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Abstract Bioethanol (fuel alcohol) has been produced by
industrial alcoholic fermentation processes in Brazil since
the beginning of the twentieth century. Currently, 432 mills
and distilleries crush about 625 million tons of sugarcane
per crop, producing about 27 billion liters of ethanol and
38.7 million tons of sugar. The production of bioethanol
from sugarcane represents a major large-scale technology
capable of producing biofuel efficiently and economically,
providing viable substitutes to gasoline. The combination of
immobilization of CO, by sugarcane crops by photosyn-
thesis into biomass together with alcoholic fermentation of
this biomass has allowed production of a clean and high-
quality liquid fuel that contains 93% of the original energy
found in sugar. Over the last 30 years, several innovations
have been introduced to Brazilian alcohol distilleries
resulting in the improvement of plant efficiency and
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economic competitiveness. Currently, the main scientific
challenges are to develop new technologies for bioethanol
production from first and second generation feedstocks that
exhibit positive energy balances and appropriately meet
environmental sustainability criteria. This review focuses
on these aspects and provides special emphasis on the
selection of new yeast strains, genetic breeding, and recom-
binant DNA technology, as applied to bioethanol production
processes.
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Introduction

Brazil is the most competitive producer of bioethanol in the
world with a well-developed domestic market increasingly
stimulated by growing sales of flex fuel cars (Ibeto et al.
2011). The production of bioethanol has been supported by
the development of new sugarcane varieties, favorable
weather, fertile soils, and agricultural technologies (Leite
et al. 2009). However, until 1975, bioethanol production
was marginal, totaling less than 600 million liters per year.
Two years after the world oil crisis of 1973, the Brazilian
government launched the “ProAlcool” program with the
aim of reducing high fuel prices and the dependency on oil
imports (Zanin et al. 2000; Amorim and Lopes 2005;
Goldemberg 2008; Macedo et al. 2008). Initially, the
priority was to produce anhydrous bioethanol to be mixed
with gasoline (Amorim and Ledo 2005). After the 1979
world oil crisis, the main challenge was to initiate the
manufacture of ethanol-powered vehicles. The success of
bioethanol production stimulated the production of cars that
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ran on hydrated ethanol, which culminated in an increase of
such vehicles in Brazil to reach 98%. In the 1980s, oil
prices decreased, and the Brazilian government removed
some subsidies given to the distilleries encouraging several
of them to also produce sugar.

To overcome the low prices in the market and its costs of
production, the sugar and alcohol industries improved their
fermentation processes. New technologies were developed
and transferred to distilleries allowing them to survive
different crises over the last 20 years (Amorim 2006). The
incorporation of these innovative technologies played a key
role in increasing industrial efficiency as well as reducing
the environmental impact of these distilleries. In 2008,
bioethanol consumption as a fuel surpassed gasoline in
Brazil (Chaddad 2010). Currently, more than 95% of all
cars sold in Brazil are “flex-fuel” (cars that can use any
blend of gasoline and ethanol; BNDES, CGEE 2008).
Gasoline sold in Brazil now contains 25% anhydrous
bioethanol. The percentage of bioethanol in gasoline is
controlled by the Brazilian government according to market
demand, strategic stores of bioethanol, and price. The
expansion of ethanol consumption due to the growing fleet
of light vehicles, mainly flex fuel cars (Porto et al. 2009;
Chaddad 2010), and increased exports has opened new
opportunities for industrial growth with several trading
groups investing in Brazilian distilleries. However, the
success of these industries depends on how they overcome
the new scientific challenges faced. This review will focus
on first and second generation bioethanol production and
sustainability.

A description of the current fermentation process

The Brazilian National Company of Food Supply estimated
that 432 Brazilian mills and distilleries crushed a total of
625 million tons of sugarcane and produced 27 billion liters
of bioethanol as well as 38.7 million tons of sugar in 2010
(Porto et al. 2011; http://www.conab.gov.br/conabweb/
download/safra/boletim cana ingles.pdf).

