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Chapter 6   
Demand for bioethanol for transport
Andre Faaij, Alfred Szwarc and Arnaldo Walter

1. Introduction

!e utilization of ethanol either as a straight fuel or blended to gasoline (in various 
proportions) has been fully proven in various countries and it is regarded as technically 
feasible with existing internal combustion engine technologies. Because ethanol o"ers 
immediate possibilities of partially substituting fossil fuels, it has become the most popular 
transport biofuel in use. Production of ethanol, which has been rising fast, is expected to 
reach 70 billion litres by the end of 2008. Approximately 80% of this volume will be used 
in the transport sector while the rest will go into alcoholic beverages or will be either used 
for industrial purposes (solvent, disinfectant, chemical feedstock, etc.).

Although a growing number of countries, including China and India, have been introducing 
ethanol in the transport fuels market, it is in Brazil, in the USA and in Sweden where this 
use has gained most relevance. In March 2008, consumption of ethanol surpassed that of 
gasoline in Brazil, largely due to the success of the #ex-fuel vehicles (FFVs) and resulting 
steep increase in straight ethanol (E100) consumption. In the USA, in addition to a rising 
utilization of FFVs and high ethanol content blends with up to 85% ethanol content (E85), 
over 50% of the gasoline marketed now contains ethanol, mostly 10% (E10). Sweden has 
been leading ethanol use in Europe with the 5% gasoline blend consumed nationwide (E5), 
an upward demand of E85 and a #eet of 600 ethanol-fuelled buses.

!e international interest on ethanol in the transport sector has been based on various 
reasons including energy security, trade balance, rural development, urban pollution 
and mitigation of global warming. !e challenge for the near future is to achieve wide 
acceptance of ethanol as a sustainable energy commodity and global growth of its demand. 
In the transport sector this includes increased supply of ethanol produced from a variety 
of renewable energy sources in an e$cient, sustainable and cost-e"ective way. In many 
countries, 2nd generation biofuels (including ethanol) produced from lignocellulosic biomass 
instead of food crops, is thought to deliver such performance, but commercial technology to 
convert biomass from residues, trees and grasses to liquid fuels is not yet available. On the 
demand side, it comprises the optimisation of existing engine technologies and development 
of new ones that could make the best possible use of ethanol and be introduced in the 
market in a large scale. Ethanol is a well suited and high quality fuel for more e$cient #ex 
fuel engines, ethanol-fuelled hybrid drive chains and dual-fuel combustion systems. Such 
technologies can boost vehicle e$ciency and increase demand for ethanol use in various 
transport applications.
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2. Development of the ethanol market

2.1. Growth in demand and production

Liquid biofuels play so far a limited role in global energy supply, and represent only 10% 
of total bioenergy, 1.38% of renewable energy and 0.18% of total world energy supply. 
!ey are of signi"cance mainly for the transport sector, but even here they supplied only 
0.8% of total transport fuel consumption in 2005, up from 0.3% in 1990. In recent years, 
liquid biofuels have shown rapid growth in terms of volumes and share of global demand 
for transport energy. Ethanol production is rising rapidly in many parts of the world in 
response to higher oil prices, which are making ethanol more competitive. In 2007 the 
world fuel ethanol production was estimated as 50 billion litres, being the production in 
USA (24.6 billion litres) and Brazil (19 billion litres) equivalent to 88% of the total; in EU 
the production was almost 2.2 billion litres, in China 1.8 billion litres and in Canada 800 
million litres (RFA, 2008, based on Licht, 2007).

Production of ethanol via fermentation of sugars is a classic conversion route, yet the 
most popular, which is applied for sugarcane, maize and cereals on a large scale, especially 
in Brazil, the United States and to a lesser extent the EU and China. Ethanol production 
from food crops like maize and cereals has been linked to food price increase, although 
estimates to what extent vary widely and many factors apart from biofuels play a role in 
those price increases (FAO, 2008). In addition bioethanol from such feedstocks has only 
been competitive to gasoline and diesel when supported by subsidies. Despite of some 
advances in its production process, ethanol from food crops is not likely to achieve major 
cost reduction in the short and medium terms.

