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Abstract 

This thesis is a theoretical and empirical examination of the development 
of bioethanol markets since 2005 when sustainability regulations for 
biofuels were introduced globally. The experiences of Brazil and Sweden, 
and the influence of European regulations on the development of 
bioethanol markets receive special attention. The work is based on 
primary and secondary data sources gathered between 2009 and 2014, 
including interviews, field research, data from public and private sources, 
as well as an extensive literature review. The thesis uses case examples of 
countries that have adopted bioethanol as a transport fuel, such as Brazil 
and Sweden. 

The research is structured using a bottom-up approach, and addresses 
three specific angles of the complex issue of how bioethanol markets 
have developed under sustainability requirements. 

The first part introduces an economic sustainability view of ethanol. The 
characteristics of bioethanol fuel are presented together with concepts 
and a theoretical framework for analysing biofuel sustainability. Policy 
tools are also discussed, particularly those used to introduce fuel ethanol 
in the transport sector. The discussion is centred on the competition 
between ethanol and gasoline, considering the hypothesis that consumers 
are sensitive to prices and tend to choose fuels based on their cost-per-
energy unit. The analysis is supported by the case examples of Brazil and 
Sweden, with special focus on the delicate balance between fuel 
economies of bioethanol and gasoline systems in the face of different 
ways oil products are priced in those countries. Findings show that 
drivers tend to choose between bioethanol (E85/E100) or gasoline (E5-
E25) depending on the relative prices between the two fuels. The 
research results suggest that different pricing strategies for bioethanol 
and gasoline affect how consumers perceive the attractiveness of each 
fuel. The examples of E100 in Brazil and E85 in Sweden provide insights 
on the elastic consumer behaviour that new markets may experience, 
serving to guide strategies in different contexts. 

The second part of this work bridges experiences in national contexts 
with the recent trend for biofuel sustainability regulation in international 
markets. Based on the hypothesis that the ethanol industry is responsive 
to sustainability regulations, an examination of the development of the 
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Brazilian bioethanol industry is carried out. This provides a comparison 
framework drawing patterns between the industry's reaction to national 
regulations (past) and international regulations (recent). For this purpose, 
a comparison between the European sustainability requirements for 
ethanol and the industry’s status quo is explored. Findings show that the 
EU sustainability criteria for biofuels are likely to have three effects on 
the bioethanol industry: (i) compliance through incremental 
improvements in sustainability practices and certification; (ii) risk 
diversification by engaging in multi-output production models; and (iii) 
market leakage towards less-regulated markets. 

The third part of the thesis brings together the first two parts. It 
examines how in a fuel competition context, the incorporation of costs 
related to sustainability certification can change the attractiveness of 
high-bioethanol blends for consumers. The model of sustainability 
adopted by major international markets is based on regulations enforced 
by mandatory certification. As biofuel market share increased, producers 
were faced with costs for sustainability certification in order to obtain 
market access. While it was expected that ‘sustainably’ produced biofuels 
would be rewarded with higher prices in the EU, this work found that 
price premiums for ethanol have in general been very small or inexistent, 
with certified fuels becoming the new norm in the market. New costs 
brought into the market through sustainability certification can make it 
difficult to balance between national policies heavily reliant on consumer 
choice between fuels (and associated price-elasticities), and the 
deployment of high blends of ethanol, such as E100 and E85. 

By analysing the three aspects (consumer behaviour and market 
dynamics for ethanol in Brazil and Sweden, the introduction of 
sustainability criteria for biofuels, and the implications of sustainability 
for consumer choice between fuels) this work seeks to increase 
understanding of the highly complex issue of biofuel market formation 
in the face of sustainability requirements. The key finding is that 
sustainability certification has a cost, which needs to be orchestrated with 
other sectors of the economy to achieve the desired objectives. This 
thesis suggests that crucial areas of economic and environmental 
sustainability have been often dealt with separately in biofuel 
policymaking, which has created weaknesses that deserve attention in 
future policy efforts in order to improve biofuel systems.  

Keywords: Bioethanol, Biofuels, Consumer choice, Sustainability 
Criteria, International Trade, European Union, Brazil, Sweden, Policy. 
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Sammanfattning  

Denna avhandling är en teoretisk och empirisk undersökning av 
utvecklingen av bioetanolmarknader sedan 2005 då hållbarhetsregler för 
biobränslen infördes över hela världen. Erfarenheter från Brasilien och 
Sverige samt påverkan av EU-förordningar på utvecklingen av bioetanol-
marknaderna står i fokus. Arbetet bygger på primära och sekundära 
datakällor samlade mellan 2009 och 2014 och inkluderar bland annat 
intervjuer, fältforskning, uppgifter från offentliga källor samt en 
omfattande litteraturgenomgång. Avhandlingen använder exempel från 
länder där bioetanol används som drivmedel, såsom Brasilien och 
Sverige. 

Forskningen är strukturerad enligt en bottom-up-strategi med tre 
specifika utgångspunkter i analysen av den komplicerade frågan om hur 
marknaden för bioetanol har utvecklats för att tillmötesgå 
hållbarhetskraven. 

Den första delen introducerar en ekonomisk hållbarhetsyn på etanol. 
Egenskaperna för bioetanol presenteras tillsammans med olika 
produktionskoncept, och ett teoretiskt ramverk för att analysera 
hållbarheten av biobränsle. Även politiska verktyg diskuteras, speciellt de 
som används för att introducera etanol i transportsektorn. Diskussionen 
kretsar kring konkurrensen mellan etanol och bensin med hypotesen att 
konsumenterna är känsliga för priser och tenderar att välja bränsle 
baserat på kostnaden per energienhet. Analysen stöds av fallstudier från 
Brasilien och Sverige särskilt för den delikata avvägningen mellan 
bränslena beroende på bränsleprissättningen i dessa länder. Resultaten 
visar att konsumenter tenderar att välja bioetanol (E85/E100) eller 
bensin (E5-E25) beroende på de relativa priserna mellan de två 
bränslena. Forskningsresultaten tyder på att olika prissättningsstrategier 
för bioetanol och bensin påverkar hur attraktivt konsumenterna 
uppfattar respektive bränsle. Exemplet med E100 i Brasilien och E85 i 
Sverige ger insikter om det elastiska konsumentbeteendet som nya 
marknader kan uppleva och kan vägleda utformningen av 
prissättningsstrategier i olika sammanhang. 

Den andra delen av detta arbete skapar en länk mellan det nationella 
sammanhanget och den senaste trenden i hållbarhetsreglering av 
biobränslen på de internationella marknaderna. Baserat på hypotesen att 
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etanolindustrin är känslig för hållbarhetsreglering har en undersökning av 
den brasilianska bioetanolindustrins utveckling genomförts. Detta ger ett 
ramverk för en jämförelse mellan branschens reaktion på de tidigare 
nationella reglerna och de nuvarande internationella reglerna. I detta 
syfte utforskas en jämförelse mellan de europeiska hållbarhetskraven för 
etanol och branschens status quo. Resultaten visar att EU:s 
hållbarhetskriterier för biodrivmedel sannolikt har tre effekter på 
bioetanolindustrin: (i) tillmötesgående genom stegvisa förbättringar i 
hållbarhetspraxis och certifiering; (ii) riskspridning genom att delta i flera 
produktionsmodeller; och (iii) marknadsläckage till mindre reglerade 
marknader. 

Den tredje delen av avhandlingen förenar de två första. Den undersöker 
hur, i ett sammanhang av bränslekonkurrens, inkorporering av kostnader 
relaterade till hållbarhetscertifiering kan ändra attraktiviteten av 
höginblandningar av bioetanol för konsumenter. Hållbarhetsmodellen 
som antagits av de stora internationella marknaderna regleras av en 
obligatorisk certifiering. Samtidigt som handeln med biobränslen har 
ökat, har producenter belastats med kostnader för hållbarhetscertifiering 
för att få tillträde till marknaden. Även om det var väntat att hållbart 
producerade biobränslen skulle belönas med högre priser inom EU fann 
detta arbete att effekten av prispremier för etanol är generellt sätt mycket 
liten eller obefintlig, då certifierade bränslen har blivit den nya normen 
på marknaden. Nya kostnader som förts in på marknaden genom 
hållbarhetscertifiering innebär en balansakt mellan den nationella 
politiken, som är starkt kopplad till konsumenters val mellan bränslen 
(och tillhörande pris-elasticiteter), och införandet av höginblandingar av 
etanol som E100 och E85. 

Genom att analysera dessa tre aspekter; konsumentbeteende och 
marknadsdynamik för etanol i Brasilien och Sverige, införandet av 
hållbarhetskriterier för biobränslen och konsekvenserna av hållbarhet för 
konsumenternas val mellan bränslen, syftar detta arbete till att förbättra 
förståelsen av den mycket komplicerade frågan om biobränslen 
marknadsbildning ställd inför hållbarhetskrav. Det viktigaste resultatet är 
att hållbarhetscertifiering innebär en kostnad som bör  samordnas med 
andra ekonomiska sektorer för att uppnå de önskade målen. Denna 
avhandling visar att viktiga områden inom ekonomisk och miljömässig 
hållbarhet ofta har behandlats separat vid utformandet av ett ramverk för 
biobränsle. Detta har skapat svagheter som bör beaktas inför framtida 
policy som syftar till förbättringar av biobränslesystemet. 

Nyckelord: Bioetanol, Biobränslen, Konsumenternas valmöjligheter, 
Hållbarhetskriterier, internationell handel, EU, Brasilien, Sverige. 
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Preface  

This PhD dissertation was developed at the Energy and Climate Studies 
(ECS) unit, Department of Energy Technology, School of Industrial 
Engineering and Management at KTH Royal Institute of Technology, 
within the framework of the Global Energy and Climate Studies 
Program, supported by the Swedish Energy Agency. ECS has an 
interdisciplinary character with a strong systems approach, linking issues 
related to energy technology and policy, climate change and sustainable 
development. 

Publications 

This doctoral thesis is based on seven journal papers published or 
submitted to peer-reviewed academic journals, which are also attached to 
this volume. The scientific material was produced between 2009 and 
2014. The order in which the papers are presented in the next session 
corresponds to the organisation of the thesis. Below is the full list of the 
7 papers, as well as an explanation of the author's contribution to the 
papers. 

I. Pacini, Henrique. Silveira, Semida. (2011) Consumer choice 
between ethanol and gasoline: Lessons from Brazil and Sweden. 
Energy Policy 39, pp. 6936–6942. 

One of the centrepieces of this thesis, this paper resulted from 
field-research at the Brazilian Ministry of Finance. The paper 
examines the opportunity costs experienced by drivers when 
those choose to tank ethanol between the years of 2005 and 
2009. It draws a comparison of opportunity costs and fuel 
choice dynamics in Brazil and Sweden, both countries having 
flex-fuel fleets. Prof Silveira provided guidance and aided in the 
revisions during the development of the publication. She 
suggested the comparative analysis and provided insights about 
the Swedish context. 

II. Pacini, Henrique. Silveira, Semida. (2011) Ethanol or gasoline? 
Consumer choice in the face of different fuel pricing systems in 
Brazil and Sweden. Biofuels vol. 1, issue 5. pp. 685–695. 
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This publication examines a parallel feature related to the 
consumer choice between ethanol and gasoline - the different 
mechanisms by which gasoline is priced on the market. As 
countries have different setups for gasoline pricing (from 
international markets to domestic prices), this impacts the 
competitiveness of bioethanol. While most of the analysis and 
data-gathering was done by myself, Prof Silveira helped to craft 
the comparison between gasoline pricing systems in Brazil and 
Sweden, as well as an interpretation of counterfactual scenarios 
created to investigate whether ethanol would have been more or 
less competitive if different pricing systems were in place in the 
analysed countries. 