The actual process of fermentation was developed in the
1930s by Firmino Boinot in the French distilleries of the
Melle region, and the technology was patented in 1937 (see
Fig. 1). In the last 30 years, this process was improved to
allow Brazilian distilleries to achieve fermentation yields of
92-93% compared with 75-80% recorded at the beginning
of the “ProAlcool” program. This yield refers to ethanol
production from sugar; however, the yeast cells also
produce glycerol, cellular biomass, succinate, and malate
during the alcoholic fermentation. For this reason, industrial
processes of alcoholic fermentation may achieve 92-93%
of the theoretical yield, while the other 7-8% is directed
towards cellular metabolism. The Brazilian process of
bioethanol production is characterized by industrial fer-
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mentation in very large tanks (0.5 to 3 million liters) and
high yeast cell densities (10-15% w/v). Around 85% of
these distilleries are fed-batch processes, and just 15% are
continuous fermentation processes (Godoy et al. 2008).
These fermentations are carried out with musts of sugarcane
juice, water-diluted molasses, or a mix of both within a
short period of 6-12 h. At the end of fermentation, the
alcohol concentration reaches 7-11% (v/v), and residual
sugar levels left in the wine remain below 0.1%. Then, the
fermented must is centrifuged for separation of yeast and
wine. The wine goes to the distillation step while
concentrated (viscous suspension) yeast cells receive a
treatment with sulfuric acid (pH 2.0-2.5) that aims to
reduce bacterial contamination (Fig. 1). After 2-3 h, the
yeast cells return to fermentation tanks to start a new cycle
(Fig. 1; Wheals et al. 1999; Amorim et al. 2010). For this
reason, very large amounts of yeast cell biomass are
recycled by the distilleries every day. This process takes
200 to 300 days, depending on various factors, including:
the region, weather conditions, sugarcane variety, and
market demands. Yeast cells are recycled 400 to 600 times
during sugarcane harvest season, which occurs from April to
November or September to March in Brazil South—Center or
Northeast regions, respectively.

Tolerance to recycling and stressful conditions

Recycling results in the yeast cells being constantly
submitted to stressful conditions such as temperature,
ethanol, low pH, inhibitory compounds from molasses,
metabolites produced by bacteria, excess of salts, mineral
deficiency, and others (Basso et al. 2008). The comprehen-
sion of how these parameters affect the yeast cells and the
fermentation process represents the first challenge. Nowa-
days, only a handful of laboratories are able to reproduce
properly these conditions at bench scale. It is very difficult
to understand how the yeast cells respond to the stressful
conditions of industrial fermentation without precisely
reproducing these conditions. Thus, the results of inves-
tigations about other fermentation processes of bioethanol
production (from corn, wheat, sugar beet molasses as well
as fermentations to produce wine, beer, sake, whisky, and
other fermented beverages) cannot be directly transferred to
Brazilian distilleries because the conditions are completely
different (Amorim and Lopes 2004).

Yeast cell recycling represents an advantage to the
industry because the reuse of living cell biomass saves
sugar and increases fermentation yield. Instead of the yeast
converting the sugar into the cellular biomass, more sugar
is converted into ethanol than other processes without yeast
recycling (Amorim and Lopes 2005). For this reason, other
processes worldwide that do not recycle yeast cells cannot
compete with Brazilian distilleries because of their low
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Fig. 1 Simplified illustration showing bioethanol production and the
main scientific challenges. a Introduction of new feedstocks.
b Production of second generation bioethanol from bagasse.

fermentation yields. Brazilian distilleries take advantage not
only of sugarcane as a feedstock but also industrial
fermentation that prioritizes yield and very short fermentation
times (Basso et al. 2008).