In contrast, the impact of sugarcane based ethanol production (dominated by Brazil) on 
food prices seems minimal, given reduced world sugar prices in recent years. It’s production 
achieved competitive performance levels with fossil fuel prices without the need of subsidies 
(Wall-Bake et al., 2008). Also it has been gaining an increasingly relevant position in other 
countries in tropical regions (such as India, !ailand, Colombia and various countries in 
Sub-Saharan Africa). Production costs of ethanol in Brazil have steadily declined over the 
past few decades and have reached a point where ethanol is competitive with production 
costs of gasoline (Rosillo-Calle and Cortez, 1998; Wall-Bake et al., 2008). As a result, ethanol 
is no longer "nancially supported in Brazil and competes openly with gasoline (Goldemberg 
et al., 2004).

Figure 1 shows the learning curves of sugarcane and ethanol from sugarcane in Brazil 
since late 1970s. !e estimated progress ratio (PR) of 0.68 in case of sugarcane imply that 
its costs of production have reduced, on average, 32% each time its cumulative production 
has doubled (19% in case of ethanol costs, excluding feedstock costs). !e "gure also shows 
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estimated costs of sugarcane and ethanol production by 2020, supposing a certain growth 
path of sugarcane and ethanol production.

Larger facilities, better use of bagasse and trash residues from sugarcane production, e.g. 
with advanced power generation (gasi!cation based) or hydrolysis techniques (see below), 
and further improvements in cropping systems, o"er further perspectives for sugarcane 
based ethanol production (Damen, 2001; Hamelinck et al., 2005).

#e growth in the use of ethanol has been facilitated by its ability to be blended with gasoline 
in existing vehicles and be stored and transported using current facilities, equipment and 
tanks. Blending anhydrous ethanol with gasoline at ratios that generally are limited to E10 has 
been the fastest and most e"ective way of introducing ethanol in the fuel marketplace.

In Brazil fuel retailers are required to market high ethanol-content blends, with a percentage 
that can vary from 20% to 25% by volume (E20 – E25). Vehicles are customized for these 

Figure 1. Learning curves and estimated future costs of sugarcane and ethanol production (excluding 
feedstock costs) assuming 8% annual growth of sugarcane and ethanol production (Wall-Bake et 
al., 2008).
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blends by car manufacturers or, in the case of imported cars (around 10% of the market), 
at the origin or by the importers themselves.

FFVs in the USA, Sweden and elsewhere can operate within a range that varies from straight 
gasoline to E85 blends, while in Brazil they are built to run in a range that varies from 
E20–E25 blends to E100. Up to 2006 car manufacturers in Brazil used to market dedicated 
E100 vehicles, which were later substituted by the FFVs.

Considering that current world’s gasoline demand stands in the order of 1.2 trillion litres 
per year (information brochure produced by Hart Energy Consulting for CD Technologies, 
2008) fuel ethanol supply will reach approximately 5% of this volume in 2008, which in 
energy terms represents 3% of current gasoline demand.

Ethanol has the advantage that it lowers various noxious emissions (carbon monoxide, 
hydrocarbons, sulphur oxides, nitrogen oxides and particulates) when compared to 
straight gasoline. Nevertheless the extent of emission reduction depends on a number 
of variables mainly engine characteristics, the way ethanol is used and emission control 
system features.

With regard to GHG emissions it has been demonstrated that on a life-cycle basis sugarcane 
ethanol produced in Brazil can reduce these emissions by 86% under current manufacturing 
conditions and use when compared to gasoline (Macedo et al., 2008). Avoided emissions 
due to the use of ethanol produced from maize (USA) and wheat (EU) are estimated as 20-
40% on life-cycle basis (IEA, 2004). In case of ethanol from sugarcane further reductions 
of GHG emissions are possible in short to mid-term, with advances in the manufacturing 
process (i.e. replacement of mineral diesel with biodiesel or ethanol in the tractors and 
trucks, end of pre-harvest sugarcane burning and capture of fermentation-generated CO2) 
(Macedo et al., 2008; Damen, 2001; Faaij, 2006).

2.2. International trade

!e development of truly international markets for bioenergy has become an essential 
driver to develop available biomass resources and bioenergy potentials, which are currently 
underutilised in many world regions. !is is true for both residues as well as for dedicated 
biomass production (through energy crops or multifunctional systems, such as agro-
forestry). !e possibilities to export biomass-derived commodities for the world’s energy 
market can provide a stable and reliable demand for rural communities in many developing 
countries, thus creating an important incentive and market access that is much needed in 
many areas in the world. !e same is true for biomass users and importers that rely on a 
stable and reliable supply of biomass to enable o"en very large investments in infrastructure 
and conversion capacity.
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Figures 2 and 3 show the top ten ethanol importers and exporters in 2006, when the total 
volume traded was estimated as 6.5 billion litres, i.e. almost 13% of the whole production 
(Valdes, 2007). At that year more than 60 countries exported ethanol, but only ten surpassed 
100 million litres traded and the most important 15 exporters covered 90% of the whole 
trade. US have imported more than 2.5 billion litres in 2006, EU about 690 million litres 
(Licht, 2007), while the imports of Japan were estimated as about 500 million litres. !ese 
three economic blocks represented about 80% of the net imports of ethanol in 2006.

