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Abstract 
FOR almost 500 years, sugarcane has been considered almost only as a raw material for 
sugar production. In the last decades, in Brazil, it has also been used for ethanol 
production. So, the complete sugarcane mill’s design evolved significantly in that 
direction, utilising sugarcane juice as a feedstock for sugar and ethanol processes. 
Recently, for environmental, economical, social, in other words, for sustainability 
reasons, the world started to search for new and cleaner energy sources. As a 
consequence, world interest in ethanol grew spectacularly, due to its environmental 
qualities and because it is produced from renewable biomass. That scenario changed the 
prospect for sugarcane: it allowed sugarcane to reach a new and higher dimension, and 
to generate a cycle of new businesses, derived from traditional and new products. This 
paper has the objective to show how that evolution is modifying and will continue to 
influence the complete sugarcane mill design, considering technological development 
and sustainability evolution. The paper describes an integrated sugarcane mill with the 
most advanced disruptive (breakthrough) innovations, considering the technological 
hierarchy of first, second and third generations, in bioelectricity, bioethanol, and 
integrated biodiesel production. Also, sustainability is incorporated into the concept of 
the mill resulting in an upgraded solution to an optimal design. In summary, the paper 
has the objective to show the upcoming sugarcane mill, the DSM – Dedini Sustainable 
Mill, designed for maximum efficiency and sustainability, producing six bioproducts, in 
an approach named ‘the 6 BIOS revolution’. 

Introduction 
How to design the industrial plant for bioenergy: the sugarcane mill 
For a sugarcane mill design, some primary design parameters (input data) are necessary: 

sugarcane specifications; desired products; capacity of the mill; crushing period; number of 
effective crushing days; location and access; local conditions; standards, regulations and laws; local 
infrastructure; water availability, and so on (Oliverio, 2008a). 

The products’ mass balances, steam, water and utilities requirements are also necessary, 
which must be complemented by a process flow diagram (PFD) for each product, as well as a 
processes and instrumentation diagram (P&ID). 

All equipment to be used must be defined, specified and then quantified, followed by an 
overall plant layout (utilisation of the area, main facilities, road system). The plant layout will be 
detailed and then the following will be included: ancillary services and utilities; civil works designs; 
electrical and hydraulic designs including water, steam and products; instrumentation and control 
designs; treatment of wastewater and residues, as well as designs to meet the relevant laws and 
regulations. 

Such requirements can be used to design different kinds and concepts of industrial plants, 
from the traditional to the most advanced (breakthrough) type. 
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This paper describes how Dedini views the recent evolution of the sugarcane industry from a 
technological point of view and how the mills evolution can influence and modify the factories, i.e., 
the concept and designs of the future industrial plants production systems. 

The technological development of the sugarcane processing units has evolved towards a 
better use of sugarcane and new products. Initially, only sugar was produced, a solution that 
prevailed for almost 500 years: the first cane sugar mill in Brazil was built by Martin Afonso de 
Souza, in São Vicente, São Paulo, in 1532. 

The sugarcane activity in Brazil remained so until the 1970s, when ethanol became another 
important product of the mill. Ethanol production increased dramatically in recent years. The recent 
and fast-growing world interest in ethanol is mainly due to its environmental characteristics and for 
being produced from a renewable feedstock. Furthermore, for economic reasons and taking into 
account the technological development, the world is seeking new, ‘clean’ (eco-friendly), sources of 
energy. 

In this scenario, sugarcane as a biomass and renewable feedstock for the production of 
biofuel and bioenergy can be evaluated positively and attains a new dimension from the 
environmental point of view. 

Considering the growing tendency for sustained development, sugarcane will generate a new 
cycle of new businesses. 

Traditional mill design 
The simplified flowchart in Figure 1 shows the technologies and production processes of a 

traditional mill for production of sugar, bioethanol and generation of surplus bioelectricity. 
 

 
Fig. 1—Traditional technology and production process: sugar, bioethanol and 

surplus bioelectricity. 
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As shown in the flowchart, we have the following main processes: sugarcane processing; 
sugar process; bioethanol process, and bioelectricity process. 

Sugarcane processing 
Sugarcane reception and cleaning – The cane to be processed is unloaded on feed tables 

where it is washed with water to remove the mineral impurities and then transported to the crushers 
by metal conveyor belts, passing through the preparation system. 

Sugarcane preparation (knives: knives set and shredders) – The preparation system consists 
of one or two sets of knives, the first being designed to level the cane and the second to chop it with 
the purpose of levelling the cane bed that comes from the feed table and reduce the size of the 
feedstock. The shredders are used to open the cane cells to facilitate juice extraction. 

Juice extraction: consists of feed, crushing and primary juice treatment. After the cane 
preparation, the cane feed into crushers is made by a device called a Donnelly chute (a forced-feed 
vertical chute). 

Crushing consists of making the shredded cane pass through crushers comprised of rolls, 
installed in a series, usually 4 to 6 units, at a given pressure and rotation, to extract the juice 
contained in the cane and produce the co-product bagasse. 

Traditionally, drive units are steam turbines (for crushers, knives and shredders). 
The purpose of the juice primary treatment is to remove the impurities by means of cush-

cush device and screens. 
Bioelectricity process 
After juice extraction, bagasse is obtained, which is composed of about 46% fibre, 50% 

water, and 4% dissolved solids. Conveyor belts transport the bagasse to be burnt in the boilers 
where high-pressure steam is produced. The steam produced is used to drive the turbines where the 
thermal energy is transformed into mechanical energy for machinery drives. In the power house, the 
turbine drives a generator that produces electric power to meet the internal requirements of the mill. 
Such bioelectricity generation can be optimised with solutions that will generate surplus 
bioelectricity to be used outside the mill (Olivério, 2008b). 

Sugar process 
The extracted juice is chemically treated to coagulate, flocculate and precipitate the minor 

remaining impurities after the juice primary treatment. In this stage, the juice treatment takes place 
in the following phases: sulfitation, liming, heating, settling, filtration and evaporation to obtain the 
syrup. After leaving the evaporators, the syrup is sent to another stage of concentration where 
sucrose crystals will be obtained. Next, it is centrifuged to separate the crystals from the end syrup 
(molasses) and this is sent to ethanol production. 

The sugar crystals that are obtained go to the drying system and then will be bagged, 
weighed and stored. 

Ethanol process 
After the primary treatment, the juice is treated in a similar but not so intensive way as in the 

sugar process, and then must be pasteurised with heat and immediate cooling to eliminate 
contaminations and impurities. The treated juice and the molasses are mixed and form a mash that 
is sent to fermentation. 

It is also possible that, in some ethanol processes, the syrup or molasses is individually sent 
to fermentation. 

It is possible, too, that in certain ethanol processes the syrup or molasses is individually sent 
to fermentation. 

Fermentation – mash fermentation is a result of the action of yeast, which first inverts the 
sucrose into glucose and fructose (monosaccharides) and then converts the monosaccharides into 
ethanol and carbon dioxide. 
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Centrifugation – After fermentation, the resulting product is centrifuged to separate the 
yeast from the fermented broth (wine). 