It is generally accepted that alcoholic fermentation is a well-
known and mastered procedure. However, the knowledge
about the yeast responses to stress under the conditions
adopted by Brazilian distilleries is still largely unknown.
Industrial fermentations with cell recycling and continuous
exposure of the yeast cells to stressing agents represent another
challenge (Amorim et al. 2009). Many of these stressing
factors simply do not occur in fermentative processes other
than Brazilian distilleries.

Bacterial and yeast contamination

Industrial fermentations are subjected to contamination by
bacteria and wild yeast (Saccharomyces and non-Saccha-
romyces species). Both contaminants compete with selected
yeast strains to survive in the fermentors (Cabrini and Gallo
1999). Successive recycling of tons of yeast cells every day

Distillation

¢ Selection of new yeast strains more adapted to stressing conditions
of industrial fermentations. d Bacterial and yeast contamination in the
fermentation process with cell recycling. e Reduction of vinasse volume

and the difficulties to sterilize large volumes of juice and
water allow contaminating microorganisms to enter into the
process, competing with the selected yeast strains. These
contaminating microorganisms have developed different
strategies of survival and competition in alcoholic fermen-
tation processes.

Gram-positive bacterial species such as Lactobacillus
and Bacillus are among the main contaminants of alcoholic
fermentation processes (Lucena et al. 2010), while con-
taminations by Gram-negative species are less frequent, but
difficult to control (Gallo 1990; Lopes et al. 2004; Lucena
et al. 2010). Bacterial populations are controlled with acid
treatment, antibiotics, hop products, and chemical biocides
that do not affect yeast cells (Amorim et al. 2009).
However, some bacteria are more resistant to these
compounds than others, making them difficult to control
during the recycling process. In some cases, contamination
reaches 10® bacterial rods per milliliter causing losses of
10,000 to 30,000 1 of bioethanol per day for a distillery that
produces one million liters a day. In addition, high bacterial
contaminations cause yeast to flocculate, besides inhibiting
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the fermentation. Yeast flocculation is one of the worst
problems presented to processes that recycle yeast by
centrifugation. Flocculant yeast strains may cause several
prejudices to industrial fermentations with cell recycle by
centrifugation. In the Brazilian process of alcoholic fermen-
tation, large quantities of yeast biomass need to be centrifuged
at the end of each fermentation cycle. This cellular biomass
(yeast cream) is diluted with water and sent to acid treatment
at pH 1.8-2.5 for 2-3 h before returning to fermentation tanks
and starting a new fermentative cycle (Fig. lc). The
flocculation caused by yeast strains may reduce the efficiency
of centrifugation, and consequently, a less-concentrated yeast
cream goes to acid treatment. A less-concentrated yeast cream
means that more wine goes to acid treatment. This wine has a
buffering capacity, and distilleries spend more on sulfuric acid
to reduce the pH. Consequently, when submitted to a
more stressing acid treatment, yeast cells may reduce
their activity or die. Moreover, flocculant cells can also
decant at the bottom of fermentors leaving residual sugars in
the wine without fermenting and thus increasing the fermen-
tation time.

Nowadays, Brazilian distilleries have procedures to
identify in just 6 h the best antibiotic to control bacterial
contamination (Amorim 2006). But the greatest challenge is
how to prevent bacterial contamination in industrial
fermentations with yeast cell recycling. Moreover, some
distilleries used to remove part of the yeast cells, which are
dried and subsequently sold for animal feed (Amorim et al.
1998). These distilleries have avoided the use of traditional
antibiotics because these compounds may leave residues in
the dry yeast. New, safer, and environmentally friendly
compounds need to be developed for bacterial control by
distilleries that sell dry yeast.

