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Abstract 

  

Ethanol production from sugarcane (mainly in Brazil) on the basis of “1st 

generation technology” (22.5 billion liters per year in 3.4 million hectares) replaces 1% 

of the gasoline used in the world today and is highly competitive in economic terms 

with ethanol produced from other crops in the US and Europe. We discuss in this paper 

the potential for sugarcane ethanol expansion from two angles. 

 

i. productivity gains which would allow greater production in the same area 

and 

ii. geographical expansion to larger areas. 

 

The potential of “1st generation technology” for the production of ethanol from 

sugarcane is far from being exhausted. There are gains in productivity of approximately 

a factor of two from genetically modified varieties and a geographical expansion by a 

factor of 10 of the present level of production in many sugar producing countries. The 

replacement of 10% of the gasoline used in the world by ethanol from sugarcane seems 

possible before “2nd generation technologies” reaches technological maturity and 

possibly economic competitiveness. 

 

1. Introduction 

 

 On technical grounds ethanol is a good fuel for Otto cycle engines, either as a 

substitute for gasoline in slightly adapted motors (as an additive at levels up to 25%), in 

specially designed regular motors for pure ethanol or in any mixture in flex-fuel cars. It 

is produced from agricultural products and does not have the impurities present in 
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petroleum products such as sulphur oxides and particulates, the main source of pollution 

in large metropolitan areas (Moreira and Goldemberg, 1999).  

 

Replacement of gasoline by ethanol from sugarcane in Brazil resulted in 

significant improvements in the quality of the air in the metropolitan area of São Paulo 

in the last 15 years In addition to that, on a life cycle basis (if proper feedstock and 

agricultural practices are used) it reduces greenhouse gas emissions Different crops can 

be used to produce ethanol but the most commonly used are corn, wheat, sugar beets 

and sugarcane. 

The volume of ethanol as a fuel, replacing gasoline, is presently around 500,000 

barrels of oil equivalent per day or 0.7% of the world’s oil consumption of 86 million 

barrels per day and approximately 3% of the gasoline in use in the world today. Ethanol 

is produced mainly in the United States (from corn) and in Brazil (from sugarcane). In 

2008 the US produced 34 billion liters, Brazil 22.5 billion liters and the European Union 

2.7 billion liters (mainly from sugar beets) with a grand total of 65.6 billion liters per 

year (RFA, 2009a). The land in use for ethanol production 2008 in the US was 8.13 

million hectares (RFA, 2009b) and in Brazil 3.4 million hectares (IBGE, 2008). 

Ethanol from sugarcane proved, so far, to be the most competitive for the 

following reasons: 

i. on a life cycle basis it reduces greenhouse gas emissions (GHG) by 84% 

(on a volume basis) while ethanol from corn reduces GHG emissions by 

30% and ethanol from sugar beets by 40% (Doornbosh and Steenblik, 

2007); 

ii. production cost is smaller than production cost from corn by 60% and 

75% smaller from sugar beets; 

iii. the yield in liters of ethanol per hectare (6,470l/ha) is significantly higher 

than the yield from corn (4,180 l/ha) or sugar beets (5,500 l/ha). 

 

Table I gives the characteristics of the main crops used for ethanol production.  
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Table I: Characteristics of different crops for ethanol production 

 

 Sugar cane  

(in Brazil) 

Corn 

(in the USA) 

Sugar beet 

(in Europe) 

Energy balance (a) 8.1 - 10 1.4 2.0 

Production cost (€/100 

liters) (b) 

14.48 24.83 52.37 

CO2 reduction compared 

to gasoline (c) 

84% 30% 40% 

Total production (billion 

liters) (D) 

22.5 34 733.6 

Area cultivated (million 

hectare) (E) 

3.4 8.13 133.4 

Yield (liter/hectare) 

(D/E) 

6,471 4,182 5,500* 

(a) Defined as energy output in a liter of ethanol over fossil fuel energy needed to 

produce. Sources: Macedo et al, 2008; World Watch Institute, 2006. 

