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Abstract 
 
Biofuels have emerged in recent years as a strategic 
element in the global transition to sustainable 
energy, based on a confluence of factors—higher 
oil prices, climate change, and the need for 
renewed emphasis on the agricultural sector in the 
developing world. The economics of biofuels are, 
however, more complicated than almost any other 
class of energy sources, because they are 
dependent on land and water availability as well 
as being dynamically intertwined with the supply 
and prices of many agro-industrial products and 
socio-economic variables. They are also a class of 
energy resources whose implications—and in 
some cases—complications—have spread from the 
local to the national to the global. In this paper, an 
overview of the economics of biofuels is discussed 
from a broad historical perspective but also from a 
micro-perspective for the case of individual fuels 
and regions. Some key examples are reviewed and 
some of the main linkages across scales and sectors 
are considered. 
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1. Introduction 

Biofuels have been used in the transport sector for 
over a hundred years, and have historically been 
quite important in times of conflict when oil 
supplies were reduced. More recently—in the past 
few decades—it has been recognised that they are 
not only valuable in terms of energy security but 
also that they can make a significant contribution 
to reducing greenhouse gases and addressing 
other environmental impacts of fossil fuels. 

A paper presented at the SAARC Regional Training 
Workshop on Biofuels, Kandalama, Sri Lanka, 22nd to 
26th September 2008. 

Biofuels are also linked to the emerging bio-
economy, since various co-products can find useful 
markets and further substitute for non-renewable 
resources, thereby making an additional 
contribution to the overall sustainability transition. 
Biomass resources can provide food, feed, fuel, 
fibre and many other types of products and 
services. 

The role envisioned for liquid biofuels for 
transport has come under increased scrutiny in the 
past few years, due to the potential social and 
environmental impacts associated with scaling up 
biofuels production and use from its low level—
currently representing about 1% of transport fuels 
globally. At such low levels, the amount of land 
and resources required is relatively low, but if 
biofuels were to be expanded to ten times that 
amount or more, there are legitimate concerns 
about the impacts on the food supply, 
deforestation, socio-economic changes, and other 
impacts that are associated with large-scale use of 
land resources. 

The economics of bio-ethanol from sugar cane are 
well understood from the experience in Brazil, 
which began its program in the early 1970s. Today, 
most cars produced in Brazil are flex-fuel and 
more than half of the fuel used in gasoline engines 
in Brazil is bio-ethanol, a major economic 
advantage since ethanol is much cheaper at today’s 
oil prices. The economics of other biofuels are less 
favourable but are similar in structure and over 
time can benefit from the same type of learning 
curve and cost reductions that comes with 
experience. 

The GHG balances from biofuels are generally 
positive, since carbon is sequestered and thereby 
cycled back from the atmosphere; however some 
biofuel crops have much better GHG balances than 
others. The use of first generation biofuels in 
temperate climates is land-intensive and inefficient 
in technical and environmental terms, whereas 
first generation biofuels in tropical climates and 
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second generation biofuels in general can offer a 
much more effective use of land resources.  

The calculation of GHG emissions associated with 
biofuels is complicated by the addition of factors 
associated with land use change, since the GHG 
impacts of land use change are beset by 
uncertainty both in physical terms as well as in the 
attribution of particular changes to production of 
particular biofuels. A further complication is 
introduced when indirect land use changes are 
incorporated, since these occur through 
combinations of market forces, illegal land use 
transformation, and regulatory efforts. More 
analysis and research is needed in order to 
improve the incorporation of land use change into 
estimates of GHG emissions from biofuels. 

The socio-economic impacts of biofuels production 
depend on many factors, including the crop, scale 
of operations, and resource management 
approach. Some impacts—such as wages and 
conditions faced by labourers—are similar in many 
respects to any type of agricultural operations, 
while other impacts may be related to the 
industrial structure in the case of larger-scale 
operations. Since harvesting will often be manual 
in less developed countries, most social impacts 
are associated with the agricultural side. Other 
social impacts are associated with land tenure in 
the case of small farmers, the possibility of 
expropriation of land by companies or government 
agencies, and the more general conditions of access 
to technology and credit for smaller farmers and 
businesses. 

This paper begins with some historical background 
on the emergence of biofuels and reviews the 
experiences in some of the key regions where 
biofuels markets are expanding. A review of 
economic aspects and cost calculations is 
considered, followed by a discussion on 
environmental impacts and socio-economic factors. 
A discussion on land use change is provided, 
including the controversies concerning the 
calculation of GHG emissions from direct and 
indirect land use change. Other aspects considered 
briefly are the issue of accounting for co-products 
and also the carbon finance implications associated 
with biofuels and bioenergy under the Clean 
Development Mechanism. In the final section, a 
review of biofuels sustainability criteria efforts is 
given. 