Clearly, Brazil stands out as the largest exporter, covering more than 50% of the total volume 
traded. Except in 2006, when more than 50% was directly sold to US, ethanol exports from 

Figure 2. Top 10 ethanol importers in 2006 (Licht, 2007).
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Figure 3. Top 10 ethanol exporters in 2006 (Licht, 2007).
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Brazil have been roughly well distributed among 10-12 countries. On the other hand, due to 
the Caribbean Basin Initiative (CBI) agreement10, most of the ethanol exported from Brazil 
to Central America and Caribbean countries reaches US. US importers from Caribbean 
and Central America countries have continuously grown since 2002.

Figure 4 shows Brazil’s ethanol trade since 1970. Traditionally, Brazilian exports of ethanol 
have been oriented for beverage production and industrial purposes but, recently, trade 
for fuel purposes has enlarged. Halfway the 90-ies, a shortage of ethanol occurred, even 
requiring net imports. But a!er 2000 Brazilian exports of ethanol have risen steadily. In 
2007 exports reached 3.5 billion litres and it is estimated that about 4 billion litres will be 
exported in 2008. It is expected that Brazil will maintain such an important position in the 
future. Outlooks on the future ethanol market are discussed in the next section.

10 CBI is an agreement between US and Central American and Caribbean countries that allows that up to 7% 
of the US ethanol demand may be imported duty-free, even if the production itself occurs in another country 
(Zarilli, 2006). 

Figure 4. Trade in ethanol in Brazil 1970-2008 (estimates for 2008), including all end-uses (Brazil, 
2008), (Kutas, 2008).
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3. Drivers for ethanol demand

3.1. Key drivers

When evaluating key drivers for ethanol demand, energy security and climate change are 
considered to be the most important objectives reported by nearly all countries that engage 
in bioenergy development activities. As illustrated in Table 1 no country highlights less 
than three key objectives. !is renders successful bioenergy development a challenge as it 
tries to reach multiple goals, which are not always compatible. For instance, energy security 
considerations favour domestic feedstock production (or at least diversi"ed suppliers), 
whereas climate change considerations and cost-e#ectiveness call for sourcing of feedstocks 
with low emissions and costs. !is implies that imports are likely to grow in importance for 
various industrialized countries, but also a strong pressure on developing 2nd generation 
biofuels that are to be produced from lignocellulosic biomass. Not surprisingly, the latter is 
a key policy and RD&D priority in North America and the EU.

Table 1. Main objectives of bioenergy development of G8 +5 countries (GBEP, 2008).
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Overall there are few di!erences between the policy objectives of G8 Countries and the +5 
countries (Mexico, South Africa, Brazil, India, China). Rural development is more central to 
the +5 countries’ focus on bioenergy development, and this is o"en aligned with a poverty 
alleviation agenda. Bioenergy development is also seen as an opportunity to increase access to 
modern energy, including electri#cation, in rural areas. $e rural development objectives of 
the wealthier G8 countries focus more on rural revitalization. Similarly, in the +5 countries, 
agricultural objectives envisage new opportunities not just for high-end commercialised 
energy crop production, but also for poorer small-scale suppliers. Very important is that 
in many countries (both industrialized and developing) sustainability concerns, e.g. on 
land-use, competition with food, net GHG balances, water use and social consequences, 
has become an overriding issue. Development and implementation of sustainability criteria 
is now seen in a variety of countries (including the EU) and for various commodities (such 
as palm oil, sugar and soy) (Van Dam et al., 2008; Junginger et al., 2008).

3.2. Developments in vehicle technology

Transport predominantly relies on a single fossil resource, petroleum that supplies 95% of 
the total energy used by world transport. In 2004, transport was responsible for 23% of world 
energy-related GHG emissions with about three quarters coming from road vehicles. (see 
also the breakdown of energy use of di!erent modes of transport in Table 2). Over the past 
decade, transport’s GHG emissions have increased at a faster rate than any other energy-
using sector (Kahn Ribeiro et al., 2007).