III. Da Silva Filho, Antonio Carlos., Pacini, Henrique., De Oliveira 
Silva, Giulia., Guasti Lima, Fabiano. (2011) When is pure 
ethanol attractive as a fuel option? Quantifying the gasoline vs. 
ethanol dilemma faced by consumers in Brazil. Journal of 
Academy of Business and Economics, Volume 11, Number 3.  

In this article, I used updated ethanol price and demand data to 
produce a model to forecast shifts between ethanol and gasoline 
consumption due to fuel price variations in Brazil. While some 
of the data was originally used for publications 1 and 2, in this 
paper we employed longer time-series and more sophisticated 
regression modelling to structure a quantitative forecast for 
shifts in market shares resulting from relative price changes for 
these fuels.  The co-authors provided support in structuring the 
problem in Matlab, obtaining cross elasticities between ethanol 
prices and gasoline demand. 

IV. Pacini, Henrique; Silveira, Semida; Da Silva Filho, Antonio 
Carlos. (2013) The European Biofuels Policy: From where and 
where to? European Energy Journal Vol. 3, Issue 1. Pp. 17–36.  

In this article, my contribution covered the entire examination of 
the roots of the European Biofuels Policy, from its origins in the 
1990s to its consolidation over the two major directives on the 
theme in the 2000s (2003 and 2009). I also made an examination 
of how the issue of sustainability made its way into biofuel 
legislation at the EU level, and explored future paths for biofuel 
adoption in Europe based on a reinterpretation of data from the 
National Renewable Energy Action Plans (NREAPs). My co-
authors Prof Silveira guided me in the process, while Dr. Da 
Silva Filho assisted with the MATLAB implementation of the 
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biofuel usage forecasts until 2020 based on data from the 
NREAPs. 

V. Pacini, Henrique; Strapasson, Alexandre (2012). Innovation 
subject to sustainability: the European policy on biofuels and its 
effects on innovation in the Brazilian bioethanol industry. 
Journal of Contemporary European Research Vol. 8, Number 3.  

In this article, my contribution involved the creation of a 
framework to generate insights on the paths of the ethanol 
industry, when faced with supranational sustainability 
requirements. I employed an adaptive forecast strategy, by 
examining the development of the Brazilian ethanol industry in 
a national context - and especially the industry's reaction to 
sustainability provisions that emerged out of national legislation. 
I explored parallels with more recent demands arising from 
supranational sustainability legislation that were introduced by 
the European Union.  My Co-author Dr. Strapasson supported 
the study by providing details on the regulatory process for 
ethanol in Brazil and the corresponding reactions from the 
industry during the 2000s. 

VI. Pacini, Henrique; Assunção, Lucas; van Dam, Jinke; Toneto Jr. 
Rudinei. (2013) The price for biofuels sustainability. Energy 
Policy 59, pp. 898–903. 

In this paper my contribution involved building the investigation 
– using literature, data and interviews – on the possible existence 
of a sustainability "price-premium" for biofuels which are 
certified as sustainable.  This involved a study of policy 
developments internationally and in the EU since 2006, when 
sustainability criteria were initially envisioned as a directive 
proposal in the European Union. I was also responsible for 
preparing and applying semi-structured questionnaires to market 
players. The co-authors Dr. Toneto and Dr. Van Dam provided 
important guidance on the issue, bringing insights from their 
previous work on sustainability and supply chains. 

VII. Pacini, Henrique. Da Silva Filho, Antonio Carlos. Frascaroli, 
Bruno. (2013) Ethanol vs. Gasoline in Brazil: what to expect 
when sustainability is incorporated. Submitted for publication at 
Energy for Sustainable Development. 

In this paper my contribution involved the conceptual and 
operational linkages between the additional costs brought in by 
sustainability incorporation in the ethanol market and the price-
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sensitive dynamics of consumer choice between ethanol and 
gasoline in Brazil. Dr. Da Silva Filho and Dr. Frascaroli assisted 
in the operational phase, especially in the construction of the 
mathematical and econometric models used to estimate the 
effects of sustainability costs on consumer choice between fuels.   

Related publications that are not included in the PhD thesis 

Reports, book chapters and other journal contributions: 

Pacini, Henrique (2009) Considerações sobre o mercado de 
álcool e gasolina no Brasil: Os critérios de sustentabilidade 
Europeus para biocombustíveis e considerações futuras. 
Presented at the concluding conference of research fellowship at 
the Brazilian Ministry of Finance / SEAE in January 2009, 
Brazil. 
 
Johnson, Francis X., Pacini, Henrique. Smeets, Edward. (2012) 
Transformations in EU biofuels markets under the Renewable 
Energy Directive and the implications for land use, trade and 
forests. CIFOR Occasional Paper 78 
 
Pacini, Henrique; Cechin, Andrei; Silveira, Semida. (2012) 
Sustainability Policy: A case study of the limits to Biofuel 
Sustainability. In: Mechanism Design for Sustainability: 
Techniques and cases, pp. 283–306. Edited by Zongwei Luo. 
Springer. 
 
Pacini, Henrique. Batidzirai, Bothwell. (2011) Chapter 14: The 
Development of Biofuel Capacities – Strengthening the Position 
of African Countries through Increased Energy Security. In: 
Bioenergy for Sustainable Development and International 
Competitiveness: The Role of Sugar Cane in Africa. Edited by 
Francis X. Johnson and Vikram Seebaluck. Earthscan. 
 
Pacini, Henrique., Walter, Arnaldo., Kumar Patel, Martin. (2014) 
Is ethanol worth tanking only when it costs 70% of the price of 
the equivalent in volume of gasoline? Biofuels, vol 5, Issue 3, pp 
195-198. 

Conference papers: 

Pacini, Henrique. Silveira, Semida (2010) Gasoline pricing 
systems and the attractiveness of high-ethanol blends: The cases 
of Brazil and Sweden. Study presented at the 3rd International 
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Scientific Conference on Energy Systems with IT at Älvsjö fair 
in association with Energitinget March 16–17 2010, Sweden. 
 
Pacini, Henrique (2011) The European Biofuels Policy: from 
where and where to? Presented at Risø DTU Energy 
Conference 2011, Denmark. 
 
Pacini, Henrique (2012) The price for biofuels sustainability. 
Presented at the 7th scientific meeting of the Brazilian 
Association of Energy Economics in Rio de Janeiro, December 
7th, 2012, in Brazil. 
 
Pacini, Henrique (2013) Ethanol vs. Gasoline in Brazil: What to 
expect when sustainability is incorporated. Presented at the 36th 

Annual Conference of the International Association of Energy 
Economics in Daegu, June 19th, 2013 in South Korea. 
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Abbreviations and 
Nomenclature 

 
2BSvs   Biomass biofuel sustainability voluntary scheme 
Abengoa   Biofuel trading group 
AfDB   African Development Bank 
AGLINK-COSIMO  Joint OECD and FAO partial equilibrium 

model 
ANP Agência Nacional de Petróleo, Gás Natural e 

Biocombustíveis (Brazilian Agency for Oil, 
Natural Gas and Biofuels) 

barrel Approximately 119 litres 
BCG Boston Consulting Group 
BID Banco Interamericano de Desenvolvimento 

(Inter-American Development Bank) 
BNDES Banco Nacional do Desenvolvimento 

Econômico e Social (Brazilian Development 
Bank) 

Bonsucro Bonsucro Sustainability Certificate 
Bonsucro EU Bonsucro certification for the European Union 
BP British Petroleum, a British multinational oil 

and gas company 
BRASKEN Brazilian Petrochemical Company 
BRL Brazilian Real, currency in Brazil 
C2H6O Bioethanol (ethyl alcohol) 
CAP Common Agriculture Policy 
CAPRI Common Agriculture Policy Regionalised 

Impact Modelling System 
CARB California Air Resources Board 
CARD Center for Agricultural and Rural Development 
CBD United Nations Convention on Biological 

Diversity 
CDM Clean Development Mechanism 
CEPAL Comisión Económica para América Latina y el 

Caribe (Economic Commission for Latin 
America and the Caribbean) 



 xiv

CEPEA Centro de Estudos Avançados em Economia 
Aplicada (Center for Advances Studies on 
Applied Economics) 

CESIFO Ifo Institute – Center for Economic Studies 
Ceth Consumption of ethanol 
Cethanol Consumption of ethanol 
Cfuel Consumption of fuel 
Cgas Consumption of gasoline 
Cgasoline Consumption of gasoline 
CHP Combined heat and power Systems 
CIF Cost, insurance and freight 
CIFOR Center for International Forestry Research 
CO2 Carbon dioxide 
COMPETE Competence Platform on Energy Crop and 

Agroforestry Systems for Arid and Semi-arid 
Ecosystems – Africa 

CONAG Conselho Temático de Agronegócios 
COP Conference of the Parties of the United 

Nations Climate Change Conference 
COP15 15th Conference of the Parties of the United 

Nations Climate Change Conference 
CPDA Curso de Pós-Graduação em Desenvolvimento, 

Agricultura e Sociedade 
CTBE Laboratório Nacional de Ciência e Tecnologia 

do Bioetanol (Brazilian Bioethanol Science and 
Technology Laboratory) 

CTC Centro de Tecnologia Canavieira (the largest 
sugarcane research centre in the world) 

DG ENER The European Commission Directorate-
General for Energy (short form) 

DG ENERGY The European Commission Directorate-
General for Energy 

DG TREN The European Commission former Directorate 
– General for Energy and Transport 

DTU Danish Technical University 
E Global primary energy consumption 
e Energy intensity of world GDP 
E05 5% anhydrous ethanol, 95% gasoline 
E5 5% anhydrous ethanol, 95% gasoline 
E10 10% anhydrous ethanol, 90% gasoline 
E100 Hydrated ethanol 
E18 18% anhydrous ethanol, 82% gasoline 
E25 25% anhydrous ethanol, 75% gasoline 
E85 85% anhydrous ethanol, 15% gasoline 
EBB European Biodiesel Board 



 xv 

EC European Commission 
Eceth, Peth Price elasticity of demand for ethanol 
Ecgas, Peth Cross price elasticity between changes in price 

for E100 and changes in demand for gasoline 
ECN Energy Research Centre of the Netherlands 
Embrapa Brazilian Agricultural Research Corporation 
Ensus Ensus Biofuels Group 
EPA Environmental Protection Agency 
EPFL Ecole Polytechnique Fédérale de Lausanne, 

Switzerland, initiator of the Roundtable on 
Sustainable Biofuels 

EPO European Patent Office 
ESALQ Escola Superior de Agricultura “Luiz de 

Queiroz” (Luiz de Queiroz College of 
Agriculture, Brazil) 

ESIM European Simulation Model 
ETBE Ethyl ter-butyl ether 
EU European Union 
EU-27 The 27 first Member States of the EU (between 

1 January 2007 and 30 June 2013); Austria, 
Belgium, Bulgaria, Cyprus, Czech Republic, 
Denmark, Estonia, Finland, France, Germany, 
Greece, Hungary, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, 
Poland, Portugal, Romania, Slovakia, Slovenia, 
Spain, Sweden and United Kingdom 

EUBRANEX EU-Brazil Academic Exchange Network 
EUR Euro, currency in most of the Member States of 

the European Union 
EurActiv European Union Information Website 
EU-RED Renewable Energy Directive of the European 

Union 
EurObserv’ER Tool that measures the progress made by 

renewable energies in each sector and in each 
Member State of the European Union 

EurObservER Observatoire des energies renouvelables 
F Global CO2 emissions from human sources 
f Carbon intensity of energy 
FAOSTAT The Statistics Division of the Food and 

Agriculture Organization of the United Nations 
FAO Food and Agriculture Organization of the 

United Nations 
FAPESP São Paulo Research Foundation  



 xvi

FERAESP Federação dos Empregados Rurais Assalariados 
do Estado de São Paulo (agricultural labor 
organization in the state of São Paulo, Brazil) 