(b) Henniges, O., and Zeddies, J., Competitiveness of Brazilian ethanol in the EU. 2004 

(c) Doornbosh and Steenblik, 2007 

* theoretical yield, as presented by Word Watch Institute, 2006. 

 

In addition, there are serious constraints to the expansion of the area dedicated to 

ethanol production from corn. Particularly in the US, which is the largest producer in 

the world, it competes with soybean production and which has been considered one of 

the reasons for food shortages in 2008 (HGCA, 2008). The production of ethanol from 

sugarcane has been so far heavily concentrated in Brazil, where such constraints are 

absent.  

 

Ethanol production has been made so far, using “first generation technologies” 

either by direct fermentation (in the case of sugar cane) or saccharification of starch (in 

the case of corn and wheat) followed by fermentation. “Second generation technology” 

is based on the use of cellulose which is made up of chains of about 10,000 glucose 

molecules; to break these chains require sophisticated methods of acid or enzymatic 
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hydrolysis. Great efforts are being made in this direction which – if technically and 

economically successful – would make ethanol production independent of the present 

crops used for that purpose1. 

 

In the meantime, therefore, sugarcane is the most successful raw material in use 

and it is therefore interesting to explore what is the potential for its expansion from two 

angles. 

 

I. productivity gains which would allow greater production in the same 

area and 

II. geographical expansion to larger areas. 

 

2. Productivity gains 

 

Sugarcane is an important tropical crop having C4 carbohydrate metabolism 

which allied with its perennial nature, makes it one of the most productive cultivated 

plants (D’Hont et al, 2008). Such crops capture 6% of the solar energy incident in them, 

which corresponds to a theoretical cane yield of 472 tc/ha or 219 tons of dry biomass 

per ha (Table II). 

                                                 
1 According to data of Novozymes (2009), the economics of second generation technology for ethanol 
production in 2008 can be summarized as follows: 

• Total production cost per gallon: US$6.00 
• Cost of the enzymes needed for enzymatic hydrolysis: US$3.00 
• Present cost of 1st generation technology from corn: US$2.00 
• Present cost of 1st generation technology from sugarcane: US$1.00 
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Table II 

Average, maximum and theoretical sugarcane yield and total dry matter production 

Biomass Type (Australia, 

Colombia, South 

Africa) 

Cane yield (t/ha yr) 

(t/ha yr) (g/m2 d) 

Average 84 39 10.7 

Commercial 

maximum 

148 69 18.8 

Experimental 

maximum 

212 98 27 

Theoretical 

maximum 

472 219 72.4 

Source: Moore, 2009 

 

This theoretical yield is far from being reached because there are many 

constraints (agronomic, environmental and physiological) which lead in practice to 

much lower yields as indicated in Figure 1.  

 

Figure 1 

Theoretical, potential, attainable and actual yields of sugarcane yields 
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Ethanol is produced from sugarcane by a simple process of fermentation of the 

juice. The stalks are crushed to extract the juice and the remaining bagasse is burned to 

originate heat or electricity needed to run the will and export the electricity surplus. 

 

The amount of ethanol produced depends on the agricultural yield of sugarcane 

(tons/hectare) and on the amount of sugar in the juice (TRS – total reducible sugar). 

Both can very appreciably depending on the type of sugarcane used and quality of the 

soil. A sample of about 100 mills, carried out in the year 2000, in the South region of 

Brazil led to numbers that are shown in Figure 2. 

 

The distribution of the total recoverable sugar percentage (TRS) in sample of 

about 100 mills, carried out in the year 2000, in the South region of Brazil is shown in 

Figure 2. 

 

Figure 2 

Distribution of TRS among mills 

 
 

The ethanol yield per hectare (given by the product of the number of tons of 

sugarcane per hectare - typically 85 tc/ha - by the number of liters/of ethanol) from each 

ton of sugarcane – typically 70 liters/tc - is around 6,000 liters per hectare). 
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This yield has been increasing steadily since 1975 when the production of 

ethanol from sugarcane in large scale started. Total productivity increased from 

approximately 2,000 l/ha to 7,000 l/ha a steady growth of 4% per year which is split 

evenly between gains in agricultural production and in the industrial process (Figure 3).  