Contaminations by wild yeast are more difficult to control
than bacteria, although non-Saccharomyces contamination
might be controlled by modifications in the process
(de Souza Liberal et al. 2005; Basilio et al. 2008). On the
other hand, wild Saccharomyces species are the most
difficult to control because their metabolism is very similar
to that of industrial yeast strains but carry inappropriate
features such as cell flocculation, excessive foam production,
low fermentation yield, and incomplete sugar fermentation
(Basso et al. 2008). Nowadays, there is no product or process
that can be used by the distilleries to reduce contaminations
by wild Saccharomyces in the fermentation process without
affecting the selected yeast strains.

Selection of new yeast strains
The first challenge to improve the first generation process is
the selection of yeast strains able to survive these industrial

conditions and compete with wild yeasts (Basso et al. 1993;
Amorim et al. 2004). Several research projects are being
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conducted at bench scale worldwide without considering
the parameters of Brazilian fermentation processes. In
addition, these strains are not able to compete with tolerant
wild Saccharomyces and non-Saccharomyces species. For
this reason, yeast strains such as PE2 and CAT1, selected in
the 1990s, have called the attention of researchers worldwide.
These strains were selected from industrial processes
(fed-batch and continuous fermentation) by a well-directed
program of yeast selection (Basso et al. 2008). These strains
were monitored using a molecular karyotyping technique,
selected from industrial fermentations, evaluated under
laboratory conditions, and reintroduced in their respective
distilleries during successive years to prove their fermenta-
tive abilities. Characteristics such as dominance over other
strains and permanence in the process during the sugarcane
harvest season were taken into consideration when selecting
these strains. Their fermentative abilities were evaluated
at the laboratory scale under well-controlled conditions,
mimicking the industrial fermentation process.

However, Brazilian distilleries have only five industrial
yeast strains commercially available to the fermentation
processes. Baker's yeast and laboratory and yeast strains
selected from other fermentation processes do not survive
more than 1 month in industrial fermentation with yeast cell
recycling. Indeed, these yeasts are quickly replaced by wild
Saccharomyces (Basso et al. 2008). Therefore, it is likely
that programs to develop new strains for Brazilian distilleries
may fail because they are based on strains that are not able to
survive the recycling process, acid treatment, fast fermenta-
tions, and competition with wild yeasts.

Knowing the genetic background of industrial yeast strains

Selected yeast strains, PE2 and CAT1, have been used with
success by Brazilian distilleries in their fermentation
processes. During several years, these strains have shown
the highest rate of dominance and persistence in industrial
fermentations. PE2 and CAT1 are diploid and heterothallic
strains that sporulate very well. In a few hours, these strains
are able to resume meiosis producing asci with three or four
viable spores (Lopes 2000). Chromosomal rearrangements
have been described for these strains collected from
industrial fermentations as well as after sporulation (Lopes
et al. 2002). Spores from these strains can mate with
themselves or with other yeasts. However, there is little
information about the chromosomal constitution and cell
behavior under meiosis and conjugation.

Another scientific challenge is to understand why these
strains are more tolerant to industrial fermentation than
baker's yeast and laboratory strains. It has been demon-
strated that CAT1 cells multiply faster in a fermentation
medium depleted of vitamins B1 and B6 in comparison
with laboratory strain S288c (Stambuk et al. 2009). In
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addition, two groups have independently investigated
special features of CAT1 (Stambuk et al. 2009) and PE2
(Argueso et al. 2009) genomes. However, there is still no
information about gene expression under conditions of
industrial fermentation. Besides genome characterization, it
is equally important to understand how gene expression is
controlled by these yeast strains during fermentation
conditions. Baker's yeast and strains developed under
laboratory conditions are destined to fail when introduced
into industrial fermentation with cell recycling. These
strains carry different genes and features but are not able
to survive, or adapt to, the stressing conditions of the
industrial alcoholic fermentation process. In addition, these
strains do not have the ability to compete with wild
Saccharomyces and are quickly replaced by more tolerant
and adapted strains (Amorim et al. 2004, Basso et al. 2008,
Stambuk et al. 2009; Lopes 2010). Industrial yeast strains
can serve as a source to receive foreign genes. Recently, a
PE2 strain was constructed where both alleles for URA3
were deleted (Gongalo Guimaraes Pereira, personal com-
munication). This strain can be used for further genetic
improvement through DNA recombinant technology.

