension funds in the forest sector.  Therefore, the wood might be exported as roundwood.  
 
Afforested area: 39,772 ha (same as today). 
 
Livestock or Primary and secondary crop residues availability: up to 49 – 55 and 57-64 thousand 
ton of DM per year (30 to 40% of residues sold for other uses respectively, especially pulp mills). In this 
scenario, there are not new policies supporting a diverse use of residues, and the price of feedstock at 
the pulp mills is the same or lower than the price at the ethanol mills. 
 
A comparison of the three scenarios is presented on Table 19. 



BABET-REAL5 – Deliverable D4.2 – Part 4 INIA Uruguay 

INIA Page 55 / 68 

Table 19 Comparison of scenarios. 

    
Variables 

Scenarios 
1 Best 2 Worst 3 Intermediate 

Political and 
economic context  

economic growth/political 
stability subject to the UK and 
USA (international), sustained 
economic growth/political 
stability (national), increasing 
economic growth/improved 
political stability (regional) 

moderate economic 
growth/some political unstability 
(international), sustained 
economic growth/political 
stability (national), increasing 
economic growth/improved 
political stability (regional) 

moderate economic growth/some 
political stability (international), 
moderate economic growth/political 
stability (national), moderate 
economic growth/improved political 
stability (regional) 

Competitive use 
options higher than current higher than current remains unchanged 

Crop areas and 
yield 

area planted with E. grandis 
increases 

area planted with E. grandis 
increases 

area planted with E. grandis 
remains the same  

Agro-industry 
pattern 

 Government design regulations 
to support the development of 
new wood industries. The 
government is successful in 
attracting investors to develop 
wood industries, other than 
pulpmills.  

less wood industry activity due 
to pension funds investments 

less wood industry activity due to 
pension funds investments 

Afforested area 39,772 ha. + 10%= 43,750 has 39,772 ha. + 10%= 43,750 has 39,772 ha (same as today). 
Primary crop 
residues 
productions 

90-101 thousand ton/year of DM 90-101 thousand ton/year of DM 82-92 thousand ton/year of DM 

Primary residues 
availability 
assumed 

Maximum 15% sold for other 
uses: 77- 87 thousand ton/year 
of DM available 

70 to 50% of residues sold for 
other uses, especially pulp mills: 
27-30 to 45-55 thousand 
ton/year of DM available 

30 to 40% of residues sold for 
other uses, especially pulp mills: 49 
-55 to 57-64 thousand ton/year of 
DM available 
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Risk evaluation for 2030-2035 
 
The risk assessment is done (in 2035) by comparing quantities of selected LC biomass in each credible 
scenario:  

• If all scenarios converge towards a significant reduction in available residues, then the risk for 
the development of a 2G-Ethanol project is high. 

• If all scenarios converge towards a significant increase in available residues, then the risk for 
the development of a 2G-Ethanol project is low. 

• All other situations are at an intermediate level of risk. NB: parameters such as uncertainty and 
inter-annual variations can be added. 

 
Most scenarios shows that the availability of feedstock would not be compromised for at least 
one ethanol deployment consuming 30.000 ton of DM per year located 30 km far (in average) 
from plantations. 
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Environmental assessment 

 
Environmental Issues at regional Scale 
 

Environmental priorities 
 
The environmental issues of forest plantation are covered by: (1) the regulations of the General 
Directorate of Natural Resources of the Ministry of Livestock, Agriculture and Fisheries; (2) the national 
code of Good Forest Practices and (3) FSC/PEFC’s certifications. In which, the loss of biodiversity must 
be prevented as well as the negative impacts soil, water quality and quantity. 
 
Environmental priorities and restriction of agricultural (and forestry) activities 
 
Currently, the environmental priorities for the forest plantations are: 

1. Soil fertility and nutrient balance of plantations (Arrarte et al 2010; del Pino et al., 2010; Delgado 
et al., 2006; Hernández et al., 2009, 2010a, 2010b). Mainly by the potential exportation of K, Ca 
and Mn with the harvest residues and bark. 

2. Changes in water production and water quality of forested basins.  
3. The validation of models for an adequate estimation of growth and carbon sequestration of each 

kind of forest plantation. 
4. Potential effects on the trophic structure of river’s ecosystems, situation identified in the western 

forested basins (Carrasco-Letelier et al., 2012). 
 
At a regional scale, the main potential problems could be the changes in water production, water quality 
of forested basins; and trophic structure of rivers’ ecosystems. For the first two topics there are some 
studies in development. But there are still several scientific gaps. 
 
State of environment at regional level in connection with agriculture/forestry activities: 
useful criteria and indicators 
 
The environmental issues mentioned above are surveyed in a permanent way by the forest companies 
with soil analysis, the support of complementary research with national and international institutes. 
In relation with soil fertility the first reports about soil nutrients and forest residues decomposition rates 
has been published (Arrarte et al 2010; del Pino et al., 2010; Delgado et al., 2006; Hernández et al., 
2009, 2010a, 2010b) and this work is still under develop. At the case of hydrological balance of basins, 
a study about it is developing in twin basins with the University of North Carolina for the calibration of a 
SWAT model.   
The knowledge for nutrient balance generated a standard management of the residues on crop field, 
where the most of them are leave after the harvest process. 
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Table 20 Environmental factors for EIA of the “upstream processes” and links with main inputs used 
Upstream process 
steps Biomass production Biomass removal Transport Storage & 

Treatment 

Main 
Inputs/Impacted 
Environmental 
factors  

Use of 
pesticides 

Use of 
fertilizers 

Water 
intake 

Fossil 
energy 

Soil 
tillage 

Passage
s of 

tractors 

Fossil 
energy & 
Burning 

Passage
s of 

tractors 

Fossil 
energy 

Fossil 
energy 

Surface water quality  X          

Ground water quality           

Water quantity   X        

Soil – erosion     X      

Soil – compaction     X X     
Soil carbon     X      
Soil biodiversity     X      
Air – acidification           
Air – GHG    X       

Air – Particle matter            

Flora – fauna – 
contamination           

Flora – fauna 
disturbance        X   

Resource            
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Environmental Impact Assessment (EIA) on studied areas 
 
Project description 
 
The project is located in the North of Uruguay where a forestry industry based on lumber and 
plywood production has developed in the last 35 years. For those uses, Eucalyptus grandis planted in 
the North region are managed with pruning and thinning, yielding residues in long rotations (16-21 
years) by foresters with mainly 3 different profiles: small farmers, medium to large companies that are 
vertically integrated, and funds. 
Plantations are located on soils that were prioritized for forestry by the government, being the poorest 
of the country: soils are acidic, low in base saturation, containing exchangeable aluminium, and deep 
(up to 1.5 to 3m). Eucalyptus grandis logs with large end diameter smaller than 20 cm are currently 
residues of the local industry and are being sold for pulpmills located in other regions. Most of 
commercial plantations are certified according to regulations of the Forest Stewardship Council (FSC) 
or the Programme for Endorsement of Forest Certifications (PEFC) in order to reach global markets. 
Also the General Directorate of Natural Resources of the Ministry of Livestock, Agriculture and 
Fisheries, and the national code of Good Forest Practices. Therefore, environmental issues of forest 
plantation are covered by those regulations in which, the loss of biodiversity as well as the negative 
impacts soil, water quality and quantity must be prevented. 
According to the forest plans presented to the Forestry Directorate, the effective area occupied by 
Eucalyptus grandis plantations for sawmilling in the North region (Rivera and Tacuarembó) is 39,772 
ha. For this area, projections of total residues production ranges from 100.000 to 250.000 tons of dry 
matter per year for the region, with an average of 180.000 tons. For a chosen buffer zone of 50 km 
radius within the region total residues production oscillates between 174.000 to 39.200 ton DM/year, 
with a yearly average of 81.800 to 91.900 ton DM/year, considering a 24-year period. These figures 
suppose all logs with diameters between 19 and 6 cm, which suppose leaving leaves, branches and 
most of bark in the field, since those fractions are rich in nutrients. This is the level of extraction 
currently practiced and is assumed as the maximum admissible in this project as soil fertility and 
nutrient balance are main issues for commercial plantations. Other environmental priorities are: 
changes in water production and water quality of forested basins; and potential effects on the trophic 
structure of river’s ecosystems. 
 
Screening and scoping 
 
If the scenarios mentioned above could be developed some environmental impacts at plot and at 
basin scale could occurred. For these reasons, we suggest a periodic assessment (i.e. each 5 years) 
for identify the soil fertility changes, production changes at plot scale; and river ecosystem changes at 
basin scale. 
 
Impact prediction 
 
Impact of crop residues exportation on soil nutrients with negative impact on soil fertility. 
Impact of soil nutrients (alkali metals) released by forest residues on top soil causing potential 
negative impact on river ecosystem.  
 
Mitigation measures 
 
Impact of crop residues exportation on soil nutrients/ possible mitigation measures: complementary 
fertilizations along the crops 
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Impact of soil nutrients (alkali metals) released by forest residues on top soil/ possible mitigation 
measures: grassland strips for capture the nutrient washed by the rainfall before the river shore. 
 
Cumulative effects 
 
Impact of crop residues exportation on soil nutrients = negative impact on soil fertility and wood 
production 
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Conclusions and perspectives 
 
Forestry sector has been stable with a fast growing industry and exports since the 80´, being the 
second export in the country. 

By law, soils less suitable for agriculture were prioritized for forestry through incentives since the 70´s, 
which has regimented soil use and discourage competition with cattle and agriculture in better soils.  

The specie proposed, Eucalyptus grandis, presents acceptable chemical characteristics for the 
developed pretreatment process and the production of 2G bioethanol. 

The forests are managed in long turns from 16-21 years with regular pruning and thinning activities 
for high quality wood, therefore providing steady and reliable amounts of wood residues. 

Targeted residues for the production of 2G ethanol are logs which diameters are smaller than those 
required for export or sawmills (between 19 and 6 cm) and are currently mostly sold for cellulose 
production. 

The selected North-East region produces enough forest residues in small catchment area 
(50km radius) for feeding at least one plant processing 30,000 tons dry matter per year dry 
biomass in the worst case and about  82,000 ton DM/year average in the best case. 

The main source of variation is the area planted per year, with residues´ amount oscillations 
between years ranging from 174,000 to 39,200 ton DM/year 

The cost for harvesting and logistics is competitive, not exceeding 50 USD /t DM or 40 € /t DM 
for a maximum freight distance of 50 km. 

The competition with the pulp industry constitutes the main threat for a sustainable feedstock 
supply for a 2G bioethanol plant. Competition for smaller logs of Eucalyptus grandis may 
increase if a new cellulose plant is built in a closer location (as it is projected now). However, 
the wood price for the pulp industry is not expected to be competitive unless cellulose price 
has a substantial rise in the future. 

Eucalyptus grandis shows low risk for pests and diseases in the short term.  

It is expected that the base volume for residues production increases given some substitution of 
pines by eucalyptus. However it is not certain whether those new plantations will be managed for 
sawlogs or not in the case they belong to pension funds. 

Potentially, residues from the transformation industries could increase the offer if a change in the 
business model is pursued. Currently, most of the sawmills use their own residues for the production 
of energy by cogeneration. 

Soil fertility and nutrient balance are the main agronomic constraints, limiting the types of 
residues extraction to small diameter logs and leaving branches, leaves and bark in the fields 

Good practices for minimizing environmental issues of forest plantation are already in place at 
national level: (1) the regulations of the General Directorate of Natural Resources of the Ministry of 
Livestock, Agriculture and Fisheries; (2) the national code of Good Forest Practices and (3) 
FSC/PEFC’s certifications which are applied to most of commercial plantations. 
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Additional feedstock of residues could be explored in other regions of the country such as the 
Eastern region (Cerro Largo and Treinta y Tres Departments). Given the distance to the 
harbour, to develop products with added value would improve profits for foresters in this 
region.  

Foresters and forest companies would improve their profit if a better price (and a better ratio 
cost/price) for field residues could be obtained thanks to the development of a 2G ethanol industry.  

A new deployment of industry in or near the forest plantations would be beneficial to the socio-
economical development of the region. 

National laws promoting the forest and biofuel productions and the investments are expected to 
remain applicable in the long term.  

Labour laws (security and salary) are expected to remain applicable in the long term. 

The government is interested in promoting biogas generation from different types of feedstock 
(Biovalor Project), and particularly promoting biofuel production in the North region) Uruguay 2050 
project.  

At this stage of the investigation, Eucalyptus grandis forest residues located in the North-East 
of Uruguay can be considered as a good feedstock for a sustainable supply of small industrial 
scale plants for the production of 2G ethanol with the processes and business model 
developed in the project BABET-REAL5. 
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Understanding of agricultural, agro-industrial and forestry sectors 
at regional scale 
 
Understanding of agriculture and agro-industry at national and regional 
level 
 
During the last years an increasing amount of agricultural, agro industrial and forest residues is being 
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 have a real dimension of the 
availability of feedstock for 2G bioethanol production plants.   
Agricultural feedstock and residues, particularly corn corn stover and sugar cane agricultural residue, 
are likely to offer some of the best biomasses available in significant quantities. There are several 
challenges to overcome since differentiating from bagasse or wood process residues they are not 
concentrated at the processing plants and need to be collected from the field as a separate and more 
costly operation. Residues from the sugar cane and wood processing industry can provide low-cost 
feedstock already collected on site but they are presently already being used as biomaterials or energy 
purposes.  As a result, however, the majority is 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. Priority has been given to biomasses with specific chemical composition: cellulose >34%, 
hemicelluloses <30%, lignin <22%, ash <10%, lipids <10%, proteins <10% and not 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 per year 
processing capacity in regional/local level. This study takes into consideration different stages of 
selection of biomass residues supply. The net availability of residues, economical and logistics issues, 
were the main criteria for the screening and selection of the best materials appropriated for the CES 
process.  
 
Climate and soil issues 

By its 2,780,400 square kilometres, Argentina is the second largest in Latin America eighth in the world. 
Although the most populated areas are generally temperate, Argentina has exceptional climate 
diversity, ranging from tropical in the north to subpolar in the far continental south. Climate patterns 
roughly follow the geographic regional division 
The Northwest climate is varied, with rainfall diminishing north to south and east to west: Puna, to the 
high Andean west, is dry and with great temperature fluctuation but cold overall, frequently falling below 
freezing point at night; Yungas, to the east, are tropical, very hot and moist. 
Major wind currents include the cool Pampero Winds blowing on the flat plains of Patagonia and the 
Pampas; following the cold front, warm currents blow from the north in middle and late winter, creating 
mild conditions. The Sudestada usually moderates cold temperatures but brings very heavy rains, 
rough seas and coastal flooding. It is most common in late autumn and winter along the central coast 
and in the Río de la Plata estuary. The Zonda, a hot dry wind, affects Cuyo and the central Pampas. 
Squeezed of all moisture during the 6,000 m descent from the Andes, Zonda winds can blow for hours 
with gusts up to 120 km/h, fueling wildfires and causing damage; between June and November, when 
the Zonda blows, snowstorms and blizzard (viento blanco) conditions usually affect higher elevations. 
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Biodiversity  
 
Argentina is a mega-diverse country hosting one of the greatest ecosystem varieties in the world: 15 
continental zones, 3 oceanic zones, and the Antarctic region are all represented in its territory. This 
huge ecosystem variety has led to a biological diversity that is among the world's largest. 
Among the total biodiversity 529 species of vertebrates and at least 240 plants are threatened, mostly 
by conversion of natural land for agriculture and deforestation, but also by industrialization, urbanization 
and a growing number of alien invasive species. Argentina is also the 9th most bio capable country in 
the world. In 2013 it had a protected area network consisting of 299 continental zones, covering 6.3% 
of total mainland area; 21 Ramsar sites; and 11 biosphere reserves, partially sampling most of its 24 
terrestrial ecoregions. 
Subtropical plants dominate the Gran Chaco in the north, with the Dalbergia genus of trees well 
represented by Brazilian Rosewood and the quebracho tree; also predominant are white and black 
algarrobo trees (prosopis alba and prosopis nigra). Savannah-like areas exist in the drier regions 
nearer the Andes. Aquatic plants thrive in the wetlands of Argentina. In central Argentina the humid 
pampas are a true tallgrass prairie ecosystem. 
The original pampa had virtually no trees; some imported species like the American sycamore or 
eucalyptus are present along roads or in towns and country estates farms. The only tree-like plant 
native to the pampa is the evergreen Ombú. The surface soils of the pampa are a deep black color, 
primarily mollisols, known commonly as humus. This makes the region one of the most agriculturally 
productive on Earth; however, this is also responsible for decimating much of the original ecosystem, to 
make way for commercial agriculture. The western pampas receive less rainfalls, this dry pampa is a 
plain of short grasses or steppe. 
Many species live in the subtropical north. Prominent animals include big cats like the jaguar, puma, 
and ocelot; primates (howler monkey); large reptiles (crocodiles), the Argentine Black and White Tegu 
and a species of caiman. Other animals include the tapir, peccary, capybara, bush dog, and various 
species of turtle and tortoise. There are a wide variety of birds, notably hummingbirds, flamingos, 
toucans, and swallows. 
Provinces are responsible for all related natural resources in Argentina. At a federal level policies are 
coordinated by the Secretary of Environment and Sustainable Development that depends from the 
national presidency. 
 