 

Figure 3 

Increase in productivity through R&D (1975 – 2005) 

 
 

Gain in the industrial process is mainly due to economies of scale and other 

gains in the distillation process 

 

The agricultural gains are due to the selection of higher productivity varieties as 

well as higher sugar content. The number of varieties increased significantly since 1975. 

Extensive research and development conducted in Brazil in the last 25 years by 

government and private companies increased the number of sugarcane varieties from 6 

(in 1984) to more than 500 nowadays (Macedo, 2005). All this selection process has not, 

thus far  involved genetically modified organisms (GMO) which is clearly a direction to 

explore.  

 

II. Geographical expansion 

 

Presently there are 421 plants in operation crushing (MAPA, 2009) 494 million 

tons of sugarcane per year (UNICA, 2009), approximately one half being used for sugar 

and the other half for ethanol production. 
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A typical plant crushes 2 million tons of sugarcane per year and produces 200 

million liters of ethanol per year (1million liters per day over 6 months, April to 

November) and costs approximately US$150 million. The planted area required to 

supply the sugarcane is typically 30,000 hectares. 

 

Most of the large plants are located in the state of São Paulo, where almost two-

thirds of the ethanol is being produced (UNICA, 2009).  

 
 Possibilities of expansion of sugarcane production in Brazil are very significant 

as shown in Figure 4. 

 

Figure 4 

Brazil: 1% of arable land displaces 30%+ of the gasoline 

 

Note: 1) “Total of cultivated areas” refers to permanent farmings, temporary farmings and flowers culture, including 
hydropony and plasticulture, seedlings arboretums, plants greenhouses and vegetation houses and cofoddering for 
cut; 2) Soybean, corn, sugarcane and orange areas are data from the Municipal Agricultural Production, published by 
IBGE; 3) Extension of the Brazilian territory, total of tillable lands, cultivated lands and pasture lands consist in 
preliminary results from the 2006 Farming and Cattle Raising Census; 4) 2007e- estimation; 5) Sugarcane destined to 
the ethanol production was estimated from the data from the Ministry of Agriculture, Cattle Breeding and Supply. 
National Balance of sugarcane and agroenergy, 2007. Source: IBGE (2008). Elaborated by UNICA 

 

 The expansion of sugarcane particularly in the State of São Paulo is taking place 

mostly in pastureland as indicated in Figure 5 
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Figure 5 

 
 Worldwide there are many possibilities of expansion and Figure 6 gives a bird’s 

view of other region of the world were the Brazilian ethanol program could be 

replicated. 

 



 10

Figure 6 

Perspectives for the Replication of Brazilian Ethanol Program in
Other Developing Countries

 
 

 Doornbosh and Steenblik (2007) looked in some detail available land that could 

potentially be used for biofuels production after all the needs for additional housing and 

infrastructure are taken into account (Figure 7) 

 

Figure 7 

2050: Available land for biofuels 
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 What this table tells us is that presently 1.5 billion hectares of land are in use for 

agriculture and another 0.3 billion hectares will be needed until 2050 due to agricultural 

expansion (roughly 0.4% per year). This is approximately 13.5% of all land surface area 

of the world. 

 

 What remains potentially available for other uses such as biofuels production is 

thus 430 million hectares of which 250 million in South and Central America and 180 

million hectares in Africa. 

 

III. Future Perspectives 

 

The production of 1st generation technology ethanol from sugarcane, uses 3.4 

million hectares in Brazil. To increase ethanol production with such technologies by a 

factor of 10 (leading to a replacement of 10% of the world’s gasoline consumption) 

would require only 10% of available agricultural of the world. 

 

If further gains in productivity are achieved in addition to the ones that occurred 

in the last 30 years the needed area could be appreciably reduced. 