Yeast treatment – The yeast, after centrifugation, is treated with sulfuric acid and taken to 
the fermenters to be reused. 

Distillation – The wine is distilled in a sequence of distillation columns separating the water 
from the ethanol. This process takes place basically due to the temperature differences of ethanol 
and water ebullition. 

For the production of hydrated ethanol, columns are used to obtain the ethanol concentration 
of 92.6° to 93.8° w/w. From the first column, stillage is obtained, which is typically used as 
fertiliser in the sugarcane crops. 

Dehydration – To produce anhydrous ethanol, two additional columns are used to obtain the 
ethanol concentration of 99.3 min.° w/w. In the first column, the excess of water can be separated 
with the help of cycle-hexane or by using molecular sieves. 

New trends in traditional mill design 
The processes are evolving in order to obtain higher efficiencies and yields, i.e., bigger 

amounts of end products (biosugar, bioethanol, bioelectricity, others) from the same amount of raw 
material (sugarcane).Such technological evolution can be classified according to the impacts of the 
technology, promoting incremental or disruptive innovations, and follows a technological hierarchy 
of first, second and third generation (Olivério, 2008a, 2009a). 

Regarding the incremental innovations to optimise the sugar and ethanol production 
processes, we can cite: 

a) In sugarcane processing, the incremental innovations will benefit both the sugar 
process and the ethanol process in the same way by: 

• Substituting the cane wash process by dry cleaning, thus avoiding the loss of sugars 
carried by the cleaning water. This innovation avoids losses that can reach 2% of 
sugars; 

• Applying more efficient crushers associated with imbibitions comprised of hot 
water, which can raise extraction to 97% of the sugars present in the sugarcane by 
using a set of 6 crushers, or alternatively 

• Using the latest generation diffusers, capable of extracting 98% of the sugars. 
b) In the sugar process: 
• In the conventional process, all unitary operations are performed to obtain the raw 

sugar. In those unitary operations, there are losses caused by sucrose inversion, 
caramelisation (Maillard reaction), evaporation and boiling entraining; losses in the 
rotary filters, and degradation, among others. When granulated refined sugar is 
produced by the conventional process, after the raw sugar is obtained it must be 
dissolved again, floated, filtered, evaporated, purified in ion exchange columns, 
crystallised, centrifuged, dried and stored. In these conditions, there are other losses 
besides those present in the raw sugar fabrication. By using the DRD process for 
production of granulated refined sugar, several unit operations are eliminated, as 
shown in Figure 2. So, there is a significant reduction of process losses that are 
inherent to those unitary operations. 

• Using the DRD process (Dedini Direct Refined) to produce refined sugar directly 
from the juice, in one crystallisation stage process, without the need of further 
processing at the refinery, avoids sugar losses in handling and other processes, which 
can be as high as 4% of the sugars. Additionally, lower production costs can be 
obtained with less investment and less energy consumption due to the elimination of 
the several stages of the traditional process. The DRD process, which produces sugar 
directly at the sugarcane mill and without a refinery is shown in Figure 2 and 
compared with the traditional process (Olivério and Boscariol, 2008; Olivério et al., 
2010b). 
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Fig. 2—Production of refined sugar: the conventional process versus the DRD process. 
 

c) In the ethanol process 

• Similar to the sugar process, avoiding sugar losses in evaporators and heat 
exchangers; 

• Fermentation optimisation by keeping the temperature controlled at the optimal 
degree for the yeasts activity with the use of absorption chiller (Boscariol, 2008; 
Yamakawa, 2009; Olivério et al., 2010a). 

• The same as above, using stainless steel (instead of carbon steel) fermenters, with 
internal polishing, which facilitates asepsis and the microbiological control of the 
fermentation environment; 

• Both solutions will enable operations with fermentation yields around 92% 
(Figure 3). 

 
Fig. 3—DFS – Dedini fermentation system: batch/continuous, the concept of bioreactors and the use of 

chilled water at the mill by integrating the Thermax chiller. 
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d) In the bioelectricity process 

The incremental innovation to produce maximum surplus energy leads to the introduction of 
new technologies that allow maximum use of the energy available at the mill and the minimum 
consumption of energy in the internal processes, as can be seen in Figure 4 (Olivério, 2008b; 
Olivério and Ribeiro, 2006; Olivério, 2008c; Olivério, 2009b; Olivério and Ferreira, 2010). 

 

 
Fig. 4—Equation of maximum surplus energy. 

To reduce the energy required by the mill’s production processes, we can mention: electrical 
drive in knives and shredders; use of electrical-hydraulic or electrical-mechanical drives with use of 
planetary gearboxes in the mills or, alternatively, the use of modular diffusers; regenerative heat 
exchangers; multi-effect evaporation systems with the use of falling-film evaporators; continuous 
vacuum pans; use of absorption chiller (the chiller with the lowest energy consumption), which 
improves fermentation yields and enables a better use of energy because it introduces a chilled 
water stream into the mill, optimising heat exchanges; use of advanced solutions in 
distillation/dehydration (Boscariol, 2008; Yamakawa, 2009; Olivério et al., 2010a). 

In this case, a new concept of distillery is introduced, with advanced criteria of the 
petrochemical industry, particularly the split-feed distillation system, which combines vacuum 
columns with pressurised columns, thus reducing steam consumption. 

Also, the use membranes made of polymers, such as SiftekTM, can save 35%–70% of energy 
when compared with the traditional processes, also having excellent selectivity for separation of 
water and ethanol, thus improving the quality of the ethanol produced. (Figure 5) (Olivério et al., 
2010c). 

 
Fig. 5—Dedini-Vaperma membrane system applied to distillation/dehydration technology. 
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To make the best use of the energy available in the mill, we can cite the use of almost 100% 
of the bagasse as a fuel (except about 6% to re-start operations); steam generation by boilers with 
high pressure, high temperature and high energy efficiency and the use of multi-stage condensation 
turbines with controlled extraction, suitable to the boiler parameters; the use of biogas from stillage 
as a source of energy. All those innovations permit the customisation of mills according to the 
investor’s objectives: mill with maximum bioethanol production; mill with maximum sugar 
production; flexible mill for maximum sugar/bioethanol production; or mill with maximum energy 
production (Olivério, 2008b; Olivério and Ribeiro, 2006; Olivério, 2008c; Olivério, 2009b).. 

From the beginning of the Proalcohol Program (1975), when the modernisation of the 
Brazilian mills began, until now, those incremental innovations brought significant productivity 
gains and better yields in the sugar, bioethanol and bioenergy production processes, with worldwide 
competitive products derived from sugarcane, as can be seen in Table 1. 

As a reference and to correlate the current performance in the state-of-art with equipment 
and typical solutions, we include in Table 1 the products and technologies commercially available 
by the Dedini company, and part of its line of products. 

Table 1—Evolution of the technological capabilities as a function of the equipment/technologies available. 