 

2. Historical Background 

Biofuels have been around for over a hundred 
years, and bio-ethanol in particular saw significant 
use in the early part of the twentieth century. 
Before the era of cheap oil and during times of 
conflict such as World War II, biofuels have been 
recognised as a valuable domestic alternative to 
imported oil. The resurgence of interest in biofuels 
in recent years is in part for similar reasons of 
energy security, but now the added issues of rural 
development and climate mitigation make the case 
for biofuels even more compelling. An interesting 
historical note is that the Model T introduced by 
Henry Ford during 1908-1926 could run on either 
petrol or ethanol; consequently the dual-fuel 
vehicles introduced in recent years are simply a 
somewhat more sophisticated re-introduction of a 
capability that was already available at the dawn 
of the auto age! 

2.1 Ethanol 

Ethanol fuel played a key role in the first four 
decades of the 20th Century. By the mid-1920s 
ethanol was widely blended with gasoline in many 
industrial countries.  In the Scandinavian 
countries, a 10-20% blend was common, produced 
mostly from paper mill waste; in most of the 
continental Europe ethanol was obtained from 
surplus grapes, potatoes, wheat, etc.; in Australia, 
Brazil, and many other sugarcane producing 
countries, ethanol was produced from cane juice 
and molasses. 

After WW II, few countries showed any interest in 
ethanol as there was plentiful cheap oil around. In 
the 1970s, after the oil shock, many countries began 
to again consider the ethanol fuel option, notably 
Brazil. During most of the 1990s the low price of oil 
again had a negative effect on ethanol fuel 
programmes, with many schemes being either 
abandoned or scaled down significantly. The past 
several years have witnessed a growing interest in 
fuel ethanol as a substitute to petrol in the 
transportation sector on a global scale; this is due 
to a combination of factors, ranging from 
environmental and social benefits to climate 
mitigation and energy security.  

There are three broad market categories for 
ethanol—fuel, industrial, and potable—with the 
largest volume market today being for fuel. The 
industrial market is generally associated with 
chemical and pharmaceutical industries that 
require ethanol as a feedstock for fine chemicals 
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and various products. The industrial market 
generally has greater purity requirements than fuel 
alcohol, since it is directed to specialised 
production processes rather than combustion as a 
fuel. The potable market includes distilled spirits 
and liquors. However, surplus wine alcohol is 
sometimes re-directed to other markets, such as is 
the case in some Caribbean countries, which re-
process the wine alcohol for export to the U.S. 
under special trading arrangements.  

Not all ethanol is bio-based. Synthetic fuels—both 
diesel and ethanol—can be produced from coal or 
natural gas through the Fischer-Tropsch process, 
as is common in South Africa. Synthetic ethanol is 
often used in the industrial market, due to specific 
purity requirements.  Synthetic ethanol is 
chemically identical to bio-ethanol, and market 
data is not necessarily reported separately; 
consequently Table 1 gives total ethanol 
production. Although synthetic ethanol 
production is generally not cost-competitive with 
bio-ethanol, the higher levels of purity required 
can acquire a price premium for certain 
applications. Production in South Africa was 
initially a result of the political isolation against the 
apartheid regime in the 1970s; trade sanctions 
required greater reliance on domestic energy 
sources where feasible, and South Africa has 
plentiful supplies of coal. Having all the 
infrastructure in place, South Africa has continued 
for many years now after apartheid with its 
synthetic production. The process for gas-to-
liquids is analogous to the production of second-
generation biofuels in the future via gasification of 
biomass. 

As illustrated in Table 1, world ethanol production 
has increased significantly in recent years.  The 
two largest producers—Brazil and USA—have 
generally been responsible for 60-70% of world 
ethanol production. All ethanol produced in Brazil 
is bio-ethanol, as is nearly all ethanol produced in 
the U.S. Synthetic ethanol is produced in a number 
of European countries as well as in Middle Eastern 
countries, South Africa, and some Asian countries. 
Ethanol can also be processed into ETBE (ethyl-
tertio-butyl-ether) by reaction with isobutylene, a 
refinery by-product. Such re-processing is popular 
in the EU due to the fuel standards adopted by the 
automobile industry in EU markets and the 
preferences of oil distributors in the EU for ETBE 
rather than bio-ethanol as a final product for 
blending. In a few EU countries such as Sweden, 
ethanol is blended directly rather than using ETBE. 

