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Energy Energy
Energy q 5 Energy
q consumption | consumpfion g
Biofuel Crop consum[:fi_lon by the fuel by the SEIEIILIT Ener_gy pyithe Total
by the fertilizers i duct f by the power | sowing seed
roduction | consumption | production ol uUse
P on crop works plants
Sweet
sorghum
Bioethanol | (imigation) 49.59 17.53 2.80 0.03 0.13 70.08
in
Andalusia

Table 33: fossil energy consumption in the agricultural steps (as megajoule of fossil energy by gigajoule of
biofuel produced)*

Emissions by
the ferfilizers
production

Biofuel Crop

works

Emissions
by the fuel
consumption
on crop

Emissions
by the
production of
plants

Emissions by
the power
consumption

the land

Emissions by
the N,O of

Emissions by
the sowing
seed

Total

Sweet
sorghum
(imigation)

in
Andalusia

Bioethanol 5.70 1.20

0.10

5.65

0.03

Table 34: GHG emissions in the crops steps (as gCO

Transport and distribution phases

The calculations of transport cost
and consumption of the raw
material fransport have been
executed, considering the type
of roads and distance between
the crops and the production
plant.

Figure 27 shows the positioning
of the production plant and the
crops area that can be used for
the bioethanol production.

Considering these aspects, the
energy consumption and the
GHG emissions calculation have
been executed and showed in
Table 35.

/MJ

2eq bioe'hunol)

65

Figure 27: area considered in the case study
(source: IDEA 2011 on page 39)

Fossil energy
Consumption
[MJf/MJ]

GHG
[9CO,  /MJ]

2eq

Sweet Sorghum

(irigation) in Andalusia

0.014

1.9

transport of the raw materials in the case study*

Table 35: energy consumption and GHG emissions due to the
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Processing phase
In the processing phase, the evaluation of the production process has been done
considering the standard production process described before.

The inputs and outputs of the production process are indicated in Table 36. This
information allows the subsequent calculation of the GHG emissions and the
energy balance of the bioethanol production process.

Considering the use of bagasse to produce all the energy that the process needs,
the GHG emissions are produced by the raw materials as indicated in Table 37.

Bioethanol anhydrous 1 kg Raw materials 0.4
Power 0.74 kWh Energy consumption 0
Bagasse (excess) 0.32 kg Power 0
Vinasse 13.20 kg
Thermal Energy 0
Sulfuric acid 0.04 kg
. e 0.4
Ammonium sulfate 0.01 kg LJ
Di-ammonium phosphate 0.01 kg €ee 0
Sweet sorghum stalks 17.18 kg €. 0
Table 36: energetic and raw materials Table 37: GHG Emissions in the bioethanol
consumption in the bioethanol production production process from sweet sorghum
from sweet sorghum®’ (as gCO,,../MJ,...nana)®

2eq

GHGs emission saving in the case study

After the evaluation of all the information referred to the bioethanol production
process from sweet sorghum in Jédula, the most important results are the savings
calculated due to the use of sweet sorghum as feedstock instead of fossil fuels. This
aspectis very important and ensures the sustainability of the bioethanol production
from sweet sorghum.

The specific results obtained in the bioethanol production from sweet sorghum
are showed in Table 39 and Table 40. The GHG emissions saving of this case study
corresponds to 79%.

Raw materials 0.1

Energy consumption

Power

Thermal Energy

Total 0.1

Table 38: energy balance in the bioethanol
production process from sweet sorghum
(as MIJf/M

)69
bioethanol
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Energy
q Energy Energy n
Biofuel Cro consm:)mphon consumption | consumption Total Saving
P agriwyliural by transport bybioefhgnol [MJ/MJ] (%]
steps steps production
Sweet
sorghum
Bioethanol (irrigation) 0.07 0.021 0.01 0.10 92
in
Andalusia

Table 39: fossil energy consumption of the bioethanol production in Spain (Jédula) (as MJf/MJbioethanol)”

Emlgs;ons Emissions Emlés;ons Emissions co
q q by q power 2 Total Saving
Biofuel Crop agricultural bioethanol 5 captured
steps transport production credit e [9CO,,/MJ] [76]
steps e &
e ep ee
Sweet
sorghum
Bioethanal | (imigation) 14.3 2.3 0.4 - 17.2 79
in
Andalusia
Table 40: GHG emissions in the bioethanol production in Spain (Jédula) (as gCO,_./MJ,, ;0n0)"'
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9. THE EU MODEL 2: SWEET SORGHUM AND SUGAR BEET
AS FEEDSTOCK OF THE PLANT

This model is aimed to develop in the EU a chain based on sweet sorghum and
another bioethanol crop as feedstock for the same decentralised small-medium
plant.

This model has been studied as alternative to the first one, because the model 1 is
penalised by the dependence from just one feedstock. Furthermore, the model 2
has the advantage to allow to process mainly fresh raw material and consequently
to minimize the concentration of the sugar juice. In fact the short number of
days of the harvesting period obliges o make a high concentration of the sugar
juice to maintain the production process of the bioethanol plant (fermentation,
distillation and dehydration) during almost all the year (11 months per year). On the
contrary using also another fresh biomass the required concentration level can be
significantly reduced.

The disadvantage of the model 2 is due to the necessity that in one area two
bioethanol crops must be cultivated in different period of the year. This condition
can be satisfied or not in different regions.

9.1 Case study: the development of the EU model in Andalusia in Spain

In order to explain this model for the EU, the guidelines described in previous chapter
7 are applied to an exemplifying plant with capacity as anhydrous bioethanol of
10,000 t/year.

Specifically the case study is contextualised in Jédula (Spain, Andalusia), and sugar
beet is considered as complementary to sweet sorghum.