Equipment/Process Dedini Products 
Beginning 
proalcohol 

 
Today 

Crushing capacity (TCD) – 
6 milling units X 78’  

Shredder DH1/crusher MCD01  5 500 15 000 

Fermentation time (h)  Batch/continuous fermentation plant  24 6 – 8 

Beer ethanol content (OGL)  Fermentation plant  6.5 > 9.0 

Extraction yield (%sugar) – 6 mu  Shredder DH1/crusher MCD01/modular diffuser  93 97/98 

Fermentation yield (%)  DFS-Dedini fermentation system integrating ecochiller 80 92 

Distillation yield (%)  Destiltech plant 98 99.5 

Total yield 
(litre hydrated bioethanol/ tonne cane) 

Dedini complete mill technology  66 (*) 87 (*) 

Total steam consumption 
(kg steam/tonne cane)  

Dedini complete mill technology  600 320 

Steam consumption – hydrated 
(kg steam/litre)  

Destiltech plant includind split feed  3.4 1.6 

Steam consumption – anhydrous 
(kg steam/litre) 

Destiltech plant (+) split feed + membrane  4.5 2.0 

Boiler – efficiency (% low heat value) 
Pressure (ata) / temperature (ºc) 

Single drum type 
66 89 

21/300 120/540

Surplus bagasse (%) – 
In a bioethanol mill  

Dedini complete mill technology  Up to 8 Up to 78

Biomethane from stillage 
(nm3/litre bioethanol)  

Methax biodigestion  – 0.1 

Stillage production 
(L stillage/L bioethanol)  

Stillage concentration plant  13 0.8 

 (*): without considering agricultural development, that is, considering the same sugarcane sugar content. 

Designing the breakthrough mill 
When evaluated in its bioenergy aspect, sugarcane has an expressive dimension, which can 

surprise even the experts. 

Figure 6 shows us that if we compare the amount of energy contained in sugarcane, i.e., if 
we measure the energy contained in the juice sugars, in bagasse and ‘straw’ (cane residues: tops, 
leaves and others), we will see that coincidentally the values are very similar. This would allow us 
to assume, in a simplified way, that the energy contained in sugarcane is: 1/3 in juice, 1/3 in bagasse 
and 1/3 in ‘straw’. 
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Now, if we compare the energy contained in sugarcane with that contained in crude oil, we 
have 1 tonne of clean sugarcane – corresponding to 1.2 tonnes of whole sugarcane, which contains 
1718 × 103 kcal – is equal to 1.2 barrels of oil (1.2 × 1386 × 103 kcal). 

The conclusion is that sugarcane is pure energy, but the industry has not taken advantage of 
its potential, mainly those energies contained in the bagasse (partially used and even so with low 
energy efficiency) and in cane residues (currently this energy is almost completely wasted, being 
usually burnt before the cane harvest). 

 
Fig. 6—The agri-energy view of sugarcane. 

Taking the 2008/2009 milling season as reference for an evaluation of the energy content of 
the Brazilian cane production, if all energy contained in juice, bagasse and ‘straw’ (or cane 
residues) were used, we would have a total annual average of energy equivalent to 1 944 000 barrels 
of oil/day and, in the 2010/11 season, to 2 310 000 barrels/day. 

For an international evaluation of this dimension, if we compare the total potential energy 
contained in sugarcane (2 310 000 barrels/day) with the energy demand in some developed 
countries, it represents 124% of the energy consumed in oil/derivatives in the United Kingdom, 
80% in Germany and 42% in Japan, which shows the relevance of this energy dimension (Figure 7). 

 
Fig. 7—Energy contained in Brazilian sugarcane versus the oil demand in some countries. 



Oliverio, J.L. et al.                                                          Proc. Int. Soc. Sugar Cane Technol., Vol. 27, 2010 
______________________________________________________________________________________ 
 

9 

As a conclusion of this new vision of the sugarcane potential, technological developments 
will be focused on the maximised use of sugarcane and the resources available at the mill. 

Among all technologies under development, we point out three emerging technologies for 
their revolutionary impact on the sugarcane industry, which we call the ‘3 BIOs Revolution’: 
bioelectricity, bioethanol and biodiesel (see Figure 8). 

In bioelectricity production, the new technologies seek the maximum use of the sugarcane 
energy, that is, the complete and optimised use of bagasse, cane residues and stillage (biogas from 
biodigestion). 

In bioethanol production, the new technologies also look for the optimum use of sugarcane, 
including bagasse and cane residues as a cellulosic feedstock for the production of biofuels, 
especially ethanol. 

And in biodiesel production, the new technologies seek the integration of its production into 
the sugar and ethanol mill. 
 

  
Fig. 8—The 3 BIOs revolution. 

 

The First Bio – Bioelectricity 
For surplus energy generation, let’s consider three hierarchical technologies, the first 

generation being the technology available in the state-of-the-art; the second generation with the use 
of biogas from stillage and ‘straw’ as energy sources; and the third generation with the use of gas / 
steam combined cycle. 

By using technologies of the first generation, with the most advanced technologies 
commercially available, in a state-of-the-art mill processing 500 tonnes of cane per hour (TCH), the 
production of surplus electric power is 50.7 MW (Olivério, 2008b; Olivério, 2008c; Olivério and 
Ferreira, 2010). 
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The State-Of-The-Art Mill 
Figure 9 represents a diagram of the first generation technology for bioelectricity 

production. 
 

  
Fig. 9—Diagram of the first generation technology for bioelectricity production. 

 
To obtain 50.7 MW of surplus power and introduce the state-of-the-art mill, we refer to the 

maximum surplus energy equation in Figure 4. By observing the part of the equation relating to the 
maximum use of the available energy, we will use all bagasse as a fuel (except the bagasse needed 
to re-start operations) in a 100 bar/530ºC boiler, 89% efficiency (low heat value) which has the 
following technological advances: 

• Single drum boilers, with combustion system and burning in suspension; 

• Reaction type turbogenerators, condensation/extraction multi-stage turbines 

• Automation – proper automation systems for boilers, turbogenerators and total 
process consumption. 

If we observe now the part of minimum power consumption by the plant, it is possible to 
reduce the steam required by the process according to the following technological innovations: 

• Use of electrical drives for knives and shredders, and electro-hydraulic or electro-
mechanical drives with planetary gearboxes in crusher drives or, alternatively, use of 
the modular chainless diffuser, with lower specific power consumption; 

• Use of regenerative heat exchangers; 

• To maximise the heat recovery of the condensate and make use of the flash vapours 
heat; 

• Use of multi-effects falling-film evaporators in thermal cascade; 
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• Use of continuous vacuum pans for sugar production; 

• By increasing the alcohol content in fermentation to the range of 13.0% with the use 
of a fermentation containing absorption chiller-type cooling system to permit 
operation at lower temperatures (e.g. 28.0 to 300C), steam consumption in distillation 
will be lower. To reduce the use of power, a lithium-bromide (LiBr) absorption 
chiller should be used; 

• Use of split-feed distillation, which permits specific steam consumption to be 
reduced to levels as low as of 1.6 kg of steam/litre of hydrated ethanol; 

• Use of membranes for ethanol dehydration, which also contribute to reduce steam 
consumption as compared with molecular sieves. Total steam required will be 2.0 
kg/litre of anhydrous ethanol; 

• Automation – adequate automation systems with the use of intelligent software to 
control all operations of the mill for optimum energy generation. 