On the other hand, because of their heterothallic nature,
sporulation, chromosomal recombination and segregation
may affect the inheritance, balance, and expression of genes
not only to produce bioethanol but to survive the stressful
conditions of the recycling process. Concerning the
scientific challenges for modern biotechnology, initially, it
is necessary to understand the genetic constitution of wild
Saccharomyces cerevisiae and yeast strains selected from
the industrial alcoholic fermentation process. Industrial
yeast strains have a complex genetic constitution, and
programs of DNA sequencing, gene expression, proteo-
mics, and metabolomics are necessary tools to understand
why these strains are able to survive under different
stressing conditions during hundreds of fermentative cycles.
The second molecular challenge will be to integrate the
knowledge from genetics, physiology, and industrial fer-
mentation processes to improve and introduce new features
of industrial interest in yeast strains without affecting the
capacity of these new strains to survive successive recycles
and stressing conditions. Millions of dollars are being
invested worldwide in research and development of new
yeast strains without investigating their ability to tolerate
stressful conditions similar to those that occur in Brazilian
distilleries. Thus, the yeast strains PE2 and CAT1 can be
currently considered among the best candidates for expression
of foreign genes of industrial importance.

Reduction of vinasse volume

Another scientific challenge that remains is to reduce the
volume of vinasse as well as to develop new uses and

products from it. Vinasse is the stillage obtained after
distillation of the wine and removal of ethanol (Mutton
et al. 2010). Vinasse is rich in minerals, such as potassium,
calcium, magnesium, nitrogen, and phosphorus (Fig. le;
Nogueira et al. 2008). Vinasse has been used as a fertilizer
in the sugarcane fields, saving millions of liters of water
and improving the physical conditions of the soil (van
Haandel 2005; Mutton et al. 2010). Moreover, application
of vinasse to sugarcane fields allows the recycling of
nutrients back to the soil. However, application in the field
requires careful procedures to avoid contamination of water
tables (Mutton et al. 2010).

Nowadays, Brazilian distilleries produce around 12 | of
vinasse for each liter of ethanol. This happens because the
alcohol content in the wine at the end of fermentation
reaches 8-9%. This concentration of alcohol limits the
reduction of vinasse volumes. Increasing alcohol concen-
trations of the wine reduces the viability of yeast cells. This
cellular viability is essential to fermentation processes with
yeast cell recycling. These processes depend on maintaining
yeast cells alive until the end of the fermentation process
because they need to be reused several hundred times during 6
to 8 months (Amorim et al. 2010).

Recently, a new process was developed that reduces
vinasse volume by half via doubling the alcohol concen-
tration in the wine to 16% (v/v). This technology reduces
vinasse volume to 6 1 per liter of ethanol (Cherubin 2011).
Furthermore, less water is used in the fermentation.
However, because of the reusing of yeast cells and the
inhibitory action of ethanol, several parameters of industrial
importance need to be changed to maintain the high
viability of yeast cells during the recycles. Without solving
these scientific challenges, it would be impossible to
maintain the yeast cells with high viability and at the same
time increase the ethanol concentration aiming to reduce the
vinasse volume.

In summary, it has been demonstrated that the development
and transference of new technologies in first generation
bioethanol needs to be matched with technical, economical,
and sustainability proposals. From an industrial point of view,
there are several scientific challenges still to be solved in first
generation bioethanol.