FORES Forum för reformer och entreprenörskap 
FQD Fuels Quality Directive of the European Union 
G World GDP 
g Global per capita GDP 
g/l Grams per litre 
GDP Gross Domestic Product 
GHG Greenhouse gas 
GIZ Deutsche Gesellschaft für Internationale 

Zusammenarbeit 
GMO Genetically Modified Organism 
Greenergy Biofuel Trading Group 
G-TAP Global Trade Analysis Project 
GTZ Deutsche Gesellschaft für Technische 

Zusammenarbeit 
GWh Gigawatt hours 
ha Hectare 
HBG Highly Biodiverse Grasslands 
HESA Newsletter of the European Trade Union 

Institute 
HS Harmonized Commodity Description and 

Coding System, an internationally standardized 
system of names and numbers for classifying 
traded products developed and maintained by 
the World Customs Organization 

IAA Instituto do Açúcar e do Álcool (the former 
Sugar and Alcohol Institute) 

IATE InterActive Terminology for Europe 
IBAMA Instituto Brasileiro do Meio Ambiente e dos 

Recursos Naturais Renováveis (Brazilian 
Institute of Environment and Renewable 
Natural Resources) 

IEA International Energy Agency 
IFEU Institut für Energie- und Umweltforschung 

(Institute for Energy and Environmental 
Research) 

IFPRI International Food Policy Research Institute 
IIASA International Institute for Applied System 

Analysis 
ILO International Labour Organization 
iLUC Indirect Land Use Change 
IMPACT International Model for Policy Analysis of 

Agricultural Commodities and Trade 



 xvii 

IP Intellectual Property 
IPCC Intergovernmental Panel on Climate Change 
ISCC International Sustainability and Carbon 

Certification 
ISO International Organization for Standardization 
IT Information Technology 
IUCN International Union for Conservation of Nature 
JRC-IPTS Joint Research Centre – Institute for 

Prospective Technological Studies 
JRC-Ispra Joint Research Centre – Ispra 
kg/ha Kilograms per hectare 
kg/t Kilograms per tonne 
KTH Kungliga Tekniska Högskolan (Royal Institute 

of Technology) 
LDC Least Developed Country 
M3 Cubic meter 
MAPA Ministério da Agricultura, Pecuária e 

Abastecimento (Ministry of Agriculture, 
Livestock and Food Supply, Brazil) 

MIRAGE Modelling International Relationships in 
Applied General Equilibrium 

MJ/kg Megajoules per kilogram 
MJ/l Megajoules per litre 
MTBE Methyl tert-butyl ether 
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1. Introduction 

 C o n t e x t u a l i z a t i o n  1.1.

Over the last decade, countries around the world have become increasingly 
engaged in the deployment of renewable sources of energy. Reasons for this 
pursuit are many, and include commitments to climate change mitigation, 
energy security, competitiveness, rural development, and new income 
opportunities based on energy trade, among others. Among the many types 
of renewable energy that received intense technical and legislative focus 
during the 2000s, biofuels can be seen as a distinct type due to their strong 
interrelations with agriculture, food production and social development. 

While renewable energy can be introduced in a number of sectors of the 
economy, specific barriers make it particularly difficult when it comes to 
road transport. Since the bulk of transportation evolved around vehicles 
equipped with combustion engines, a strong path dependency has locked 
transportation systems into liquid fuels such as gasoline and diesel (Aman 
and Nilsson, 2008). As a consequence, this narrows the types of renewable 
energy carriers that can be introduced in prevailing socio-technical systems 
for transportation (Hodson et al., 2010). Among liquid biofuels suitable for 
transportation, bioethanol achieved a prominent position due to its interface 
with existing gasoline infrastructure, which created an opportunity for 
partial de-carbonisation in the transport sector. Bioethanol had already been 
used for decades in Brazil as a blend into gasoline, but the new century 
marked a commoditisation of this biofuel in international markets especially 
as flex-fuel technology provided drivers with new fuel options. 

As bioethanol started being adopted by several countries to reduce carbon 
emissions in transport, the expansion of production and usage raised 
environmental concerns. This has prompted regulators to enact policies 
requiring sustainability provisions over the lifecycle of biofuels. This thesis 
examines how the ethanol industry reacted to such sustainability 
requirements, and especially what those requirements meant in terms of 
additional costs in a context of competition between ethanol and gasoline. 
Limited to bioethanol, and focused particularly on Brazil and Sweden, this 
thesis seeks to examine important aspects of biofuel markets which emerged 
after sustainability discussions were incorporated in mainstream 
policymaking for biofuels, particularly in the period after 2005.  
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 O b j e c t i v e  a n d  r e s e a r ch  q u e s t i o n s  1.2.

The overarching objective of this thesis is to understand how different 
aspects of bioethanol systems can be dealt with in a more coherent manner 
when designing public policy to promote biofuel market formation under 
different national and international requirements. The analysis combines 
national efforts to promote bioethanol markets and the recent 
internationalisation of biofuel markets and trade in the period post-2005, 
which prompted the appearance of internationally-applicable sustainability 
regulations. 

Previously, sustainability regulations had been exclusively dealt with in 
national environmental law. However, new market requirements implied 
that ethanol industries might have to adjust to supranational sustainability 
regulations in the ethanol market. 

To achieve the main objective, the thesis is focused on the following 
research questions: 

� Did consumers react differently to the introduction of high-ethanol 
blends in the markets of Brazil and Sweden, where different pricing 
systems for gasoline exist? 

� Is there a cost associated to sustainability certification, which is now 
commonly incorporated in bioethanol markets?  

� How can different dimensions of ethanol market formation be 
orchestrated to account for the interplay between consumer 
behaviour and the introduction of sustainability criteria for biofuels 

 
The first question is related to an economic sustainability view of ethanol. 
The analysis is centred on the competition between ethanol and gasoline, 
considering the hypothesis that consumers are sensitive to prices and tend 
to choose fuels based on their cost-per-energy unit. The analysis is 
supported by the case examples of Brazil and Sweden, with special focus on 
the delicate balance between the fuel economies of bioethanol and gasoline 
systems in the face of the different ways oil products are priced in those 
countries. A detailed analysis is presented in papers I and II and III. 

The second question is analysed through experiences in national contexts 
with the recent trend for biofuel sustainability regulation in international 
markets. This is done via a comparison framework drawing patterns 
between the ethanol industry's reaction to national regulations (past) and 
international regulations (present). A detailed analysis is presented in papers 
IV and V. 
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The third question involves the relationship between the first two. It 
examines how in a context of fuel competition, the incorporation of costs 
related to sustainability certification can change the attractiveness of high-
bioethanol blends for consumers. Sustainability costs are estimated and their 
impacts evaluated using empirical market data, as discussed in papers VI and 
VII.  

The research focuses on some of the major impacts that the inclusion of 
sustainability dimensions brought to ethanol markets. Market formation 
under sustainability is analysed using three different approaches: the 
economic sustainability of ethanol in a context of competition with fossil 
fuels (gasoline); reactions from the ethanol industry in face of sustainability 
requirements; and the intersection between sustainability-induced costs and 
the balance between ethanol and gasoline markets where those fuels 
compete for consumers, such as Brazil and Sweden.  

The ultimate aim is to understand the resulting relationship between 
promotion of sustainability regulations in bioethanol markets and the 
delicate price-dynamics, which maintain consumer demand for ethanol. The 
positive and negative lessons learnt, and the results of the analyses in this 
thesis can assist countries and regions in deploying biofuel strategies, thus 
contributing to more robust and resilient bioenergy markets that can also 
work as a driver for sustainable development.  

 M e t h o d o l o g y  1.3.

The research process undertaken in this thesis can be summarised in three 
phases: 

• Consumer choice between fuels; 
• Introduction of international sustainability rules for biofuels; and  
• The implications of sustainability policy for consumer choice 

between fuels.  

Each phase made use of various research tools, in line with a Mixed Method 
Research (MMR) approach. A summary of the methodological tools used 
for each step of this thesis is presented in Table 1. 

In the first phase, consumer choice theory was used to examine the effects 
caused by the introduction of sustainability criteria on ethanol markets 
(Pyndick, 2008; Freitas and Kaneko, 2011). As a hypothesis for this part, 
drivers are considered rational actors, choosing their fuel based on the 
optimal expected performance (mileage) per monetary unit. (Salvo and 
Huse, 2011). This approach was selected based on its suitability to the case 
of drivers facing binomial fuel choices (ethanol and gasoline), and its 
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straightforward operationalisation with the supply and demand data 
available in statistical databases.  

Experiences with fuel choice dynamics were examined for the cases of 
Brazil and Sweden, both countries in which gasoline (E05-E25) has 
competed for drivers’ preferences with bioethanol (E85-E100) at the pump. 
This allowed a comparative analysis of parameters, which could be 
benchmarked in different countries, including the choice of fuels based on 
ratios between price and energy content. Statistical and econometric tools 
were used to analyse country data, creating the basis for comparative 
discussions undertaken in the chapters of this thesis and supporting papers 
dedicated to examinations of the Brazilian and Swedish fuel markets.  

Primary data sources included a mixture of private (obtained with consent) 
and public sources. Those included official statistical agencies, private 
sources and government institutions such as the Brazilian Petroleum, 
Natural Gas and Biofuels Agency (ANP), the Brazilian Ministry of Finance, 
Petrobrás, UNICA, The Brazilian Statistics Bureau (IBGE), Swedish 
Petroleum Institute, Platts, Preem, OKQ8, Statoil and Eurostat. Time-series 
of data concerning prices, demand and trade information on bioethanol and 
gasoline were sourced from international databases such as those managed 
by UNCTAD, WTO and UN COMTRADE. Secondary sources included a 
broad literature review of consumer choice, sustainability and sources of 
environmental innovation. The literature review included an extensive 
examination of recent bioethanol literature published in the period between 
2003 and 2013 (See list of references). For the papers linking consumer 
choice with the new costs arising from ethanol sustainability, semi-
structured interviews with experts, traders, academics and regulators were 
carried out.  

Figure 1 illustrates the research process followed to develop the thesis. The 
initial papers focused on case studies in Brazil and Sweden, based on 
comparisons of bioethanol and gasoline markets in those countries. 
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Figure 1: Overview of thesis process 
 

In addition to comparative studies using national data, official governmental 
and supranational (e.g. EU) legislation were used to contextualise the 
broader supply and demand forces for bioethanol in a context of 
sustainability introduction for ethanol worldwide. This was framed along the 
theory of Jaffe and Lerner (2005), who examined the impact of regulations 
on the development paths of industries. By developing a comparative 
analysis, the second phase of the thesis draws parallels between past 
demands for environmental improvement embodied in national 
environmental law with more recent demands at international levels calling 
for sustainability certification (papers 4 and 5). The goal of such comparison 
is to draw a framework of expected paths, which the bioethanol industry 
might take due to the introduction of new sustainability requirements by 
supranational agents (e.g. the EU). 

The second set of publications supporting the thesis explored how the 
bioethanol industry has adapted to accommodate environmental 
requirements – initially at the national level and later in the form of 
international rules aiming at sustainability in biofuels trade. For this purpose, 
two studies were produced. The first was an examination of the 
development of the EU biofuels policy since its official inception in 2003 
until the current state as of 2013. The second study examined how the 
Brazilian industry evolved and tried to innovate when faced with national 
environmental regulations and international sustainability requirements 
(papers 4 and 5). Here, I hypothesise that the industry is sensitive to 
sustainability regulations. 