Protected areas 
 
Federal System of Protected Areas was created in 2003 by an agreement signed by the Ministry of 
Environment and Sustainable Development, the National Parks Administration and the Federal Council 
on the Environment. Lays her Statutory Framework, which protected areas are areas of coastal / 
marine (terrestrial or aquatic) inland ecosystems or a combination thereof, with defined limits and under 
some kind of legal, national or provincial protection, the competent authorities of the various 
jurisdictions voluntarily enrol in it, without, in any way, mean an affectation to judicial power. 
The management SIFAP is vested in an Executive Committee consisting of three members: The 
President on behalf of COFEMA, the Coordinator, represented by the NPC and the administrative and 
The SIFAP is the sum of all the AP Argentina created and managed by national, provincial, municipal, 
university, private, NGOs or foundations.  Each AP information has been recorded and registered in the 
SIFAP only by national agencies and provincial. The ap of territory management zoning map of native 
forest according to the national law 26331 can be found in 
http://www.ambiente.gov.ar/?idarticulo=11874 
 

http://www.ambiente.gov.ar/?idarticulo=11874
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Figure 1 Zoning classification of Argentina 

 
Soils 
 
In Argentina, the direct seeding system mainly used on soils with the highest productive 
potential renders the use of corn stover 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 corn, a prudential use of corn stover was estimated. 
Crop biomass residues 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 residues available for removal is a complex issue that will vary depending on the 
different climates, soils and management systems. In this report we have used the best 
information obtained from research stations and Universities in Argentina. 
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In order to calculate the amount of biomass residues generated at corn & sugarcane plantations at 
harvesting, the different harvesting modalities in each area of Argentina have been considered:  manual 
or machine harvesting system %, burning %, etc.  In order to evaluate the biomass residues % likely to 
be collected, the availability and efficacy of the machinery intended to these tasks in each country was 
assessed. 
In Argentina, the highest concentration of sugarcane plantations is located in the province of 
Tucumán and Salta. Industries generating the highest volume of sugar and biofuel are also located 
within the same area. Exploitation thereof depends on how the cane fields are managed.  Crop 
residues cannot be obtained once plantations are burned. Available residues were calculated in the 
regions where corn crops (harvest) are predominant and the estimated loss was determined by the 
need to leave part of the residues on the fields for soil preservation purposes.  
 
Logistics 
 
If the bioethanol industry expands from a primarily sugar-and corn starch based system to a 
cellulosic-based system, new infrastructure will need to be developed across the country.  
The corn-based ethanol system can rely on a well-established logistics process for harvesting, 
transporting, and storing corn, but the feedstock for the cellulosic process do not have such a robust 
logistics support framework. The new specific energy crops are also more susceptible to changes since 
there are no or little alternative markets for the product. On the other hand, while the specific details of 
every biomass supply chain are different, most of them include a common set of components that are 
shared in multipurpose crops, 
Biomass as a source of energy has two distinguished characteristics: low energy density (amount of 
energy per kilogram) and high dispersion over the territory. Both severely affect the logistics 
requirements and cost.  
In all cases biomass transportation can be a significant component of the overall product cost, 
and careful planning and coordination is required to optimize the movement of a low-density, 
low-cost, widely dispersed feedstock to one or more processing facilities within a given region. 
Present commercial multipurpose crops have the advantage that co-products and by-products are 
responsible for covering significant portion of production cost and the biomass and biofuels can use this 
advantage toward lowering costs and energy consumption.   
Depending on the travel distances and the local infrastructure, it may be possible to achieve cost 
savings with multiple transportation modes (e.g., truck, rail), but this will depend on the specifics of the 
feedstock origins, processing destinations, and other local conditions, such as infrastructure availability. 
All this aspect is increasingly starting to be considered specially when planning the use of specific crops 
or new residues were a whole logistic transportation infrastructure must be put in place and operate in 
an efficient manner at all time. 
 
Use of biomass residues 
 
The use of residues is being widely promoted as a new source of biomass for biofuel 
production at large scale using present technologies and second or third generation ones. 
There are certain concerns regarding this use without having a systemic view of agricultural systems. 
Rapid expansion in residual biomass use for all purposes including biofuels and bioenergy is 
increasing demands on ecosystem resources required to sustain productivity since specific 
parameters and effects must be studied: 

• Carbon balance 
• Wind and water erosion 
• Water cycle 
• Nutrients cycle and reposition 
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• Edaphoclimatic factors interaction. 
Biogeochemical processes and ecosystem sustainability are not well known and research efforts are 
low in comparison with the knowledge needs. The effects of biomass removal on soil organic matter 
(SOM) and nutrient storage have been studied in the world, but more information is needed on: 

• How different biomass management systems interact with soil types and climate to alter 
greenhouse gas (GHG) emissions;  

• Implications of increasing biomass removal on other biogeochemistry-related ecosystem 
services;  

• How nutrient and C cycles of different crops respond to fluctuations in water availability 
• Indicators of soil productivity that could be applied operationally in land management at a site-

specific level.  
 
The survey performed on different experimental stations through INTA have detected several long term 
studies over this factors mainly related to different plant rotations and tillage practices. There are no 
specific studies related to biomass extractions from the crops objective of this study. 
Ecosystem processes-based models are valuable tools for synthesizing biogeochemical cycles and can 
be used to address environmental and management challenges, and to predict the long-term effects of 
land use and management practices on soil properties and productivity. This type of approach has been 
used only in certain countries and there is a great need to confront and adjust them to different soils, 
crops and climates in order to improve the forecast results in Argentina. 
 
Pre-selection of biomasses from the project BABETHANOL 
 
The project BABETHANOL ran under FP7, allowed performing a preliminary study of the potential 
lignocellulsoic biomass feedstock in Argentina. 
Several biomasses were investigated and found interesting from the chemical composition favourable 
for the production of bioethanol: sugarcane field and industrial residues, corn and wheat crop residues, 
grape and olive tree pruning residues and forestry field and industrial residues.  
 
At the end of the study and after applying other screening criteria (quantities available and 
concentration in small catchment areas) only 2 biomasses were preselected as potential 
feedstock for the production of bioethanol: corn stover in the Córdoba region and sugarcane 
field residues in the Tucumán region. This new study has investigated in more details these 
preselected lignocellulosic biomasses. 
 
Understanding of the corn production in the region of Córdoba  
 
Results from national data bases  
 
Corn is the most interesting extensive crops to be assessed regarding field residues 
exploitation, due to the extension of its production area, the large amount of above ground 
biomass that remains as corn stover after harvesting, the time of the year during which the 
crops are produced and the physiological characteristics of these species.   
 
The corn area in the region of Córdoba has ranged in the last years from 1.6 to 1.8 M ha. Present 
expansion is related to a change in the export tax applied to the crop and the growth of the 1G 
bioethanol industry in this region.  
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This change is bringing a benefit for the soils improving the crop rotation with an increase in the amount 
of residues in the fields with greater C/N relation compared with soybeans. It is expected that growth 
would continue at the slower rate in the next years. 
 

 
Figure 2. Planted area  (http://www.bccba.com.ar/maiz-6970.html) Bolsa cereales de Córdoba 

 
Corn patterns at a regional scale 
 
The province of Córdoba is located in the central part of the country covering 165,320 km2 and borders 
with Santa Fe, Buenos Aires, Catamarca, Tucumán, Santiago del Estero and La Pampa. The main 
characteristics of the economy and social aspects of the region are depicted in Table 1.  
 

Table 1 Economy and social aspects of the region (Censo, 2010) 
Descriptor  Total 

Area (km2) 165,320km2 

Urban population 3.3 million 

Rural population 255,000 

Corn no till 91.6 % 

Principal 
activities % 

Agriculture 12.9 

Industry 13.6 

Mining 0.4 

Electrical 
generation 3 

Construction 4.9 

 Services 65.2 

http://www.bccba.com.ar/maiz-6970.html
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The main agro-industrial activities in this region are corn for 1G bioethanol, peanut chain, dairy chain, 
cattle, meat processing plants and flour mills. The principal crops in the region are corn, soybean, 
sunflower, wheat, sorghum and peanut. The corn production in Córdoba rose to over 10 Mt in 2016 
with varying concentrations in the departments of the province. 
 

 
Figure 3 Corn production per department In the province of Córdoba.  INTA for the project 2017 with 

information from the cereals chamber of Cordoba 
 

Corn industry has had a sustained growth, increasing the processing capacity in this area. This 
characteristic located the region as one of the most important centres for 1G bioethanol 
production and industrialization of the country. This sector in expansion comprises mainly local 
investors.  
The establishment of corm processing plants in the area has contributed to capture added value from 
the regional corn production since distances to the export ports are high and logistics very expensive. 
Nevertheless, the principal final use of corn is for export as grain from the ports.  
The production is concentrated in the provinces of Buenos Aires, Córdoba and Santa Fe, gathering 
more than 70 % of the national production.  
In the province of Córdoba farmers are specialized in crops with very high use of technology 
and consequently having the highest yields according to agroclimatical conditions. Technology 
access is very high, farm machinery industry is located in the area and there are no constrains 
for fertilizers, agrochemical, and seeds.  
The evolution of the agricultural system of corn production in Argentina has been characterized by 
continuous technological improvement. This has changed the agricultural system and set the base for 
growing societal demand for environmental and socially responsible goods, though economic concerns 
are still primary.  For social and environmental considerations, institutions are also crucial for both 
public and private sectors (Diaz-Chavez 2011). Argentina has developed an important and 
sophisticated network of institutions related to agriculture and agribusiness. A growing influence of 
several organizations has been significant. It includes INTA (Instituto Nacional de Tecnología 
Agropecuaria), AACREA (Asociación Argentina de Consorcios Regionales de Experimentación 
Agrícola), MAIZAR and AAPRESID (Asociación Argentina de Productores en Siembra Directa) INTI 
(Instituto Nacional de Tecnología Industrial). 
There is a secondary concern with social factors coming from the public side (municipal, provincial and 
federal governments) and the private sector through new trends in enterprise management such as fair 
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trade, social enterprise, Corporate Social Responsibility (CSR) and sustainability certification schemes. 
The development of this trend has been institutionalized through the Social Responsibility Institute 
(IARSE), with specific tools to address this important issue (IARSE) (Diaz-Chavez 2011; Jorge Hilbert 
2012b). There are important advances that have been reflected in concrete actions such as: 

• Criteria and indicator development 
• Good agricultural and agro-industrial practices 
• Certified agriculture 
• Certification biofuel schemes such as CARBIO, Global Bioenergy Partnership (GBEP) and the 

Roundtable on Sustainable Biofuels (RSB), amongst others 
• Regulatory advances allowing a better accountability and management of land usage.  

Technological development has allowed unquestionable improvements in the preservation of the 
environment, including: 

• Reduction of agrochemicals toxicity  
• Application technologies (good agricultural practices) 
• Direct seeding technology 
• Precision agriculture 
• An increase in unitary production, which reduces the pressure from utilization of new farmlands. 

 
Increased regulation has allowed for better control and the future development of land use. In 
Argentina’s case Law Number 26.331 – the Native Forest Minimum Budget Law, is an example towards 
that direction, though implementation has been weak. In section 5.6 this topic will be explored.  
 
More than 91% of corn production uses no-till agriculture, along with other modern 
technologies such as precision agriculture. This gives an important advantage in greenhouse 
gas (GHG) emissions savings and energy balance. According to studies by INTA, GHGs savings 
from such farming technologies range between 72% and 80% (Jorge Hilbert 2012b). 
Argentina's maize crop in the 2016/2017 season has grown by 20% which in turn has caused a 
decrease in soybean production according to the latest MINAGRO estimates. Argentina's cereal 
production amounted to 37.9 Mt in the 2015/2016 cycle. Argentina is the world's fourth largest exporter 
of maize, the world's largest exporter of soybean oil and flour and the third largest supplier of 
unprocessed beans. 
 
At the moment Direct Sowing continues being consolidated like the most appropriate for the 
corn production in Córdoba, this technology is approximately covering 83% of the total of the 
surface destined to this crop. However, this technology brings with it some challenges, such as 
avoiding soil compaction, increasing soil moisture retention efficiency, increasing efficiency in the 
nutrient cycle; and also prevents the possible occurrence of diseases caused by the accumulation of 
organic matter in the soil, as well as the appearance of resistant weeds and different pests that are 
demanding new solutions. But technological advances in maize genetics allowed this crop to achieve 
the highest yield increases in the last 30 years, from 3 t / ha in the 1980s to a record of 7.12 t / ha in the 
2009/10 campaign. Also, it is worth noting that in recent years Córdoba has become one of the 
benchmarks in Latin America in Precision Agriculture. 
Córdoba has a very low degree of industrialization of its maize production as well as an imbalance in 
the agricultural rotations given the relative decrease of the area covered by maize and a sustained 
increase of the years with soybean in the farms.  
The transformation of raw materials into more valuable products is essential for the development of the 
country, and therefore some sectors of the consumption find an opportunity of growth based on the 
great availability of national maize at low cost. 
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At present, the movement of grains in Córdoba is eminently road, since 91% is made by truck, 
8% by rail and 1% by barge. These percentages differ substantially with respect to other producing 
countries, such as the USA, where 60% of the movement is fluvial, or in Brazil where the share of the 
railroad is approximately 30%.  
It is important to note that the movement of grains in Córdoba has historically developed in two 
stages: the route between production area and collection (cooperative), which includes a so-
called "short" freight due to the proximity between origin and destination; and transportation 
from the collection area to port or industry known as "long" freight. The integration observed in 
the commercialization of grains in the last two decades promoted the direct movement from 
production to industry or port area, reducing it to a single stage. This reality implies an enormous 
challenge from the environmental and economic point of view given the impact on the whole chain of 
transformation. The fertilization of this crop is a subject of controversies given the relative low levels of 
substitution of the main macronutrients extracted by the crop of the grains. 
 
Nutrients cycle 
 
Nutrients use and reposition in the main crops of Argentina is a critical issue. Depending on the 
crop the reposition of the different nutrients never reaches the amount of the extraction from 
the fields.  The mean level of reposition is 41 % for N, 60 % for P, 6 % in K and 36 % on S. 
 

Table 2 Nutrients cycle in the two crops Fertilizer http://www.fertilizar.org.ar/subida/Estadistica 
Nutrient Corn Sugarcane 
Nitrogen 57.005 416.406 
Phosphorous 3903 168.118 
Potassium   
Sulphur 227 20919 
 
Climate and soil issues in the region of Córdoba 
 
Climate 
 
The climate of the province of Córdoba is predominantly temperate, with some regional 
variations.  
Generally speaking, summers are hot and humid, falls are pleasant, winters are extremely dry with 
strong variations in temperature, and springs are windy and variable. The eastern part of the province 
experiences summer average high temperatures between 30 °C and 32 °C (86F to 90F) and lows of 16 
°C to 18 °C (60F to 64F), with frequent thunderstorms, heat waves with temperatures higher than 38 °C 
(100F) alternating with periods of much dryer, pleasant weather following cold fronts. Monthly 
precipitation during this season ranges from 90 mm to 120 mm (3.5 to 4.7 inches). Nights are 
noticeably cooler in March, which is also the rainiest month, and April often brings very pleasant 
weather with highs around 23 °C (73F) and lows around 11 °C (52F). Starting in May, rainfall is low, with 
less than 25 mm (1 in) monthly during the winter. Frost arrives in late April in the south, and late May in 
the north. 
Winter temperatures average a high of 15 °C to 18 °C (59F to 64F) and lows of 2 °C to 4 °C (36F to 
39F), but marked variations are possible: northerly winds can push values up to 30 °C (86F) and 
southerly winds can keep afternoon temperatures at 6 °C (42F) and bring night time temperatures to -5 
°C (23F). The air is often humid in winter, and thick fog is very common. Snowfall is very rare, almost 
unheard of in the northeast, but snowstorms can occur: in 2007, between 10 cm and 20 cm (4 in to 8 in) 
covered a significant part of the region, and temperatures plummeted to -9 °C in most areas (16F). 
Spring is very variable, alternating between very intense heat waves and cool weather periods with 

http://www.fertilizar.org.ar/subida/Estadistica
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severe thunderstorms, hail and strong winds. Total precipitation is over 850 mm (33.5 in) along the 
border with Santa Fe, and diminishes to about 700 mm (27.5 in) in the west, reaching a minimum of 
about 600 mm (23.5) in the southernmost part of the province.  
This climate allows eastern Córdoba to be the nation's main producer of soybeans and peanuts, 
and a large producer of maize and dairy products. 
 
Soils  
 
Three predominant types of soils in the agricultural area under study are MOLLISOLS. They 
occupy important areas in Córdoba plains and constitute the dominant soils among those with 
the best aptitude for agriculture.  
Mollisols have been mapped in every province from the subtropical area in the north-east to the island 
of Tierra del Fuego in the south. Mollisols have been mentioned as occurring in Antarctica, being still 
under discussion if such soils actually belong to the Mollisols. The Pampean Region, both humid and 
semiarid, is characterized respectively by Udolls and Ustolls with minor occurrence of Aquolls in flat 
areas utilized for cattle production. The Mollisols have been the object of many studies and 
postgraduate theses mostly referred to its genesis. This wide research subject is based on the 
undoubtedly polygenetic character of the soils. There are layers of materials with similar lithology and 
origin that have been deposited during alternating episodes of dry and moist climate. The intent to show 
such discontinuities in the soil name has introduced some confusion in the local classification of 
Mollisols, an issue that still has not been solved with a general agreement among the soil scientists. 
Another feature of the Pampean soils is the presence of a CaCO3 enriched horizon that sometimes 
qualifies as petrocalcic horizon, and occupies wide areas under humid climate. To solve this peculiarity 
some local modifications were introduced to the Soil Taxonomy, which are not yet fully satisfactory. 
Neither is adequate the recent changes in the second edition of the Soil Taxonomy. 
 