New feedstocks

It is important to note that the success of the second
generation of biofuels depends upon investment in research
and the application of the knowledge gained from the
development of first generation bioethanol (Regalado 2010;
Soccol et al. 2010). The development and transference of
new technologies into the bioethanol of first generation
needs to be aligned to feedstock availability. Sugarcane has
several advantages as a feedstock in relation to other crops
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such as corn, sugar beet, wheat, and others (Amorim et al.
2009). One of these advantages is that it is a perennial crop,
having the capacity to give six or seven (or more)
harvestings before being replanted and saving costs in the
field (Buckeridge et al. 2010). Sugarcane has been well
adapted to the soil and climate in some Brazilian regions.
With the advance of sugarcane, several land areas covered
by low productivity pastures were replaced with this crop,
and new distilleries changed the agrobusiness strategy of
several cities. However, the sugarcane harvesting is limited
to 68 months per year. Sugarcane cannot be stored due to
its fast decomposition, whereas corn can be transported
long distances and stored for use throughout the year. It
means that for 4-6 months per year, the Brazilian
distilleries are idle, without producing bioethanol, whereas
in the USA, distilleries that utilize corn remain active
almost the whole year.

There are oscillations in the market due to the
bioethanol season production. Recently, several efforts
have been made to introduce new feedstocks aiming to
extend the production time of distilleries. One of the
most promising crops is sweet sorghum (Amorim et al.
2009). Nowadays, some distilleries have tried to use sweet
sorghum stalks to augment the fermentation process and
ethanol production. Sorghum has several advantages over
other cultures such as less demand for water and nutrients,
high productivity, faster harvesting, flexibility to plan the
use of land, use of seeds instead of stalks, and others
(Swayze 2009). The challenges include the breeding of
new sorghum varieties, planting techniques, harvesting
time (especially during the rainy season), crushing and
fermentation, as well as reduction of compounds that
affect industrial processes such as aconitic acid, phenolic
compounds, and starch.

Sustainability of bioethanol production

Nowadays, efforts are directed at improving the sustain-
ability of biofuel production by Brazilian distilleries, to
save natural resources (water, land, etc.) and to reduce
the burning of sugarcane and the release of greenhouse
gas (GHG) (Leal and Walter 2010). The use of different
feedstocks such as sorghum bagasses, corn stover, grass,
algae, etc. has been evaluated aiming to help mitigate
GHG emissions worldwide (Amorim et al. 2010). How-
ever, the GHG emissions from Brazilian processes of
bioethanol production based on sugarcane have been
considered the best among the main substrates currently
used for bioethanol production (Walter et al. 2008). The
challenge to these distilleries would be to find appropriate
substrates more adapted to local conditions for each region
in Brazil.
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Considering the complete cycle of bioethanol production
and its use as a biofuel, there is a reduction of GHG
emissions of 90% in comparison with gasoline while for
corn and beet, this reduction is about 30% and 45%,
respectively (Macedo et al. 2008). In addition, the most
significant emissions of GHG are due to soil emissions,
followed by agricultural operations and transport, burning
of the sugarcane fields before manual harvesting, use of
fertilizers, and ecthanol distribution (Macedo et al. 2008).
New challenges could be focused to improve crop
practices, transport and use part of sugarcane trash instead
of burning the fields or leaving the residue for decompo-
sition. It may increase the offer of plant biomass for
different purposes such as biosteam production, bioelec-
tricity, or second generation bioethanol.

Biosteam, bioelectricity, or second generation bioethanol

Nowadays, around 90% of Brazilian distilleries are linked
to sugar factories. These industries consume energy to carry
out their processes from sugarcane milling, juice clarifica-
tion, evaporation, and distillation. Many steps of the sugar
and alcohol production process demand tons of steam.
Distilleries use sugarcane bagasse to produce the steam
required to run a factory. The challenge has been to improve
the efficiency of steam use by distilleries. As more steam is
saved, more bagasse may be used for other purposes. This
is currently the chief use of sugarcane bagasse by
distilleries. On the other hand, the development of high-
efficiency boilers permits the burning of less bagasse. Then,
the excess of bagasse may be used for different purposes
such as bioelectricity (Fig. 1b) and second generation
bioethanol. When the world energy matrix is compared
with the Brazilian energy matrix, it is possible to see a
remarkable difference. While the world uses just 12% of
renewable energy, Brazil has used more than 45% of
renewable energies (Goldemberg 2007). Part of this energy
comes from distilleries. In 2009, the electricity produced
from bagasse combustion contributed with 3% of the total
electricity generated in the country, opening new opportu-
nities to the distilleries (for a review, see Cortez 2010; dos
Santos et al. 2010).