 

Table 2—Configuration for production of 50.7 MW of surplus bioelectricity. 

 After changes Unit 

Sugarcane crushed/hour 500 TCH 

Amount of bagasse produced 136.8 t/h 

Bagasse burnt 130.3 t/h 

Steam produced 295.7 t/h 

Steam consumed in the process 300 kg steam/tc 

Steam pressure 100 bar 

Steam temperature 530 ºC 

Steam extracted at 2.5 bar 170 t/h 

Steam at the pressure-reducing valve 0 t/h 

Steam for condensation turbogenerator 118.7 t/h 

Total power produced 69.9 MW 

Power consumed by the plant 19.2 MW 

Net surplus power 50.7 MW 

 Source: (Olivério and Ferreira, 2010). 

 
Second generation technologies 
The state-of-the-art mill makes use of the maximum energy contained in juice and bagasse. 

However, the energy contained in stillage and crop residues can also be used. Taking advantage of 
both sources is part of the second generation technologies (Olivério and Ferreira, 2010). 

To make use of stillage, an anaerobic biodigestion system is required. Besides treatment of 
the mill effluents, it also generates biogas. This technology is already available in commercial scale. 
The biogas generated is sent to the burners of the biomass boiler. This additional energy in the 
boiler will generate more steam, which will be used in the condensation turbine. Surplus power will 
then increase from 50.7 MW to 55.7 MW. 

Let’s consider now the use of 50% of the ‘straw’ (crop residues) as feedstock. Similar to 
biogas, this feedstock will be burnt in the boiler generating more steam for condensation and, 
therefore, more surplus electricity. The complete technology cycle (agricultural and industrial) of 
‘straw’ utilisation as an energy source is under development in Brazil and is expected to be ready 
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for application in the short term. Boilers will be multifuels ready to use bagasse, biogas and crop 
residues and are already available in the market. (Figure 10). 

 

 
Fig.10—Dedini multifuel boiler: bagasse, straw and biogas utilisation as fuel. 120 

bar – 540°C – 89% power efficiency (LHV – low heat value). 
 

The same other technologies seen in the first generation will be used. 
With the introduction of biogas and 50% of the crop residues, surplus power generation can 

reach 83.9 MW and, using 100% of the ‘straw’, reaches 112.1 MW, as shown in Figure 11. 
 

 
Fig. 11—Flowchart of the second generation technology for bioelectricity production. 
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Third generation technologies 
Third-generation technologies represent trends in the production of bioelectricity that are 

under development worldwide. These technologies consist of bagasse and cane residues gasification 
producing synthesis gas (CO + H2), and operating a combined cycle in the mills. In this cycle, the 
biogas produced from stillage and the syngas from bagasse and cane residues will be used in the gas 
turbine, which drives the generator and produces surplus power. The gases that leave the gas turbine 
are directed to a heat recovery boiler; steam generated in the recovery boiler goes to a steam 
condensation/extraction turbogenerator. After the development and availability of this technology in 
commercial scale, surplus power production can be as high as 112.1 MW. In this case, gasification 
of bagasse and 50% of cane residues are assumed; if 100% of the cane residues could be transported 
from the field to the mill to produce syngas, surplus power generation would be as high as 150 MW. 

A diagram of the third generation technology is shown in Figure 12, expected to be 
implemented in the long term. 

  

 
Fig. 12– Flowchart of third generation technology for bioelectricity production. 

 

The Second Bio – Biofuels (mainly ethanol) 

The second Bio of the ‘3 Bios Revolution’ is the production of biofuels, and let’s starts with 
the first generation, the optimisation of a traditional mill to a state-of-the-art mill. 

Let us assume an agricultural productivity of 80 tonnes of cane/hectare, and a mill that 
optimises the use of juice for ethanol production, reaching 89.8 litres of ethanol/tonne of cane, 
totalling then 7 184 litres of ethanol/hectare of cane, as shown in Figure 13. 

The first generation technologies for the optimum production of ethanol from cane juice 
representing the state-of-the-art were described previously in ‘New trends in traditional mill 
design’. 
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Fig. 13—Flowchart of first generation technology for bioethanol production. 

The second generation of bioethanol production will use the lignocellulosic materials, the 
bagasse and crop residues as additional feedstock to the cane juice (Olivério and Hilst, 2005). 

The conversion processes include chemical and biological conversions by means of 
hydrolysis and hydrolysed liquor fermentation, which will almost permit doubling the productivity 
in the biofuels production for the same amount of crop land, attaining 12 824 litres of 
ethanol/hectare of cane, as can be seen in Figure 14. 

 
Fig. 14—Bioethanol production – second generation (DHR – Dedini rapid hydrolysis). 
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We believe this technology will be competitive and will be implemented in a medium to 
long term. In Figure 15, the DHR – Dedini rapid hydrolysis semi-industrial plant is presented. 

 

 
Fig. 15—DHR—Dedini rapid hydrolysis semi-industrial plant 

bioethanol production from bagasse/straw. 

The third generation of biofuels use the thermochemical technological route to process the 
lignocellulosic material, bagasse and crop residues for generation of syngas and, next, the 
production of liquid biofuels. This technology is also called BTL – biomass to liquid, which gasifies 
biomass and converts the syngas via Fischer-Tropsch type reaction into liquid fuel (hydrocarbons) 
bioproducts such as: naphtha, gasoline, kerosene and diesel, besides other chemical products. This 
technology enables productivity higher than 12 834 litres of liquid biofuel per hectare of cane, as 
can seen in Figure 16. 

It is a prospective technology in the long term with great interest and investments currently 
being performed in various countries around the world. 

 
Fig. 16—Flowchart of third generation technology for liquid biosynfuels. 
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The Third BIO – Biodiesel 
Biodiesel production integrated to the sugar, bioethanol and bioelectricity producing mill is 

also a technology with significant prospective impacts (Olivério et al., 2007). 
The production of oleaginous grains (soybean or sunflower) is made in rotation to sugarcane 

crops during sugarcane renovation, providing the farming integration of the two crops. And the 
industrial integration is made with the use of bioethanol as the second feedstock for biodiesel, the 
use of the energy from bagasse in the biodiesel plant and the surplus bioethanol dehydration in the 
same installations of the ethanol mill, and sharing of utilities (Olivério et al., 2007). 

Such integration permits the use of the biodiesel by the same farming sector, and can 
generate surplus biodiesel for sale. It happens in three stages: the first is the partial integration of the 
industry; the second is the agricultural and industrial integration; and the third is the processes 
integration of the production chains of grains and sugarcane, as shown in Figure 17. 