Figures 5a and 5b provide projections for the growth in energy use per mode of transport 
and per world region. Transport activity will continue to increase in the future as economic 
growth fuels transport demand and the availability of transport drives development, by 

Table 2. World transport energy use in 2000, by mode (Kahn Ribeiro et al., 2007, based on WBCSD, 
2004b).

Mode Energy use (EJ) Share (%)

Light-duty vehicles 34.2 44.5
2-wheelers 1.2 1.6
Heavy freight trucks 12.48 16.2
Medium freight trucks 6.77 8.8
Buses 4.76 6.2
Rail 1.19 1.5
Air 8.95 11.6
Shipping 7.32 9.5
Total 76.87 100
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facilitating specialization and trade. !e majority of the world’s population still does not 
have access to personal vehicles and many do not have access to any form of motorized 
transport. However, this situation is rapidly changing.

Freight transport has been growing even more rapidly than passenger transport and is 
expected to continue to do so in the future. Urban freight movements are predominantly 
by truck, while international freight is dominated by ocean shipping.

Transport activity is expected to grow robustly over the next several decades. Unless there 
is a major shi" away from current patterns of energy use, world transport energy use is 
projected to increase at the rate of about 2% per year, with the highest rates of growth in 
the emerging economies. Total transport energy use and carbon emissions are projected to 
be about 80% higher than current levels by 2030 (Kahn Ribeiro et al., 2007).

!ere is an ongoing debate about whether the world is nearing a peak in conventional oil 
production that will require a signi#cant and rapid transition to alternative energy resources. 
!ere is no shortage of alternative energy sources that could be used in the transport 
sector, including oil sands, shale oil, coal-to-liquids, gas-to-liquids, natural gas, biofuels, 
electricity and hydrogen produced from fossil fuels or renewable energy sources. Among 
these alternatives, unconventional fossil carbon resources could produce competitively 
priced fuels most compatible with the existing transport infrastructure, but these will lead 
to strongly increased carbon emissions (Kahn Ribeiro et al., 2007).

Figure 5. Projection of transport energy consumption by mode (a) and region (b) (WBCSD, 2004a).
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3.2.1. The impact of existing technologies on fuel ethanol demand

In use vehicle technologies already enable large scale use of ethanol and therefore can be 
considered a key driver for its worldwide use. For instance, if E10 were to become globally 
used today, the global FFVs !eet (estimated at 15 million vehicles as of 2008) were to use the 
maximum level of ethanol and 50,000 buses were equipped with dedicated ethanol engines, 
fuel ethanol demand would jump from current 56 billion litres to 165 billion litres, almost 
a 200% increase over existing demand (Szwarc, A. personal communication). "e largest 
consumption (75%) would come from ethanol blending with gasoline. 

"is estimate indicates the potential demand for ethanol without any technological 
breakthrough and although it would not be feasible to be achieved overnight because it 
requires a regulatory framework and ethanol logistics, it could be gradually developed 
until 2020. Projections of ethanol production for Brazil, the USA and the EU indicate that 
supply of 165 billion litres by 2020 could be achieved with the use of a combination of #rst 
and second generation ethanol production technologies.

However, a scenario where sugarcane ethanol production in Asia, Africa, Latin America and 
the Caribbean could ful#l these needs is also possible. Approximately 25 million hectares of 
sugarcane would be needed to produce this volume worldwide using only #rst generation 
technology. With cellulosic ethanol production technologies in place using sugarcane 
bagasse and straw and combination of these technologies with #rst generation technology, 
the need for land use would be reduced to 20 million hectares. A third scenario considering 
extensive use of second generation ethanol production from various non-conventional 
feedstocks, including industrial residues and municipal waste, could further reduce the 
need of land for ethanol production further (Walter et al., 2008).