Sugar beet in Andalusia has a harvesting period from June to July and the storage
of the sugar beet can be done during one month without losing more than 3-4%
of sugars. Thus, the bioethanol production plant can work with fresh raw material
from June to November, combining sugar beet during June, July and August, and
early sweet sorghum on September, and standard sweet sorghum on October and
November.

From December to April (5 months) the bioethanol plant works with concentrated
sugar juice. In the month of May the maintenance of the plant and the equipment
is carried out.

Agronomic phase

The same conditions in Jédula indicated in Table 30 are taken into consideration.
The production of sugar beet can vary between 80,000 — 120,000 kg/ha with
irrigation. Considering the percentage of sugar per kilogram of sugar beet, the
variation can be between 13% and 16% of the fresh samples. Usually, the amount
of sugar can be fixed on 14%.

This amount of sugar per kilogram and the productivity of sugar beet per hectare is
indicating a variation of 6,600 — 10,000 litres per hectare of bioethanol.

The calculations of the model have been done considering a bioethanol plant with
a capacity of 12,500 m3/year (i.e. 10,000 t/year). Thus, if the sugar beet is the raw
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material for three months per year, the amount of bioethanol from sugar beet must
be approximately 3,500 m3/year. This production requires from 350 to 525 hectares
of sugar beet, depending on their productivity.

Logistics
The logistic system of this model is similar for both raw materials as regard with the
fransport from the fields to the production plant.

An important difference between the 2 crops is the time needed from the harvest
to the process.

Apart from the density of the crops, the type of machinery to make the harvest and
so on, the main difference is that the storage of the sweet sorghum is not possible
due to the sugar loss and the beginning of fermentation after 7-8 hours, but, on the
other hand, in the case of sugar beet, the storage can be done in the field orin the
production plant during one month. Apart from this, the maintenance of the sugar
beet in the fields without harvesting it is possible without losing the sugars.

Thus, sugar beet can be used as feedstock increasing the time between the harvest
and the process. This allows making a better structuring of the transport from the
fields to the production plant and reducing the transport cost using bigger trucks
and ftrailers.

Processing
The production process must be adapted to the use of sugar beet and sweet
sorghum as feedstock. This is not an important problem, due to the fact that the
types of sugar stored in the sugar beet and in the stalks of sweet sorghum are
sucrose, glucose and fructose. Thus, the fermentation, distillation and dehydration
are similar.

The main difference between the use of sugar beet or sweet sorghum is on the
first step of the process, during the cleaning of the raw material, cutting and sugar
extraction.

In this model the incorporation of a cleaning line is necessary to eliminate sludge
and stones from the sugar beet before the cutting step. In the case of sweet
sorghum, there is not a cleaning step, and after the reception of the stalks, these
are shredded before the extraction.

The extraction process must be done with a continuous diffuser to ensure the best
yield on the extraction process and the use of the same equipment for extracting
from sweet sorghum and sugar beet. On the contrary the rolling mill cannot be
used in the extraction of sugar from sugar beet.

After the exiraction, the other steps of the process are similar regardless the type
of raw material.

Economic analysis

The economic analysis can be similar to the analysis indicated in the evaluation of
the model 1 in the case study in Spain.
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GHGs emission saving

The calculation of the GHG emissions saving has been done considering 2
alternatives. The firstis considering the use of natural gas as fuel to obtain the energy
required by the production plant. The second option is the use of biomass as fuel in
the boiler. This biomass could be the bagasse obtained from sweet sorghum sugar
extraction phase. This means that the biomass must be stored during all the year

Prociuction of Lthancl Fram Segarbeet |ideam o WG bolles |
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Figure 28: GHG emissions of bioethanol obtained from sugar beet using natural gas as fuel
(source: www.biograce.ev)

fo be used regardless the raw material, sweet sorghum or sugar beet, that has no
biomass on the crop.

If the production process uses natural gas as fuel on the production plant, the
emissions reduction is 57% by the use of sugar beet as raw material for producing
bioethanol. Then, considering the amount of hectares of sugar beet, the final
calculation for all the process applies a 57% of reduction for a 27.3% of the total
production and a 79% of reduction for the 72.7% produced from sweet sorghum.
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Figure 29: GHG emissions of bioethanol obtained from sugar beet using biomass as fuel
(source: www.biograce.ev)
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The average of the total production process, considering this alternative, is 73% of
reduction of the GHG emissions using sugar beet and sweet sorghum combined. This
calculation has been done using natural gas as fuel in the production plant during
the bioethanol production from sugar beet and bagasse during the bioethanol
production from sweet sorghum.

The second opftion for the bioethanol production from sugar beet and sweet
sorghum is the use of biomass for all the year and for all the bioethanol production
regardless the type of raw material.

If the fuel used on the bioethanol from sugar beet is biomass (i.e. bagasse from
the sweet sorghum of the previous production period), the GHG emissions from
the bioethanol production process using sugar beet as raw material are lower. The
emissions saving with sugar beet as raw material is 83%.

Thus, if the amount of bioethanol produced from sugar beet is a 27.3% from the
total production, and the emissions reduction with sweet sorghum is 79% for 72.7 %
of the total capacity of the plant, the average of the emissions reduction for the
total process is 80%.
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This technical handbook contains the technical guidelines to start up
in the EU the chain to produce energy (i.e. bioethanol, electricity and
heat) from sweet sorghum.

The guidelines are applied in some case studies in Italy, Greece and
Spain, in order to complete the technical description with economic
and environmental data to use these guidelines in feasibility studies.

The handbook is mainly target at farmers, agricultural associations, fuel
processors, SMEs, seeds and agricultural companies.
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