Agronomical and socio-economic approaches for corn in the region of 
Córdoba 
 
Regional approach / corn systems 
 
The traditional way of farming had an important transformation in the area under study, with 
consequences for the land concentration and organization of farmers. In the first place, in 
addition to traditional farmer’s new actors entered the business to rent the land, largely national 
firms. Owners of the land either cultivate or rent it, receiving the benefits from the production, 
though most benefits flow to the shared ownership companies. This is known in Argentina as 
‘two layer’ beneficiaries (Aizen et al. 2010; Jorge Hilbert 2012b). In addition to these traditional 
actors, the evolution of the agricultural production system in Argentina and positive returns 
produced new forms of associations and actors. 
 
Planting or farming groups are associations of different stakeholders that may or may not be 
from the farming sector. They gather money to invest in farming production and share the net 
benefits after harvesting. These actors inject a new dynamism into rural areas, since they 
stimulate the whole chain of primary production and enable landowners to receive increasing 
revenues from renting their land, preventing them from selling and losing their participation 
(Jorge Hilbert 2012b; Rossi 2006; Aizen et al. 2010). 
 
The predominant productive business model 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: 
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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 significant 
inclusion of technology for precision agriculture. 
 
Corn production decisions start with the analysis of the available water and the expected climate for the 
year. This is the most influential factor in maize yield. This analysis is fundamental as a strategy to 
define date of sowing, hybrid, density and fertilization strategy and it constitutes the simplest available 
technology, of low cost and of greater economic return. 
In many areas, water reserves that are useful to sowing will be higher than the past. The forecasts give 
good prospects of rains. Under these conditions the best yields will be obtained with the early sowings 
that, although they require a higher input cost, are usually justified and give the best economic results 
early corn, quick-drying and harvested in February, has a surcharge and less freight compared to 
harvest as of March 15. Soils with less storage capacity or with less water useful to the sowing should 
be destined to late plantings, where, although the yield potential is lower, the risk of water stress 
decreases and the costs of inputs are also smaller  
Since the growth of the crop is closely associated with its capacity to take advantage of incident 
sunlight, the management of plant density is one of the most effective tools to obtain efficient sunlight 
capture. The density of plants to be achieved varies with the environments and the genetic material 
chosen. With respect to the new genotypes, tolerate higher densities in stress situations, with 60 to 
65,000 plants achieved. Extreme care must be taken to achieve good planting results disparities in 
high-yielding plantations can generally result in losses in excess of 1500 kg / ha. 
In the case of Phosphorus fertilization, those farms that came to apply criteria of restitution in rotation 
are those who, perhaps, can bet on reducing doses to levels of sufficiency without affecting the current 
yield. Nitrogen fertilization is of high impact in maize. The needs of N are low until V5-V6, a later 
application to that stage allows to take decisions with more certain data (number of plants achieved, 
weather forecast, future price). In applications after V5-V6, the location and type of fertilizer linked to 
environmental conditions have an influence on the efficiency of use. The response to Sulphur is not 
discussed in most batches and in respect of Zinc, figures below 1 ppm on sandy soils and low organic 
matter tenors show yield increases of 5 to 7%. 
The professional monitoring of pests and diseases is located between US $ 4 / ha. The 
recommendations of application following the criteria of Threshold of Economic Damage has very high 
economic returns. Regarding weeds control, the presence of annual grasses becomes one of the main 
constraints on yield and there are combinations of technologies on the market that allow us to combat 
them more efficiently. The presence of maize in rotation also allows us to rotate active principles, a 
fundamental strategy in integrated weed management for the prevention and control of resistant 
species 
Although grain drying costs have become an important economic issue in Argentina from the crop side 
it recommends not delay the harvest. There are usual excessive rainfall conditions for autumn the cost 
of that waiting can be very high because of losses due to broken, overturning and shedding of spikes. 
Advancing the harvest by negotiating the costs of drying often translates into a better price per ton, 
lower freights and lower losses. 
 
Economical approach: a simplified approach at farm level 
 
The maize crop shows the most competitive results considering average yields of the decade and 
expected prices. As a negative aspect arises its high operating cost with respect to other crops, which 
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makes the Margin / cost financial indicator to be lower than soybeans, and increases the overall cereal 
risk to changes in economic or climatic variables. If one considers the indifference performance that is 
necessary to cover operating costs, maize has an index of 57.6% of average productivity while soybean 
is 44.4%, so the difference in financial risk from soybean is not so marked for this cereal. 
Cultures of sorghum and sunflower show minor results but should be considered as being used in 
areas with limited soil quality. Considering the importance of renting land in agricultural production, it is 
important to analyse the difference in yields of the two competitive crops.  
 
Understanding of the sugarcane production in the region of Tucumán 
 
Results from north-west region data bases  
 
With a production of 21 Mt of sugarcane, the availability of crop residues in Argentina is very 
high.  With 365,000 ha cultivated and the milling of such high cane production, the sugar 
industry is the second activity of greater economic and social importance of the northwest of 
Argentina.  
In the last three seasons, the industrial sector reached an average production of 2.1 Mt of sugar 
and 80,000 m3 of 1G bioethanol, from the 21 Mt of cane. This figure could increase of 33 % by 2020, 
according to INTA's estimate. 
Tucumán contributes to 75 % of the national sugarcane production.  
 
 

 
Figure 4 Evolution of sugarcane in the province of Tucumán EEOP 2017 

 
The sector generates 45,000 direct jobs and revenues of 8 billion $ per year and, according to INTA 
estimates. Sugar cane in the NWR (north-west region) is a crop with a strong cultural identity and a key 
production of the regional economy of Tucumán, Salta and Jujuy - with a 98 % share of total national 
production - and, to a lesser extent, in Santa Fe and Misiones. 

 
Sugarcane patterns at a regional scale 
 
According to José Minetti, director of INTA Yuto, Jujuy, "there is a trend towards an increase in 
the surface area due to the expectations generated by the National Law that regulates and 
promotes the sustainable production and use of biofuels." Strongly associated with the 
progress and prosperity of the region, this industry grew thanks to the implementation of new 
technologies and crop management, combined with agro-ecological, business and public policy 
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aspects. This was assured by Roberto Sopena-head of the Sugar Cane Group of INTA Famaillá, 
Tucumán. 
 
In Tucumán there are 5,400 sugarcane producers, 85% of them own less than 50 ha and supply 
60% of the raw material. For its part, in Salta and Jujuy there are 120 producers, since 90% of 
the cane processed is owned by mills. This favours crop management, coupled with 
investments in genetics, irrigation systems and the implementation of more advanced crop and 
harvesting machinery, this is due to the greater availability of capital that the factories have with 
respect to independent cane producers. 
Consequently, the average yields of the mills are also higher than those obtained by the independents. 
According to estimates by INTA, the yields of sugarcane plantations reach 93.5 t / ha, compared to 
75.4% for small producers. 
 
There is an extensive and growing use in the provinces of Salta and Jujuy of sugarcane crop 
residues for energy purposes and other products generation. According to data from the 
Agroindustrial Obispo Colombres Experimental Station 78% of the sugarcane activity of Tucumán is 
mechanized. This technification of the primary production caused an increase of the productivity of the 
cane field and brought the average yields of Tucumán to those of Jujuy and Salta, historically higher. 
Contributions such as that of INTA, which developed the first green cane harvester adapted to the 
minifundios, allow more than 1,500 small producers in the central sugarcane area of Tucumán to have 
appropriate technology for the activity. The INTA cane machine represents a solution that will allow the 
small producers to be more efficient in the harvest of the hand of the appropriate technology. In 
addition, with its use it will be possible to solve an environmental problem: the burning of the cane 
during the harvest. 
The province of Tucumán is the most densely populated and the smallest by land area, of the 
provinces of Argentina. Located in the northwest of the country, the province has the capital of San 
Miguel de Tucumán, often shortened to Tucumán. Neighbouring provinces are, clockwise from the 
north: Salta, Santiago del Estero and Catamarca.  
Tucumán has a majority of small size farms. Regarding location 57.7 % are concentrated in the 
deparments of Leales, Cruz Alta y Simoca. 
 

http://www.eeaoc.org.ar/
http://intainforma.inta.gov.ar/?p=9146
https://en.wikipedia.org/wiki/Provinces_of_Argentina
https://en.wikipedia.org/wiki/Argentina
https://en.wikipedia.org/wiki/San_Miguel_de_Tucum%C3%A1n
https://en.wikipedia.org/wiki/San_Miguel_de_Tucum%C3%A1n
https://en.wikipedia.org/wiki/San_Miguel_de_Tucum%C3%A1n
https://en.wikipedia.org/wiki/Salta_Province
https://en.wikipedia.org/wiki/Santiago_del_Estero_Province
https://en.wikipedia.org/wiki/Catamarca_Province
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Figure 5 Number of farmers over 40 has per department Provincial statistics 

http://estadistica.tucumán.gov.ar/archivos/8Sector%20Agropecuario/CensoCanero/REPORTE_final_Ce
nso_C2011.pdf 

 
Long among the most underdeveloped Argentine provinces, Tucumán Province has been growing 
strongly, and, in 2016, its economy reached 11 billion $ in 2016, the nation's seventh largest. 
Known internationally for its prodigious sugarcane (with 2,300 km², and the sugar production, 60% of 
the country's), Tucumán's economy is quite diversified, and agriculture accounts for about 7% of output. 
After the sugar crisis of the 1960s, Tucumán tried to diversify its crops, and now cultivates, among 
others, lemons (world first producer), strawberries, kiwifruit, beans, maize, alfalfa, and soybeans. 
Cattle, sheep, and goats are raised mainly for local consumption. 
 
Manufacturing in Tucumán initially centred on sugar production, but has diversified significantly since 
1960. Sugar mills add about 15% to the total economy. Besides the industrialisation of the sugarcane 
into sugar, paper, and alcohol, food, textile, automotive, and metallurgical industries are present. 
Among the latter, the freight-truck assembly operated by the Volkswagen Group-controlled Swedish 
Scania company is probably the best known. Mining is a minor activity, centred on salt, clay, lime, and 
other non-metallic extractions. 
 

http://estadistica.tucuman.gov.ar/archivos/8Sector%20Agropecuario/CensoCanero/REPORTE_final_Censo_C2011.pdf
http://estadistica.tucuman.gov.ar/archivos/8Sector%20Agropecuario/CensoCanero/REPORTE_final_Censo_C2011.pdf
https://en.wikipedia.org/wiki/Sugarcane
https://en.wikipedia.org/wiki/Lemons
https://en.wikipedia.org/wiki/Strawberries
https://en.wikipedia.org/wiki/Kiwifruit
https://en.wikipedia.org/wiki/Beans
https://en.wikipedia.org/wiki/Maize
https://en.wikipedia.org/wiki/Alfalfa
https://en.wikipedia.org/wiki/Soybean
https://en.wikipedia.org/wiki/Automotive_industry
https://en.wikipedia.org/wiki/Truck
https://en.wikipedia.org/wiki/Volkswagen_Group
https://en.wikipedia.org/wiki/Sweden
https://en.wikipedia.org/wiki/Scania_(company)
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Figure 6 Industry location and principal roads in the province IDET Tucumán Gov. 

http://idet.tucumán.gob.ar/ 
 
For Tucumán sugar cane has a significant economic and social significance, since it is one of 
its main activities (González Lelong, 1997), estimating for the last years that its participation in 
the provincial Geographic Gross Product is around 10.5 % (Lannes and Pucci, 2007), being the 
activity that generates more direct and indirect jobs in the province (45,000 according to the 
July 2016 MHyF value chain report). 
The area devoted to sugarcane cultivation in the province suffered the processes of retraction 
and expansion during the last decades, obeying to the economic expectations prevailing over 
the years. It decreased from 250,000 ha in the 90 to 193,000 in 2005, gradually increasing from 
2006 to reach the current 290,000 ha. 
 
As it is a multi-year crop with life duration of five to seven years, the renewal of plantations is essential 
in the order of 20% per year, a percentage that varies according to the economic moment that the 
sector is going through. It is a seasonal activity: the harvest begins at the end of May and ends at the 
end of October. Its approximate duration is 160 to 180 days, depending on weather conditions, the 
maturation of the cane and the volumes to be processed, hence in bioenergy projects it is necessary to 
foresee the logistics of supply (collection, transport, pre-processing, and plant storage) to ensure 
availability throughout the year. 
 
Climate and soil issues in the region of Tucumán 
 
Climate 
 
Tucumán lies at the convergence of temperate climates and tropical climates further north, 
retaining characteristics of both in the lowlands. 
Furthermore, it is highly monsoonal, and depends also on elevation. As a rule of thumb, the Far East is 
dryer and hotter, whereas the Piedmont has many storms in the summer which moderate temperatures. 
The first foothills are very humid, provoking a dense jungle, and as altitude increases, a thick forest and 
then cool grasslands. The westernmost areas are once again a bit dryer because of a rain shadow. 

http://idet.tucuman.gob.ar/
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The eastern parts have an average annual temperature of 18 to 20 °C. Summers are hot with mean 
temperatures averaging between 24 to 26 °C while in winter, the mean temperatures are between 10 to 
12 °C Easternmost parts of the province, which borders the Chaco region are home to the highest and 
lowest temperatures in the province where absolute maximum temperatures can exceed 40 °C while 
absolute minimum temperatures can reach close to −7 °C owing to the accumulation of cold air that 
descends from the mountains. At higher altitudes, the climate is cooler with summer temperatures 
averaging 20 °C and winter temperatures averaging 10 °C. The annual temperature in the higher 
altitudes is 12 to 14 °C at an altitude of 2,500 metres above sea level. Within the valleys located 
between the mountains, temperatures are cooler with a mean annual temperature of 13.1 °C (summers 
average 17.1 °C while winters average 9.0 °C in the Tafi valley. 
Precipitation in the lowlands ranges from 600 mm in the east, to close to 1,200 mm in the foothills, in a 
very monsoonal pattern with 4-5 completely dry winter months, and a peak of about 200 mm in the 
rainiest summer month. 
The eastward-facing slopes concentrate not only the heaviest precipitation, with spots around 1,800 
mm falling mostly in the 5 months of the summer monsoon, but also have a unique characteristic, which 
is that during part of the year, they are constantly immersed in a thick fog, providing humidity for the 
development of a thick jungle. The climate quickly becomes decidedly temperate with altitude, 
supporting different kinds of forest which even receive some snow every winter, finally reaching high-
altitude grasslands with cool, windy weather year-round.  
The abundant precipitation creates a wide area of abundant vegetation and justifies Tucumán’s 
title of "Jardín de la República" (Garden of the Republic). 
 
Soils  
 
In the province of Tucumán, the soils present a great spatial variability as a consequence of the 
diversity of factors that condition them. The relief, climate, original materials and vegetation cover 
have a distribution such that it is reflected in the development and composition of the soils. 
Physiographically the province is integrated by different units of relief as are the zones of plains, that 
cover the east and centre of the province; area of mountains, covering the western and North-eastern 
sector, limiting with the previous unit and a series of basins and / or intermontanos valleys distributed in 
different sectors of the province of Tucumán. Each of these units is integrated, in turn, by various 
subunits with particular geoforms that are responsible for edaphic variability. Due to this reason, the 
soils were described and mapped based on their distribution in each of the relief units and identified 
geoforms. According to the USDA classification (Soil Survey Staff, 2010) the soils of the province of 
Tucumán, correspond to five taxonomic orders: Molisol, Entisol, Alfisol, Inceptisol and Aridisol. These 
sub are divided into numerous suborders, large groups and subgroups, the latter level being used in the 
cartography that accompanies this work. In total, thirty-seven dominant subgroups were identified, 
integrated by the most representative soils according to their size and taking into account the scale of 
the map for this publication. The soils were described and mapped on the basis of their distribution in 
each of the relief units and identified geoforms.  
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Figure 7 Soil taxonomy system of Tucuman according to INTA (2007) 
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Agronomical and socio-economic approaches for sugarcane in the region 
of Tucumán 
 
Agronomical approach  
 
Regional approach / sugarcane systems 
 
Farming practices are oriented to control weeds, to favour the development of the crop and to increase 
the productivity of the cane field. The type of work, its number and sequence are conditioned by a large 
number of factors including: planting time, planting system, whether or not irrigation and whether it is 
"cane plant" or "cane Soca ". Among the specific tasks of the cultivation of sugar cane are: 

• Elimination of old plantation it is carried out when a canefield is to be renewed and consists of 
eliminating the strains that have remained of the previous cane field. 

• An elimination of the excess of land in the furrow of the winter plantations is performed, because 
in them the canes are covered with greater amount of earth. In this way the budding is 
facilitated. In small farms it is carried out with shovel removing earth from the surface of the 
furrow. In the larger dimension, a disc harrow is passed in the direction of the groove. 

• Next work in the line performed is done crossing the trail by pulling the earth to the centre of it 
with bars and weirs. Simultaneously with discs the reverse work is done. The main objective of 
this practice is to control the lateral growth of the cane by keeping it inside the furrow. It also 
achieves soil aeration, and weed control. In addition, this work can be used to fertilize. 

• Crop residues of the harvest removal: when the cane was peeled, after the harvest, the so-
called "malhoja", composed of leaves and bluntness of the cut material, is left in the field. During 
the period in which the cane is not vegetating, its presence favours the conservation of the soil, 
but to favour the sprouting it is necessary to clean it. For this there are two alternatives, each 
with its advantages and disadvantages: burn it or simply remove it from the groove, leaving it in 
the interspace. 