•Competition 
between ethanol and 
gasoline

•Fuel pricing systems 
in Brazil and Sweden

Papers 1+2+3

•Introduction of 
supranational biofuel 
sustainability rules

•Industry reaction to  
sustainability rules

Papers 4+5
•Sustainability premiums for 

certified biofuels

•The costs of ethanol 
sustainability on fuel choice

Papers 6+7
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The costs incurred in certification change the relative prices of ethanol in 
comparison to gasoline as discussed in papers 6 and 7, and this has 
implications. The last part of this thesis makes an intersection between the 
economic attractiveness of ethanol usage (based on perceived patterns of 
consumer choice in Brazil) with recently introduced certification costs in the 
ethanol industry. An analysis of price premiums resulting from the 
incorporation of sustainability costs indicates the risk of preferences shifting 
towards gasoline in the absence of equivalent sustainability criteria for fossil 
fuels. Since the analysis done in each of those steps was multidisciplinary, 
the author opted to use Mixed Methods Research (MMR). MMR encourages 
the use of diverse perspectives rather than the typical association of specific 
views for quantitative or qualitative research. MMR also entails the use of 
different resources to collect and analyse quantitative and qualitative data. 
MMR enables an applied analysis as it encourages individuals to answer 
research questions using both numbers and words, combining inductive and 
deductive thinking, and employing skills in observing people's behaviour. 
This is important because audiences such as policymakers, practitioners, 
decision makers and others in applied areas need qualitative and quantitative 
evidence to document and inform diverse research problems (Creswell, 
2002; Gomez, 2014). Table 1 highlights the main methods applied and tools 
used during the development of this research within MMR. 
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Table 1: Main methods applied and tools used within Mixed Method Research 
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 T h e o r e t i c a l  b a s i s  1.4.

Consumer theory provides a guiding framework throughout the first part 
(two initial chapters) of this thesis (Pindyck and Rubinfeld, 2008). This 
methodological choice was made due to its suitability in examining the 
effects of fuel competition between ethanol and gasoline as policymakers 
tried to establish large participation of renewable energy in road transport 
(Pyndick, 2008; Freitas and Kaneko, 2011). This approach is also suitable 
for analysing the case of drivers facing binomial fuel choices (ethanol and 
gasoline), and for straightforward operationalisation with supply and 
demand data available in statistical databases. 

As a hypothesis for this part, drivers are considered rational actors, 
choosing their fuel based on the optimal expected performance (mileage) 
per monetary unit. Similar approaches have already seen applications in 
the literature on energy economics (Sanstad, 1994). While substantial work 
has been done on consumer choice and willingness to pay for green 
electricity and energy efficiency (Ruderman et. al., 1986; Roe et. al., 2001; 
Borchers et. al., 2007), applications to liquid fuel markets have already 
found parallel in works of Kurani and Sperling (1988), Greene (1989), 
Jeanty et. al. (2007)  and Van de Velde (2009). 

Recent literature has explored new market configurations, which became 
possible as fuel type became independent from vehicle choice after the 
introduction of large numbers of flex-fuel vehicles in the 2000s (Hira and 
Oliveira, 2009). This gave drivers binomial choices (e.g. either choosing 
ethanol or gasoline), which created competitive dynamics explored in 
works such as Martines-Filho (2006) and Anderson (2012). Consumer 
rationality and the predominance of relative prices as the primary 
determinant of consumer choice between ethanol and gasoline have been 
recently suggested by Huse (2011) and Salvo and Huse (2013). 

Collantes (2010) mentioned the need for further research in the area of 
green technology introduction with a case study on ethanol, mentioning 
the need for robust value proposition in order for demand to increase. As 
different countries have promoted markets for high-ethanol blend (e.g. 
E85 and E100), the connections between fuel competition and 
sustainability strategies create a fertile ground for research. This links to 
the second phase of the thesis, which examines the introduction of 
international sustainability rules for biofuels based on the hypothesis that 
the ethanol industry is sensitive to sustainability regulations. 

The fundamentals behind sustainability introduction can be traced back to 
the theory of industrial development under regulation. The longstanding 
perception in literature is that when businesses assume externalities such 
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as social responsibilities, those are translated into costs, which are then 
relayed to prices (Davis, 1973). Once the scope is restricted to 
environmental regulation, the 1990s have seen works by Porter (1991) and 
Jaffe and Palmer (1997), formulating what became known as the Porter 
Hypothesis (i.e. well-designed regulation could actually boost innovation 
and make industries more competitive). More recently, Jaffe and Lerner 
(2005) examined regulatory efforts aimed at correcting market failures 
associated with the development and diffusion of new environmental 
technologies. Their findings imply that the rate and direction of 
technological advance is influenced by market opportunities as well as by 
regulations. Still according to Jaffe and Lerner, the introduction of 
environmental regulation can change cost structures of industries, and 
promote shifts in innovation paths if the regulations are credible and the 
market is attractive to business. This is explored in chapter 3. 

The analysis carried out in this thesis would only be credible in its scope 
(bioethanol) if supported by literature showing that biofuel sustainability 
regulations being implemented in national or regional (e.g. EU) contexts 
have an external governance component, in other words, impact beyond 
jurisdictional borders. Recent literature suggests that this is the case: 
environmental (sustainability) regulations for biofuels adopted in the 
European Union appear to be credible not only within the EU but for a 
number of non-European countries interested in trading with European 
markets. This argument of an external relevance of the European biofuels 
market – and of its sustainability component – was introduced by the 
works of Matthews (2007), Di Lucia (2010) and Afionis (2012). This forms 
the basis for the hypothesis that the ethanol industry is sensitive to 
sustainability regulations.  

The final part of this work intersects the dynamics of consumer choice 
between fuels with the costs of sustainability certification in bioethanol 
markets, as measured by calculated differences between conventional and 
certified (e.g. sustainable) bioethanol. The theoretical basis can be traced to 
the introduction of environmental regulation in competitive markets (Jaffe 
et. al, 1995). A broad acquis of studies has been produced on the leakage 
effects of carbon pricing in international markets, with particular focus on 
the relocation of industries towards less regulated markets (Weyant et. al., 
1999; Babiker, 2005). Studies on the energy sector have examined the costs 
of better stewardship of nuclear power in the competitiveness of nuclear 
electricity (MacKerron, 1992), as well as consumer choice amongst 
different green electricity types (Weber, Baranzini and Fragniere, 2009). 

This wealth of literature on competitiveness, consumer choice and 
environmental regulation does not extend to liquid biofuels. There is so 
far limited research on the leakage effects of biofuel policies, including 
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Gorter and Drabik (2011) who primarily focused on carbon-leakage 
associated to fuel competition. Salvo and Huse (2013) employed 
econometrics to identify factors determining the attractiveness of high 
ethanol blends to consumers, but their analysis did not include costs 
related to sustainability certification. Thus, this work contributes to the 
literature by filling research gaps on the implications of sustainability 
policy for consumer choice between liquid fuels, and more broadly, carbon 
emission mitigation strategies. 
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2. Ethanol Fuel 

2 . 1  I n t r o d u c t i o n    

Liquid and gaseous biofuels can be used in conventional combustion 
engines as a complement or substitute to fossil fuels.1 The merits of 
biofuels are threefold. Firstly, they have potential to deliver transport 
services at reduced carbon intensities when compared to conventional 
fossil-derived fuels. Secondly, they interface with the existing energy 
infrastructure in transport, making the adoption of biofuels economical if 
compared with other options, which require novel infrastructure, such as 
electricity or fuel cells (Pacini and Silveira, 2011). Finally, biofuels can 
foster employment and income in rural areas, as well as enhance energy 
security in regions, which have favorable geographical, technical and 
human conditions for their production (Pacini and Batidzirai, 2011).  

The main liquid biofuel which is commercially available as of 2012 is 
bioethanol (ethyl alcohol – C2H6O), with a total production of 83.1 
billion litres as of 2012 (REN21, 2012). This is over 3 times the global 
biodiesel market, which stood at 22.5 billion litres in 2012. Bioethanol 
used as a fuel has the same chemical composition as alcohol found in 
alcoholic beverages, but its usage as an automotive fuel requires higher 
levels of purity. The scope of this thesis is limited to bioethanol.  

Bioethanol can be produced from a number of agricultural feedstocks. 
Sources include sugar-based plants (e.g. sugarcane, sugar beet, sweet 
sorghum); cereals (maize, wheat) and starch-based plants (e.g. manioc, 
potatoes). Most of the traditional crops used to produce ethanol have dual 
usage as food, causing concerns as demand for biofuels grow (Rosillo-
Calle and Johnson, 2011). The problems associated to bioethanol 
production have not been limited to interference with food markets, but 
also concerned with the large amounts of arable land required for crops, 
and the energy and emission balances of lifecycles of ethanol production 
(UNEP, 2009). New production technologies, especially cellulosic ethanol, 
present a way to tackle some of these concerns (Fairley, 2011). Cellulosic 
ethanol, also known as second generation ethanol, can be produced based 

                                                      

1 In the European Renewable Energy Directive (2009/28/EC), biofuels are characterised as liquid or gaseous 
fuels for transport produced from biomass (EC, 2009, p. 27). This is the definition considered for this thesis.  
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on a broader feedstock base than conventional starch or sugar-based 
ethanol. Feedstocks for second generation include non-edible biomass 
such as switch grass, forestry and harvest residues (Rosillo-Calle and 
Johnson, 2011). 

Unlike ethanol produced with first generation processes, cellulosic ethanol 
has seen limited market deployment as of 2014 (Aylott and Higson, 2013; 
Albarelli et. al., 2014). This chapter aims to define the main concepts and 
issues, which constitute the basis of the analysis within this thesis. The 
next sections present different technological options available for ethanol 
production, as well as their advantages and drawbacks. 

2 . 1 . 1  T e c h n o l o g i e s  f o r  b i o e t h a n o l  p r o d u c t i o n  

Bioethanol fuel of first generation can be defined as petroleum-gasoline 
substitutes produced via the biological fermentation of starch and sugar-
rich crops, such as corn, sugar beet and sugarcane (UNCTAD, 2008; IEA, 
2010). First generation ethanol processes are based on mature 
technologies, relying on relatively simple processing equipment and 
modest investment per unit of production, which can achieve favorable 
economics even at small production scales. They represent the bulk of 
commercial bioethanol today. 

First generation bioethanol has important limitations, especially for 
countries with limited farmland. According to UNCTAD (2008) starch-
based first generation bioethanol tends to have low land-use efficiency, 
measured by the energy production achievable with one hectare of land. 
Sugar-based first generation bioethanol has been assessed as performing 
slightly better, with approximately double the land-use efficiency 
(Goldemberg et. al., 2004). Second generation bioethanol, discussed in the 
next section, provides an additional increase of 50% or more in land-use 
efficiency. In terms of net energy and emission balances, first generation 
bioethanol often displays lower performances than the equivalent 
produced through second generation processes (EC, 2009).2 

Most first generation ethanol production processes depend on crops with 
dual usage as both energy and food. This raises concerns on food security 
and affordability, particularly in developing countries. While first 
generation processes might promote employment in production areas, the 
jobs created sometimes command low wages (REMBIO, 2011). However, 
there are instances where advanced first generation production delivers 

                                                      

2 Sugarcane-based ethanol represents a sugar pathway that delivers energy and emissions balances similar to 
cellulosic ethanol. However, it is still a land-intensive biofuel.  
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jobs with higher remunerations than other agricultural activities, such as 
those observed in the Brazilian sugarcane industry (Goldenberg et. al., 
2008; UNCTAD, 2012). 

Second generation bioethanol fuel can be classified in two main types. The 
first type corresponds to those produced via biochemical processes 
delivering petroleum-gasoline substitutes, such as alcohols (e.g. ethanol or 
butanol) produced by enzymatic hydrolysis. Second types of gasoline 
substitutes are those produced when biomass is subject to thermochemical 
processes, including methanol, Fischer-Tropsch gasoline and mixed 
alcohols (UNCTAD, 2008). 