Sweden is also one of the few countries to run a 
significant fleet of E100 vehicles; much of the bus 
fleet runs on ethanol, using specially-designed 
engines. 

2.2 Biodiesel 

The process of trans-esterification for making bio-
diesel has been known for well over a hundred 
years, although bio-diesel as it has come to be 
known emerged only in the past twenty years, in 
terms of the use of refined vegetable oils on a 
large-scale. Rudolf Diesel first demonstrated his 
breakthrough engine design in 1893, and it was 
powered by peanut oil. He believed that the 
utilization of a biomass fuel represented the future 
for his engine. In 1911, he said “The diesel engine 
can be fed with vegetable oils and would help 
considerably in the development of agriculture of 
the countries which use it.” The emergence of 
cheap fossil fuels, however, encouraged the diesel 
engine manufacturers to alter their engines to 
utilise the lower viscosity petroleum diesel.  

Research into the use of trans-esterified sunflower 
oil and refining it to diesel fuel standard was 
initiated in South Africa in 1979. By 1983 the 
process to produce fuel quality engine-tested bio-
diesel was completed and published 
internationally (SAE, 1983). An Austrian 
Company, Gaskoks, obtained the technology from 
the South African Agricultural Engineers, put up 
the first pilot plant for bio-diesel in November 1987 
and the erection of the first industrial bio-diesel 
plant in April 1989, with a capacity of processing 
30 000 tons of rapeseed as feedstock per annum. 
Throughout the 1990s, plants were opened in 
many European countries, especially in the Czech 
Republic, France, Germany, and Italy.  

Globally, production of bio-diesel is concentrated 
in a few countries, with Germany and France 
accounting for nearly half of global production and 
consumption, as shown in Table 2. Global 
production has been increasing at a tremendous 
pace, with most of the growth in the EU as a result 
of fairly generous tax benefits and subsidies. From 
2000 to 2007, biodiesel production increased 
globally more than seven-fold, from under 1 billion 
litres to over 7 billion litres; production in 
Germany alone increased more than ten-fold over 
the same period. New financial incentives in the 
U.S.A. starting in 2005 have significantly 
stimulated production there. 
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Table 1: Global Ethanol Production by country/region (billion litres) 

 2000 2001 2002 2003 2004 2005 2006 2007 

Brazil 10.6 11.5 12.6 14.7 14.7 16.1 17.0 19.0 

U.S.A. 7.6 8.1 9.6 12.1 14.3 16.2 18.4 24.6 

EU 2.4 2.6 2.5 2.5 2.5 2.7 3.4 3.6 

Asia 5.9 6.1 6.2 6.7 6.6 6.8 7.2 7.2 

other 5.2 5.5 5.5 5.5 5.6 5.8 5.9 7.0 

Total 31.7 33.7 36.5 41.5 43.6 47.6 51.9 61.5 

Source: F.O.Licht's, 2007; EBIO 2008; NRF 2008 
NOTE: Figures include bio-ethanol and synthetic ethanol; about 85-90% of total world ethanol market is bio-ethanol; about 
80% of total world ethanol market is for fuel; Some ethanol is processed into ETBE for blending, particularly in the EU. 

 
Table 2: Global Biodiesel Production by country/region (million litres) 

 2000 2001 2002 2003 2004 2005 2006 2007 

Germany 250 315 511 813 1176 1897 2343 2543 

France 373 364 416 406 395 559 654 767 

EU-total 813 912 1210 1630 2265 3618 4303 5027 

U.S.A. 8 19 57 76 95 284 948 1706 

other 125 190 256 284 273 307 368 405 

World 945 1121 1523 1989 2633 4209 5619 7138 

Sources: estimated based on European Biodiesel Board, 2008; National Biodiesel Board, 2008. 

 

 

2.3 Other Biofuels 

There are other biofuels and other applications, 
such as the use of unrefined oils or straight 
vegetable oils, but unlike ethanol and biodiesel 
they are not global fuel commodities with specific 
properties. Biogas is also considered a biofuel, 
although it also has less relevance for international 
trade and is therefore not treated here in detail. 
Other fuels such as butanol have also sparked 
some interest. 