3.2.2. FFVs technology and the market

In 1992, the US market saw the #rst commercially produced FFVs. It was a concept that 
would allow the gradual structuring of an ethanol market. Drivers would be allowed to run 
on gasoline where ethanol would not be available, therefore resolving the question on ‘what 
comes #rst: the car or the fuel infrastructure?’ that inhibited the ethanol market growth. 
Pushed by alternative energy regulations and #scal incentives, American car manufacturers 
began producing FFVs that in most part ended up in government !eets. Because the number 
of fuel stations marketing E85 is very limited, FFVs in the US have been fuelled with straight 
gasoline most of the time. General Motors has been championing the FFV concept in the 
USA and has recently engaged in the expansion of E85 sales locations. Other companies 
like Ford, Chrysler and Nissan have also FFVs in their sales portfolio. By December 2008 
approximately 8 million FFVs (2.8% of vehicle !eet in the US) will be on American roads 
but still consuming mostly gasoline (Szwarc, A., personal communication).
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Sweden was the !rst country in Europe to start using FFVs in 1994. At !rst only a few 
imported vehicles from the US composed a trial "eet, but in 2001 FFVs sales started. In 
2005 local car manufacturers like Saab and Volvo developed E85 FFVs versions. In 2007, the 
market share of new FFVs in Sweden was 12% and the total "eet reached 80,000 vehicles (2% 
of the total vehicle "eet). Over 1,000 fuel stations are selling E85 in Sweden making possible 
the use of E85 in FFVs. A variety of policy measures have been provided incentives for 
FFVs in Sweden. #ese include exemption of biofuels from mineral oil tax, tax bene!ts for 
companies and private car owners, free parking in 16 cities and mandatory alternative fuel 
infrastructure and government vehicle purchases. #is initiative is part of a set of measures 
taken by Sweden in order to achieve its ambitious goal to be at the forefront of the world’s 
‘green’ nations and achieve a completely oil-free economy by 2020.

E100-compatible FFVs were introduced in the Brazilian market in 2003 in a di$erent context 
than observed in the US or Sweden, in order to ful!l consumers’ desire to use a cheaper 
fuel. FFVs have become a sales phenomenon and presently sales correspond to nearly 90% 
of new light-duty vehicle sales. All car manufacturers in Brazil have developed FFVs that 
are being o$ered as standard versions for the domestic market (over 60 models in 2008). 
#e success of FFVs can be explained by now excellent availability of E100 and E20/E25 
(at more than 35,000 fuel stations nationwide), "exibility for consumers who can choose 
the fuel they want depending on fuel costs and/or engine performance. Since fuel ethanol 
has been in general less expensive than gasoline blends (straight gasoline is not available 
for sale in Brazil) and gives better performance, it became the fuel of choice. Furhtermore 
FFV’s have a ‘greener’ and more modern image and have higher resale value compared to 
conventional cars.

In 2008, the Brazilian "eet of FFVs will reach 7 million vehicles (25% of vehicle "eet) and 
in most cases the preferred fuel has been E100. #e success of FFVs in Brazil has caught the 
attention of manufacturers of two wheel vehicles (motorcycles, scooters and mopeds) who 
are developing FFVs versions that are expected to reach the market soon.

3.2.3. The impact of new drive chain technologies

Compared to current average vehicle performance, considerable improvements are possible 
in drive chain technologies and their respective e%ciencies and emission pro!les. IEA does 
project that in a timeframe towards 2030, increased vehicle e%ciency will play a signi!cant 
role in slowing down the growth in demand for transport fuels. Such steps can be achieved 
with so-called hybrid vehicles which make use of combined power supply of internal 
combustion engine and an electric motor. Current models on the market, if optimised 
for ethanol use, could deliver a fuel economy of about 16 km/litre of fuel. With further 
technology re!nements, which could include direct injection and regenerative breaking, 
fuel ethanol economy of 24 km/litre may be possible. Such operating conditions, can also 
deliver very low concentration of emissions. 
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!e use of ethanol in heavy-duty diesel fuelled applications is not easy. But the well established 
experience with ethanol-fuelled buses in Sweden, which started in the mid-nineties, and 
recent research with dual-fuel use (diesel is used in combination with ethanol but each 
fuel is injected individually in the combustion chamber according to a preset electronically 
controlled engine map) indicate interesting possibilities with regard to reducing both diesel 
use and emissions.

Drive chain technologies that may make a considerable inroad in the coming decades, such 
as electric vehicles and serial hybrids, may however have a profound impact on vehicle 
e"ciency and, to some extent, a dampening e#ect on the growth of transport fuel demand. 
Penetration of electric vehicles (cars, motorcycles and mopeds) or the use of plug-in hybrids 
that could be connected to the grid is still uncertain. Developments in battery technology 
are rapid though and electric storage capacity, charging time and power to weight ratios are 
continuously improved. When such improved technology is especially deployed in hybrid 
cars, the net e#ect will simply be a reduction of fuel demand. However, when deployed as 
plug-in hybrid, part of the fuel demand can be replaced by electricity. !is could reduce the 
growth in demand for (liquid) transport fuels down more quickly than currently assumed 
in various studies. 