• Fertilization: in this crop assumes importance given the great extraction of nutrients that it 
performs. In order to increase the levels of production and the quality of the product obtained, 
this practice was the most widespread in all production scales. This is reflected in that the sugar 
activity was the main consumer of nitrogen fertilizers of the country until the 90's. The moment 
and dose of nitrogen fertilization depends on the production area and whether it is cane plant or 
cane soca. In this crop, the timing of the application of nitrogen is also important because, 
because it is an important growth factor, late or excessive fertilization can lead to poor ripening 
and alteration of the expected harvest plan. 

In Tucumán, the percentage of soils with phosphorus deficiency is significant. Fertilization with this 
nutrient at the beginning of a plantation is generally sufficient for cane plant and the following shoots. To 
know the nutritional status of the plant, it is common to use the concentration analysis of a certain 
nutrient at the foliar level. 
Weed control methods may be chemical, mechanical or combined. In addition, studies have been 
carried out to show that soil cover with sugarcane residues affects the germination of some weeds, so 
this practice could be used to manage them, and it is still necessary to progress in their study. In cane 
plantation pre and post emerging products are used. The pre-emergent are those that act before the 
sprouting of the cane and weeds, Some of them are: atrazine, ametrine, metribuzin, TCA, 2,4-D and 
Diuron. The emergent posts are those that are applied with the presence of the crop and weeds. In 
periods sensitive to herbicides the application is directed to the interspace. 
 
The harvesting of sugar cane is the most expensive and complex operation of its production 
cycle. It also requires an efficient transport organization to process, without loss of quality, 
about 20 Mt of raw material per year throughout the country.  
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Most of the cane that is industrialized in Tucumán corresponds to independent farmers with low 
participation in mills. Each farmer in his field must make such a plan that synchronizes the 
harvest with what must be delivered to the plant in a way to minimize the losses by parking in 
fields, trans-shipment during transport and in the waiting area of the mill. 
In areas of irrigation controlled maturation can be done. It consists of managing factors such as water 
and nitrogen supply, variety, date of previous cut or plantation, etc., in order to achieve a gradual 
maturation of the different sectors of the crop in order to synchronize the harvesting and delivery 
operations. To determine the degree of maturity, a general sampling of the plantation (weekly or 10 
days) is carried out using a pocket refractometer or by sending samples of 10 canes from each 
harvesting sector to a technician laboratory. Harvest can be started with values of 9-10% sucrose.  The 
harvest basically comprises 5 operations: Cut in the base (flip); Peeling or defoliation, remove the 
immature upper part, stacking 6 rows on a track to facilitate the following work; charge to the transport 
unit. There are three harvest systems: manual, semi-mechanical and mechanical (whole). 
Fresh cane, with no more than three days of harvest, arrives at the mill in trucks carrying from 10 to 14 
bales of 3,200 kg each, or in bulk (if the harvest is mechanical) in cages of 6 to 8 tons that move in train 
formations on the roads. 
 
Economical approach: a simplified approach at farm level 
 
Sugar production grew strongly from the beginning of the 1990s to 2008 (83%), reaching 2.4 Mt. 
Since then, it shows some stagnation. Between 2010 and 2015 the average production was 2.1 
Mt.  Tucumán, Salta and Jujuy concentrate 99.5% of the sugar produced in Argentina. The 
remainder is distributed between Santa Fe and Misiones. 
In Tucumán, with a production share of 64.3%, there is a large number of agents. In each of the 
productive stages: 6,357 cane makers and 15 mills. A large number of small producers with less 
than 50 hectares, with large producers that concentrate 25% of the land and mills 
The Argentine sugar production is oriented to satisfy the internal market, with variable exportable 
balances, according to climatic conditions and international prices. The exportable surplus has varied 
between 4% and 35%, reaching the highest figures when there was an extraordinary conjuncture of 
very high international prices (between 2005 and 2011). International prices in dollars have been 
reduced from 2012, but are at levels higher than those in force a decade ago. The main export 
destinations are the US and Chile. 
The international sugar market is heavily involved with quotas and special agreements; Brazil is the 
world's leading exporter with approximately 50% of trade, followed by Thailand, Australia, Mexico and 
Guatemala. 
Sugar enjoys an exceptional treatment in the Mercosur that protects the Argentine market from the 
Brazilian competition. When the international price is very low it is ruled by mobile tariffs. There is a 
change in the pattern of consumption with greater demands from emerging countries and stagnation in 
developed countries by substitution of sugar by sweeteners. In parallel progress was made in genetic 
improvements aimed at maximizing sugar and energy content from sugar cane. There are also 
technological improvements aimed at reducing the damage environmental and improve energy 
efficiency in the industrial process. 
The sugar value chain comprises primary production and harvesting, industrial processing and refining. 
In addition to obtaining sugar, either white or raw, other products as alcohol, energy and paper, among 
others are obtained although farmers are not compensated for those uses. 
 
The production of sugar in Tucuman is obtained from sugar cane, multi-year cultivation with a 
cycle of five to seven years. It is a seasonal activity: the harvest begins at the end of May and 
concludes at the end of October. Its approximate duration is 160 to 180 days, depending on the 
climatic conditions, maturation of the cane and the volumes to be processed. 
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By the early 1990s, there were around 14,000 sugar cane producers in the province. The concentration 
and integration of production led to the disappearance of many of them. According to National Census 
of Agriculture (CNA) in 2002, there were 5,364 primary agricultural holdings (EAPs). Of these, 90.9% 
had less than 50 hectares and 3,419 EAPs, 63.7% of the total, occupied less than 10 hectares. 
However, according to the maquila inscription in Tucumán, there were 6,357 producers of which 
approximately 4,800 were less than 50 ha. On the other hand, it is estimated that large producers 
concentrated 25% of the land and the mills 50%. During the period 2011-2014 these last two segments 
have increased the area planted with cane in 50,000 hectares. 
The sugarcane surface has undergone significant surface variation during the last decades associated 
with the critical or virtuous economic moments of the sector. From the 1990s until the beginning of the 
2000s it underwent a gradual process of reduction, going from 340000 hectares in the 90 to 297000 in 
2004, which facilitated the transfer of land to other crops: citrus, soy, strawberry, blueberry, etc. 
Production, meanwhile, increased gradually in relation to the best yields obtained by ha, due to the 
technological innovations adopted by the sector with improvements in the management of cane fields, 
incorporation of varieties, maturing, etc., which increased productivity per hectare, going from 35t / ha 
in 1996 to 69t / ha in 2006 (data released by the EEAOC for the period 1990/2006). 
 
Since 2006, the promotion of energy products from renewable sources has allowed the decline 
in the surface area dedicated to this crop to be reversed, and it was gradually increased, driven 
by the new demands of the ethanol industry and cogeneration projects.  
A series of laws helped to motorize the activity (Law No. 26190 that promotes the generation of electric 
power from renewable sources, including biomass, the 26093 law of biofuels and its regulatory decree 
109/2009 that establishes a mandatory % cut with naphtha that for 2010 was set at 5%, rising by 
resolution 554/2010 to 7% for cane ethanol and by resolution 56/2012 to 10% for ethanol in general 
and then, in 2016, to 12% exclusively for ethanol coming from sugar cane). In March 2013 by Law 
8573, the IPAAT (Institute for the Promotion of Sugar and Alcohol of Tucumán) was created with the 
objective of ensuring the supply of the domestic market and control of surplus sugar in the province, 
which can be exported or the production of alcohol not from molasses. 
 
The productivity per hectare continued to improve exceeding currently 75 t / ha in the highest cultivars 
in Tucumán and reaching even higher values in Salta and Jujuy. In field management, the custom is to 
diversify the species, to have a suitable mix of high tonnage with a high sugar content. 
 
The harvest is one of the stages that has undergone major transformation in the last 20 years: in 
the years prevailing in Tucumán the semi-mechanical system (manual cutting, mechanical 
harvesting and use of integral harvesters (cut and mechanical harvesting). At present, between 
65 and 85% of production in Tucumán is made with combine harvesters and semi-mechanical 
the rest. 
The production of sugar cane, the activity of the mills and the elaboration of alcohol has a very 
important job creation capacity in the NOA, in particular in the province of Tucumán. In spite of 
this, the transformations in the productive process, mainly in the sugarcane by means of the 
integral mechanization of the harvest has resulted in a decrease of the jobs demanded by the 
sugar chain in the last three decades. It is estimated that each harvester replaces 150 workers. 
According to a specific study on the subject, each operator harvested 1.5 ton of cane per day 
with the manual harvesting system, while with the harvester 4-5 tons per day can be collected, 
and productivity is 600 tons per year. 
 
One of the relevant characteristics of the jobs generated by this chain is informality, due to the 
seasonality of the sugar cane harvest, which takes place between the months of May and October. In 
the rest of the months of the year, the activity slows down. This situation, among others has contributed 
historically to the existence of a large mass of swallow. Arrived at the time of the harvest from other 
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provinces and bordering countries, and carried out their tasks in conditions of extreme job insecurity. 
The transformations in the productive process also altered the conditions of swallow work, since it 
tends to be limited to the demand for work required by independent smallholders, who were unable to 
access to new technology for harvesting. Swallow workers are now mainly from the province of 
Santiago del Estero. 
Mechanization and the appearance of the contractor figure linked to the provision of harvesting 
services, as well as the recruitment of workers for rural.  On the one hand, there is permanent staff with 
great training and specialization, related to the handling and repair of machinery. On the other hand, 
there are workers with less training, which perform simple and repetitive tasks, where informal labor 
relations predominate.  
 
In 2016, the area destined for the cultivation of sugarcane in Argentina was 375,000 ha. Tucumán has 
the highest concentration of surface area: 290,000,000 ha (77%) and the highest volume of industrial 
processing: 15 grinding mills of 12 Mt to 15 Mt, 66% to 70% of the national production. Unlike Salta and 
Jujuy, Tucumán has a heterogeneous agrarian structure in the primary stage, with a significant 
presence of sugarcane smallholders, a stratum of independent producers from medium to large, and 
vertically integrated mills. 
 
By virtue of the possibility of having a high volume of residues without competition with other 
destinations, the province of Tucumán has been chosen to fulfil the objective of identifying and 
quantifying the locally available biomass residues, establishing the operating and 
environmental conditions, and evaluating business cases in an area. 
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Main flow of biomass, upstream selection process  
 
Lignocellulosic biomass quantification at regional level - Theoretical 
biomass potential 
 
Theoretical biomass potential 
According to BEE (2010), theoretical biomass potential is:  

• For primary residues: is the maximum amount of biomass. It is determine by area of a territory 
and land uses (area covered by forest or cereals, ecological issues: nature reserve), bio-
physical component (type of soil, climate, constraints like slope, pest, etc.) and management 
component (soil tillage, inputs, irrigations, etc.). At the end, usable area and yields of crops (or 
MAI for forest) are the most relevant data to determine theoretical biomass potential.  

• For secondary residues: it is the maximum amount of biomass. It is determined by industrial 
activities (food industry, paper mill, sawmill, agricultural cooperatives) 

 
Primary residues from selected agricultural crops 
 
The current amounts of corn and sugarcane crop residues, and their projections for the next 25 
years were estimated based on the area projected to be harvested per year and the amount of 
dry matter harvestable per hectare. 
The methodology comprised the following steps: 

• Gathering and classifying geo-referenced crop expansion in the two provinces of interest 
Córdoba and Tucumán. 

• Historical dynamics of crop expansion and contraction in the last 10 years. 
• The harvested area for each year was multiplied by the estimated amount of harvestable dry 

matter for each situation.  
For this preliminary projection a theoretical residue yield was considered. Statistical data sources of the 
two provinces were used. This information was compared with geographical information data on INTA 
and Estación Obispo Colombres information. 
 
Corn stover 
 
After applying the above methodology, the theoretical biomass potential varied in the past 7 
years between 700,000 t and 1,400,000 t. 
The table below shows the theoretical biomass potential variation of corn stover per type of residue for 
the region of Córdoba. The fractions of each crop residue were calculated from an average distribution 
of: 50% stalks, 20% leaves, 20% cobs and 10% husks or spathes. 
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Figure 8 Recent historical potential of the different components of corn residues in the province of 

Córdoba. Source Bolsa de cereals de Córdoba 
 
Sugarcane crop residues 
 
The evolution of the areas affected to the cultivation of sugarcane in Tucumán over the last years is 
shown below. This information is taken into account as a base and affected by the specific yield 
variation study. 
The minimum level of analysis used was the radio census, corresponding to the largest census unit 
cartographic disaggregation, in order to achieve the highest level of detail and ensure correspondence 
with the data of the CNPH and V (INDEC, 2010). However, departmental level was performed when 
information and statistical data were available at this level of detail. In this way, 17 departments with 
547 census radios were analysed.  As for the raster analysis unit, the resolution had a spatial 
distribution woof 40 m (0.16 ha) improving the previous studies, where a resolution 250 m (6.25 ha) 
was used. The coordinate system used was Gauss Krüger F 3 POSGAR 94 WGS84 

 
Figure 9 Evolution of the sugarcane harvested area in the province of Tucumán. Source Annual report 

Estación Obispo Colombres 
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The volume of sugarcane crop residues, feasible for harvesting per hectare of cultivated sugar cane, 
depends on the performance, the technology used and the edaphic needs of the area. 
Recommendation of local experts, fixed a potential of collection of the residue in 5 t / ha / year. 
With such yield the theoretical biomass potential for sugarcane crop residues in 2016 in the 
region of Tucumán was estimated at an average of 1.3 Mt. 
 
For the spatial analysis of the biomass supply of this crop, the Agroindustrial Experimental Station 
Bishop Colombres (EEAOC) provided a layer raster, with the distribution of the sugarcane in Tucumán, 
corresponding to the which was generated from techniques of digital classification using satellite 
imagery Of the HRVIR (SPOT 5), LISS III (IRSP6 Resources at 1) and ETM + (Landsat 7). This layer 
geospatial was categorized into 3 performance levels: high, medium and low. From the average value 
of 5 t / ha different collecting numbers were considered according to the yields. 
The limits of this crop are defined, to the west by the climatic and topographical characteristics of the 
area (steep slopes and high temperatures) and, to the east, by the expansion of crops of grain, such as 
soybeans, corn and wheat.  
The departments which could provide the greatest amount of biomass residues to the system 
were Leales, Cruz Alta, Simoca and Burruyacú, predominating values of sugarcane production 
ranging between 57 and 75 t / ha / year.  
 
Future surface expansion goes hand in hand with opportunities to expand the uses of sugarcane 
production in both food and energy (sugar and ethanol) and the use of residues in the field and in 
industrial processes by adding current uses New bioenergy destinations (bioelectricity and second 
generation ethanol). The production and adoption of vehicles with Flex Fuel system, which can be 
operated with hydrated alcohol, with gasoline mixed with anhydrous alcohol or with unmixed gasoline, 
at any time and at the consumer's option, is particularly important (there are negotiations going on to 
adopt this system in Argentina). This scenario, if well exploited, will have a good impact on the 
economy of the region. Under current conditions, there is also an incentive to increase the production of 
ethanol because any conventional car can operate without sensory effects on the engine using gasoline 
mixed with anhydrous alcohol in proportions of up to 25%, the percentage currently authorized to 12 %. 
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Figure 10 left. Sugarcane production levels in the province of Tucumán 

Figure 11  right New expansion Surface in Tucumán from 2007 to 2016 in yellow 
 

Upstream biomass selection process  
 
Threshold capacity: 30,000 t DM/yr 
 
The business model of the project is based on small-scale industrial plant with a minimum 
processing capacity of 30,000 t equivalent dry biomass per year in a small catchment area of 50 
km radius. This is why a minimum production level of residue in such an area is used in the 
study as the threshold capacity to select sustainable biomass feedstock. 
 
Chemical criteria  
 
The table below presents the critical levels for the main compounds of the lignocellulosic biomasses: 
cellulose, hemicelluloses, lignin, mineral (ash), lipids and protein to be considered in relation 
with the processes involved in the pretreatment of the biomass and an efficient production of 
2G ethanol. Cellulose should be the major compound and hemicelluloses and lignin should be limited 
to a maximum level of 30 and 22% respectively. Materials with high lignin content are difficult to treat 
and its content should be limited to 10% in order to avoid excessive wearing of the equipment. Lipids 
and proteins critical values were set at 10% to avoid respectively excessive saponification and 
“plastification” of the biomasses. Proteins submitted to thermo-mechanical treatment have a tendency 
to reticulate and produce rubber-like products. 
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Table 3: Critical levels of chemical composition for the process 

Compounds Content % DM  

Cellulose ≥34% To allow destructuration of the lignocellulosic 
matrix, avoid excessive wearing of the 
equipment and obtain sufficient yield for the 
conversion to ethanol 

Hemicelluloses ≤30% 
Lignin ≤22% 
Mineral content (ashes) ≤10% To avoid excessive wearing of the equipment 

Lipids ≤10% For the stability of the material and prevention 
of inhibition compounds for the bioconversion 
processes Proteins ≤10% 

 
Results for corn stover 
 
The chemical composition of the biomass residues varies according to the fractions found in the fields 
and/or the processing plants. The table below shows the chemical composition of the different fraction 
of corn stover. Most of the compounds are within the recommended critical levels. 
 