While second generation bioethanol is mostly based on lower-cost, 
residual, woody and non-edible biomass, they still depend on skilled 
human capital and sophisticated technologies for their production. This 
results in larger capital costs per unit of production when compared to 
biofuels produced through first-generation processes. On the other hand, 
lower-cost feedstocks could offset the greater capital intensity of second 
generation ethanol and bring costs down once technologies mature, akin 
to the cost-learning process seen in the Brazilian ethanol industry 
(Goldemberg, 2004). Since commercial deployment of second-generation 
started recently in 2013, such cost reductions have not yet been fully 
achieved. 

Much of the potential held in second generation processes, however, still 
depends on large commercialisation of emerging technological solutions. 
Unlike sugar and starch-rich plants (e.g. sugarcane and corn), agricultural 
residues like foliage, straw and leftover cereal shells often require more 
complex – and costly – conversion methods to be turned into useful 
biofuels.  

As of 2013, second-generation bioethanol has only started to be deployed 
(Novozymes, 2012). Yet, a number of pilot and demonstration plants have 
been announced or set up in recent years, with research ongoing in North 
America, Europe, Brazil, China and Thailand and Mexico, all of which 
have the level of human capital necessary to investigate and deploy 
technologies associated to second generation processes (IEA, 2010; 
REMBIO, 2011).  

2 . 2  B i o e t h a n o l  a s  a  t r a n s p o r t  f u e l  

Bioethanol (either first or second generation) can be used as a fuel in a 
number of areas, such as cooking, electricity generation and transport. The 
scope of this thesis is limited to transport applications only.  
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The most common usage of fuel ethanol is as an additive to gasoline, also 
known as a low blend. Bioethanol blends in gasoline ranging from 5% to 
25% (E5 – E25), known as low blends, replace the oxygenate function of 
fossil-derived oxygenates such as MTBE (Methyl tert-butyl ether) or 
ETBE (Ethyl tert-butyl ether). Ethanol can also be marketed as high-
blends, whereby ethanol is the main component (in volume) of the fuel 
pumped into vehicles. High blends are marketed as the near-pure E100 
(hydrous ethanol) in Brazil and E85 (85% anhydrous ethanol, 15% 
gasoline) in countries such as Sweden, France and the United States (Sorda 
et al, 2010).  

Most cars on the road today in large markets such as the U.S. can run on 
blends of up to 10% ethanol. In the United States alone, ethanol 
represented 10% of the national fuel supply in 2011 (Tyner and Viteri, 
2010). Brazil has had fuel ethanol in its energy matrix since 1976, when the 
government adopted a program (Pro-Alcoool) for the mandatory blending 
of ethanol with gasoline. Since 2007, the legal blend has varied between 
18% and 25% ethanol mixed with gasoline (E18–25). The demand 
component for E100 has been greatly driven by the adoption of vehicles 
that can run on either ethanol or gasoline, which were first introduced in 
the early 2000s (Hira and Oliveira, 2009). As of 2013, about half of all 
automobiles in Brazil were flex-fuel, and able to tank ethanol, gasoline or 
any combination of these fuels (Da Silva Filho et al., 2011).  

Interest in biofuels as alternative energy carriers compatible with existing 
transport infrastructure raised the profile of ethanol during the 2000s. The 
annual global production of fuel ethanol has increased significantly 
between 2000 and 2012, rising from 17 billion to more than 83.1 billion 
litres (REN21, 2013). Ethanol fuel is widely used in Brazil and in the 
United States, and together both countries were responsible for 87% of 
the world's ethanol fuel production in 2012. The major users have also 
been the main producers of ethanol fuel. As of 2012, the United States 
ranked first in production (50.3 billion litres, or 61% of the market), 
followed by Brazil (21.1 billion litres, or 26% of the market), the European 
Union (4.5 billion litres, or 6% of the market) and China (2.1 billion litres, 
or 3% of the global market).  

In markets where high-blends are available, ethanol usually competes with 
other automotive fuel options such as gasoline, diesel and natural gas. As 
drivers usually can only shift between chemically similar fuels compatible 
with their vehicles (e.g. ethanol and gasoline), consumer choice is often 
binomial. This means consumers shift between ethanol and gasoline in 
areas where those two options are available at tank stations. This brings 
about important considerations regarding the economic rationale for 
ethanol utilisation. Ethanol fuel has a specific energy value of 30 MJ/kg, 
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and an energy density of 24 MJ/l (gasoline has 46 MJ/kg and 36MJ/kg 
respectively) Therefore, one litre of ethanol delivers 67% of the mileage 
delivered by the equivalent volume in gasoline when compared to gasoline 
(Pacini et. al., 2014).  

Taking into consideration that gasoline is often sold already blended with 
ethanol, the energy density of the final blend is reduced. This has led to 
the establishment of a fuel economy parity threshold of 0.7 between 
ethanol and gasoline prices. In other words, about 0.7 litre of gasoline is 
necessary to produce the same energy (e.g. drive the same distance) as one 
litre of ethanol.3 This energy-price ratio of 0.7 implies a threshold that 
determines when the usage of ethanol is economical for drivers, in a 
context of fuel competition (high ethanol blends). This threshold is used 
extensively throughout this thesis, because high ethanol blends can only be 
adopted if they prove to be an attractive choice for consumers (Pacini and 
Silveira, 2010; Pacini and Silveira, 2011).  

2 . 3  D y n a m i c s  o f  h i g h  e t h a n o l  b l e n d s  

When ethanol is introduced in fuel markets as high-blends (E85, E100), it 
becomes a separate fuel option for drivers at tank stations. High blends 
require vehicles with engines adapted for their usage, known as flex-fuel 
cars (Pacini and Silveira, 2010; Pacini and Silveira, 2011). The presence of 
high blends often constitutes a scenario where ethanol competes with 
gasoline for consumer preference, as high ethanol blends can actually 
substitute gasoline. Some countries make interesting examples of large-
scale ethanol introduction via high-blends. In this thesis, the cases of 
Brazil and Sweden are explored. Both use low blends (gasohol E25 in 
Brazil and E5 in Sweden), and high blends (E100 in Brazil and E85 in 
Sweden). In other words, biofuel is sold either mixed with conventional 
gasoline or as a separate ‘green’ option at tank stations. The investigation 
in this thesis focuses on the attraction of bioethanol as a fuel option for 
the consumer compared with gasoline or, more specifically, the high-blend 
alternative.  

Many factors can play a role in consumer choice between ethanol and 
gasoline, such as price, preferences for renewable energy, locally sourced 
fuels and even the age or income level of drivers (Salvo and Huse, 2013). 
Examinations performed by Pacini and Silveira (2011a) suggested that 
price is a leading factor determining consumer choice between fuels. 

                                                      

3 The fuel economy parity between ethanol and gasoline is used extensively throughout this thesis. For detailed 
information on energy densities of different fuels, see: 
http://www.ocean.washington.edu/courses/envir215/energynumbers.pdf. 
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Depending on the market, there might be different types of consumer 
reaction concerning fuel choices. For example, E100 has been usually 
price-attractive in Brazil over many decades, and drivers continued to 
choose it even in moments when it was not the optimal economic choice. 
In Sweden, on the other hand, E85 has been available since 2005 and 
consumers appeared to react in a much stronger way to changes in relative 
prices between E85 and E05 (Gasoline). Another study demonstrated that 
depending on the system adopted to relay fluctuations on oil prices to 
domestic gasoline prices, bioethanol might become artificially more or less 
attractive for consumers at the pump (Pacini and Silveira, 2011b).  

The management of high-blends of ethanol in a market can be seen as 
more challenging than low-blends, from the public policy point of view. 
The reason is that biofuels are often more expensive to produce and retail 
than their fossil fuel counterparts (Serra and Zilberman, 2013). When 
separate fuel options are available, mechanisms such as subsidies or tax 
rebates are necessary to make bioethanol price-attractive (Kutas et al, 
2007). When low-blends are at play, the consumer has no choice but to 
tank their vehicle with the single option offered. 

Prices of both gasoline and ethanol are subject to market fluctuations. 
Supply-side price oscillations in ethanol relate to crop yields, supply 
disruptions and storage capacity, to name a few.4 Demand on the other 
hand correlates to economic activity, as well as competition between the 
two fuels (Da Silva Filho et. al., 2011). When supply is constrained, 
ethanol prices could increase to a point when ethanol is no longer an 
attractive option for drivers, as it is priced higher than gasoline. Any 
additional costs, which affect biofuels, such as the incorporation of 
sustainability regulations, can complicate the competitiveness of ethanol 
compared with gasoline. 

While some markets have a relatively high proportion of diesel fuel (e.g. in 
the EU), throughout the world gasoline has been the primary fuel for light 
vehicles (IEA, 2008). In automotive engines a relation of substitution 
exists between diesel and biodiesel, and between gasoline and ethanol 
when high blends are considered (Correlje and Van der Linde, 2006). 
However, due to environmental considerations brought by climate change, 
the promotion of biofuels has gained impetus both from the perspective 
of policy makers and consumers. In order to promote a sustained 
consumption of renewable energy in the form of biofuels, policymakers 
have to constantly monitor market prices and establish mechanisms, which 

                                                      

4 There are substantial differences in the supply chain economics of ethanol - an agriculture-based fuel - when 
compared to gasoline. While the relevance of supply chains to price formation and competition between fuels lie 
beyond the scope of this work, a detailed explanation has been provided by Lima et al (2012). 
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maintain ethanol comparatively cheaper than gasoline, in order to sustain 
its usage by drivers.  

2 . 4  D y n a m i c s  o f  l ow  e t h a n o l  b l e n d s  

The most common pathway for the introduction of ethanol in a national 
energy matrix is by mixing small volumes of ethanol directly with gasoline, 
producing what is known as low ethanol blends (E5–E25). This pathway is 
often preferred partially due to the fact that any ethanol supply disruptions 
at low-blend scales could be compensated with an increased proportion of 
gasoline to dampen overall impact. At the same time, small percentage 
blending (e.g. up to 10%) can be done with relative technical ease, 
substituting fossil oxygenates such as MTBE, and avoiding the need for 
costly adaptations in automotive engines, fuel storage, transport and fuel 
infrastructure (Hansen et al., 2005).  

A large number of countries have already adopted some kind of biofuel 
blend (either ethanol or biodiesel) into their conventional fuel pools 
(UNCTAD, 2009; Hira, 2011, UNCTAD, 2014). Gasoline is rarely sold in 
its pure form, but instead blended with fossil oxygenates which enhance 
engine fuel performance. Based on well-known production methods, 
ethanol is often the biofuel of choice for initial blending in many 
countries. The deployment of ethanol occurs mainly through the 
substitution of gasoline performance-enhancers (oxygenates) MTBE or 
ETBE (Szklo et al., 2007). In a nutshell, ethanol blending constitutes a 
complement rather than a gasoline substitution strategy . 

Table 2 illustrates the energy content of different gasoline blends, 
comparing them to a hypothetical gasoline which contains approximately 
89% gasoline and 11% MTBE per volume. The simulations are inspired 
by the context of Mexico, one of the countries that are currently exploring 
the introduction of ethanol.   

Table 2: Energy content of gasoline blends, with different 
oxygenate options 

 
Source: Prepared by the author based on data from the US EPA. Assuming that gasoline has an energy 
content of 25 079 btu/l. 
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When countries phase-out fossil-based gasoline oxygenates (e.g. MTBE) 
with ethanol blends, attention must be given to the overall impact on 
gasoline demand. As ethanol contains more oxygen than MTBE in its 
molecular structure, only 5.7% ethanol in volume is required to meet the 
same 2% oxygen requirement which is met by 11% MTBE. This gap 
between MTBE volumes (11%) and ethanol (5.7%) necessary to achieve 
the same oxygenation goals could increase overall gasoline demand, in the 
case of countries transitioning from MTBE to ethanol. Figure 2 depicts a 
linear relationship between oxygen content per weight and volume 
necessary (blend into gasoline) for Ethanol, MTBE and ETBE.5 

 

Source: Prepared by the author. 