3. Regional Overview 

3.1 Biofuels in Brazil 

The rapid development of ethanol production 
capability in Brazil took place only after the 
creation of the Brazilian Alcohol Program, known 
as PROALCOOL, in 1975, with the purpose of 
producing anhydrous ethanol for blending with 
gasoline. After the second oil shock in 1979, the 
government decided to expand production to 
include hydrated ethanol to be used as neat fuel in 
modified engines. Sugarcane and ethanol 
production has increased several-fold during the 
past three decades. 

The continued expansion of the sugarcane industry 
in Brazil, particularly in the last decade, has been 
the result of various factors, ranging from high 
demand for sugar and ethanol both in the domestic 
and international market to continuous 
improvements in productivity. Such 
improvements include the whole chain system, 
ranging from better varieties, soil management, 
pest and disease control, transportation, technical 
improvement in conversion, to end use. 

With dozens of new industrial units in different 
stages of construction, ethanol production capacity 
is set to expand considerably in the coming years. 
Brazil has the capacity—land, technical know-how 
and even finance—to expand its ethanol 
production capacity 8-10-fold in the next 20-30 
years. The implications of such an expansion are 
being evaluated at the University of Campinas, one 
of Brazil’s premier research Universities (Cortez, 
2006). 

With the lowest cost of production in the word, 
Brazil has become the largest exporter of ethanol. 
The main priority in Brazil has thus far 
nevertheless been to supply the domestic market. 
Alcohol is used as an octane booster blended with 
gasoline, alone as “neat” fuel, and in flex-fuel 
vehicles, and also as a chemical feedstock and 
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other industrial applications. The flex-fuel vehicles, 
introduced in 2003-2004 run on any combination of 
gasoline and alcohol.  

3.1.1 Biodiesel in Brazil 

A Brazilian programme for biodiesel has been 
initiated, with similar objectives to those of the bio-
ethanol programme. However, the approach will 
be different, in that small farmers are expected to 
provide feedstock for the industrial producers of 
biodiesel. A regulatory instrument will be used to 
enforce the social and environmental profile, 
known as “The Social Fuel seal,” which will be 
awarded by the Ministry of Agrarian 
Development, as a condition for industrial 
producers of biodiesel to obtain tax benefits and 
credits. In order to receive the seal, an industrial 
producer must purchase feedstock from family 
farmers, enter into a legally binding agreement 
with them to establish specific income levels, and 
guarantee technical assistance and training (PNPB, 
2005). 

Unlike the large-scale approach used in the case of 
ethanol from sugarcane, the benefits of building a 
new industry could be better distributed. 
Economies-of-scale are somewhat different for 
biodiesel, and so a different approach may be 
useful. However, it is not clear whether the small-
scale approach will ultimately prove to be 
economic in a global market. Government 
legislation will provide security for the market 
demand; a blend of 2% (B2) will be mandatory for 
all diesel fuel as of 2008, while 5% (B5) will be 
mandatory starting in 2013 (MDA, 2005). There are 
support schemes for research and development, in 
addition to the support for implementation, via the 
tax credits associated with the Social Fuel seal. 
There is growing criticism within the business 
community of the conditions imposed by 
government, which seems more concerned with 
social development rather than energy at 
competitive price. They argue that the conditions 
attached to biodiesel production, particularly in 
the Northeast will make biodiesel uncompetitive.  

3.2 U.S.A. 

Ethanol is produced mainly from corn in the U.S., 
and domestic producers receive a subsidy of 
$0.52/gallon ($0.14/litre). Partly as a result of these 
support schemes and the recent rise in oil prices, 
U.S. production exceeded Brazilian production for 
the first time in 2005. Ethanol is sold in most States 
as an octane enhancer or oxygenate blended with 

gasoline, and in the Midwest there are also E85 or 
ethanol-only vehicles, including buses. 

Bio-diesel production has also been increasing 
significantly due to the generous tax credits 
provided by legislation enacted during 2004-2005. 
The tax credit is $0.50/gallon ($0.13/litre) of 
biodiesel made from waste grease or used cooking 
oil and ($0.26/litre) for biodiesel. If the fuel is used 
in a mixture, the credit is 1 cent per percentage 
point of agribiodiesel used or 1/2 cent per 
percentage point of waste-grease biodiesel. For 
small biodiesel producers (i.e. production capacity 
of less than 60 million gallons annually), an 
additional $0.10 ($0.03/litre) tax credit is provided 
for each gallon of biodiesel produced by small 
producers. This tax credit is capped after the first 
15 million gallons produced annually (US-DOE, 
2004).  