 

 
Fig. 17—The three evolution stages of integrated biodiesel production 

for sugar and ethanol mills. 
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For stages 1 and 2, the technology is already available, and the third is in the initial stage of 
development and will have a significant future impact on additional reduction of biodiesel and 
bioethanol costs. To cite possible examples of the third stage, bioethanol can be the solvent in the 
extraction processes of oil from grains, replacing hexane, increasing oil production and at the same 
time producing value-added meal with higher protein content. Additionally, some sugars present in 
soybean may be added to the juice, thus increasing ethanol production by the mill. 

At this point it is important to emphasise that the technology for the continuous process of 
biodiesel production has been available by the methyl route only, particularly developed in Europe. 
For the biodiesel-bioethanol integration, it was necessary to develop the ethyl route in a continuous 
process. 

The conclusion of such development was presented in July 13, 2004, during the II SIMTEC 
– International Symposium and Technology Exhibit of the Sugar and Ethanol Industry – held in 
Piracicaba, when Dedini and DeSmet Ballestra launched the pioneer process of continuous 
production of biodiesel by the ethyl route. 

For this kind of application, Dedini sold the first biodiesel mill with this format, the 
Barralcool Mill in Barra do Bugres, MT, Brazil in 2005, which started operation in November 2006, 
Figure 18. 

It should be emphasised that the Barralcool Mill is the first mill in the world that produces 
the 4 BIOs: biosugar, bioethanol, bioelectricity and biodiesel. 

 

 
Fig. 18—Barralcool Mill – Operational flow. 

The picture in Figure 19 gives an overview of the biodiesel plant integrated to the Barralcool 
Mill. 
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Fig. 19—Integrated mill with the 4 BIOs: biosugar, bioethanol, bioelectricity and 

biodiesel – Barralcool Mill. 

 
DSM – Dedini Sustainable Mill: the 6 BIOs revolution 

To meet the new world demands for sustained solutions in the economic, environmental and 
social issues, Dedini has developed the DSM – Dedini sustainable mill. It is a product in continuous 
development and was commercially available in 2008 in its first commercial stage (Olivério, 
2009c). 

The innovative feature of DSM is that it is a physical system, consisting, for example, of 
machines, tubes, tanks, and the sustainability is more evident in operational management. The 
question then is: How can a set of physical items contribute to sustainability? 

This question is analysed in the following text, and is represented in Figure 20. 
In the economic aspect, the DSM is competitive in the free market, without any kind of 

subsidies. 
Regarding the environmental aspect, the solutions include minimal, or zero, water and 

energy demands, non-generation of polluting wastes, including the reduction of greenhouse gases 
(GHG) emissions, minimised use of feedstocks and inputs from non-renewable and polluting 
sources – it is a zero-wastewater, zero-residues, zero-odours and minimum emissions mill. 

These solutions should meet the environmental standards and regulations so as to contribute 
to mitigate or eliminate the impacts on the environment and provide sustained farming. 

The Dedini sustainable mill allows an easier implementation and management of ISO 14000 
system. 

Regarding the social aspect, the equipment, processes, materials and facilities are arranged 
in such a way to facilitate operations, materials handling and compliance with standards and 
regulations, providing comfort, safety, hygiene and good health conditions to the workers. 

The operators can work with minimal physical effort, as far as ergonometric concepts are 
concerned, providing the correct man/machine interaction. Also, the use of automation is 
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considered by means of intelligent and integrated softwares, at MES – Manufacturing Execution 
System level, which links shop floor operations to management. The Dedini sustainable mill also 
includes the integration to the management systems (ERP) to facilitate the implementation and 
management of the SA 8000 system. 

 

 
Fig. 20—Sustainable development characteristics of the DSM – Dedini sustainable mill. 

This work will focus on environmental issues, highlighting the contribution of DSM to 
mitigate the greenhouse gases released in the atmosphere, particularly in the direct reduction of CO2 
emissions, its capture and avoidance, contributing to reduce the factors that are promoting climate 
change. 

With the introduction of DSM’s new technologies, this kind of mill will generate an ethanol 
with significant reduction of carbon emissions when compared with the ethanol produced in a 
traditional mill. 

To illustrate the cycle of emissions of greenhouse gases (GHG), we demonstrate in the next 
info graph, as can be seen in Figure 21, the ethanol complete life cycle of production, corresponding 
to equivalent 1000 litres of ethanol, showing the absorbed, generated and avoided direct emissions 
in a traditional mill, from the sugarcane plantation to harvest (generated emission), passing through 
the sugarcane growth (absorbed or captured emission), the sugarcane processing to transform it into 
ethanol (generated emission), bioelectricity generation (avoided emission), ethanol transportation 
from the mill to the distributor (generated emission), and finally the use of ethanol in vehicles 
(generated emission), in a blend of 25% with gasoline (Brazilian blending standard). 

This info graph shows that, in the complete cycle, the difference between the generated 
emissions and the absorbed/avoided emissions is 260 kg of CO2/m

3 of ethanol. However, when 
ethanol is used in vehicles as a substitute for gasoline, the emissions that would be released by 
gasoline in its complete cycle would be avoided, corresponding to 2280 kg CO2/m

3 of equivalent 
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ethanol. So, in the final balance, we have 2.28 kg of avoided CO2/litre, when ethanol replaces 
gasoline as an automotive fuel, less 0.26 kg CO2/litre, corresponding to a direct reduction of 2.02 kg 
of CO2/litre of ethanol. 
 

 
Fig. 21—GHG emissions captured/avoided considering ethanol complete life cycle when 

produced in a traditional mill. Source: UNICA website, Accessed 28/07/2009. 
 

To conclude, the use of the ethanol produced in the Brazilian reference mill (traditional) 
avoids emissions of 2.02 kg of CO2/L of equivalent anhydrous ethanol, with mitigation of 89% 
of direct emissions when compared with gasoline (traditional mill), as shown in Figure 22 (Unica, 
2009). 

 
Fig. 22—Emissions balance flowchart in the anhydrous ethanol life 

cycle when produced in a traditional mill. Source: Unica, 2009. 
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The big question that arises is: How can the mills contribute to further mitigation of direct 
emissions of GHG in the agricultural and industrial sectors?’ 

The answers to this question are as seen in Figure 23. 
First, taking the traditional mill as reference, technological innovations are introduced to 

optimise energy efficiency with the purpose of maximising surplus MW generation (Chapter 4 – 
bioelectricity: first generation); increase the overall yields to maximise productivity (litres of 
ethanol/tonne of cane – Chapter 4 – bioethanol: first generation); provide CO2 direct reduction by 
using internal processes in the mill with minimal CO2 emissions; increase avoidable emissions by 
using the CO2 produced by the mill (for example, the CO2 from ethanol fermentation) to replace 
fossil CO2, to be used in the production of other products such as sodium bicarbonate; contribute to 
the reduction of emissions in farming by avoiding the use of products that release CO2 , like 
fertilisers and diesel; reduction of CO2 emissions by eliminating the cane burning before harvest. 

 

 
Fig. 23—Contributions to mitigate GHG emissions in agricultural and industrial processes. 

 

Another reference is the bioethanol – biodiesel integration in a 3 BIOs mill, where the 
contribution to CO2 mitigation may occur in several links of the production chain, particularly 
considering the agricultural and industrial integration of the two processes, as seen in Figure 24. 