Table 4 Chemical composition in % dry matter 

Components 
Stem + leaves  Cob Husk 

Superior Inferior 

Cellulose (%) 37.2 43.7 36.4 39.6 

Hemiceluloses (%) 27.2 23.2 37.8 39.8 

Lignin % 7.5 8.9 5.2 3.5 

Ashes % 7.8 6.4 2.3 3.1 

 
Results for sugarcane crop residues 
 
Field residues are usually collected as a composite of leafs and tops. Nine different samples were 
analyzed at the “Obispo Colombres” experimental station agroindustrial laboratory, at Tucumán, 
Argentina. Collected samples included both early and late harvest season. Sampling was done at 
harvest time and 15 days later. Mineral content was high to very high for all samples (9-16%), while 
both lipids and proteins content was low in the nine samples. Hemicelluloses content was over 30% for 
all samples, which is higher than recommendations. There was an important variability in lignin content, 
but always at low levels. The cellulose content was close or over the suggested limit. 
 

Table 5 Chemical composition of sugarcane field residues of Argentina 
 Description Minerals Lipids Proteins Lignin Cellulose Hemicellulose 
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 
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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 
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 
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Biomass quantification: from theoretical potential to non-
competitive potential  
 
The quantification of the net available amounts of the preselected lignocellulosic biomasses 
was carried out taking into account: agronomical and technical limitation and the competitive 
uses out of the field.  
 
Agronomical Potential  
 
The agronomic potential is the percentage of the biomass that can be exported from the field 
taking into account the requirements for soil nutrition and maintenance. It requires the study of 
the soil conditions at regional level. 
 
Water (and wind) erosion  
 
In order to establish risk areas to be avoided a recent study of INTA Gaitan et al 2017 on national soil 
erosion was used. This study estimates the intervening factors in the Universal Soil Loss Equation 
(USLE) for the estimation of water erosion, integrates all the factors that intervene in the equation, 
through Geographic Information Systems (GIS) and obtained the map with the rate of soil loss due to 
water erosion for the entire territory of the Argentine Republic. 
The map of soil loss obtained is used as a clear indicator on a national scale that allows identifying the 
most susceptible areas to present this type of problems. 
 
To estimate the water erosion of the soils, the USLE model was used. The USLE is a method to predict 
the rate of soil loss in any combination of soil, topography, climate, coverage and management 
practices. The method is based on the ability of the rains to cause erosion and the natural resistance of 
the earth (Wischmeier and Smith, 1978). It is a method that can be applied in any region, hence the 
universal term, since it considers the main factors that intervene in the process of water erosion 
(rainfall, soil, relief, coverage and conservation practices). It allows predicting the current erosion and 
performs simulations with different scenarios. 
The USLE model uses six factors: rain erosivity (R), soil erodability (K), slope length and gradient (LS), 
cover and crop and residues management (C), and conservation practices (P) , to estimate the average 
soil loss (A) for the period of time represented by R, usually one year: 
A = R ∙ K ∙ LS ∙ C ∙ P 
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Figure 12  Factor R 

 
Figure 12 Factor K   

 
              Figure 13  Factor C 

 
                 Figure 15  Factor LS

 
The soil losses by water erosion in Córdoba are not very severe and more important in the 
north-western part. Whereas in Tucumán they can be strong in the centre as one can see in the 
maps below. 
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Figure 16  Soil loss in the province of Cordoba 

 

 
Figure 17  Soil loss in the province of Tucuman 

 
 
 
 



BABET-REAL5 – Deliverable D4.2 – Part 5 INTA Argentina 

 Page 33 / 74 

Soil carbon issue 
 
Soil organic carbon (SOC) and pH are considered key indicators of soil health. The objective of this 
section is to describe and give results on SOC and soil pH of agricultural soils (0-20 cm) in the 
pampeana and extrapampeana regions of Argentina and to present maps with both variables, using the 
median of each county. Soil samples were taken from fields that were sampled at a 20 cm-soil depth 
and totalled 31,619 and 31,398 for SOM and pH, respectively.  
The prediction efficiency (EP) of two interpolation methods: 1) inverse distance weighting (IDW) and 2) 
ordinary Kriging method (KO) were studied and produced similar maps of SOC and pH, but the EP was 
slightly greater for the KO (65 to 80%) compared to IDP (63 to 79%).  
 
Soil organic matter values ranged from 5.5 to 38.0 g kg-1, with values declining westward and 
northward and increasing to the southeast of the region as one can see in the figure below. 
 

 
Figure 18 Ranges of values medium of soil organic carbon content of superficial horizon (0-20 cm) of 
agricultural soils of the pampeana and extrapampeana region. Interpolation with of inverse distance-

squared weighted and with the ordinary Kriging method (a y b). 
 
Soils of most of the area presented pH values that ranged from 6 to 7.5, except for some cases in 
northern Buenos Aires, centre-southern Santa Fe and eastern Cordoba, where soil pH values ranged 
from 5.5 to 6. Soil organic matter showed a declining tendency which indicated the need to apply 
management practices to revert this degradation process. The soil pH should not be limiting for crop 
production, but potential problems of acidity could appear in some areas. 
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The SOC is considered an indicator of the health of the soil and its positive effect on the sustainability 
of the productive system has been widely documented. For a given environment, the highest SOC 
levels are found in natural pastures, and when these systems are cultivated, there is a rapid fall of SOC 
followed by a slower decline to a new stable state (Monreal & Janzen, 1993). The level of SOC in this 
state will depend on the climate, the type of soil and its management, that is, tillage, rotations, 
sequences of agricultural crops and fertilization (Studdert & Echeverría, 2000, Steinbach & Álvarez, 
2005). 
 
The intensification of agricultural activity and the lack of rotations with pastures have produced a 
deterioration of SOC levels, which in some cases, depending on the type of soil and texture, present 
only 50% of their original level (Álvarez, 2001 ; Lavado, 2006), which explains the generalized response 
to the aggregate of N (Echeverría & Sainz Rozas, 2005), to a lesser extent to sulphur (Reussi Calvo et 
al., 2008) and the unleashing of environmental problems such as the erosion of floors (Lavado, 2006). 
Casas (1998) reported that approximately 1.6 M ha of northern Buenos Aires, south of Santa Fe and 
southeast of Córdoba are found with some degree of erosion. Similar situation has occurred in the 
southeast of the province of Buenos Aires, where the intensification of agricultural activity and the use 
of conventional tillage have caused water erosion in sloping soils (Studdert & Echeverría, 2000). These 
authors also reported that the SOC was positively related to the annual contribution of residues, and 
therefore, the lowest levels of SOC were determined in the sequences that included the highest 
frequency of soybean cultivation. 
 
INTA Pergamino experimental station soil specialists performed a series of studies for the project 
regarding soil carbon balance and projections (Irizar, A.; Milesi Delaye; L.; Andriulo, A.). To simulate the 
evolution of the SOC, the AMG model for predicting the evolution of SOC was used, which has been 
calibrated and validated in sites without erosion problems of the Pampa Rippled (Andriulo et al.,1999, 
Milesi Delaye et al., 2013). The model runs on an annual basis and assumes that fresh organic matter 
is mineralized or humified in the soil after one year.  
 
For each locality, sequences with different degree of intensification were established (number of crops 
per year) that included corn, wheat, soybean and cover crops (bibliography and expert information). 
The contribution of C by crops (m) was estimated from the average yields of the last decade reported 
for each location by the Integrated Agricultural Information System of the Ministry of Agribusiness. For 
cover crops, it was obtained from the results of long-term trials located in the same sites or from expert 
information. The transformation of yield to m was made by using allometric relationships of the crops 
(yield / total aerial biomass, root biomass / total aerial biomass, C content of the plant biomass). The 
humification coefficients were extracted from literature. 
 
The texture of the representative soils of the three localities was obtained from the soil charts of INTA 
(GeoInta, 2018) and the minutes of the XXV CACS (2016). The initial values of SOC were obtained 
from long-term trials (Irizar et al., 2015) and from published literature (Sainz Rozas et al., 2011, Acts of 
the XXV CACS, 2016). In each site, there were situations of high and low reserve of SOC (High rate 
HR and Low Rate LR, respectively). The apparent density, when it was not available, was estimated 
using the equation of Chen et al. (1998) and was used to express the SOC contents in reserves to a 
soil mass of 2,500 Mg ha-1. 
In Pergamino, it was considered that Ce represents 71 and 86% of SOC for HR and LR, respectively 
(Milesi Delaye et al., 2013), while for Villa María and Río Cuarto the default value of 65% was used 
(Saffih -Hdadi & Mary, 2008) for both LR and HR. 
 
The mineralization constant was estimated by applying the environmental equations of Saffih-Hdadi & 
Mary (2008) from the mean annual temperature and clay content of the soil. It was considered that the 
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k low SD is 50% of the estimated by the equations for conventional tillage (Arroauys et al., 2012; Milesi 
Delaye et al., 2015). 
 

Table 6 Principal  properties of the soils 
 

Site 
SOC reserve 

SOC Mg 
1 

Clay 
% 

Temperature 
ºC 

 
Tillage 

k 
year-

 Pergamino 37-51 23 16,8 NT 0,066 
Villa María 29-43 18 17 NT 0,078 
Río Cuarto 14-29 6,9-10,5 17 NT 0,096-0,106 

 
The determination of the potential export rate of corn residues was made in two steps. First, the 
model was run without considering the export. Then the percentage of potential export was 
estimated using the Solver® tool of Microsoft Excel, in those situations where the long term 
equilibrium was greater than the initial one. 
Pergamino was the only place where the exportation of corn stover could be considered, except in a 
situation of Río Cuarto. However, in Pergamino, the export was subject to the current SOC reserve 
dimension and the level of intensification of the crop sequence. In all LR situations it was possible to 
export the entire corn stover and sequester SOC because the contributions necessary to maintain the 
current reserves were low (on average ~ 2.21 Mg COS ha-1 year) - whereas in HR it could only be 
exported when the sequences of crops included cover crops.  
However, these results only take into account the SOC balance and do not consider the negative 
effects that could occur when the land is bare or with low coverage. Andrews (2006), recommends 
exporting up to 30% of residues to ensure that the coverage fulfils its functions (reduce erosion, soil 
compaction and improve water and thermal balances of the soil). Finally, although in the LR situations 
the initial SOC reserves could be maintained with low contributions of C, the degree of deterioration 
that they present, prioritizes the sequestration of SOC as the main objective (mainly in Pergamino). 
Therefore, corn residues export rates should be reduced to achieve both purposes. 
 
Coverage crops were shown as an interesting alternative for two reasons. On the one hand, despite 
having a lower contribution of residues with respect to corn (on average ~ 56% lower, compared to 
corn), its high k1 (~ 200% higher than corn) would partially offset the export of residues of corn (high 
volume of corn stover and lower k1) and, on the other hand, when they are made before growing corn, 
it would prevent the soil from being left bare at harvest. However, it is necessary to advance in the 
study on the duration of the residues of the cover crops on the surface. 
 
Soil carbon issue / soil carbon sequestration to mitigate climate changes  
Soil carbon sequestration is directly related to the carbon content increase in the soils. All the 
considerations and results obtained in the section of soil carbon content are directly applicable to this 
section. 
 
Regarding corn residues recommendation to increase carbon stocks limit the extraction of residues to 
almost zero in Cordoba. There are some opportunities in the north part of Buenos Aires. 
There are no beneficial consequences in soil carbon sequestration on sugarcane residue use for 
energy purposes although there is no field data that indicates a decrease in soil carbon stocks in soils 
due to this practice. Old tests regarding complete surface burning of residues indicate no significant 
decrease in soil carbon content. 
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Soil biodiversity  

Soils are home to over one fourth of all living species on earth, and one teaspoon of garden soil may 
contain thousands of species, millions of individuals, and a hundred meters of fungal networks. 
Bacterial biomass is particularly impressive and in a temperate grassland soil can amount to 1-2 tons 
per hectare – which is roughly equivalent to the weight of one or two cows. 
 
Soil organisms provide numerous and essential services. Some are supporting services, or services 
that are not directly used by humans but underlie the provisioning of all other services. These include 
nutrient cycling, soil formation and primary production. In addition, soil biodiversity influences all the 
main regulatory services, namely the regulation of atmospheric composition and climate, water 
quantity and quality, pest and disease incidence in agricultural and natural ecosystems, and human 
diseases. Soil organisms may also control, or reduce environmental pollution. Finally, soil organisms 
also contribute to provisioning services that directly benefit people, for example the genetic resources 
of soil microorganisms can be used for developing novel pharmaceuticals. 
 
The soil organic carbon pool is the second largest carbon pool on the planet and is formed directly by 
soil biota that produce humus out of litter and aboveground residues that accumulates on the top soil. 
Every year, soil organisms process 25,000 kg of organic matter (the weight of 25 cars) in a surface 
area equivalent to a soccer field. Soil organisms affect the infiltration and distribution of water in the 
soil, by creating soil aggregates and pore spaces. It has been observed that the elimination of 
earthworm populations due to soil contamination can reduce the water infiltration rate significantly, in 
some cases even by up to 93%. Soil organisms, with their astonishing diversity, are an important 
source of chemical and genetic resources for the development of new pharmaceuticals. For instance, 
many antibiotics used today originate from soil organisms, for example penicillin, isolated from the soil 
fungus Penicillium notatum by Alexander Fleming in 1928, and streptomycin, derived in 1944 from a 
bacteria living in tropical soil. Given that antibiotic resistance develops fast, the demand for new 
pharmaceutical products is unending 
 
To date, no legislation or regulation exists that is specifically targeted at soil biodiversity, 
whether at Argentinian national or Cordoba and Tucuman provincial level. This reflects the lack 
of awareness for soil biodiversity and its value, as well as the complexity of the subject. The 
management of soil communities could form the basis for the conservation of many endangered plants 
and animals, as soil biota steer plant diversity and many of the regulating ecosystem services.  
 
A specific survey was made on the two provinces under study. Different layers of maps were 
used in order to verify if there was any conflict between the potential feedstock supply areas 
and environmental restriction or protections.  
Specific maps were obtained from an online system available at 
http://panda.maps.arcgis.com/apps/Viewer/index.html?appid=df2a2c1967be429d9eeaff98b5915112 
 
No conflicts were registered between the layers and the areas.  

http://panda.maps.arcgis.com/apps/Viewer/index.html?appid=df2a2c1967be429d9eeaff98b5915112
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Figure 19   Interactive biodiversity map Cordoba 

 
Figure 130  Interactive biodiversity map Tucuman 

 
Soil nutrient issue 
 
In the case that the agricultural residues of harvest were taken out of their place of production, it is 
evident that the agricultural producer will need a new management or strategy regarding the mineral 
nutrients N-P-K. For cereals, the fact of removing the generated biomass, besides the grain, could 
produce a detriment in the nutrients of the soil that will affect the productions of the later years. 
In general, there is a low nutrient reposition in Argentina that can be seen in the work done by 
Cruzate and Casas when mapping nitrogen, potassium and phosphorus balance only 
considering the grains extraction of the fields.  
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Figure 21  Nitrogen extraction rates 

 

 
Figure 142  Phosphorus extraction rate  
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Figure 153  Potassium extraction rate  

 
The latest studies reveal a deficiency in nearly all cereal crops in Argentina that is represented 
by the relation between grain extraction and reposition of the main nutrients through fertilizers. 
In the latest years although the levels of fertilization have increased, experts say that reposition 
reaches only 30 % for Nitrogen and 50 % for phosphorus. There is a big concern regarding the 
biomass residues removal from the cereal field which will require in some cases compensating 
the exportation of natural mineral and organic compounds by external sources. 
 

 
Figure 164 Levels of reposition in the principal crops in Argentina 
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Agronomic potential for corn stover 
 
Taking into account the soil conditions and the requirements for soil nutrition in organic and mineral 
matters in the corn cultivation, an investigation was performed to evaluate the impacts of the different 
fractions of the residues in terms of N, P and K fertilization. The table below shows that corn cob has 
got a very low impact in terms of N, P and K return to the soil. This result correlates with the small 
amounts of ashes (i.e. minerals) found in cobs and given in the previous chemical composition. 
 

Table 7 Nutrients in corn stover - Hanway, J.J. 2007; Iowa State University Research 

 
 
The ethanol company POET and Iowa State University researchers found that removing the corn 
cobs from the fields had no substantial impact on the soil nutrient content. They concluded that 
fertilizer treatment for a field that has removed the cobs would be similar to that of a field in 
which the cobs were not removed (Research, 2009). 
 
So as a general rule, it was decided that only the exportation of the cob part of the residues was 
feasible in Argentina for the production of 2G ethanol. The agronomic potential for corn cob 
therefore represents 20 % of the harvested biomass residues. 
The amount of exportable dry corn cobs was estimated as,  
Rcob = Grain Yield × Weight × CGR× Removal × [1-Moisture %]  
Where:  
Rcob is the quantity of harvestable corn cobs in dry ton per ha.  
CGR is defined as a cob to-grain ratio and it is calculated as 1:5.6 based on Wiselogel et al. (1996). 
Removal coefficient as percent of cobs that can be removed from the fields each year is assumed to be 
1, since the literature suggests that 100% removal of corn cobs has little or no impact on soil 
productivity.   
Moisture % similar to the stover, the moisture content of corn cob varies from 20 to 30 %. 
 