Figure 2: Relation between oxygen content and volume (in blend) of 
different fuel oxygenates 

Note that less ethanol (in volume) is required to achieve the same oxygen 
content in weight, if compared to MTBE or ETBE. In order to maintain 
the same share of gasoline, which is currently used with MTBE, 
approximately 3.8% in weight of ethanol would have to be blended (11% 
in volume). 

There is a strategic aspect bound to changing gasoline oxygenates. While 
the introduction of bioethanol blends is often a step forward towards 
decarbonising transport, attention must be given to the energy security 
aspect (Karp and Richter, 2011). The introduction of ethanol blends must 
consider the oxygenates displaced, as well as local capacities to produce 

                                                      

5 Fig. 1 is based on the market dynamics for low-blends of ethanol in Mexico.   

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

55%

60%

2% 3% 4% 5% 6% 7% 8%

Oxygen (in weight)

V
ol

um
e 

(a
s 

a 
sh

ar
e 

of
 o

ne
 li

te
r 

of
 b

le
nd

ed
 

ga
so

lin
e)

Ethanol MTBE ETBE



 

19 
 

and refine gasoline and fossil oxygenates such as MTBE. Strengthening 
energy security with biofuels calls for a share of production being sourced 
domestically, replacing imported oxygenates (Kojima et al, 2007). 

2 . 5  Po l i c i e s  f o r  b i o e t h a n o l  
d e p l o y m e n t  

In the face of limited alternative energy options for transport, liquid 
biofuels became a natural target for policy efforts (Steenberghen, 2008). 
Bioethanol, as with most biofuels, is often more costly to produce than 
gasoline. This means that conventional business-as-usual trends based on 
existing technologies are unlikely to lead to the substantive incorporation 
of biofuels into national transport fleets (Lundgren et al., 2013). 
Governmental policies are therefore needed to promote the adoption of 
ethanol.  

Despite uncertainties concerning sustainability, pressure factors such as 
volatile fossil fuel energy prices, the interest in “green” job creation and 
the pursuit of greater energy security contributed towards a strong 
regulatory push for biofuels in the political agendas of various 
governments since 2005 (Martinot, 2006). Major global players have 
written biofuels into their national energy legislations. The United States 
adopted its Energy Policy act in 2005, which adopted the National 
Renewable Fuel Standard and led to a shift from MTBE to Ethanol as a 
gasoline oxygenate.6 The US drive for biofuels was strengthened by the 
Energy Independence and Security act of 2007, which effectively 
contributed to a 10% ethanol blend in all gasoline sold in the US after 
2010.7 The European Union started even earlier, with a formal directive 
fostering biofuels adopted in 2003 and a new directive with stronger 
provisions adopted in 2009 (EC, 2003; EC, 2009). 

Private and NGO-based sustainability schemes for biofuels were also 
launched by a number of market players such as the Swedish ethanol 
company SEKAB and the Roundtable on Sustainable Biofuels (RSB) 
(Sekab, 2008; RSB, 2010; Desplechin, 2010). Since many of the 
sustainability schemes were focused only on specific domestic markets or 
limited trade corridors, the author opted to use the official European 
criteria throughout this thesis.  This is due to its binding characteristics in 

                                                      

6 US Environmental Protection Agency Renewable Fuel Standard. Available at:  
http://www.epa.gov/otaq/fuels/renewablefuels/index.htm  

7 Renewable Energy World, May 11 2010: Approaching the Blend Wall – What it means for our economic 
future? Available at: http://www.renewableenergyworld.com/rea/blog/post/2010/05/approaching-the-blend-wall-
what-it-means-for-our-economic-future  
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the EU-28, and especially for its potential to create international policy 
convergence in the area, as discussed in section 1.3. 

Ethanol fuel needs a combination of legal, technical, economic and public 
information instruments in order to enter the energy matrix of a country. 
Ethanol has the advantage of interoperability with most of the 
infrastructure already in place for gasoline distribution and retail. 
However, adoption of this biofuel often needs an extra set of incentives. 
This leads policy-makers to pursue ethanol introduction in manners that 
ensure a degree of economic attractiveness and adoption by users. 

Policies seeking to promote the uptake of ethanol need to be carefully 
crafted, just like any other type of market intervention. In addition to 
being effective in achieving its target, policies also need to be economically 
efficient, politically acceptable and be feasible from an administrative point 
of view. Table 3 summarises the desired characteristics of public policy on 
bioethanol. 

Table 3: Important characteristics of policies promoting 
ethanol usage 

Effectiveness 

To what extent will the measure deliver its objective 
(insertion of ethanol in the market)? 
Does the policy directly or indirectly supports ethanol 
supply and/or demand? 

Economic 
Efficiency 

To what extent will ethanol insertion be achieved with 
the lowest economic costs? 

Political  
Acceptability 

Will politicians find sufficient support to push for 
ethanol adoption? 
Will the country maintain its international 
competitiveness in sectors affected by the policy? 
Will policy impacts on individual regions and sectors be 
limited to politically acceptable levels? 

Administrative 
Feasibility 

Is the burden of administration, reporting, monitoring 
and enforcement acceptable? 

 

Three main instruments have been used in the promotion of ethanol, 
namely, (i) command and control; (ii) economic instruments and (iii) 
import restrictions (Pires and Schechtman, 2010). Command and control 
has been used for a long time, dating back from the Proalcool years in 
Brazil (Hira and Oliveira, 2009). These include regulatory standards that 
imply, for example, fuel specifications and requirements for ethanol blends 
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into gasoline or the production of vehicles capable of running on pure 
bioethanol (either E100 or blends). 

Economic instruments include financial incentives (e.g. subsidies), 
differentiated taxation and, to a lesser extent, negotiable certificates for 
biofuel mixtures. The purpose of such economic instruments is to reduce 
the cost of producing and marketing ethanol, as well as providing 
incentives for consumers to acquire vehicles that run on ethanol (or 
blends). In national contexts, financial incentives and regulatory standards 
are often employed at the same time. 

According to Pires and Schechtman (2010), the primary aim of special tax 
structures is to place a disincentive for the usage of fossil fuels. They are 
usually applied via policy changes that create or increase taxes on pollutant 
sources and agents, according to the externalities that these produce, such 
as smog and/or CO2 emissions. Environmental taxes differ from financial 
incentives in two ways. First of all, they do not represent additional costs 
for the government; on the contrary, they generate revenue that can be 
used to reduce other taxes or to finance environmental and social 
programs. The second difference relates to the signal sent to consumers 
about the externalities involved in vehicle use, which are internalized by 
the tax. Faced with higher prices, drivers can either adjust their demand or 
start to choose less pollutant technologies or fuels. Figure 3 illustrates the 
considerable role that taxation plays in gasoline in Brazil and Sweden. 
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Figure 3: Price-formation of gasoline in Brazil and Sweden. Components 
as a percentage of the final price to the consumer. For gasoline prices of 
June 2010. For Sweden, taxes other than VAT also consider CO2 taxes. 
Sources: Preem (fuel price formation section) and Petrobras (institutional 

website – fuel price formation). 

The use of green certificates has been adopted in environmental programs 
in the United States and Europe, together with regulatory standards (Bird 
and Summer, 2010; Bergek and Jacobsson, 2010). These standards require, 
for example, that fuel distributers use a minimum percentage of 
renewables to meet the fuel demand. The publication of standards can be 
accompanied by the introduction of negotiable certificates that are 
supplied to the agents according to their fulfilment of the required 
standards. This means that agents who can acquire renewable energy more 
cheaply can sell their surplus certificates to others that face higher costs in 
meeting their targets (Pires and Schechtman, 2010). While green certificate 
trading has achieved considerable success in electricity markets, this has 
not been the case for the liquid biofuel market, where book and claim 
trading systems were discussed, but finally not adopted in the EU 
(Hodson et al., 2010 p. 201).8 

                                                      

8 A book and claim system requires no physical link between production of biofuels and consumption in a 
specific area. Under this system, operators register production of biofuels (thus booking this into a central 
registry), for which they receive a tradable certificate. Operators at the end of the chain need to hand over a 
certificate for each unit of biofuel they sell. In this system, certificates are traded in the market and there is no 
physical requirement that any biofuels are used in the demanding region, given they are matched with a 
certificate proving the same amount of biofuel has been produced – and presumably consumed elsewhere.  
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Import restrictions are geared to protecting domestic ethanol producers, in 
particular via the introduction of import tariffs or restrictions on the 
concession of financial incentives for imported products (Pires and 
Schechtman, 2010). This barrier has low economic efficiency because it 
imposes greater costs on the consumer by creating a market reserve and 
limiting competition among suppliers (Kutas et al., 2007). With fewer 
restrictions on international trade, there would arguably be bigger markets, 
allowing larger production scales to emerge (Elobeid and Tokgoz, 2008). 
Thus, such unimpeded global markets could help reduce bioethanol costs 
and increase economic efficiency of production, so helping speed up the 
reduction of fossil fuel use. 

For the creation of stable ethanol markets, policies need to be configured 
by using a variety of strategies such as those mentioned in the previous 
paragraphs, as to foster the creation of stable supply and demand 
structures within a country (and with the international market). Public 
action can do so directly, by promoting production (or trade) of ethanol as 
well as creating demand through low or high blends; or indirectly, by 
facilitating the emergence of an ethanol market through the facilitation of 
capital investments, sharing research costs or by making substitute goods 
more expensive (e.g. gasoline). Table 4 provides a synthesis of the 
discussion so far, presenting the main policy tools used to introduce 
ethanol in national energy matrices. 

Table 4: Policy tools (direct and indirect) often used to 
introduce ethanol in national contexts 

  
Supply-side  

policies 
Demand-side 

policies 

Direct 
incentives 

• Direct production 
subsidies 

• Tax breaks 
• Low-cost financing 

• Blend mandates (E05–E25) 
• Ethanol pumps in tank stations 

(E85/E100) 
• Information campaigns 

• Public tendering 
• Tax breaks 

Indirect  
incentives 

• Training / Capacity 
Building 

• Industrial / R&D 
Support 

• Subsidized ethanol 
stocks 

• Loan guarantees 
• Trade tariff regimen 

• CO2 tax / gasoline tax 
• Green vehicle rebates 
• Preferential parking 

• Fuel standards 
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3.  Sustainabi l i ty  and ethanol  

The production and usage of ethanol as vehicle fuel has been met by a 
number of different criticisms, from national experiences in Brazil during 
the 1970s, 1980s and 1990s until the global commoditisation of this 
biofuel after 2005 (Pacini and Strapasson, 2012). Initially, ethanol usage as 
a fuel was subject to criticism mainly based on localised environmental 
problems, such as the practice of sugarcane crop-burning (e.g. to facilitate 
harvest by reducing foliage) resulting in large quantities of ash being 
ejected in the atmosphere (Arbex et al., 2004). Worries were also raised in 
what concerned unregulated labour conditions in feedstock plantation 
areas, such as sugarcane fields, as the harvesting activity can be very harsh 
on the human body (Mobed and Schenker, 1992). 

In the past, national laws were the main instruments regulating 
environmental and social dimensions of the bioethanol sector. However, 
with the internationalisation of ethanol, sustainability concerns grew to 
different sectors, since impacts were not any longer confined to the 
country of production. This led to additional concerns being brought to 
the overall discussion of sustainability and ethanol (Dias Batista, 2012): 

• Land use: impacts of land use changes related to the production 
of ethanol, including deforestation. This includes especially 
indirect land use impacts of expanded bioethanol activity 
(Mathews and Tan, 2009) 

• Food versus fuel: Impacts on the availability and price of food as 
the use of ethanol increases (Sheehan, 2009; Stoeglehner, 2009). 

• GHG emissions: GHG emissions from bioethanol when 
compared to fossil fuels (Macedo et. al., 2008). 