In this integration, mitigations occur as a function of the following factors: maximisation of 
surplus bioelectricity production (MW) (bioelectricity: first generation); maximisation of yields 
(litres of ethanol/tonne of cane – bioethanol: first generation); substitution of the diesel oil used in 
farming for biodiesel from renewable origin (biodiesel integrated to the sugar and ethanol mill); 
double use of land by producing grains (mainly soybean) in rotation with sugarcane crop; utilisation 
of the bioenergy from bagasse in the biodiesel plant replacing the energy from fossil origin that 
prevails in the traditional biodiesel plants (biodiesel integrated to the sugar and ethanol mill); use of 
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the renewable ethyl route instead of the methyl route, because the methanol traditionally used is 
from fossil source (bioethanol integrated to the sugar and ethanol mill); reprocessing of the surplus 
bioethanol plus water in the dehydration process of the mill by using the energy from bagasse 
instead of the fossil energy that is predominant in the traditional dehydration plants (bioethanol 
integrated to the sugar and ethanol mill). (Olivério et al., 2007). 

 

  
Fig. 24—Contributions to mitigate GHG emissions in a 3 BIOs mill. 

 

As seen, the introduction of the new technologies described herein, particularly the 3 BIOs 
revolution, contribute to the reduction of the greenhouse gases and to the mitigation of the causes of 
global warming and other climate changes. 

Other important aspects for the improvement of sustainability are also incorporated in the 
mill designs. 

It is a fact that sustainability will have an increasing influence on the concept and design of 
new mills; in this context, the DSM in the state-of-the-art stage is a solution in line with this 
tendency. New sustainability indicators are being considered for evaluation of the processes 
efficiencies, to identify the levels of energy and water demand to evaluate different kinds of input 
materials or consumables, besides wastes and residues. The DSM is part of this context for using 
new technologies that increase sustainability, and producing other BIO-products as will be seen 
next. As a preliminary reference configuration, the 4 BIOs mill will be adopted – biosugar, 
bioethanol, bioelectricity and biodiesel – to which another BIO will be incorporated, the first being 
the fifth BIO: Biowater. 

The Fifth BIO – Biowater 
An important step towards sustainability was the introduction of the water self-sufficient 

mills in 2008 and a more advanced solution, the water-producing mills. 
These concepts are a breakthrough in the world market: the water self-sufficient mills do not 

demand water-supply systems, i.e., water is not supplied by rivers, lakes, springs or wells. Only the 
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water contained in sugarcane is sufficient to meet the needs of the mill processes (Olivério, 2009c; 
Olivério et al., 2010d). 

An evolution of this concept is the technology optimisation which allows the mill to recover 
more water from the sugarcane than it will use internally and so it can export the surplus water for 
other uses. On the average, there are 700 kg of water in one tonne of sugarcane. A typical Brazilian 
mill (Unica, 2005) demands 1830 kg of intake water to process one tonne of cane, and by adding 
the water contained in the sugarcane, a total of 2530 kg of water is used per tonne of cane. This 
amount meets the usual losses in the sugar and ethanol production processes, i.e., 1919.57 kg 
(evaporation, cane wash and others) and the water that is incorporated in the mill’s products and by-
products (stillage and others) totalling 610.43 kg (Figure 25). 

Assuming as reference the production of 80 litres of ethanol/tonne of cane, the intake water 
specific consumption from supply sources will be 22.9 litres of water/litre of ethanol. 
 

 
Fig. 25—Water consumed by the traditional mill. 

When we look for possible savings in water-consuming processes, we have three natures of 
processes and demands: 

a) Processes that demand water and can be substituted for other non-demanding 
processes, e.g., sugarcane dry cleaning instead of cane water cleaning. 

b) Processes where there is loss of water that can be recovered, such as in evaporation; 
with the use of efficient condensers and cooling towers, water can be recovered and 
reused. 

c) Traditional diluted processes that can operate with higher concentration or 
concentrated stream processes, such as in fermentation with higher alcohol contents. 

With this concept in mind, other water-saving solutions are incorporated in the mill’s 
design: indirect heating in distillation; cooling towers; condensate monitoring and entrainer 
separator, etc. As a result, we have a new mill design: the Hydro Mill, the water self-sufficient mill, 
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as can be seen in Figure 26. The second revolution stage of this Hydro Mill, and the BIOwater 
production will be seen together with the sixth BIO product. 

 

 
Fig. 26—The Hydro Mill – The water self-sufficient mill 

 
The Sixth BIO – Biofertiliser 

 The sixth BIO is BIOFOM®, an organomineral fertiliser. 
Based on the self-sufficient mill, we can move forward to the water exporter mill by 

incorporating the sixth BIO in the mill design. 
In this case, stillage concentration to about 65º Brix is introduced into the mill to recover 

and reuse water. A fertiliser blending and pelletising plant is incorporated to the mill which will 
produce BIOFOM and recover the remaining water for further use (Olivério, 2009c; Olivério et al., 
2010e). 

BIOFOM results from the mixture of the mill process residues that have fertilising 
properties like concentrated stillage, filter cake, boiler ashes and soot. 

As a result, we have a more advanced design, the Hydro Mill Plus, the water producing mill 
that exports water for other purposes. 

By producing biowater, the mill condition is reversed: from a big water waster in the 
traditional mill – 22.9 litres of water/litre of ethanol, to water exporter in DSM – 3.6 litres of 
exported water/litre of ethanol (Figure 27). 
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Fig. 27—The hydro mill plus, the water exporting mill. 

The concern with non-renewable natural resources, like fossil fuels, mainly crude oil, has 
forced many companies to seek a solution to replace these resources in the production processes. In 
this scenario, the DSM incorporates BIOFOMTR (organomineral biofertiliser), a fertiliser produced 
from the residues of the sugarcane processing and a solution to replace the mineral fertilisers used 
in sugarcane crops. 

The product resulting from the mixture of these residues, with the addition of chemical 
nutrients, is processed into an organomineral fertiliser containing the elements that can be dosed 
according to the specific needs of the soil for sugarcane culture, besides improving the physical, 
chemical and biological conditions of the soil due to the organic matter, as can be seen in Figure 28 
and 29. 

  
Fig. 28—BIOFOM: organomineral biofertiliser. 
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In addition, because it is a granular fertiliser, BIOFOM permits an easier application if 
compared to the distribution of stillage in the cane crop, thus reducing investments and costs. 

To evaluate the performance of BIOFOM, experimental tests were conducted at ESALQ, 
Escola Superior de Agricultura Luiz de Queiroz – USP (São Paulo University), which showed the 
best growth and productivity was afforded by the use of BIOFOM. (Figure 29) (Olivério, 2009c; 
Olivério et al., 2010e). 

This can be explained by the aggregation of soil particles, providing nutrients for the culture, 
favouring the development of microorganisms (fungi and bacteria) and greater retention of water – 
taking part in the water requirements of plants during the dry season. 

 

 
Fig. 29—Evaluation of BIOFOM. 