Sugar cane crop residues 
 
In sugarcane fields there are reports that indicate a potential immobilization of considerable amounts of 
N during the decomposition of the residues on the soil (Basanta et al., 2003 and Thorburn et al., 2004). 
If one considers the initial and final amount of residues and the initial and final content of C and N of the 
residues, it is possible to calculate the contribution of these elements to the agro-ecosystem for each 
agricultural cycle.  
The results show the importance of the decomposition process of the residues in the recycling 
of nutrients and, consequently, in the management of fertilization in the agro-ecosystem of 
sugar cane.  
The initial and final concentration of P in the Tucumán area were similar (0.05% and 0.06% 
respectively) and were maintained without variations between the start and end of the cycle. The initial 
concentration of K ranged between 0.47% and 0.36%, but it decreased significantly from the start to to 
end of the cycles. Considering the initial and final amount of residues for each agricultural cycle and the 
initial and final content of K, the contribution of this nutrient to the agro-ecosystem by the decomposition 
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of the biomass ranges between 45.1 kg and 39.9 kg of K / ha. The high level of K registered release in 
the trial made in the area of the study ranged between 78.7% and 66.7% because this element is found 
in the plants in ionic form without constituting any compound. Therefore, when the rupture occurs of the 
plasma membrane of the cells, the K comes out easily. The green harvest of sugarcane leaves a high 
amount of residues on the field, but that decreases significantly at the end of each agricultural cycle. 
This residue has a relationship with high C / N, indicating that it is a slow residue mineralization.The 
decrease in the amount of residues and the C / N ratio correlates significantly with the days since 
harvest and with the behaviour of the temperature, evidencing that this last is a fundamental factor in 
the control of decomposition of the residue.  
The decomposition of the biomass means a partial contribution of C, N and other nutrients to the agro-
ecosystem, so it can be expected that in the medium and long term management with no residue 
exportation could improve physical and chemical soil fertility, which will eventually be increasing the 
productive capacity. Sugar cane normally receives a surplus of nutrients even if there is no evidence of 
nutrient restrictions of this crop in the area of Argentina under study in this project. 
Nevertheless, the agronomic experts involved in this study estimated that the agronomic 
potential for sugarcane residues was between 50 and 70% of the total harvestable residues, 
according to the agricultural needs of soils in dry areas and wet areas respectively.  
Taking into account these figures, the residues factor is between 0.07 and 0.12 tons of dry 
matter residues / harvested cane ton. The yield of the exportable biomass residue is between 
5.25 and 9 tons of dry residues/hectare (considering a mean yield of 75 tons of cane/ha).  
 
Technical potential 
 
The technical potential is the fraction of residues that can be lost during the supply chain to the 
processing plant. 
It is principally related to the: 

• Harvesting system 
• Primary field storage 
• Transport to the plant  
• Final storage 

 
Corn cob 
 
The harvesting systems will be fully described in the chapter of the operating cost. Currently, the best 
way of harvesting cobs is with the one-pass system already in use for harvesting corn for the seed 
industry. The corn of the cobs are harvested and collected at once. There can be losses during the 
harvest due to the falling of the corn on cob on the soil, to the wind and to bad settings of the harvesting 
machines with regards of the cob sizes. The transport and storage of the biomass, generally, do not 
generate much loss.  
The losses during the supply chain can be estimated from 10 to 20%. So it can be concluded 
that the technical potential is 80 to 90%.  
 
Sugarcane crop residues 
 
The harvesting systems will be fully described in the chapter of the operating cost. Currently, sugarcane 
crop residues are harvested after the harvest of the cane with windrowers and balers. Windrower 
systems are generally quite efficient in terms of minimizing the losses of biomass on the soil. Additional 
losses may occur on plots with a difficult access. The baling, transport and storage of the biomass, 
generally, do not generate much loss.  
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The losses during the supply chain can be estimated from 10 to 20%. So it can be concluded 
that the technical potential is 80 to 90%.  

Non-competitive potential  
 
It is the share of the exportable quantity of biomass (i.e. after taking into account the agronomic 
and technical potential) that will be available for the production of 2G ethanol after considering 
the part taken by other competitive uses (i.e. out of the field). 
 
Corn cob  
 
At present, the use of corn cob as a source of lignocellulosic biomass for 2G bioethanol would 
mainly compete with its potential use as food for livestock.   
The companies producing corn seeds are the only ones to harvest the corn on cobs. At the separation 
facility, the spathe (i.e. the envelope of the corn on cob) is separated first to slowly drying the kernels 
attached to the cobs. Then after the drying, the seeds are separated and cobs are obtained. Presently 
the seeds companies deliver the cobs for free to food manufacturers with the condition that they must 
also take the spathes. The food manufacturers grind the cobs into fine particles and sale the product as 
animal food at a price of 25 €/ton.  
 
If the cobs of the corn commercialised for the agro-food industry is harvested, it will increase 
the current harvesting cost of the grain (see chapter on operational costs) and the value to 
obtain from the sales of the cob would be higher than the 25 €/ton offer from the seeds 
company. In this case, one can assume that the use of cobs as food for livestock will not be 
competitive. So the non-competitive potential is estimated to 100%.  
 
Sugarcane crop residues 
 
Sugarcane crop residues are either left to decompose or burned in the fields. There are two 
contractors that pick them up and sell them for forage or fuel for boilers. There is no accurate 
data on the trade price of such biomass although, according to some informants, it would be 
between 17 and 20 €/t free at destination during the 2011 season. 
 
The burning of the residues after the harvest has been a deeply rooted practice in the Province of 
Tucumán, which responds to cultural, technological and economic reasons. These activities affect soils; 
pollute the air, causes fires in homes and power lines, reducing the availability as residues biomass 
residues for use as a possible source of energy (Valeiro and Sopena, 2009). Today sugarcane burning 
is totally prohibited any regardless of the size of the plot of the farm. A Certification System of Good 
Practices in the use of sugarcane residues has been developed and implemented.  
 
The development of a sugarcane crop residues market is still incipient but could develop in a near 
future as fuel for boilers.  In Tucumán, cane producers and cane sugar mills are independent, unlike 
other regions of Argentina and other countries (Brazil, for example), where both activities are 
completely integrated.  Traditionally, several cane sugar mills would sell part of their bagasse to pulp 
mills.  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, they discontinue supplying the material to the pulp 
mills.  These companies then decided to hire the services of contractors to pick up the crop residues 
from the fields and so they could use them as fuel to partly replace the bagasse.  Currently, cane 
sugar mills mix a low proportion of sugarcane crop residues with bagasse and burn them in 
their boilers. The part of exportable sugarcane crop residues that is used as complementary fuel 
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with bagasse is estimated to 10%. Therefore, currently the non-competitive potential is 
estimated at 90%. 
It is foreseen that the destination of sugarcane crop residues for electric power generation could 
increase in the future given the projects in the pipeline. Ledesma uses 100,000 tons sugarcane crop 
residues from its 40,000 hectares of plantations to generate 51,000 kW of electricity. La Florida sugar 
mill owned by  Los Balcanes generates 16 MW of electric power in Tucumán, and is investing to grow 
up to 62MW of installed capacity and supply up to 40 MW to the national grid, almost 10% of what the 
province consumes. The project foresees the use a mixture of crop residues and bagasse. The crop 
residues will be chopped to bring them to the bagasse granulometry and burned together with a ratio 
25% residues / 75% bagasse that keeps the boiler stable without ash handling problem.  
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Net amount and mapping of the preselected lignocellulosic biomasses 
 
Corn cob  
 
The region of Córdoba was studied in detail in order to incorporate the different factors previously 
investigated that limit the amount of biomass available for the production of 2G bioethanol.  
For these purposes, different types of information were used from: 

• The official national and provincial agencies (Statistics from the Ministry of Agriculture, Livestock 
and Fisheries- MAGYP- Grain Exchange of Córdoba, INTA, etc), qualified references (CREA, 
AAPRESIT) 

• Satellite images (classification of land uses with LANDSAT satellite imagery)  
• Geographic information system (GIS) 
• Data about yields, planted and harvested areas, etc., collected by the administrative 

jurisdictions.  
 
The estimation of the available amounts of cob was made at the department level from the volume of 
collected corn grains. Only those departments that could produce in the order of 80 kg/ha of cob were 
considered as potential areas to concentrate at least 30,000 t of dry biomass in a radius of 50 km. 
Looking at the statistics from the last 5 years, average and minimum amounts of exportable cobs were 
calculated taking into account the figures of years with significant losses of yields due to unfavourable 
weather conditions. An additional restriction coefficient was considered in the selected departments to 
take into account the variations of surfaces dedicated to corn cultivation with the local management 
framework of crops. As a safety measure to estimate a sustainable and reliable amount of cob 
residues, it was considered that in those departments only 50% of the surfaces dedicated to corn crop 
could be considered as permanent corn cultivation in the future. Finally, in the selected department the 
concentrations of the amounts of cob were calculated in 50 km radius.  
The table below shows the average and minimum amounts of cobs that would be available for 2G 
bioethanol in the departments of Córdoba in such catchment areas.  
Most of the departments can concentrate at least 30,000 t of cob residues in a 50 km radius even 
under minimum yield conditions which allows foreseeing a large deployment of 2G ethanol 
plants in this region. 
 

Table 8: Amount of available cobs at department level in the region of Córdoba 

Department 
Available amounts of cob in 50 km radius 

(t) 
Average Minimum 

Colón 78,141 61,243 
General Roca 45,049 30,504 
General San Martín 54,007 31,070 
Juárez Celmán 70,649 33,493 
Marcos Juárez 84,808 55,284 
Río Cuarto 65,073 22,805 
Río Primero 78,900 63,134 
Rio Segundo 78,853 39,092 
Santa María 51,800 41,954 
Tercero Arriba 74,078 38,140 
Totoral 98,689 85,123 
Unión 67,403 44,046 
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The map below shows the concentration of cob biomass in the different departments of the region of 
Córdoba. 

 
Figure 25: Example of cob residues concentrations in the departments of Córdoba  
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Sugarcane crop residues 
 
The calculation of the available amount of sugarcane crop residues for 2G bioethanol in the 
region of Tucumán was performed using different sources of information from: 

• The Argentine Sugar Centre, the EEAA Obispo Colombres de Tucumán and the Institute for the 
Promotion of Sugar and Alcohol of Tucumán (IPAAT) in 2016. 

• Satellite images for the analysis and classification of sugarcane crops, captured by different 
satellites during the 2015-2016 campaign: SENTINEL 2A of the ESA (European Space Agency) 
in the red-IR and medium IR bands processed with ERDAS IMAGE 9.1 software; LANDSAT 8 in 
the red-near and medium IR bands. 

• Normalized Green Index (NDVI) calculated from the satellite images to discriminate the different 
vegetal coverages.  

 
The processing of these data allowed defining areas with low, medium and high production levels of 
sugarcane and their corresponding low, average and high yields of exportable dry residues taking into 
account the agronomic, technical and non-competitive potentials previously investigated.  
 
The overall reduction of exportable biomass considering the 3 restrictions was estimated to 
50% which gives the followinge estimated yiels of exportable residues for each production level: 

• Low: less than 56 t cane/ ha => Average exportable residues: 4 t / ha 
• Average: between 57 and 75 t cane/ ha => Average exportable residues: 5 t / ha 
• High: Greater than 76 t cane/ ha => Average exportable residues: 6 t / ha 

 
A detailed multispectral classification was performed in order to highlight the areas of the different 
production levels and calculate the corresponding surfaces. The colour codes were the following: 
 

Table 9 Yield classification in the region of Tucumán 
Category Dry cob exportable yield 

(t/ha) 
Colour 

Low 4 Pink 
Medium 5 Blue 

High 6 Yellow 
 



BABET-REAL5 – Deliverable D4.2 – Part 5 INTA Argentina 

 Page 47 / 74 

 
Figure 26 Sugarcane spatial yield analysis in the region of Tucumán 

 
A global calculation of exportable sugarcane crop residues was made in the region of Tucumán 
considering the surfaces and average yields for the 3 production levels as shown in the table below. 
 

Table 10: Available amount of sugarcane crop residues in the region of Tucumán 

Production 
level 

Sugar cane Crop residues 
Surface 

 ha 
Yield 
t/ha 

Production 
 t 

Yield 
t/ha 

Exportable  
t 

Low 82,200 55 4,521,000 4.125 339,075 
Medium 162,345 65 10,552,425 4.875 791,432 
High 45,600 70 3,192,000 5.250 239,400 
 Total 290,145   18,265,425   1,369,907 

 
A more detailed investigation of the feedstock available in an area of 450,000 ha smaller than a 
catchment area of 50 km radius was performed taking into account the following aspects and 
steps: 

• Step 1: Delimitation of the working area to the most concentrated cane farming in the region of 
Tucumán (Leales, Cruz Alta) taking as centre the electrical energy plant Central El Bracho. 

• Step 2: Survey of the road network in the study area and the creation of buffer zones of 500 and 
1000 m from the each side of roads. 

• Step 3: Estimation of the area with cane that can be really used by the superposition of the cane 
fields layers and the 500/1000 m buffer zone layers. 

• Step 4: Calculation of the amounts of available residues for each level of production and for 
each type of road: paved, consolidated improved and dirty roads for each size of buffer zone. 

The figures below illustrate the differents steps and layers. 
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Figure 27 Specific detailed studied area                                      Figure 28 Main roads layer 
 

                          
Figure 29 Crop and harvesting zones areas                    Figure 30 Final calculations different roads 

50 km radius area 
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  Figure 31 example 500 meter harvesting areas         Figure 32 example 1000 meter harvesting areas 

 
Finally, 3 different alternatives were studied taking into account the levels of production, the buffer 
zones and road types as shown in the figures below for 1000m buffer zones. 
 

 
Figure 33 1000 meter harvesting areas around paved, consolidated improved and dirty roads 
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The following table shows the results for the available amount of residues in the 500 m buffer 
zones. The areas around the paved roads for an optimized transportation are already sufficient 
to obtain a fair feedstock of 127,000 t of dry biomass. When adding up the areas around the 
other types of roads the total feedstock amounts to 481,000 t of dry biomass. 
  

Table 11: Available amount of sugarcane crop residues in 500 m buffer zones around the roads in the 
departments of Leales and Cruz Alta in the region of Tucumán 

Production 
Surface  

ha 
Available crop residues 

t 
Cane crop area around paved roads     
Low 14,002 55,448 
Medium 10,313 61,259 
High 1,444 10,657 
Total 25,759 127,364 
Cane crop  area around consolidated improved roads     
Production     
Low 3,903 15,456 
Medium 2,114 12,557 
High 229 1,690 
Total 6,246 29,703 
Cane crop area around dirty roads     
Production     
Low 38,528 152,571 
Medium 24,936 148,120 
High 3,198 23,601 
Total 66,662 324,292 
Total 500 m around the 3 types of roads 98,667 481,359 
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Logistic and operational costs 
 
Logistic and seasonality 
 
Seasonality  
 
The preselected feedstock are available in a different periods of the year.  
Corn harvest in the province of Córdoba is performed in three months of the year: March, April 
and May. In very humid conditions farmers usually delay harvest till June waiting for better soil 
conditions to enter the fields and also avoiding the artificial drying of grain at the farms or 
cooperatives. 
Sugar cane optimum harvesting season goes from May to October in the province of Tucumán 
but frequently is extended to November, with negative consequences on the yield of the 
following year. 
 
Logistics 
 
For both preselected feedstock the Wisdom methodology was applied regarding the accessibility and 
logistics considerations. The WISDOM methodology contemplates the incorporation of limiting 
variables, which has a relationship with the topography and the distance that exists between a 
populated place or way of communication and the location of the biomasses. The displacement 
between two points of space implies a friction that can be expressed in terms of costs and energy (fuel, 
hand of work) and transfer time, depending on the distances and slopes that separate these points. 
Physical accessibility is a spatial parameter that defines the possibility of accessing a certain Biomasic 
resource, in relation to distance that separates it from the nearest place and to a factor of cost, based 
on terrain characteristics (FAO, 2009). In this way, to calculate accessibility to the biomasic resource, 
they were incorporated into analysis of the layers of road and rail networks and populated centers (with 
their respective weights), depending on the Digital Elevation Model (DEM, for its acronym in English). In 
this case, the cost expresses resistance to the possibility of displacement offered by the physical 
medium in a concrete point. The friction surfaces contain cost values, which express the resistance that 
presents a cell to be travelled. 
For this reason, accessibility maps were created which consider the factors mentioned in relationship 
with the friction map. In the spatial analysis carried out with Dinamica EGO, the accumulated cost map 
was done using continuous values. Thus, a pixel 58.7% accessible, will have 58.7% of its IMA potential 
usable for bioenergetic purposes.  In this spatial analysis, a function was applied exponential to 
calculate the accumulated cost to reach a certain pixel. With this exponential function, the pixels 
experience a rapid increase in accumulated cost as they move away from the "place of origin ", be it a 
road or rail network or centre populated. In other words, very accessible pixels would retain a significant 
fraction of its IMA, while pixels moderately accessible or not accessible would have low IMA available to 
use. 
The analysis of the road network was carried out using the vector layer corresponding to the SIG250 of 
the National Geographic Institute (IGN). It was encoded based on specific bibliography on relations 
between the type of road and the difficulty of displacement (World Bank, 1995). Of this mode, to 
perform the spatial analysis was weighted accessibility according to the characteristics of the road 
network and, considering the attributes of the layer, four coefficients were assigned. In relation to the 
railways, the vector layer that was used was provided by SIG250 of the IGN. The weight given to the 
railways was of 0.46 (46% accessibility), equivalent to one roadway and dirt road roadway. 
The layer of urban population centres was generated from census radios of the "urban" type of 
CNPHyV, of 2010 (INDEC, 2010). In the analysis it was considered that the accessibility to biomass 
resources in urban is the 100% (coefficient 1). With the objective of complementing the layer of urban 
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areas, the Settlement Base was used Humans of the Argentine Republic (BAHRA), so as to incorporate 
those places into the analysis rural areas to which they were assigned accessibility to 100% 
Regarding slope a mosaic was created from 28 scenes, corresponding to the Digital Elevation Model 
(DEM), provided by the IGN. The DEM was used as an input to calculate an outstanding map (friction 
map or impedance), which served to calculate the cumulative cost of a variable in the space (road 
network, railroads, urban and rural). 
 