In case Fuel Cell Vehicles (FCVs) become commercially available, this may mean a boost for 
the use hydrogen as fuel. Although the projected overall ‘well-to-wheel’ potential e"ciency 
of e.g. natural gas to hydrogen or biomass to hydrogen for use in a FCV is very good 
(Hamelinck and Faaij, 2006), it is highly uncertain to what extent the required hydrogen 
distribution infrastructure may be available in the coming decades. Important barriers are 
the currently high costs of FCVs and the high investment costs of hydrogen infrastructure. 
Most scenarios on the demand for transport fuels towards 2030 project only a marginal 
role for hydrogen.

Nevertheless, the speed of penetration of such more advanced drive chains in the market 
and the new infrastructure they require, is uncertain and the available projections for 
demand of liquid transport fuels indicate that we may be looking at a doubling of demand 
halfway this century. Also, the overall economic and environmental performance of the use 
of electricity and hydrogen for transport depends heavily on the primary energy source and 
overall chain e"ciency.

Hybrid vehicles in the transport sector and urban services seem to be at present stage a 
more viable alternative than FCV for the same applications. Not only is this technology more 
advanced in terms of commercial use but also it has many practical advantages in terms of 
cost and fuel infrastructure (Kruithof, 2007). Sweden has been leading the development 
of hybrid buses and trucks equipped with electric motor and ethanol engine. Commercial 
use of this type of vehicles could occur by 2010 setting a new benchmark for sustainable 
ethanol use.
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4. Future ethanol markets

Future ethanol markets could be characterized by a diverse set of supplying and producing 
regions. From the current fairly concentrated supply (and demand) of ethanol, a future 
international market could evolve into a truly global market, supplied by many producers, 
resulting in stable and reliable biofuel sources. !is balancing role of an open market and 
trade is a crucial precondition for developing ethanol production capacities worldwide.

Paramount to a solution is an orderly and de"ned schedule for elimination of subsidies, 
tari#s, import quotas, export taxes and non-tari# barriers in parallel with the gradual 
implementation of sustainable ethanol mandates. These measures will provide the 
necessary conditions to reduce risks and to attract investment to develop and expand 
sustainable production. Several di#erent e#orts to reach these goals are ongoing including 
multilateral, regional, and bilateral negotiations, as well as unilateral action. Public and 
private instruments such as standards, product speci"cations, certi"cation and improved 
distribution infrastructure are important for addressing technical and sustainability issues. 
In addition, the development of a global scheme for sustainable production combined with 
technical and "nancial support to facilitate compliance, could ensure that sustainability and 
trade agendas are complementary (Best et al., 2008).

4.1. Outlook on 2nd generation biofuels

Projections that take explicitly second generation options into account are more rare, but 
studies that do so come to rather di#erent outlooks, especially in the timeframe exceeding 
2020. Providing an assessment of studies that deal with both supply and demand of biomass 
and bioenergy, IPCC highlights that biomass demand could lay between 70-130 EJ in total, 
subdivided between 28-43 EJ biomass input for electricity and 45-85 EJ for biofuels (Barker 
and Bashmakov, 2007). Heat and biomass demand for industry are excluded in these reviews. 
It should also be noted that around that timeframe biomass use for electricity has become a 
less attractive mitigation option due to the increased competitiveness of other renewables 
(e.g. wind energy) and e.g. carbon capture and storage. (Barker and Bashmakov, 2007).

In de Vries et al. (2007) (based on the analyses of Hoogwijk et al. (2005, 2008), it is indicated 
that the biofuel production potential around 2050 could lay between about 70 and 300 EJ 
fuel production capacity depending strongly on the development scenario, i.e. equivalent to 
3,100 to 9,300 billion litres of ethanol11. Around that time, biofuel production costs would 
largely fall in the range up to 15 U$/GJ, competitive with equivalent oil prices around 50-60 
U$/barrel (see also Hamelinck and Faaij, 2006). A recent assessment study con"rms that 
such shares in the global energy supply are possible, to a large extent by using perennial 

11 Based on the LHV of anhydrous ethanol (22.4 MJ/litre).
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cropping systems that produced lignocellulosic biomass, partly from non-agricultural lands 
and the use of biomass residues and wastes. Large changes in land use and leakage e!ects 
could be avoided by keeping expanding biomass production in balance with increased 
productivity in agriculture and livestock management. Such a development would however 
require much more sophisticated policies and e!ective safeguards and criteria in the global 
market (Dornburg et al., 2008).