In September of 2005 Minnesota became the first 
state to require that all diesel fuel sold in that state 
contain part biodiesel. The Minnesota law requires 
at least 2% biodiesel (B2) in all diesel fuel sold. In 
March 2006, Washington State became the second 
state to pass a 2% biodiesel mandate, with a start-
date set for December 1, 2008 (WA, 2006). 

3.3 EU Biofuels Policies 

EU policies with respect to biofuels are relevant 
with respect to international trade, as it is 
recognised that a rapid increase in biofuels within 
the EU cannot be achieved without imports. 
Biomass and bio-energy are promoted through a 
variety of programmes and policies within the EU, 
and is widely recognised that bio-energy will be 
among the major renewable energy sources in the 
near-term. The policies and strategies adopted 
include liquid biofuels, solid biomass, and biogas. 
The sector coverage includes heat & power 
production, transport, and direct uses in 
households and businesses. A biomass action plan 
was released by the EC in late 2005 and a biofuels 
strategy in early 2006 (EC, 2005; EC, 2006). 

In 2001, the EC launched its policy to promote 
biofuels for transport, the motivation for which 
includes several dimensions: 

• to reduce greenhouse gas emissions; 

• to reduce the environmental impact of 
transport; 

• to increase the security of supply; 
• to stimulate technological innovation; and 
• to promote agricultural diversification 
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The policy was to be market-based, but would 
include indicative (i.e. non-binding) targets and 
financial incentives in order to maintain progress. 
The targets were to be based on the percentage of 
biofuels in the transport market, which was only 
0.6% in 2002. 

The EU Directive on biofuels came into force in 
May 2003, under which Member States shall 
ensure a minimum 2% share for biofuels by 31 
December 2005 and 5.75% by December 2010 (EC, 
2003a). Only Sweden with 2.2% and Germany with 
3.8% exceeded the 2% target in 2005 (EC, 2006); 
Sweden accomplished this mainly through bio-
ethanol, while Germany relied on bio-diesel. The 
biofuels component within the overall roadmap for 
renewable energy has been revised somewhat in 
light of the slow progress by Member States; a 
more recent policy document acknowledges that 
the 2010 targets will be difficult to meet, but 
nevertheless proposes a target of 10% for 2020, 
with the assumption that policy instruments must 
be made more effective (EC, 2006). The integrated 
energy-climate package that was put forth by the 
Commission also retains biofuels as a major 
component of strategies aimed at the goals of 
energy security, competitiveness, and 
sustainability (EC, 2007).  

Another component of the EU biofuel legislation 
relates to fuel quality. In 2003, the environmental 
specifications for market fuels were amended to 
establish specifications for gasoline and diesel. The 
previous Fuel Quality Directive was thus 
amended, and applies to biofuels as well as to 
petrol and diesel (EC, 2003c). The European 
Committee for Standardization (CEN) has set 
limits on biodiesel blending to no more than a 5 
percent share by volume for technical reasons. This 
strict technical requirement represents an obstacle 
to achieving the targets set in the Biofuels Use 
Directive. Consequently, it is proposed that the 
Fuel Quality Directive be revised again in order to 
remove such technical barrier as well as to address 
related issues that may constrain the use of 
biofuels. 

The EU currently has a special aid programme for 
energy crops grown on non-set-aside land, i.e. land 
that is not already within the 10% of land that 
farmers are requested to set aside under the EU 
Common Agricultural Policy (CAP). The energy 
crops can receive a premium of Euro 45 per 
hectare, within a maximum guaranteed area of 1.5 
million hectares. In 2005, an estimated 0.5 million 

hectares received the energy crop payment. The 
generous support mechanisms available for bio-
diesel have resulted in twenty of the twenty-five 
Member States of the EU producing biofuels, as of 
the end of 2005 (EURobserver, 2006). 

EU biofuels production is generally not cost-
competitive, due mainly to high-priced feedstocks, 
which is rapeseed in the case of biodiesel and 
sugar beet, corn, or wheat in the case of bioethanol. 
In spite of recent sugar sector reforms, the EU 
internal sugar prices are expected to remain 
substantially above international market prices 
and consequently sugar beet will continue to be an 
expensive feedstock. With recent significant 
increases in world oil prices, biofuels have become 
more competitive, particularly biodiesel. Imported 
bio-ethanol will generally be cheaper than EU-
bioethanol, particularly from Brazil, which is very 
cost-competitive at current oil prices. However, 
since most EU countries continue to charge 
customs duties based on the higher agricultural 
tariffs, even imported ethanol can be more 
expensive. 