 
DSM benefits regarding GHG emissions 
In the current context, the world is releasing a huge amount of greenhouse gases (GHG), 

resulting in global warming, mainly because of the use of fossil fuels. 
Any solution focused on GHG reduction should be prioritised for meeting social and 

environmental sustainability, besides its economic feasibility. 
New technologies already available for sugarcane processing in the mills can contribute to 

the reduction of GHG emissions. In line with this demand, Dedini has developed new technologies 
to mitigate GHG emissions. 

These new designs contribute to sustainability for introducing bioproducts, in a 
methodology that the company calls ‘The 6 BIOs revolution’ (biosugar, bioethanol, bioelectricity, 
biodiesel, biofertiliser and biowater), integrating them so as to optimise the social, environmental 
and economic feasibility (Figure 30). 

In the Dedini Sustainable Mill concept, the pursuit of sustainability requires the continued 
development of increasingly upgraded solutions. 
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Fig. 30—The 6 BIOs – DSM – Dedini Sustainable Mill in continuous development. 

 

The complete integration of farming and industry to the integrated production and utilisation 
of the 6 BIOs permits an effective and significant contribution to the mitigation of the GHG, as can 
be seen in Figure 31. 

 

 
Fig. 31—The DSM impact to mitigations of GHG. 
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The technological evolution can be evaluated by analysing the life cycle of ethanol 
production/utilisation, considering the equivalents of direct emission of CO2 in the diverse phases of 
the cycle: sugarcane production, comprising the activities of planting, cultivation and harvest; 
sugarcane processing in the mill; distribution of ethanol from the mill to the refuelling stations; and 
use of ethanol as an automotive fuel. 

The absorption, reduction or avoidance of emissions is also contemplated: absorption occurs 
in the sugarcane sprouting, growth and maturation; avoidance, in the sale of surplus bioelectricity to 
the grid, avoiding the use of fossil fuel for the production of the same electricity. 

With these data, it is possible to calculate the complete balance of direct emissions in the life 
cycle from the production to the use of ethanol in the DSM. 

As a result, three stages of evolution are presented, according to the introduction of new 
technologies, some already developed and available in the market, some in development to be 
introduced in the medium term and others to be developed in the long term. 

In each stage, the benefits for the mitigation of GHG are presented, measured by the net 
emissions avoided in relation to the emissions released by gasoline. 

Results and impacts of GHG emissions 
The DSM in the state-of-the-art stage will reduce CO2 emissions using technologies 

commercially available, i.e., those that: raise productivity from 86.3 litres of ethanol/tonne of cane 
(in the traditional mill) to 89.9 L/tonne (bioethanol: first generation); increase surplus power 
generation from 9.2 MW to 50.7 MW (bioelectricity: first generation); produce biodiesel integrated 
to the mill to replace 5% of the diesel oil consumed by trucks and 30% of that consumed by 
tractors, according to Figure 17 and 18 (biodiesel production integrated to the sugar and ethanol 
mill – first stage); introduce Biofom – organomineral biofertiliser, replacing most of the mineral 
fertilisers; make use of the water contained in the cane (producing biowater), with these 
technologies implemented by the mill, 2.56 kg of CO2/L of equivalent ethanol are avoided, which 
mitigate 112% of emissions (DSM state-of-the-art) (Figure 32). 

 

 
Fig. 32—Mitigation effect of DSM – state of the art. 

 
 

The upcoming DSM (near future) considers the use of oil and 50% of the sugarcane crop 
residues as energy with additional technologies, other than those of the DSM state-of-the-art, and 
will avoid 3.02 kg of CO2/L of equivalent anhydrous ethanol, with mitigation of 132% of 
emissions (DSM Plus). 

In this case, bioelectricity production rises to 83.9 MW, corresponding to the second 
generation, according to Figure 11 (bioelectricity of second generation), and also as can be seen in 
Figure 33. 
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Fig. 33—Mitigation effect of the DSM in a near future – DSM Plus. 

  

Another technology that may have a significant mitigation impact is the use of the CO2 
generated in the fermentation process, together with boiler gases after purification as, for example, 
industrial gas, as already used in: food freezing/cooling, beverage carbonation, polyurethane foam 
expansion, textiles neutralisation, modified/controlled atmosphere, metallurgical furnaces, water 
hardness increase, pulp wash in the pulp and paper industry, pH control in paper, leather de-liming, 
video laparoscopy, high power laser, supercritical fluid chromatography, soap acidulation, carbon 
fertilisation, dry ice, sand moulding, among others. 

Another example of application is the production of sodium bicarbonate, as demonstrated in 
an industrial plant supplied by Dedini (Figure 34). 

 

 
Fig. 34—Example of the use of CO2 in production of chemicals. 
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All these applications are possible, but not always competitive. Another aspect is that these 
solutions have limited application, because the market for each of them and even as a whole is small 
to absorb all the CO2 that is generated in the production of Brazilian ethanol. 

Therefore, it is necessary to develop new competitive applications so that one can consider 
that this CO2 avoids the use of the CO2 from fossil fuels. 

For these reasons, we will include this contribution in the ‘Potential DSM’, the next stage of 
the DSM, viable in the long term if we succeed in making use of the carbon dioxide from 
fermentation, therefore contributing to the mitigation of GHG for every litre of ethanol produced 
and consumed. 

The Potential DSM , with the introduction of new technologies, the use of 100% of crop 
residues as energy to produce 112.1 MW (Bioelectricity: second generation), the use of the CO2 
generated by fermentation (as mentioned earlier) and replacement of 100% of the diesel oil by 
biodiesel that will occur after adaptation of truck and tractor engines, will have an avoided emission 
of 5.0 kg of CO2/L of equivalent anhydrous ethanol, mitigating 219% of the emissions released 
by gasoline (Potential DSM-1) (Figure 35). 

 

Fig. 35—Mitigation effect of the DSM in a long term future – Potential DSM – 1. 

Assuming the previous potential DSM – 1 and the foreseen technologies for the third 
generation of bioelectricity, we will have 150 MW of surplus and, considering the additional CO2 
produced (by gasifying all bagasse and cane residues and burning this syngas at the gas 
turbogenerator), replacing fossil generated CO2, we will have a mitigation of 5.47 kg of CO2/L of 
equivalent anhydrous ethanol and mitigation of 240% of the emissions released by gasoline 
(Potential DSM–2) (Figure 36). 

 
Fig. 36—Mitigation effect of the DSM in a long term future – Potential DSM – 2. 

Conclusion 
This work showed the evolution of the mill design from bio-initial stage as a traditional 

sugar factory, passing through the introduction of new technologies to enhance bioethanol and 
bioelectricity production up to the state-of-the-art mills. 
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Then, it was shown how disruptive innovations (breakthroughs) have been applied in the 3 
BIOs route, which will revolutionise the industry and improve even more the yields and 
productivity, in accordance with such trends. Also, it was shown how all those developments permit 
a significant reduction of emissions, even much higher than ethanol already does in the traditional 
mill, and that the new trends are aligned with GHG mitigation. 