4.2. Scenario’s on ethanol demand and production

Walter et al. (2008) evaluated market perspectives of fuel ethanol up to 2030, considering 
two alternative scenarios. "e #rst scenario re$ects constrains of ethanol production in 
US and Europe due to the hypothesis that large-scale production from cellulosic materials 
would be feasible only towards the end of the period. In this case world production would 
reach 272,4 billion litres in 2030 (6 EJ), being only 8 billion litres of second generation 
ethanol, amount that would displace almost 10% of the estimated demand of gasoline.

Scenario 2 is based on the ambitious targets of ethanol production de#ned by US government 
by early 2007, i.e. consumption of about 132 billion litres by 2017. "is target can only be 
achieved if large-scale ethanol production from cellulosic materials becomes feasible in 
short- to mid-term. In Scenario 2 the consumption of fuel ethanol reaches 566 billion litres 
in 2030 (about 13 EJ), displacing more than 20% of the demand of gasoline; 203 billion litres 
would be second generation ethanol.

Tables 3 summarizes results of the two scenarios for di!erent regions/countries of the 
world. In case of EU, the substitution of 28.5% of gasoline volume basis (Scenario 1) 
would correspond to the displacement of 20% energy basis. By 2030, the estimated ethanol 
consumption in EU (both scenarios) and US (scenario 2) would only be possible with FFVs 
or even neat ethanol vehicles.

Table 3 also presents estimates of production capacity of #rst generation ethanol. Production 
capacity by 2030 was evaluated by Walter et al. (2008) based on the capacity available in 
2005 and on projections based on trends and plans. In some cases (e.g. EU) these results 
were adjusted to the estimates done by the IEA (2004) as well as Moreira (2006) taking into 
account constraints such as land availability. It is clear that without second generation ethanol 
the relatively modest target to displace 10% of the gasoline demand in 2030 (Scenario 1), at 
reasonable cost, can only be accomplished fostering fuel ethanol production in developing 
countries. Second generation of ethanol would be vital if 20% of the gasoline demand is to 
be replaced by biofuels in 2030 (Scenario 2), although a signi#cant contribution would have 
to come from conventional feedstocks mainly from developing countries.

However, the combination of lignocellulosic resources (biomass residues on shorter term 
and cultivated biomass on medium term) and second generation conversion technology 
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o!ers a very strong perspective. Furthermore, sugarcane based ethanol has a key role 
to play at present and that role can be considerably expanded by improving the current 
operations further and by implementation cane based ethanol production to regions where 
considerably opportunities exist, especially to parts of Sub-Saharan Africa. For example, 
the e"cient use bagasse and sugar can trash with advanced co-generation technology can 
increase electricity output of sugar mills considerably in various countries and thus deliver 
a signi#cant contribution to (renewable) electricity production. Also, it seems realistic to 
assume that sugarcane based ethanol can meet the new and stringent sustainability criteria 
that are expected in the global market on short term (see e.g. Smeets et al., 2008).

5. Discussion and final remarks

5.1. Key issues for the future markets

Biofuels in 2008 is at a crossroad: the public perception and debate have to a considerable 
amount pushed biofuels in a corner as being expensive, not e!ective as GHG mitigation 
option, to have insigni#cant potential compared to global energy use, a threat for food 
production and environmentally dangerous. But that basic rationale for the production 
and use of biofuels still stands and is stronger than ever. Climate change is accepted as a 

Table 3. Ethanol consumption by 2030 in two different scenarios and production capacity based on 
conventional technologies (billion litres).

Region/
country

Scenario 1 Gasoline 
displaced (%) 1

Scenario 2 Gasoline 
displaced (%) 1

Production 
capacity

US 55.3 7.4 263.7 35.0 63.0
EU 36.0 28.5 49.6 39.3 27.3
Japan 9.3 10.0 14.3 15.0 – 2

China 21.6 10.0 33.5 15.0 18.2
Brazil 50.0 48.03 50.0 48.03 62.0 4

ROW 5 100.2 10.0 154.9 15.0 n.c.6

1 Gasoline displaced in volume basis regarding the estimated gasoline consumption in 2030.
2 It was assumed that first generation ethanol would not be produced in Japan.
3 Estimates of gasoline displaced considering that the substitution ratio by 2030 would be 1 litre of 
gasoline = 1.25 litre of ethanol. In case of Brazil there is only one scenario.
4 In this case production capacity is not the maximum, but the capacity that should be reached 
considering a certain path of growth.
5 Rest of the World.
6 n.c. = not calculated.
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certainty, the supply of oil in relation to growing demand has developed into a strategic and 
economic risk, with oil prices hoovering around 130 US$/barrel at the moment of writing. 
Furthermore, the recent food crisis has made clear how important it is that investment and 
capacity building reach the rural regions to improve food production capacity and make 
this simultaneously more sustainable. Biofuels produced today in various OECD countries 
have a mediocre economic and environmental performance and many objections raised 
are understandable, be it overrated.