Corn cobs in the region of Córdoba 
 
In the map below, it is observed that the central plain and eastern of the Province, where are the major 
urban centres and the highest density of paved routes, presents high levels of accessibility. In this area, 
no severe restrictions were found derived from physical accessibility. The surroundings of the city of 
Córdoba, flanked by an orientation orographic axis north-south conformed by the Pampeana Sierras 
Orientals (Sierras Chicas), present an accessibility of 100%. Towards the west of said axis, levels of 
accessibility decrease under the predominance of steep slopes and a low density of populated centres 
and communication routes. In the mountain valleys and in the southern plain provincial, values of 
maximum accessibility are presented, coinciding with the presence of infrastructure road and 
population centres. 

 
Figure 34 Road infrastructure in the province of Córdoba 
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Sugarcane crop residues in the region of Tucumán  
 
On the map, it is observed that the central plain and eastern of the Province, where are the major urban 
centres and the highest density of paved routes, presents medium levels and high accessibility. In this 
area, they are not exhibited greater restrictions derived from accessibility physics to biomass resources 
according to the criteria taken into consideration. San Miguel de Tucumán and its area of influence, has 
a 100% accessibility, which extends in parallel to the orientation orographic axis north east + south west 
conformed by the pampean mountains and the sub-Andean mountain ranges. Towards the west of said 
axis, the accessibility levels decrease by virtue of the predominance of strong slopes and a low density 
of population centres and of communication channels. In the Valley of Trancas and in the Tucumán 
portion of the Calchaquí Valleys, values of maximum accessibility coinciding with the presence of road 
infrastructure and population centres. 
 

 

Figure 35 Road infrastructure in the province of Tucumán 
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Operational cost from harvest to plant gate  
 
The operations to supply the biomass to the processing plant include several steps: 

• Harvesting 
• Transportation  
• Conditioning 
• Storage 

 
Corn cob 
 
Harvest 
As already said, corn cobs are currently harvested when the corn is cultivated for the seed 
market. This is because the harvest of corn for seeds is performed at a higher rate of humidity 
(≥30%) and the grains of cobs subject to disease must be discarded. The harvesting technique is 
the same as the one in use in other countries. Instead of collecting only the grain like in corn for 
grain application, the harvesting equipment cuts and collects the corn on the cobs in one-pass. 
Most of the spathes (envelop of the cob) are removed during the harvest and stay on the soil. 
The separation of the grains from the cobs is a post-harvest operation in the processing plant. 
In order to avoid such an additional processing step, another harvesting technique under 
experimentation has been developed for the valorisation of the cobs as biomass for 2G bioethanol. It 
uses additional attached equipment that utilizes pneumatic and/or physical means to separate the 
grains from the cobs prior to the ejection from the combine to the collecting equipment. The cobs are 
collected in a wagon pulled behind the combine or in a separate hopper attached to the combine as one 
can see in the figure below.  
 

 
Figure 36 Specialized harvester machinery for cob collection 

 
Transport 
Cob transport is very inefficient due to the low density of the material 0.25 gm/cm3 which makes the 
transport very expensive. An alternative could be the densification of the material in pellets at 1.3 
gm/cm3 before transportation. The total cost of the additional equipment to separate cobs and make the 
pellets is around 90,000 Euros in Argentina. 
 
Conditioning  
The moisture content of corn cobs can pose challenges in storage and use for further processing. Corn 
cobs are generally harvested with moisture content in the range of 20-50% which depends on the corn 
cultivar characteristics and harvest conditions (e.g. recent weather and date harvested). The high side 
of the range poses potential issues with storage and immediate use. Cobs with 10% to 30% moisture 



BABET-REAL5 – Deliverable D4.2 – Part 5 INTA Argentina 

 Page 55 / 74 

content are ideal for energy production; however, the range can vary depending on the processing 
purposes. 
Artificial drying is an important constrain since it increases costs. So generally individual farmers prefer 
waiting for the grain to naturaly dry in their farms. This behaviour will also be probably applied to corn 
cobs at the farm. 
The cooperatives have developed efficient processes to dry the corn (drying column, recirculating grain 
dryers, dryer cells, drying silos). Additional specific equipment may be added for conditioning the cobs 
(heated cob dryers, vibratory dryers…). Available with dust extraction options, these dryers can be used 
stand alone or integrated into fully automated finishing systems with either a unique direct heat-band 
technology or hot air blower. 
 
Storage 
Corn cob for use as an energy feedstock would requires large amounts of storage area. The 
seasonality of corn cob production and the year round operation of the energy producing plants require 
the storage of at least one year worth of feedstock. Storage area is highly dependent on the biomass 
amount and piling method. A single circular pile optimizes the mass stored per unit area. However, 
restrictions due to available equipment, stacking methods, and ventilation may require alternative pile 
configurations such as windrow pile which will increase the necessary storage area as one can see in 
the comparative analysis for the storage of 9,000 t corn cob with circular and windrow piles.  
https://pdfs.semanticscholar.org/db32/009f19716c0a3332ddbeb2a99bb5ccd812de.pdf 

 
Table 3 Corn cobs storage area requirements 

 
Harvesting cost 
The harvesting cost for cobs was estimated using the experimental method of the corn on the 
cob harvest with grain and cob sorting in the field. According to Shirek (2008) and Wehrspann 
(2009), one-pass cob harvester like Cob Caddy involves little modification to the combine and 
uses equipment available commercially to harvest the cobs. It is assumed that the one-pass cob 
harvest method requires farmers to use a typical self-propelled 275 HP corn combine harvester 
and a pull-behind wagon-style cob harvester. The main difference between the calculations in corn 
combine alone and with the cob harvester is the travelling speed of the combine which can slow down 
the corn grain harvest time by as much as half as compared to the corn grain only harvest option. As a 

https://pdfs.semanticscholar.org/db32/009f19716c0a3332ddbeb2a99bb5ccd812de.pdf
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result of this reduction in corn combine speed, the harvest cost for corn grain harvest would increase 
from 71 $/ha per hectare to 141 $/ha, and the additional cost for harvesting the cob would be 48 $/ha 
(Maung & Al 2011).  
So the overall cost for harvesting and separating the cob in one pass would be 119 $/ha (141-
71+48) or 102 $/t (or 82 €/t at 02/18 conversion rate) using an average yield for cob of 0.86 t/ha.  
These figures correlate with another study made by the Iowa University for the Minnesota farmers using 
the Vermeer CCX770 cob wagon to collect cobs. The cob wagon is designed as a pull-type wagon that 
hitches to the back of the combine. The cob wagon is engineered to be self-contained, with its own 4.1L 
engine to minimize the added stress to the combine. 
The economical study indicate that with a sales price of 100 $/t, 54 % of the farmers would begin 
collecting cobs as biomass for 2G bioethanol. One of the major concerns from the Minnesota 
farmers harvesting cobs during the corn harvest was how much this activity would slow down the 
harvest. This is particularly important in the Argentine case since there is a high frequency of soil wet 
conditions that can reduce the harvesting time frame.  
 
Sugarcane crop residues 
 
Harvest 
The harvesting is performed in three passes after the harvest of the cane: windrower, baler and 
loading.The crop residues are windrowed with a star-shaped swathing rake (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 residues.  The residues 
are carried through the wheels and swathed along the field.  The activity is carried out by contractors.  
 

 
Figure 37 Star-shaped swathing rake 

 

 
Figure 38 First stage residue concentration 
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3 different alternatives are in use for balers: 
 
• Round balers: 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 residues.  
 

 
Figure 39 Round-baler 

 
• Square baler: 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.  
 

 
Figure 40 Conventional baler 

 
• Mega-square balers: mega baler equipment (ex. New Holland BB9070, or Challenger 

LB/Caterpillar), with a 170 CV tractor. It delivers bales 1,200 mm wide and 700 mm high, with 
variable length, weighing between 300 and 600 kg, tied with chord.  
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Figure 41 Mega baler 

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

 
Figure 42 Tractor load 

 
Transport 
Different trucks can be used, with varying capacities, generally with flat trailers.  
 

          
          Figure 43 Flat trailer                                            Figure 44 Road transport to storage section 
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For cost calculation purposes, a higher value is estimated than for the transportation of sugarcane 
given the large volume and relative low density of the biomass.  For a 20-30 km average distance from 
the farm to the plant the price was calculated between 10 and 26 €/ton, depending on the type and 
weight of the bale or roll and of the truck’s loading capacity. 
 
Storage/conditioning 
Storage is generally done in the open air, at yards located near the plant when the biomass is used as a 
fuel in sugarcane mill or 1G ethanol production plant. 
Since the harvest system picks up stones and soil, the biomass must be cleaned before entering the 
transformation process. 
 

                                      
Figure 46 Storage in open air yard   Figure 47 Final bale deconstruction feeding and cleaning facilities 
 
Cost of supply 
The experts of the project have estimated the costs of supply (without cleaning) as follows in the next 
table. 
 
Table 4 Argentina. Costs of collecting, managing, pre-processing, transporting and storing the biomass 

obtained from the sugarcane residues (in €/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 from 0.1 to 50  
Yield of residues (t/ha) 15 - 25 wet and 5.25 - 9 dry  
Sustainable percentage of residues removal 50 - 70% 
Distance to be covered with the residues (km) 20  - 30 
Average cost (Є/t) 
Swathing 

18.40 Rolling 
Internal transportation 
Transportation to plant 18.00 
Total  36.40 
 
A survey was also run with large firms using more than 100,000 tons per year of sugarcane field 
residues in the north-west part of Argentina as fuel for energy.  The total cost of supply 
including swathing, baling, field transport, transport to storage facility, loading to plant and the 
cleaning prior to processing in the factory was 43 €/t.  
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Risk assessment   
 
Current risk assessment  
 
The objective of this part is to identify and characterize the climate changes that have had negative 
impacts on the corn and sugarcane crops yields (and therefore the residues yields) during the past 
15 years.  
 
The preselected biomass feedstocks are related to commercial crops that are affected by the same 
factors such as water sufficiency (or water stress), high and low temperatures and 
evapotranspiration. In addition, each plant will react differently (with varying degrees of resilience) 
against changes in temperature and / or water availability. 
To simplify the approach, four major weather parameters were selected that directly or indirectly 
affect yields of major crops: 

• Water deficit 
• Excess water 
• High Temperature 
• Low Temperature. 

 
Corn cobs 
 
The results of the evaluation of corn production in the last years performed by INTA marked the great 
importance of the primary production fluctuations along the years specially regarding the southern 
hemisphere that suffers greater impacts of el niño y la niña.  
The Córdoba region is impacted by its summer rains regime between the east and the west 
offering less rain during the critical periods of the crop (flowering) cycle when moving from the 
argillaceous soil of the East to the sandy soil of the West.  
In the West, water deficiencies in the period of greater water demand of the crop can determine a high 
variability of yields between campaigns for early sowing cultivars whose highest water demand is 
between mid-December and mid-January. Even within the same season where provincial-level rainfall 
averages can be placed within normal parameters, highly heterogeneous distribution rains can 
determine very different yields between departments. 
Of the key factors that have been identified that intervene in maize yields (precipitation, genetics 
adapted to different soil environments, fertilizer and herbicide management, seed density adjustment, 
rotations, etc.), it has been proven that the greater variability is explained by the local climate present in 
each campaign. The average annual rainfall in the Cordoba region is 800 to 850 mm millimetres, of 
which 83% is distributed between September and March. The months of December - month, coinciding 
with the flowering of early maize varieties, show great inter-annual variability in rainfall. Depending on 
the suitability of the soils and the climatic variability, within the area of supply, environments with 
potential yields and differential risk for the maize crop have been defined. 
 
An exercise was performed for the Rio Cuarto department in order to study the variability in field 
surface to collect according to the historic yield variation. In the area of origin of the largest volume of 
raw material there is a variation between campaigns (allocate climatic reasons, especially drought) 
greater than 90%. The ratio between the area needed for the supply of the plant in the 2015-2016 
campaign 21,354 ha and the one that would have been needed in 2011-2012 (minimum yield of the 
series of the last 7 years) turns out to be 90.7%. It would have required 40,725 ha, in the same supply 
basin, to obtain the volume of corn cobs for a processing plant. This calculation would imply an average 
yield from the same basin of 4,040 kg / ha. This area considers only the decrease in yields, to which 
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must be added the implanted area that was never harvested (lost due to drought), which in that 
particular year was 33%.  
 
A new exercise was carried out, adding to the loss of yield the loss of harvested area, representing a 
loss in the average equivalent yield of 65.6% (2,934 kg / ha). The spatialization of data related to the 
supply basin makes it possible to evaluate the risks and costs of collecting and transporting the 
feedstock. 
One can also see the interest of these calculations as a business strategy to select areas in the supply 
basin with higher yields and lower losses in each campaign to minimize these reduction levels. 
The theoretical possibilities of higher yields with early sowing varieties are affected each year to 
circumstantial deficiencies of rainfall and soil moisture at the time of sowing which can generate 
displacements of the optimum sowing date in each locality and therefore this modifies the Maximum 
potential yield of the selected hybrid. 
The development in the last years of new genetic varieties that allow late sowings with good 
performance of yields and low incidence of diseases, allow their implementation to be carried out with a 
greater percentage of edaphic humidity, allowing also that the moment of greater water demand does 
not coincide with the period of greatest rainfall instability. This has resulted in a marked and sustained 
increase in the percentage of lots devoted to these varieties, especially in environments with less soil 
suitability. 
Therefore, maize production (early vs. late) will be determined by the type of soil and its interaction with 
the water content at planting and the medium term forecast. These variables condition each year, in 
particular, the percentage devoted to each and every question, in the area from which the raw material 
will come. The distribution between the stands differs, whether the soils are more apt (Molisoles: 
Argiudoles typical) and with a lower dispersion of rainfall in December-January (located to the east) 
where early varieties are preferred because they have higher yielding ceilings Figure 53. 
 

 
Figure 48 Soil potentials and their influence over yield potentials 
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In areas with less agroclimatic suitability or more sandy textures (Haplustol údico or Haplustoles 
enticos) late varieties have shown greater stability of yields and higher average values in a series of 
years, for which there is a growing adoption of this type of option. Within the area of origin of the maize 
in the northern most departments (with soils of lesser ability) the ratio can reach 10-90 between early 
and late crops; towards the centre the ratio is 25-75 and to the east and south-east 35-65. The yield 
ceilings that can be reached in early-sowing crops are higher but the climatic dispersion between 
campaigns is much higher. In addition, late-sowing crops show more stable yields between campaigns. 
The increase in late planting cultivars recorded in recent seasons has determined that the difference 
between planted and harvested area has been reduced in the province of Córdoba, from values that 
exceeded 20% of surface lost to values that are around 15%.  
 

Table 5 Area sown and harvested in the last 5 seasons. 
  CAMPAINGS 

2010/2011 2011/2012 2012/2013 2013/2014 2014/2015 

  Hectare Hectare Hectare Hectare  Hectare 

DEPARTA
MENT 

 Planted Harvested  Planted Harvested  Planted Harvested  Planted Harvested  Planted Harvested 

CALAMUC
HITA 

16.045 15.420 19.488 15.694 12.313 12.313 15.714 14.693 14.025  13.464  
CAPITAL 1.114 1.103 2.635 2.566 1.117 1.107 2.283 2.283 1.383  1.338  

COLON 24.967 23.705 42.003 38.629 33.623 32.216 45.515 44.839 35.270  33.708  

CRUZ DEL 
EJE 

s/d s/d s/d s/d s/d s/d s/d s/d s/d  s/d  
GRAL 
ROCA 

139.918 70.425 179.996 127.735 125.372 108.331 159.02
3 

125.787 197.259  164.573  

GRAL 
SAN 
MARTIN 

61.360 40.281 69.978 44.929 52.970 39.994 80.002 71.821 57.486  51.311  

ISCHILIN 4.043 3.538 3.052 2.538 3.330 3.258 3.016 3.016 3.536  2.881  

JUAREZ C
ELMAN 

160.384 134.213 107.021 74.329 93.322 86.150 160.83
4 

134.939 148.627  114.744  

MARCOS 
JUAREZ 

158.503 152.930 237.222 209.553 165.067 156.263 140.92
2 

129.126 123.512  112.322  

MINAS s/d s/d s/d s/d s/d s/d s/d s/d s/d  s/d  

POCHO 3.198 3.038 210 200 2.462 2.125 4.341 4.215 4.067  3.294  
PTE. R. S. 
PEÑA 

79.670 64.766 123.882 79.115 33.652 28.746 122.94
7 

104.259 101.329   85.978 

PUNILLA 311 311 121 115 565 540 367 367 668  655  

RIO 
CUARTO 

328.400 288.192 243.921 153.273 272.209 227.214 322.93
7 

303.665 343.928  320.722  

RIO 
PRIMERO 

99.184 92.884 138.344 117.157 118.386 102.639 181.95
7 

171.518 96.477   89.607 

RIO SECO 29.444 26.607 41.565 37.311 45.731 44.187 49.977 49.187 38.030   34.554 

RIO 
SEGUND
O 

62.276 53.849 67.230 53.892 99.547 88.354 105.88
7 

97.990 79.568  68.554  

SAN 
ALBERTO 
(*) 

4.926 4.680 1.268 1.204 4.073 3.736 3.859 3.803 3.668  3.107  

SAN 
JAVIER (*) 

3.410 3.240 1.110 1.054 1.321 1.265 1.162 1.162 360  338  

SAN 
JUSTO 

114.901 73.884 119.311 65.986 170.014 111.565 200.65
0 

142.952 143.732  93.535  

SANTA 
MARIA 

26.147 25.879 31.771 30.998 40.516 40.331 33.740 30.724 36.458  35.564  

SOBREM
ONTE 

s/d s/d s/d s/d s/d s/d s/d s/d s/d  s/d  
TERCERO 
ARRIBA 

81.491 76.240 83.379 61.591 79.286 66.138 95.703 88.755 94.313  86.740  
TOTORAL 47.894 43.611 78.522 71.071 67.187 64.191 78.470 77.825 52.818  51.789  
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TULUMBA 35.485 28.296 37.352 36.464 49.724 47.490 63.418 61.573 36.985  35.158  
UNION 154.065 130.701 184.097 134.664 157.940 146.700 176.51

6 
158.127 120.798  109.926  

TOTAL  1.637.100 1.357.800 1.813.500 1.360.100 1.629.700 1.414.900 2.049.200 1.822.600 1.734.300  1.513.900 

 1,205  1,333  1,152   1,124  1,146 
 
The maximum and minimum yields of the last 6 seasons were taken for each department to calculate 
the % of differences between yields. Figure 49 shows that Eat and South-East departments that have 
better soils and a higher proportion of prime crops present the highest percentage difference between 
yields, given their preference for early planting varieties that offer higher yielding ceilings but suffer 
more Loss of yield in dry years. The same happens in areas with soil of very low agricultural ability. 