Finally, Table 3 presents a summary of the impacts on the mitigation of GHG as a result of 
the technologies that have been introduced into the Dedini Sustainable Mill, from the state-of-the-
art to a potential and promising outlook that can be expected with the technological trends in 
development. 

 

 

Table 3—Summary of the estimate avoidance of GHG emissions per 
type of mill (technology). 

Type of Mill 

Avoided 
emissions 
kg of CO2/litre 
of equivalent 
ethanol 

% of emissions 
reduction in 
relation to 
gasoline  

Technological features 

1 – Traditional mill 
(reference) 

2.02 89 
Traditional mill 
(B1 + B2 + B3) 

2 – DSM (state-of-
the- art) 

2.56 112 

Mill with 1st generation– max. surplus MW 
generation; max. overall yields of ethanol and 
sugar; min. CO2 emissions in the process; 
increase of avoided emissions with the 
substitution of diesel oil; reduction of emissions 
in farming avoiding the use of mineral fertilisers 
with BIOFOM 
(B1O + B2O + B3O + B4 + B5 + B6) 

3 – DSM Plus (near 
future) 

3.02 132 

Use of 50% of cane residues as feedstock for 
surplus Mw production; increase of avoided 
emissions due to the reduction of cane burning 
and higher generation of surplus bioelectricity. 
(B1O + B2O + B3OO + B4 + B5 + B6 +B7) 

4- Potential DSM 1 5.00 219 

Use of 100% of cane residues as feedstock for 
energy production; substitution of 100% of 
diesel oil by biodiesel; increase of avoided 
emissions by eliminating cane burning; and 
replacement of fossil CO2 by CO2 from 
fermentation 
B1O + B2O + B3OOO + B4O + B5 + B6 + B8) 

5- Potential DSM 2 5.47 240 

Use of 100% of cane residues and bagasse as 
feedstock for gasification to produce surplus Mw 
(3rd generation); substitution of 100% of diesel 
oil by biodiesel, increase of avoided emissions 
by eliminating cane burning; and replacement of 
fossil CO2 by CO2 from fermentation and from 
burning syngas from gasification of all bagasse 
and cane residues 
(B1O + B2O + B3OOOO + B4O + B5 + B6 + 
B8O) 

 

B1 = Biosugar; B2 = Bioethanol; B3 = Bioelectricity; B4 = Biodiesel (5% and 30%); B5 = Biowater; B6 = Biofertiliser; 
B7= use of cane residues as feedstock (50%); B8 = Use of CO2 from fermentation replacing fossil generated CO2. 
B1O = Optimised Biosugar; B2O = Optimised Bioethanol; B3O = Optimised surplus Bioelectricity; B4O = Optimised 
Biodiesel (100%); B7O = use of cane residues as optimised source of energy (100%); B3OO = Optimised surplus 
bioelectricity by using bagasse and 50% cane residues as fuel; B3OOO = Optimised surplus bioelectricity by using 
bagasse and 100% cane residues as fuel ; B3OOO O– Optimised surplus bioelectricity by gasifying bagasse and 
100% cane residues and using as fuel; B8O = Use of CO2 from fermentation and from burning syngas from 
gasification of all bagasse and cane residues replacing fossil generated CO2 
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Résumé 
PENDANT Presque 500 ans, la canne à sucre a été considérée presque exclusivement comme de la 
matière brute destinée à la production de sucre. Dans les dernières décennies au Brésil, elle a aussi 
été utilisée pour la production d’éthanol. Dans ce contexte, la configuration de l’usine de canne a 
évolué de manière significative pour s’adapter à de nouvelles utilisations du jus de canne, non 
seulement pour le sucre mais pour le processus de fabrication de l’éthanol. Récemment, pour des 
considérations environnementales, sociales et économiques, en d’autres mots de durabilité, le 
monde a commencé à rechercher des énergies nouvelles et plus propres. De ce fait, l’intérêt mondial 
pour l’éthanol s’est accru de façon spectaculaire, dû à ses qualités environnementales et aussi parce 
qu’il est produit à partir de biomasse renouvelable. Ce scénario a changé la perspective de la canne 
à sucre : il a permis à cette culture d’atteindre une nouvelle et plus large dimension, et de générer 
des opportunités commerciales à partir des produits traditionnels et nouveaux. Cet article a pour 
objectif de montrer comment cette évolution modifie et va continuer à influencer la configuration 
complète de l’usine sucrière, considérant le développement technologique et une évolution vers plus 
de durabilité. L’article décrit une usine de canne à sucre intégrée avec des innovations très en 
pointes voire révolutionnaires, considérant la hiérarchie technologique de la première, la deuxième 
et la troisième génération en bioélectricité, bioéthanol et la production intégrée de biodiésel. La 
durabilité est aussi incorporée dans ce concept de l’usine apportant une solution adaptée pour une 
configuration optimale de l’usine. En résumé, l’article a l’objectif de présenter l’usine de canne à 
sucre à venir, la DSM – Dedini Sustainable Mill (l’usine durable de Dedini), configurée pour un 
maximum d’efficacité et de durabilité, réalisant six bioproduits, dans une approche appelée «la 
révolution des 6 BIOS »). 
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Resumen 
DURANTE casi 500 años, la caña de azúcar ha sido considerada en su mayoría sólo como materia 
prima para la producción de azúcar. En las últimas décadas, en Brasil, también ha sido utilizada 
para la producción de etanol. Así, el diseño completo de las fabricas de caña de azúcar evoluciono 
considerablemente en esa dirección, utilizando jugo de caña de azúcar como una materia prima para 
los procesos de azúcar y etanol. Recientemente, por razones ambientales, económicas, sociales, en 
otras palabras, por razones de sostenibilidad, el mundo comenzó a buscar fuentes de energía nuevas 
y más limpias. Como consecuencia, el interés mundial en etanol creció espectacularmente, debido a 
sus cualidades medio ambientales y porque se produce a partir de la biomasa renovable. Esta 
situación cambió la perspectiva de la caña de azúcar: permitió a la caña de azúcar alcanzar una 
dimensión nueva y superior, y generar un ciclo de nuevas empresas, derivadas de productos 
tradicionales y nuevos. Este documento tiene el objetivo de mostrar cómo esa evolución esta 
modificando y continuará influyendo el diseño completo de la fabrica de caña de azúcar, 
considerando el desarrollo tecnológico y la evolución de sostenibilidad. El documento describe una 
fabrica integrada de caña de azúcar con las más avanzadas innovaciones disruptivas (avance), 
considerando las jerarquías tecnológicas de primera, segunda y tercera generaciones, en 
bioelectricidad, bioetanol y producción de biodiesel integrado. También, la sostenibilidad está 
incorporada en el concepto de la fabrica, resultando en una solución actualizada para un diseño 
óptimo. En resumen, el documento tiene el objetivo de mostrar la próxima fabrica de caña de 
azúcar, la DSM-Dedini fabrica sostenible, diseñada para la máxima eficiencia y sostenibilidad, 
produciendo seis bioproductos, en el marco de una estrategia denominada "la Revolución de 6 
BIOS". 