In early 2006, the EC released a biofuels strategy, 
in which the overall aims of the biofuels initiatives 
were reviewed, progress was assessed, and specific 
implementation issues were addressed in terms of 
meeting future targets (EC, 2006). It was 
recognized that only about half of the target for 
2010 could be met through production within the 
EU, and the remainder would need to be met 
through imports.  

In early 2008, the Commission included new 
targets of 10% by 2020 for renewable transport 
fuels in its proposal for a new Renewable energy 
Directive. The targets would be binding on 
member states. Sustainability criteria were also 
proposed, including a minimum GHG reduction of 
35% and prohibitions on biofuels grown in 
ecologically sensitive regions. Since that time, the 
European Parliament has voted in favour of 
scaling back some aspects of the biofuels proposal, 
increasing the required GHG reductions, 
mandating an interim review of the targets, and 
setting a target of 5% for 2015, which is lower than 
the 5.75% target in the previous Directive 

3.4 Biofuels in other countries/regions 

A number of other regions are significant 
producers of biofuels or could become significant 
producers in the near-term. Countries with large 
domestic markets (U.S., China, and India) are 
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unlikely to become exporters. Other regions could 
become major exporters in the future, particularly 
southern Africa and some parts of Southeast Asia. 
Smaller African producers such as Malawi are 
discussed in section 5 along with the other 
summary case studies. The situation in China and 
India are briefly mentioned below, since these 
countries could be major producers but also 
potentially major importers in the future, 
depending on market developments. 

3.4.1 China 

Although China cannot be regarded today as a 
major player in biofuels, this could change 
dramatically in the near future. China is potentially 
a hugely untapped vehicle market; in 2004 there 
were only 27 million privately owned vehicles, 
most of them concentrated in large cities (Brown, 
2004), which is very low by western standards. The 
Chinese automobile use has been growing faster 
than in any other country; during the past 5-6 
years, automobile use has nearly doubled. If this 
trend continues, the size of the Chinese automobile 
industry will have significant implications for fuel 
demand, and some of this demand may very well 
be met through biofuels.  

3.4.2 India 

With the growing mobility of India’s increasing 
population, demand for crude oil long ago 
surpassed domestic production; diesel demand is 
much higher than petrol, due to the significant 
amount of freight transported by road. Bio-diesel 
production offers the possibility for fuel produced 
from renewable sources to sustain the growing 
demand. Some oil-bearing crops such as jatropha, 
can be grown on degraded lands, which are not 
well-suited to traditional agricultural crops. Over 
65 million hectares of land has been declared 
“wasteland” in India, and another 174 million 
hectares are close to being called wasteland, and 
this may present an excellent opportunity for 
energy crops like Jatropha.  

In April 2003, the national committee on 
development of Biofuel recommended a major 
multi-dimensional programme to replace 20% of 
India’s diesel consumption. The National Planning 
Commission has integrated the Ministries of 
Petroleum, Rural Development, Poverty 
Alleviation and the Environmental Ministry and 
others. One objective is to blend petro-diesel with a 

planned 13 Million t of bio-diesel by 2013, 
produced mainly from non-edible Jatropha oil, a 
smaller part from Pongomia. For this end, eleven 
millions ha of presently unused lands are to be 
cultivated with jatropha. One of the difficulties is 
lack of experience with large scale production of 
Jatropha, compounded by its low productivity in 
terms of fuel produced per hectare.  

3.5 International Trade in biofuels 

The case of bio-ethanol is of particular interest for 
international trade, as it is different from other 
biofuels and especially from biomass generally in 
several respects. First, the opportunity to export a 
value-added product such as ethanol rather than 
raw biomass is important for developing countries. 
Second, there are many significant potential 
producers of bio-ethanol; any of the more than 100 
countries that grow sugarcane could enter the 
market fairly easily in the absence of protectionist 
measures. Third, the most economical biomass 
source or feedstock, sugarcane, is found almost 
exclusively in the developing world. Fourth, unlike 
biomass or wood products, ethanol markets are 
impacted significantly by trade barriers and tariffs. 
While many small sugarcane–producing 
developing countries are potential producers, both 
sugar and ethanol are protected products in most 
markets. Preferential sugar prices have been a 
disincentive for developing countries to switch to 
ethanol, since they can obtain more money from 
subsidised sugar exports. 