However, distinguishing those biofuels from sugarcane based ethanol production and the 
possibilities o!ered by further improvement of that production system, as well as second 
generation biofuels (including ethanol production from lignocellulosic resources produced 
via hydrolysis) is very important. It is clear though, that future growth of the biofuel market 
will take place with much more emphasis on meeting multiple goals, especially avoiding 
con"icts on land-use, water, biodiversity and at the same time achieving good GHG 
performance and socio-economic bene#ts (see e.g. Hunt et al., 2007).

5.2. Future outlook

Projections for the production and use of biofuels di!er between various institutions. 
Clearly, demand for transport fuels will continue to rise over the coming decades, also with 
the introduction of new drive chain technology. In fact, there could be an important synergy 
between new drive chains (such as serial hybrid technology) and high quality biofuels with 
narrow speci#cations (such as ethanol), because such fuels allow for optimised performance 
and further decreased emissions of dust and soot, sulphur dioxide and nitrous oxides.

Projections that highlight a possibly marginal role for biofuels in the future usually presume 
that biomass resource availability is a key constraint and that biofuel production will remain 
based on current technologies and crops and stay expensive (e.g. IEA, 2006, OECD/FAO, 
2007). Clearly, the information compiled in this chapter shows that a combination of further 
improved and new conversion technologies and conversion concepts (such as hydrolysis 
for producing sugars of ligno cellulosic materials) and use of ligno cellulosic biomass o!ers 
a di!erent perspective: the biomass resource basis consisting of biomass residues from 
forestry and agriculture, organic wastes, use of marginal and degraded lands and the possible 
improvement in agricultural and livestock e$ciency that can release lands for additional 
biomass production could become large enough to cover up to one third of the global 
energy demand, without con"icting with food production or additional use of agricultural 
land. Also, the economic perspectives for such second generation concepts are very strong, 
o!ering competitiveness with oil prices equivalent to some 55 US$/barrel around 2020. 
Further improved ethanol production (i.e. with improved cane varieties, more e$cient 
factories and e$ciently use of bagasse and trash for power generation or more ethanol using 
hydrolysis processes) from sugarcane holds a similar strong position for the future.



Sugarcane ethanol  155

 Demand for bioethanol for transport

5.3. Policy requirements and ways forward

It is very likely ethanol has a major role to play in the future worlds’ energy markets. !ere 
are uncertainties though, such as dwindling public support for biofuels and possible failure 
to commercialise second generation technologies on foreseeable term. In case biofuels 
can be developed and managed to be the large and sustainable energy carriers they can in 
principle become (which largely depends on the above mentioned governance issues). It is 
also clear that sugarcane based ethanol production is one of the key systems now with a very 
good future outlook. In addition, ethanol is a fuel that can easily absorbed by the market. 
Key preconditions for achieving the sketched desirable future outlook are:

To build on the success of current sugarcane based ethanol production and develop and 
implement further optimised production chains.
Remove market barriers to allow for open trade for biofuels across the globe, while at 
the same time securing sustainable production by adoption of broad criteria. 
To enhance strong Research Development, Demonstration and Deployment e"orts with 
respect to advanced, second generation conversion technologies. !is concerns new, 
commercial stand-alone processes, but also improvements of existing infrastructure 
and even combinations with fossil fuels (such as co-gasi#cation of biomass with coal 
for production of synfuel, combined with CO2 capture and storage).
To develop and broaden the biomass resources base by expanding (commercial) experience 
with production of woody and grassy crops. Also the enhanced use of agricultural and 
forestry residues can play an important role, in particular on the shorter term.
To further develop, demonstrate and implement the deployment of broad sustainability 
criteria for biomass production, in general, and biofuels, in particular. !is can be done 
by means of certi#cation. Global collaboration and linking e"orts around the globe 
is important now to avoid a ‘proliferation of standards’ and the creation of di"erent, 
possible con$icting schemes.
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