 

There are a number of very promising scientific advances in this area but no 

large scale experiments in the field due to the strict regulations of the Brazilian 

legislation on the use of GMOs (D’Hont et al, 2008). It seems possible however to 

increase appreciably the agricultural yield when these restrictions are removed. In 

contrast, the industrial process seems to be optimized and not very significant gains can 

be expected from that, except maybe in reducing the amount of water consumed which 

is today approximately 10 liters of water per liter of ethanol (Macedo, 2005). In this 

area, there are some research suggesting the extraction and use, in the industrial process, 

of the water contained in the sugarcane stalks (Bastos, 2009). 

 

Sugarcane has one of the more complex crop genomes, which has long 

hampered the development of sugarcane genetics to support breeding for crops 

improvement programs (D’Hont et al, 2008). 
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The first examples of the expression of exotic genes in sugarcane plants were 

obtained by the insertion of genes conferring antibiotic and herbicide resistance (Bower 

and Birch 1992). Since then considerable progress has been achieved in several 

directions. 

 

Even though sugarcane genetic engineering has demonstrated great potential 

there has been so far no commercial release of transgenic sugarcane due to concerns 

over public perception and intellectual property. 

 

It is important to point out here that the expansion of sugarcane in Brazil, the 

second largest producer of ethanol in the world, is taking place over pastureland of 

which more than 200 million hectares is available, including 10 million hectares in the 

State of São Paulo (IBGE, 2008). In this State, the number of cattle heads per hectare 

increased from 1.28, in 2001, to 1.56, in 2008 (IEA, 2009). Since there are no sugar 

cane plantations in the Amazonia region leading to deforestation, the only concern is 

indirect effects such as pushing cattle breeding out of pastureland in the South-eastern 

states to the Amazonia. This is a real concern but can be avoided by more intensive 

practices than the ones in use today.  

 

There are almost 100 countries producing sugarcane covering an area of 22 

million hectares (approximately 0.5% of the total world area used for agriculture) 

(FAOSTAT, 2008). 

 

Table 4 lists the 15 most important producers representing 86% of the total 

production of sugarcane. It is easy to convert plants producing sugar to ethanol 

distilleries, and most of the 421 existing plants in Brazil have a dual purpose. Only 44% 

of the sugarcane area of this country (3.4 million hectares) is used to produce ethanol.  
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Table 4 

Top 15 Sugarcane Producers (2007 FAO estimates) 

 

 Area Harvested 

(million ha) 

Brazil 6.71 

India 4.90 

China 1.24 

Pakistan 1.03 

Thailand 1.01 

Mexico 0.68 

Colombia 0.45 

Australia 0.42 

South Africa 0.42 

Cuba 0.40 

Philippines 0.40 

United States of America 0.36 

Indonesia 0.35 

Argentina 0.29 

Vietnam 0.29 

Total 18.95 

 

Colombia already has four large distilleries in operation, and other sugar-

producing countries, mainly in the Caribbean, have plans for more (Nogueira, 2007). 

 

It is clear therefore that the production of ethanol from sugarcane could be 

expanded significantly if the example of Brazil is followed by several other countries 

that use a fraction of their sugarcane for ethanol.  

 

IV. Conclusion 

 

The potential of “1st generation technology” for the production of ethanol from 

sugarcane is far from being exhausted. There are gains in productivity of approximately 
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a factor of two from genetically modified varieties and a geographical expansion by a 

factor of 10, of the present level of production in many sugar producing countries could 

also be achieved. The replacement of 10% of the gasoline in the world by ethanol from 

sugarcane seems possible before “2nd generation technologies” reaches technological 

maturity and possibly economic competitiveness. 

 

As far as geographical expansion is concerned if the 15 sugarcane producing 

countries of Table 4 where to dedicate half of their production to ethanol – as Brazil 

does – one could triple production. The overall gain would de a factor of six leading to a 

production of over 100 billion liters of ethanol per year, i.e., approximately 10% of the 

world’s gasoline consumption. 

 

Note: I acknowledge the help of Patricia Guardabassi in the preparation of this paper. 
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