Some projections suggest that ethanol trade will 
increase by a factor of 3-4 by 2010 (Rosillo-Calle & 
Walter, 2006). Between 2010 and 2015, trade is 
expected to more than double (F.O.Lichts, 2006). 
More significantly, the number of exporting 
countries/regions will increase significantly, with 
countries other than Brazil and U.S.A. making up 
about 30% of the total, compared to less than 5% in 
2005. Exports are increasing as a growing number 
of countries are developing ethanol fuel policies 
and programmes, due to several driving forces: 

• Progress on climate change: implementation 
of Kyoto and further post-Kyoto decisions  

• Clearer long-term policy in U.S.A. in favour 
of alternative transport fuels 

• Improving attitude of the automobile 
industry toward alternative fuels 

• Technological progress, including cellulose-
based ethanol 
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• Interest in supporting rural development in 
developing and developed countries alike 

International trade of fuel ethanol also faces some 
specific barriers, including: 

• Tariff and non-tariff trade barriers 
• Focus on domestic rather than the external 

market in most countries 
• New investments in infrastructure and 

adaptations to new programmes. 

• Direct domestic production subsidies actually 
hinder longer-term market development 
because of market risk perceptions in light of 
political uncertainty of future support 
schemes. 

Present trends indicate that it would be possible to 
create sizeable production and consumption 
centres outside the USA and Brazil, e.g. EU, China, 
India, Japan, Thailand, and Southern Africa. It is 
relatively easy and cheap to transport ethanol by 
ship, just as oil is transported; the transport cost is 
generally between 1-2 US¢/litre. Currently, 
between 3 and 4 billion litres of ethanol is traded 
annually, with Brazil and the USA being the main 
exporters, and Japan and EU the main importers. 
The EU and Japan could become the major 
importers in the future, given the interest in 
creating renewable fuels markets based on 
environmental and energy security reasons, and 
the low availability of cost-effective domestic 
production. Although in the case of the EU the 
strong agricultural lobby is pushing for domestic 
production rather than imports.  

Fulton (2005) has studied the potential large-scale 
ethanol production from sugarcane up to 2050, 
estimated at 633 B/l/yr (14.5 EJ/yr or about 20% 
of the estimated projected world gasoline demand 
in 2050). This scenario considers only a maximum 
of 10% of the cropland area to be used for 
sugarcane (excluding Brazil). Brazil accounts for 
nearly half of the total ethanol production in this 
scenario. It is estimated that 3,460 new industrial 
plants would have to be built up to 2050, of which 
1,720 will be in Brazil; the cumulative associated 
investment is estimated at US$215 billion. This 
appears to be an optimistic scenario in terms of a 
total market size equal to 20% of gasoline demand; 
on the other hand, the estimated amount of 
cropland required may in fact be less, given the 
historical improvement in yields and the 
possibility to focus production on the most high-
yielding regions and the varieties best-suited to 
those regions. 

An estimate of potential global trade in biofuels in 
relation to supply capacity and demand is shown 
in Figure 1. The high potential in the region of sub-
Saharan Africa is coupled with very low demand 
there (except for South Africa) and consequently 
there is an excellent opportunity to become a major 
next exporter; indeed, without exports, biofuels 
will be less competitive due to the low liquid fuels 
demand and subsequent lower economies of scale 
that would result from focusing on domestic 
demand (Johnson and Matsika, 2006). 
Consequently, the notion that countries should 
meet domestic demand first comes in conflict in 
many cases with the market/trade principles of 
comparative advantage. Low demand and high 
potential is also found in Southeast Asia and parts 
of Latin America, which would also therefore 
suggest increased investment in capacity in those 
regions. High-consuming regions in temperate 
climates such as North America and Europe will 
need to import under nearly any cost-competitive 
scenario with relatively free trade in biofuels.  

4. Resources and Conversion 

There are many different routes for converting 
biomass to bioenergy, involving various biological, 
chemical, and thermal processes; the major routes 
are depicted in Figure 1. There can be intermediate 
steps and the various processing routes are not 
always mutually exclusive. Furthermore, there are 
often multiple energy and non-energy products or 
services from a particular conversion route, some 
of which may or may not have reached commercial 
levels. Figure 1 shows only the energy-related 
products or fuels; simple combustion is assumed 
and not pictured, in order to simplify the diagram. 
So-called second generation biofuels include those 
produced through Fischer-Tropsch synthesis (F-T 
in Figure 1) as well as ligno-cellulosic conversion 
to ethanol. First-generation biofuels include oil 
crops esterified into biodiesel and direct 
fermentation of sugar and starch crops. 