• Potential fleet: size of ethanol-based fleets and prospects of the 
fuel to substitute or complement gasoline to large extents (Szklo 
et. al., 2007) 

• Social issues: Local impacts from ethanol production and usage 
on jobs, welfare, public health and land rights (German et. al., 
2011). 

• Economic issues: Cost-efficiency of ethanol compared to other 
renewable energy alternatives in transport, cooking and electricity 
generation (Pacini and Silveira, 2011ab; Da Silva Filho et. al. 
2012). 
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In a number of countries and regions, and especially in the European 
Union, policy developments took place to address many of the concerns 
above. Private and NGO-based sustainability schemes for biofuels were 
also launched by a number of players such as the Swedish ethanol 
company SEKAB, the Roundtable on Sustainable Biofuels (EPFL) and the 
Brazilian government (Selo de Combustivel Social). Since these are not 
homogenous and vary in scope, the author opted to base the analysis of 
this thesis on the sustainability criteria with the largest legally-binding 
geographic coverage, the European one (EC, 2009). 

Sustainability certification consequently became mandatory for market 
access, in what constituted a type of tax on the biofuel sector.9 The next 
sections discuss the theoretical aspects of biofuels sustainability, as well as 
the practical approaches used by policy makers to incorporate 
sustainability principles in the production and usage of ethanol. 

3 . 1  M o t iva t i o n s  f o r  b i o f u e l s  s u s t a i n a b i l i t y  

Fuel substitution lies at the centre of two conflicting trends: growing 
demand for energy and the necessity to reduce the environmental impact 
of economic activity (Georgescu-Roegen 1971; Pearce and Atkinson 1993; 
Daly 1973; 1979; Ayres 2007). Under current technology, attempts to 
substitute large amounts of fossil fuels with biofuels imply a sharp 
downscaling in the level of transport services currently derived from fossil 
fuel powered transport (Hira, 2011). 

The term sustainable biofuels tend to be subject to some degree of 
arbitrariness, since operational policies in this direction have to 
accommodate a delicate complexity of factors. Biofuels must deliver cost-
competitive transport energy in order to be attractive to drivers without 
the need for heavy governmental subsidies (Kutas, 2007). At the same 
time, their production should not lead to the accumulation of negative 
externalities in the form of net GHG emissions. According to USDA 
(2009), sustainability is essentially an inter-temporal concept, and this is no 
different for biofuels. Sustainable biofuels are those which deliver a 
desired level of services, are economical and do not conflict with their 
supporting environmental and social systems. 

The academic debate on ethanol sustainability is divided. Biofuel 
advocates such as Smeets et al (2008) and Goldemberg et al (2008) often 
emphasise the development and environmental merits of ethanol 
production and use, such as its advantages over gasoline. On the other 
                                                      

9 Further discussed in chapter 6. 
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hand, critics of biofuel such as Pimentel (2004) and Giampietro and 
Mayumi (2009) challenge the validity of lifecycle GHG emissions as a 
benchmark for sustainability in biofuel production. UNEP (2009) as well 
as Rosillo-Calle and Johnson (2011) have sought to produce impartial 
assessments of the biofuel sustainability debate, but the novelty of the 
international biofuel market has made it difficult to gauge conclusions on 
hard data. Gnansounou (2010) proposed a model to classify sustainable 
biofuels. The same author argues that such classification can only work 
according to predetermined, measurable factors, which do neither 
incorporate real-life uncertainties nor dynamic changes in markets, policy 
and societal preferences. Recent studies surveying the sustainability of 
biofuels in the long run have proven rather inconclusive given the high 
uncertainty with regards to future land use change and interplay with social 
aspects such as food security (Sheehan, 2009; Stoeglehner, 2009). 

Three basic sustainability strategies exist within the literature: 
dematerialisation, detoxification and transmaterialisation (Bringezu et al., 
2004). The theory behind ethanol sustainability policies can be seen from 
an energy quality discussion, based on the concepts of weak and strong 
sustainability. The discussion in this section explores those concepts, and 
is illustrated by an empirical example on the limits faced by high-
performing sugarcane ethanol when used as a substitute for gasoline 
consumption. Later in this section the author also presents an application 
of the theoretical framework discussed with the concrete example of the 
European scheme for sustainable biofuels. 

3 . 2  S t r a t e g i e s  t o  a d d r e s s  s u s t a i n a b i l i t y  

The fourth report from the Intergovernmental Panel on Climate Change 
(IPCC) strengthened the notion that accelerated climate change is mainly 
due to anthropogenic effects (IPCC, 2007). A useful tool to understand 
the human impacts on the environment was provided by Kaya (1997), 
who developed a simple equation, which illustrates the magnitude of 
human activity on the climate system. The Kaya identity focuses on CO2 
emissions from anthropogenic sources and is expressed as follows: 
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Where F is global CO2 emissions from human sources, P is global 
population, G is world GDP and E is global primary energy consumption. 

Then, g =��� is the global per-capita GDP, e = ��� is the energy intensity 

of world GDP and f =���� is the carbon intensity of energy. 

The Kaya identity suggests that damage to the climate system is, in a global 
perspective, directly proportional to the number of individuals (P), the 
wealth of individuals (g), how much energy is used to run each unit of our 
economy (e) and to the carbon footprint associated to every unit of energy 
produced (f). With growing population and wealth, emissions increase 
when material flows in the economy are enabled by carbon-based energy 
sources, which negatively impact the environment.  

According to the logic contained in the Kaya identity, mitigating climate 
change through actions on g would imply constraints on wealth formation 
up to a point of net impoverishment in case population keeps rising faster 
than GDP. The natural environment has a limited capacity to replenish 
resources and absorb pollution, be it CO2 or other kinds (Rockström, 
2009). Therefore, strategies are needed to reduce the overall impact of 
human activity on the environment. The basis from the Kaya relation – 
energy and carbon intensities in the economy – can serve as a basis for 
sustainability strategies which would still allow continuity in economic and 
population growth. Bioethanol thus, serves as a pathway to reduce the 
carbon intensity of energy f.  

In addition to the sustainability framework introduced by Kaya (1997), 
studies by Bringenzu et al (2004) and Shredroff (2009) identified key 
strategies for sustainable development, classifying these in three main 
policy categories:  

(A) Dematerialisation strategies seek to reduce the overall energy and mass 
flows, which are required to provide the desired level of services. This 
strategy can also be understood as increases in process efficiency, similar 
to e in Kaya’s identity, which allows achieving the same societal goals at 
lower energy and material requirements (Ayres and Ayres 2002). 
Dematerialisation has to do with the quantity of materials used to 
accomplish a task, and can be defined as the decoupling of resource use 
and environmental impact from economic growth. It is usually measured 
in terms of mass of materials or energy units per unit of economic activity. 
Since GDP has increased faster than mass or energy consumption, the 
ratio has been declining for decades in several countries. This has been 
wrongly interpreted sometimes as dematerialisation. However, the 
evidence of the countries' industrial metabolism shows that the link 
between economic activity and materials/energy consumption is extremely 
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high, which means that resource use per capita continues increasing (Ayres 
and Warr 2009). Therefore, dematerialisation is not happening at the 
aggregate level, which is the relevant process in environmental terms. 

(B) Detoxification strategies seek to make waste streams (e.g. CO2 
emissions) and unintended social effects (e.g. land conflicts, exploitation of 
labour) less toxic and harmful to natural and human systems.  

(C) Transmaterialisation strategies shift usage of materials to those with 
lower negative externalities. The transmaterialisation concept implies that 
materials undergo life cycles and substitution as society changes, making 
industries replace old materials with newer, technologically more advanced 
(or less environmentally harmful) materials (Labys 2004). This can be 
illustrated in concrete terms by the substitution of gasoline by bioethanol, 
diesel by biodiesel or coal-fired electricity by hydrogen-fired electricity.  

Sustainability strategies can be conceptualised as either isolated actions 
under each of the categories (A–B–C) or, as it often happens in real life 
policy scenarios, take place in the form of a combination of all three. 
Strategies are not limited to physical and environmental aspects of 
sustainability – but also take into consideration economic and social issues, 
such as basic human consumption needs, costs of (alternative) materials, 
as well as welfare losses from changed industrial dynamics. Figure 4 
illustrates a simplified model of the human interaction with the 
environment, and the main areas where sustainability strategies can be 
applied.10  

 
Source: Developed by the author based on Bringenzu et al. (2004) and Shredroff (2009). 

Figure 4: Fundamental strategies for sustainable development of the 
human environmental system 

                                                      

10 There is no automatic relation between the left column and the right column of Figure 4. For example, 
detoxification is not only an end-of-the-pipe strategy, but can be also related to resource extraction in 
environmental management of mines. 
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In policy frameworks, the three strategies are often applied at the same 
time, or as a sub-component of each other. For example, efficiency 
improvements (e.g. a form of dematerialisation) might require technology 
shifts for lower resource usage and at the same time apply different energy 
carriers. The use of coal implies large mass flows connected to the 
generation of electricity; while the combustion efficiency can be increased 
for coal burning, it is often the case that increases in process efficiency 
also invite alternative fuels such as biomass (Annamalai and Wooldridge 
2001). Conversely, if the transmaterialisation rate is slower than the rate of 
increase in demand for fuel, the negative externalities of fossil fuels will 
not cease to accumulate. While biofuels increased their participation in the 
global energy mix from 53 billion litres in 2007 to over 80 billion litres in 
2012, that latter number only represented 5% of total gasoline output in 
the world as of 2012 (REN21, 2012). Thus biofuels (and ethanol) can only 
be seen as part of a broader set of actions towards tackling the overall 
dependence on fossil fuels. 

In isolation or bundled, the capacity of these strategies to mitigate 
environmental impacts is limited when the growth rates of economies and 
populations exceed their application by far. As a matter of fact, this is 
exactly what has been going on in recent decades. In the case of 
dematerialisation, while there has been a constant de-carbonisation of the 
economy in the past decades, emissions have increased by 45% since 1990 
(PBL, 2011). Similarly, material intensity decreased 26% from 1980 to 
2007, but world GDP growth increased 120%, and world population 
increased 50% in the period, resulting in an absolute increase of 62% in 
global resource extraction (IEA 2010). 

Since economies usually grow at a faster pace than their material and 
energy efficiencies, overall impact continues to grow in absolute terms. 
This creates one of the limits to dematerialisation strategies: while 
improvements in resource efficiency have taken place, they have not been 
sufficient to decouple economic growth from resource use and waste, 
mainly because technical advances occurred at a slower pace than overall 
economic and population growth.  

Another limit to the dematerialisation strategy is known as the Jevons 
paradox – or rebound effect – when an increase in efficiency in using a 
resource leads to a medium- to long-term increase in the consumption of 
that resource rather than a reduction. This direct micro rebound effect 
happens because increases in energy efficiency reduce the amount of 
energy necessary to produce a given amount of output, which in turn 
lowers the cost of production. As the cost of production declines, total 
demand and consumption increases, resulting in the Jevons Paradox 
(Polimeni et al. 2008). In addition, there is also an indirect macro rebound 
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in which improved energy efficiency causes drivers to use money saved on 
gasoline in other purchases that produce greenhouse emissions, like new 
electronic gadgets or vacation trips on fuel-burning aeroplanes 
(Giampietro and Mayumi 2005). 

3 . 3  B i o f u e l s :  e n t r o p y  a n d  e n e r g y  q u a l i t y  

The first law of thermodynamics implies that energy cannot be created, 
destroyed or recycled, but only transformed (Cleveland and Kaufmann 
2008). As all energy is either potential energy (locked in various states 
waiting transformation) or mechanic energy (on the process of 
transformation), all what is left is the management of potential energy 
(stored in various forms) and energy transformation processes to sustain 
life and promote socio-economic progress. 