A total of 100 Brazilian distilleries are able to produce
and export bioelectricity derived from sugarcane bagasse
(Roberto 2010). It represents a viable alternative for
industries to process surplus bagasse for cogeneration of
electricity. It is quite interesting to distilleries that sugarcane
harvesting season coincides with the dry season in many
regions in Brazil. In the last years, the water reservoirs have
reached critical levels a few times, at the same time as
bioelectricity from sugarcane achieved its peak. This
balance of energy supply is very interesting for some
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regions and industries considering that the development of
several industries depends on electric power.

Moreover, the new scientific and technological challenges
are focused on developing and improving industrial processes
that can save more energy. In this way, Brazilian distilleries
will become more efficient with good energy balance in
comparison with other countries. A higher ratio between
renewable energy products and fossil fuels used in the
production process can be obtained. The balance for
bioethanol from sugarcane is 9.3:1 while ethanol from corn
has a ratio of 1.3:1 (Goldemberg 2007). In other words, this
means that 9.3 energy units (ethanol) were produced from
one unit of fossil-fuel energy. This means the proportion
of energy from fossil fuel in relation to bioethanol energy
produced by distilleries is higher using sugarcane feed-
stocks. In terms of energetic balance, the scientific challenge
for the next years will be to increase the output of renewable
energy through the improved use of sugarcane bagasse and
vegetal trash.

This highly positive ratio for sugarcane is due to the fact
that bagasse is used as a source to generate biosteam and
bioelectricity in the production of bioethanol, including
crushing, evaporation, and distillation (Doerfler and Amorim
2007). One third of all sugarcane produced by Brazilian
mills (600 million tons) was bagasse with 50% moisture. In
the future, distilleries will produce steam and bioelectricity
not only from bagasse but also from sugarcane trash
(Eggleston 2010). In this case, the scientific challenge is
to develop new technologies to harvest, transport, and
process trash with technical and economical efficiency, as
well as to reduce the dependency on fossil fuels.

The third usage for sugarcane biomass will be the
production of second generation ethanol. The solution is
likely to come from multidisciplinary teams who under-
stand all features of the current processes involved in the
production of first generation bioethanol, acting with a
holistic view and selecting new yeast strains and new
sugarcane varieties, improving bagasse hydrolysis, and
establishing more efficient processes of alcoholic fermen-
tation. It is not difficult to predict the future when we learn
from the past and present. Second generation bioethanol
needs intensive efforts of scientific investigation over the
next decades. However, there are no viable industrial
processes to date. Thus, one can deduce that the technology
of second generation ethanol will arrive to distilleries only
if it proves its technical and economical feasibility.

In order to get protection against market oscillations, the
bioethanol industry needs the diversification of the sugar
biomass, dry yeast production, and bioelectricity genera-
tion. In addition, there are new investors coming to Brazil
interested to transform mills into biorefineries. However,
it is necessary to invest in research, transfer of new

technologies, and training of technical staff. Without an
integrated vision about technical, cultural, legal, environ-
mental, and economical perspectives, it will be very
difficult to introduce new technologies. Then, in the future,
distilleries will decide how much biomass will be used
for biosteam, bioelectricity, or second generation bio-
ethanol. The greatest scientific challenge will be to
collaborate with the distilleries. The industries and
research institutes need to work in the same direction. It will
be essential to align the vision of the academics with the needs
of the industry.
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