 
Figure 49 Difference of yields between campaigns. Maximum - minimum in% 

 
 
 
 
 
 
 
 
 
 



BABET-REAL5 – Deliverable D4.2 – Part 5 INTA Argentina 

 Page 64 / 74 

Sugar cane crop residues 
 
Since 1997, the Obispo Colombres Experimental Station in cooperation with the Activities Committee 
Spaces (CONAE), performs the monitoring of the sugar plantations of Tucumán by using the 
information generated by satellite images. The cultivated area is estimated annually and the 
quantification of usable raw material for the production of sugar with differentiation in three levels of 
cultural performance (t / ha). For the estimation works it is used a mixed methodology based on the 
application of different processing techniques of satellite images and GIS tools, complemented with 
validation works in the field. The detail of the information obtained, statistics and graphs, is at the 
departmental level what facilitates the preparation of situation diagnostics. 
The information generated in the surveys made between the years 1997 to 2017 is at the service of the 
farmer and industry allowing a general vision general of the region where sugarcane exploitation is 
concentrated, which facilitates appreciation of the potential and risks of the area. 
 
It is worth highlighting that a considerable amount of straw is naturally deposited on the ground 
throughout of sugarcane cycle due to leaf senescence. Thus, even when the harvester was set to 
remove 100 % of the straw (i.e., two extractor fans off) so that no straw was deposited on the plastic 
sheeting, from 18 to 25% of the total straw produced was found on the ground. This amount of straw is 
variable according to edaphic and climatic conditions under which sugarcane was grown during its 
cycle as well as the characteristics of sugarcane cultivar. As the senescent leaves were not deposited 
during harvesting, this value was subtracted from the final amount of straw deposited onto the ground. 
In addition, a small proportion of the straw that is still attached to the stalks is transferred into the 
wagons even when the extractor fans are turned on at maximum power 
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Regional workshop and SWOT analysis 
 
A series of regional workshops were run on March 2017, December 2017 and January 2018 in 
order to present the results of the study to a wider local audience of experts and stakeholders 
and get their feedback about the presented perspectives of feedstock, their advantages and 
drawbacks and other constraints related to agronomic, harvesting, competitive and economical 
aspects. After the workshops a SWOT analysis was performed for both biomass residues. 
 
This is a non-exhaustive list of specific topics that were addressed. 

• Relate background and experience in crop and soil management with data that contribute to the 
balance of organic matter and nutrients in the Pampas region 

• Experiences of extraction of residues by animals or for forage in the region and its impact. 
• Survey of models employed in the region linked to 

o Organic matter 
o Coverage linked to water and wind erosion 
o Or Biogeochemistry linked to nutritional balance 

• Survey of information regarding harvest indexes, residual aerial biomass left by different genetic 
materials disseminated in the region. 

• Spatial variability of crop coverage in the region. 
• Variability of yields and their correlation with relevant agro climatic factors. 
• Possible impact of residues removal on the release of greenhouse gases. 
• Survey of trials with raw data to advance the knowledge of the aspects already mentioned. 
• Possible conformation of a project that allows progress in the consolidation of a multidisciplinary 

and multi-institutional group to address the issue with a systemic approach. 
 
Main learning for Corn crop residues 
 

• Balance of organic carbon in soil: results of long-term tests were presented in the EEA 
Pergamino on different rotations, although the level of organic matter is different for the different 
types of test, a decreasing level is observed over the years at variable rates. The incorporation 
of maize into the rotation has a positive impact on the balance sheet. Similar experiences 
should be analysed at experimental stations located in maize production areas to deepen this 
theme. 

• The AMG model was presented as well as the results obtained in its field validation. These 
results allow determining that this is a useful tool in order to be able to establish effect of 
different levels of harvesting residual residues in different agro ecosystems. 

• A study was conducted evaluating extraction rates of plant material with different levels of yield, 
simulating the effect they would have on the balance of organic matter in the soil. 

• The presented work is a great contribution to the subject and its application could be expanded 
taking into account the variations of annual yields and the effect of the genotype. 

• A vacant pending issue would be the geochemical aspect and macronutrient balance.  
• On the basis of bibliographical data, information on the distribution between brown grain and 

corn stover as well as the different harvest indexes was provided. 
• There was a need to deepen the issue of variation of crop indices with the most commonly used 

commercial hybrids in the region. 
• The variation in the amount of corn cob available was lower than that recorded in grain yield 

versus climatic variations. 
• The calculations and developments for the determination of the maize surface were shown. This 

information could be used to study the inter-annual variability of the affected area. 
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Agronomical constraints: 
Nutrient extraction 

• Importance of determining the proportion of fractions that would be removed in order to 
understand the nutrient cost of residues uses, and what is the impact on soils of the studied 
region. The ratio of nutrients reposition in Argentina is very low so extreme caution must be 
followed in this aspect. 
 

Nutrients cycling 
• It is important to remember that nutrient cycling is a process that occurs in a certain period of 

time, therefore calculations of nutrient restoration should not be considered as a simple 
mathematical balance.  
 

Soil erosion 
• Maintenance of soil health requires keeping it covered with residues or vegetation. Practices of 

residues’ extraction should consider this important rule.  
• Special consideration must be made regarding no till practiced during the crop rotation with 

other crops with less coverage of the soil. 
 
Logistic issues 

• Rural roads are not paved and frequently are in bad shape especially in the harvesting season. 
• Harvest system and costs for residues removal are not known in the region. 
• Manipulation and logistic costs must be reduced to a minimum. 
• Heterogeneity and dispersion of the residues could lead to an important increase on freight 

costs. 
 
Competitive uses 

• Animal feed 
• Bioelectricity 

 
Risks 

• There is a shortage in nutrient reposition for the principal grain crops in the area. The 
extraction of residues could make this situation worse.  

• There is a recommendation to test scenarios with different yields according to climate 
variations.  

• It is a possibility that 1G bioethanol plants and biogas facilities could start using the 
same residues as fuel and feedstock which would absorb part of the residues currently 
available.  

 
Main learning for Sugarcane crop residues 
 
Variables that should be taken into account in defining a sustainable extraction rate 

• Agronomic management 
• Agro-ecological climates and conditions 
• Nutrient return rate 
• Type and business unit 
• Agronomic soil management 

 
Available information on the region on the critical aspects to be considered 

• Satellite information with field records 
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• Private experiences Arcor, Florida, Ledesma 
• Models can be adjusted to determine the erosion susceptibility (hydro, wind), carbon & nutrient 

balance 
• Comprehensive DSSAT Lifecycle  Analysis 
• Assessment of the dynamics of the arable layer 

 
Parameters defining the availability of agricultural residue 

• There are little effects on varieties since there is a predominance of a single one in the region 
• Critical factors are irrigation and fertilization together with the technology level 
 

Other constraints acting to limit the potential feedstock 
• Machinery adapted for harvesting and densification. Cost benefit relation. Contracts 

considerations 
• Uncertainty in the price relationship with electric, thermal and other potential uses residues. 
• Storage throughout the year 
• Transparency in the marketing and payment of residues to producers. 
• Work teams that work on aspects related to this subject 

o EEAOC Bioenergy GIS 
o INTA Crop management emissions assessment 
o INTI VRB 
o Companies with intensive use of residues Ledesma Tabacal La Florida 
o The objective is to define specific contacts in each of the institutions and to add private 

companies to make studies and developments available out by YPF. 
• How do social and economic variables play 

o Cultural aspects related to the burning and risk of crops because of the proximity to the 
villages. 

o Positive experiences in crop certification. 
o The change produced in the cultivation technique determined an increase in the degree 

of unintentional burning by third parties. 
o Lack of culture of supply contracts. 
o Given the sub-division and quantity of producers requires work on forms of organization 

such as cooperatives. 
• Limitations in terms of collection technology 

o Non-coincidence of tracks 
o Trapping and compaction of soils 
o Cost and working capacity. 

• Strategy to be followed to study and advance this issue in the region. 
o Formalization of the active participation of the different sectors involved. 
o Annual meeting schedule 
o Active participation in the workshops 
 

Other considerations 
• There is a great deal of information about sugarcane residue unpublished. Publication could be 

enhanced by the project. 
• Study aspects related to the cane harvester in order to capture the material so as to avoid 

contamination. 
• There are no serious problems of transit ability but transportation costs are significant 

 
Risks 

1. Yield fluctuations due to climate change are important and have consequences in yields 
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and available crop residues for the plants.  
2. No till farming is widely spread and residue removal must be done with great car without 

compromising soil erosion and carbon balance. 
3. It is a possibility that new deployments consuming local biomass will be installed in the 

region, which would absorb more wood as well as a portion of residues currently 
available.  

 
SWOT analysis 
 
Discussed items in the SWOT analysis is depicted in the following tables. 
 

Table 15 SWOT analysis for corn cobs 
INTERNAL FACTORS  EXTERNAL FACTORS 

Strengths 
• Corn crop has an important surface and 

forecast indicate an increase or stabilization 
• Regulation of soil use by law 
• Local oil companies are able to directly mix 

ethanol to gasoline (dropping) 

Opportunities 
• Development of new cellulosic products 
• Reductions in the emission of GHG 

Weaknesses 
• Lack of experience with residues logistics of 

extraction 
• Soils have lost C content and need to be 

stabilized 
• Farm machinery for cob extraction must be 

adapted and adopted by farmers and 
contractors 

• In many farms harvesting is done by external 
companies  

Threats 
• Use of biomass for cattle feeding or other 

purposes 
• Competition with well-established 1G biofuels 
• Decreasing of liquid biofuels demand by new 

disruptive technologies 

 
Table 16 SWOT analysis for sugarcane crop residues 

INTERNAL FACTORS  EXTERNAL FACTORS 
Strengths 
• Sugarcane  crop has an important biomass 

production 
• There is harvesting technology available in 

the region with companies already collecting 
sugarcane residues  

• Regulation of burning banning in the area 
allows the recovery of more residues 

Opportunities 
• Development of new cellulosic products 
• Reductions in the emission of GHG 
 

Weaknesses 
• Possible increase in soil compaction by 

additional farm machinery transit on the fields 
• Farms are mostly small with little or no capital 
• Soils have lost C content and need to be 

stabilized 

Threats 
• Increasing use in the region of biomass for 

paper, energy and feed 
• Competition with well-established 1G biofuels 
• Decrease of liquid biofuels demand by new 

disruptive technologies 
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Conclusions and perspectives 
 
In Argentina, two most potential feedstock of lignocellulosic biomass: corn and sugarcane crop 
residues identified in previous studies had been selected for a detailed investigation of the net 
amounts of biomass that could be available for the supply of 2G bioethanol plants. 
 
The investigation concerned potential limitations due to agronomic and technical constrains, 
competitive uses and harvesting costs, and also the concentrations of biomass in short catchment 
areas (i.e. 50 km radius) to minimize the transportation cost and carbon foot print. 
 
The agronomic constrains generate the highest levels of restrictions for the removal of the 
biomass residues from the fields. Currently the general practice is to leave this biomass in the fields 
as natural return of organic and mineral nutrients to the soil.  
For corn stover, the minimum acceptable removal of biomass was the exportation of the cob 
part of the residues very low in N, P and K minerals representing 20% of the harvested and 
exportable residues.  
For sugarcane crop residues only 50 to 70% of the harvested residues can be exported 
depending on the soil conditions at local level.  
 
Great variations in climate conditions in the last years have impacted in the yields and the total surface 
being harvested for corn. This was taken into account when calculating the amounts of produced 
biomass. For sugarcane crop, there are important variations of yields even at local level that directly 
impact the amount of harvestable residues. This was also taken into account when calculating the net 
amounts of available biomass.    
 
For corn cob, the variations in the crop rotations and their consequences on the evolution of 
permanent corn crop surfaces generate another important restriction evaluated to 50% of the 
current cultivated surfaces. 
 
No major constrain in terms of restriction of biomass amounts due to technical limitations (harvest, 
transport, storage and conditioning) was identified. But the harvesting of corn cob currently lacks of 
experience and adapted equipment. So it will need further investigation. 
 
Currently, there is no well established competitive market for the use of corn cob and sugarcane crop 
residues. But there are some strong perspectives of using the latest as fuel for the production of energy 
in the mills and electrical plants. So the prices offered by the 2G bioethanol plant operators will 
probably be the major factor to draw the interest of the biomass producers for this biofuel market.   
 
After taking into account all the limitations and restrictions presented previously, the amounts 
of biomass available for 2G bioethanol are considerably reduced from the theoretical amounts 
of harvestable biomass. 
 
The net amounts of biomasses that could be available for 2G bioethanol were deeply investigated in 
the regions that are producing the highest quantities of corn and sugarcane, respectively Córdoba in 
the north-centre of the country and Tucumán in the north-west were deeply investigated in this study.  
In the province of Córdoba, 12 departments can provide more than the set minimum threshold 
of 30,000 t dry biomass per year in a 50 km radius area, with a total of 545,888 t under 
unfavourable climate conditions.  
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In the province of Tucumán, in a 50 km radius area that concentrates the higher surface of 
sugarcane crops (mainly in the departments of Leales and Cruz Alta), the available quantity of 
crop residues amounts to 481,359 t in a buffer zone of 500 m from the road network. So even, if a 
large part of this feedstock would be allocated as fuel for the production of heat and/or electricity, 
sufficient feedstock should be available for other applications like biofuel. 
 
So both biomasses in terms of quantity offer interesting perspectives as potential feedstock for 
the deployment of biofuel plants, should the techno-economical and environmental 
performances of the transformation processes be satisfactory. 
 
The other major parameters to decide the feasibility of the biomass feedstock is the cost of 
supply which in the project has been identified as being the major contributor to the operating 
costs of the 2G bioethanol plant.  
 
The harvesting of cob only is not a common practice in the agricultural world. Only, the corn cultivated 
for the market of seeds is harvested on the cob. This harvesting system will not be applicable to the 
corn cultivated for agro-food applications. So it is necessary to develop an efficient way of harvesting 
and sorting the cob from the grain at field level. Harvesting equipment manufacturers are already 
working on this topic given the perspectives of valorizing the cob for 2G biofuel applications.  
With the current experimental experience, the cost for harvesting cob with such one-pass harvest 
system can be estimated from 80 to 100 €/t. Then another 10 to 20 €/t must be added for the 
transportation from the field to the plant, and another 5-10 €/t in bunker silo (reference cost for storing corn 
forage in bales in Europe). 
So the overall estimated cost for supplying corn cob to plant gate can be estimated between 95 
and 130 €/t.  
 
The harvesting of sugarcane crop residues is commonly practised in Argentina. Dedicated adapted 
equipment has been developed and is commercially available. The cost for supplying the biomass to 
the processing plant is in the order of 40 €/t (including the harvesting, baling and transportation). It 
looks quite competitive but as the biomass is collected on the soil, it must be cleaned before entering in 
the transformation process which increases the overall supply cost by 5 to 10 €/t. Cost for storage in 
bunker silo can be estimated between 5-10 €/t. 
So the overall cost for supplying the sugarcane crop residues to the plant gate can be estimated 
between 50 and 60 €/t. 
 
Taking into account the estimated available quantities, the harvesting technique and supply 
costs, sugarcane crop residues present an advantage over corn cob. Moreover, the collection, 
transport and storage of such biomass is well developed in the cane fields areas. However, 
there might be a feedstock of corn cob that could be directly accessible from the seed industry 
if the price offer can be competitive. This need to be further investigated. 
 
Looking at the biomass composition and quality for the production of 2G bioethanol with the 
pretreatment process developed in the project, corn cob has an advantage because it is a more 
homogenous material than sugarcane crop residues composed of different types of biomass 
(leaves and tops). Also the latest has higher concentrations of lignin and mineral, this later 
being close to the acceptable limit to enter the pretreatment process.  
 
As a final conclusion, sugarcane crop residues gives better perspectives for a prompt 
deployment of 2G bioethanol plants but with an important threat of competitive uses as fuel for 
energy in the future. Whereas corn cob could be a good option at longer term if the harvesting 
technology becomes technically and cost efficient. 
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