Due to the variety of conversion options and final 
products, it is more difficult to make comparisons 
of efficiency in biomass utilization than it is for 
other energy options; bioenergy extends across all 
energy carriers and involves many different 
pathways and processes. The efficiency of biomass 
and bioenergy production needs to be assessed 
across the various parts of the chain—from the 
land and inputs used for cultivating biomass 
through intermediate processing to the useful  
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Figure 1: Estimated biofuel supply and demand in relation to capacity for various world regions 

 
Source: New Energy Finance, 2007 

 

 

Figure 2: Steps and resources in biomass conversion to energy products and fuels 

 

 

 

Source: EC DG-TREN, 2006 

 

 



SLEMA Journal, Vol 13, No2, Sep 2008 

 
 

13  

energy that can be harnessed for particular 
products and applications.  

On the agricultural or resource side, efficiency 
depends on choosing crop species and varieties 
well-suited to local soils and climate. In Brazil, for 
example, over 500 varieties of sugar cane are used 
for bio-ethanol production, some of which are 
designed and developed for optimal growth in 
particular micro-climates. The productivity of 
biomass crops grown in tropical and sub-tropical 
regions, in terms of energy per unit of land, is 4-6 
time higher on average than typical crops grown in 
the temperate climates of Europe. But even within 
Europe, there is considerable variation in the 
productivity of different energy crops (discussed 
in section 7; see Table 7 for a summary). 

In terms of minimising overall losses in the 
industrial conversion side of the production chain, 
the most efficient use of biomass for energy is for 
heat, including combined heat and power, where 
overall system efficiencies can be as high as 80-
90%. Matching conversion systems to the scale and 
structure of demand for heat and power is 
necessary to minimise costs. Some conversion 
systems are technologically mature for use of 
biomass, such as steam turbines and steam 
engines. Other systems are still under 
development, such as Stirling engines and the 
Organic Rankine cycle. Systems differ in scale 
efficiencies, service requirements, and other 
characteristics; choice of the optimal system is thus 
often site-specific (Vamvuka et al, 2007). 

Liquid and gaseous biofuels are useful in 
extending the value of biomass to other sectors, 
including transport sector or in substituting for 
natural gas. The efficiency in conversion tends to 
be on the order of 55-65%. Biogas from animal 
wastes and other types of “wet” biomass is 
produced through anaerobic digestion, which is 
the decomposition of biomass using micro-
organisms in a low-oxygen environment. Biogas 
can be used for many different applications: direct 
use for cooking or heating, electricity generation, 
compression for use in transport, or it can also be 
fed into the natural gas grid after clean-up or 
purification. 

Due to the variety of conversion options and final 
products, it is more difficult to make comparisons 
of efficiency in biomass utilization than it is for 
other energy options; bioenergy extends to all 
energy carriers and involves many different 
pathways and processes. The efficiency of biomass 

and bioenergy production needs to be assessed 
across the various parts of the chain—from the 
land and inputs used for cultivating biomass 
through intermediate processing to the useful 
energy that can be harnessed for particular 
products and applications.  

On the agricultural or resource side, efficiency 
depends on choosing crop species and varieties 
well-suited to local soils and climate. In Brazil, for 
example, over 500 varieties of sugar cane are used 
for bio-ethanol production, some of which are 
designed and developed for optimal growth in 
particular micro-climates. The productivity of 
biomass crops grown in tropical and sub-tropical 
regions, in terms of energy per unit of land, is 5 
times higher on average than typical crops grown 
in the temperate climates of Europe (Bassam, 
1998). 

In terms of minimising overall losses in the 
industrial conversion side of the production chain, 
the most efficient use of biomass for energy is for 
heat, including combined heat and power, where 
overall system efficiencies can be as high as 80-
90%. Matching conversion systems to the scale and 
structure of demand for heat and power is 
necessary to minimise costs. Some conversion 
systems are technologically mature for use of 
biomass, such as steam turbines and steam 
engines. Other systems are still under 
development, such as Stirling engines and the 
Organic Rankine cycle. Systems differ in scale 
efficiencies, service requirements, and other 
characteristics; choice of the optimal system is thus 
often site-specific (Vamvuka et al, 2007). 

Liquid and gaseous biofuels are useful in 
extending the value of biomass to other sectors, 
including transport sector or in substituting for 
natural gas. The efficiency in conversion tends to 
be on the order of 55-65%. Biogas from animal 
wastes and other types of “wet” biomass is 
produced through anaerobic digestion, which is 
the decomposition of biomass using micro-
organisms in a low-oxygen environment. Biogas 
can be used for many different applications: direct 
use for cooking or heating, electricity generation, 
compression for use in transport, or it can also be 
fed into the natural gas grid after clean-up or 
purification. 
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