The second law of thermodynamics, which postulates that entropy in 
isolated systems always tends to increase, best embodies the physical 
concept behind the economics of concentrated energy sources. The planet 
is not an isolated system since it is open to energy inflows from outside 
(the sun). Nevertheless, it is closed to material exchange, which means 
there is an ominous tendency towards the dissipation of these finite 
materials and the energy concentrated in them. Thus high quality energy, 
meaning energy forms with high energy density per weight, such as fossil 
energy sources (coal and oil) and radioactive elements, tend to dissipate 
into lower quality energy, dispersed such as heat during transformation 
processes.11 

Even though the first law of thermodynamics guarantees that no energy 
losses occur in isolated systems, the fact that energy tends to de-
concentrate and scatter in the environment implies that the economics-
driven preference for concentrated energy sources ultimately leads to 
depletion of high quality energy resources. This is the basis for arguments 
put by Georgescu-Roegen (1971) and Daly (1973; 1979) who claim that 
the economic system is destined to collapse as low entropy (high-quality 
energy) materials are dissipated and eventually become unavailable as 
inputs to power further economic growth. According to these authors, 
although the inflow of energy from the sun would allow theoretically 
recycling of the dissipated materials, there is no prefect recycling 
technology available. This leads to a growing “waste basket” which, in the 
absence of further recovery, will continue growing, ultimately leading the 
system to collapse. 

                                                      

11 High quality is here analogue to low entropy (i.e. concentrated – like coal, iron ores) and low quality is 
analogue to high entropy (i.e. dispersed – like heat and waste). 
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Such a fatalist description of the human activity is criticised by Ayres 
(1997; 1999), who pointed out that the conclusion derived from the 
imperfection of recycling is not necessarily the ultimate collapse. The 
correct implication is that not all materials on Earth are on active service at 
any given time, since waste can never be eliminated at once. 

The external energy flow from the sun allows living systems to organise 
materials and maintains a low state of entropy (Schulze-Makuch and Irwin 
2004). Thus, the sun directly supports two processes: substitution (through 
re-concentration) of high-quality energy materials, and recycling of the 
waste basket that would otherwise eventually destroy the economy. In the 
case of bioethanol, solar and chemical inputs used to grow biofuel crops 
perform the function of re-concentrating energy. This allows biomass-
derived liquid fuels such as sugarcane ethanol to be used to substitute oil-
based fuels. 

Economic rationale strongly favours concentrated sources of energy, 
which took millennia to build-up though natural processes and are 
inherently exhaustible. At the same time, biofuels are produced by growing 
plants that need time to convert low quality energy (heat, sunlight) into 
high quality energy (biomass). These plants mature and are transformed 
through industrial processes into liquid or gaseous fuels. This 
transformation process concentrates high quality energy into energy 
carriers that operate well in existing infrastructure (e.g. combustion 
engines), and possess economic value in well-established markets. 

In the absence of organised agricultural practices, biomass grows and 
accumulates naturally in the environment at slow rates. However, modern 
agriculture allows humans to grow biomass such as sugarcane and palm in 
managed crops that can yield much faster than what would have been 
naturally possible. A question then arises: would it be possible to 
overcome limitations posed by natural systems by simply increasing the 
share of human-managed natural assets in the economy? The next session 
explores how the production of bioethanol, even organised in modern 
large-scale agricultural systems, still faces severe challenges to meet current 
energy demand levels in the transport sector. 

3 . 4  B i o f u e l s  v s .  o i l :  l i m i t s  t o  
t r a n s m a t e r i a l i s a t i o n  

As mentioned in previous sections, transmaterialisation strategies seek to 
substitute material use aimed at similar types of service provision, such as 
mobility, but with lower socio-environmental impacts. Yet, 
transmaterialisation requires that substitution between resources is viable. 
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According to Georgescu-Roegen (1984), substitutability requires the 
substitute (bioethanol) to exist and to reproduce itself without the need for 
the factor being substituted (oil). At present, biofuels cannot be produced 
without the fossil inputs embodied in their production process, such as via 
field machinery, fertilizers and labour (Blottnitz and Curran, 2007). 

In addition to difficulties in reducing fossil energy inputs, another 
limitation to substitution arises from the economics of biofuel systems. 
For example, returns on investment for fossil energy sources are higher 
than for renewable energy, due to the inherent concentrated characteristics 
of fossil fuel sources (Hall and Cleveland 2005). A single oil well can 
supply fuel for a large automobile fleet, while the same level of supply 
pursued via bioethanol production would require numerous mills, as well 
as extensive area, labour and time inputs (Goldemberg, 2004). 

The intense utilisation of fossil fuels can drive the enormous problem of 
climate change, but can make economic sense in the short-term (Jaccard, 
2006). Fuels derived from coal and oil generally have high volumetric 
energy content (high energy density) when compared to renewable (often 
dispersed) forms of energy such as biomass, wind and sunlight (Cleveland 
and Kaufmann, 2008 p.13).12 The current pattern of quick utilisation of 
fossil fuels accumulated through millions of years clearly illustrates 
resources being exploited beyond their rate of renewal. In the case of 
biofuels, modern agriculture can re-concentrate high quality energy much 
faster than nature concentrated oil. However, the speed in which we can 
produce biofuels is still far below the speed (and scale) necessary to match 
global oil production. Unless many technical breakthroughs congregate to 
multiply current production yields, first and second generation biofuel 
production methods known today will not be enough to fulfil present 
transport energy demand, unless the level of services provided are severely 
downscaled. 

3 . 5  We a k  v s .  S t r o n g :  s u s t a i n a b i l i t y  
p e r s p e c t i v e s  

In the previous sections, we have seen that there are serious limitations for 
the transmaterialisation of fossil fuel for biofuels. Nevertheless, assuming 
biofuels manage to become independent from oil, could we remove 
"waste streams" derived from its production, i.e. the negative externalities 
represented by land conflicts, food insecurity and environmental risks tied 
to land-use? Or, would a very large expansion of biofuels production 
                                                      

12 The energy density of solar radiation can be understood as its average incidence per unit of area (i.e. watts per 
m2) on earth. 
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conflict with ecosystem services (which are themselves a source of low 
entropy and necessary for biofuel production)? Any assessment of the 
environmental sustainability of biofuels has to consider this issue. 

The introduction of sustainability criteria into the biofuel market creates 
some interesting effects. On the supply side, the impact of sustainability 
regulations primarily affects costs and technological routes, as producers 
have to adapt to new requirements in order to obtain market access. As a 
consequence, demand will have to cope with the consequences of 
regulated production: higher fuel prices at the pump and potential limits to 
the amounts of (certified) sustainable biofuels that can be produced. 
Furthermore, as different fuels compete for consumer preference (e.g. 
gasoline vs. high-ethanol blends), regulators have to come up with ways to 
introduce sustainability criteria without reducing the price-attractiveness of 
biofuels for consumers. 

We shall firstly explore two competing concepts of sustainability, as 
presented by Pearce and Atkinson (1993). The first is referred to as the 
weak sustainability concept and is defended by neoclassical economists 
such as Sollow (1974) and Nordhaus (1994). Weak sustainability postulates 
that most constraints can be surmounted via technology and innovation 
(Goeller and Weinberg 1976; Nordhaus 1994). Still according to the 
advocates of weak sustainability, the functions of all kinds of natural 
capital can be mimicked by man-made capital, in what is known as 
substitution. It implies that resource scarcities shall be only interpreted as 
relatives, given the technological ability humans have – given sufficient 
energy – to convert and re-concentrate resources to compensate for the 
depletion of existing stocks.13 

The second concept is known as strong sustainability, and asserts that 
many of the fundamental services provided by nature cannot be replaced 
by man-made services or systems. It then explicitly indicates a limit to 
substitution phenomena. Georgescu-Roegen (1971) is among its advocates 
and states that civilisation is dependent on a finite stock of high quality 
(low entropy) resources stored in the earth’s crust. Natural capital cannot 
be replaced by manufactured capital. They are complementary, and, 

                                                      

13 As the substitution phenomenon has a pre-requisite, which is energy, let us look at the 
main energy sources available to humans. In a nutshell, there are essentially three energy 
sources available to humans. The first is the radioactive decay of atoms. The second, the 
gravitational interaction between the earth, the moon and the sun, which partially produce 
movement in water and air, streams on planet Earth. The third, and perhaps the most 
important in practical terms, is the incidence of direct radiation from the sun in form of 
sunlight. 
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ultimately, manufactured capital depends on natural capital to reproduce 
itself. 

Truly, natural capital is not only a source of resource flows (solar energy, 
minerals, fossil fuels and soil nutrients) ready to be transformed by the 
production process. Nature is also a provider of services, which 
include regulatory climate functions and the maintenance 
of biogeochemical cycles that are essential to life (Gowdy and O’Hara 
1997). These services have nevertheless been provided for free as 
no property rights or prices are assigned to them, usually defined as a 
common-good in economic literature (Pindyck and Rubinfeld, 2008). 
Furthermore, they cannot be replaced if ecosystems are destroyed. Ayres 
(2007), for instance, defends strong sustainability (thus, limits to 
substitution) on the basis of the apparent human inability to fully and 
quickly substitute key components of the global ecosystem, such as the 
atmosphere, hydrological systems and life (as a factory of organic 
compounds). 

Avoiding the debate whether full substitution is either possible or 
impossible, one lesson can be drawn from Ayres’s interpretation of the 
neoclassical economists’ and Georgescu-Roegen’s positions. This refers to 
the grey areas between the two extremes, meaning that there is some 
substitution potential between energy inputs. However, it would be risky 
or impossible to attempt full substitution because of the ecological costs 
of damaging ecosystems to a point where they cease to provide society 
with their essential services, which are not substitutable. 

The specific limits to substitution between oil and biofuels are uncertain, 
but the risks are exacerbated proportionally to the ambition of the 
substitution strategy. According to the International Energy Agency, in 
2007 the global production of liquid biofuels (50.92 million tonnes) 
corresponded to only 2.71% of the world consumption of liquid fossil 
fuels in that year (1.87 billion tons). Even with a large increase in biofuel 
production, biofuels were equivalent to only 5% of the total gasoline 
market as of 2011 (REN21 2012). 

Some studies have proposed ambitious levels of global substitution 
between gasoline and ethanol (Matthews 2007; McKinsey 2007), but these 
seem to be counteracted by an increasing body of literature stating that a 
large global biofuels expansion poses direct conflicts with food security, 
biodiversity, water usage and social equity (Timilsina 2010; Payne 2010; 
Rosillo-Calle and Johnson 2011; Hira, 2011). 

As the production of biofuels aims to complement the usage of fossil fuels 
such as gasoline and diesel, this substitution shall not only occur through 
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increased biofuel production, if a strong sustainability strategy is 
considered. A simultaneous reduction in the consumption of fossil fuels is 
also required. Therefore, mandatory sustainability criteria for biofuels are 
likely to reduce the maximum amount of biofuels that can be produced, 
when compared to unregulated production. This suggests that there is a 
limit to the substitution of fossil fuels by biofuels, which is imposed by the 
sustainability mandatory standards for bioethanol.14 

Furthermore, if important players differ greatly in sustainability standards, 
the biofuels market risks fragmentation. If standards are too strict, 
monitoring can be very costly. Fragmentation in market niches and costly 
monitoring can result in non-competitive prices. Therefore, in the 
international arena, the alignment of sustainability standards is important 
for at least two reasons: it lowers the costs of certification and increases 
the scale of the market, which would ultimately increase the 
competitiveness of biofuels. 

Following this assertion, the strong sustainability view calls for a 
simultaneous engagement in dematerialisation, by means of an overall 
reduction in energy usage, particularly fossil fuels. If sustainable biofuels 
are to be cost-competitive when compared to polluting fuels like coal, 
natural gas and oil, carbon pricing is a prerequisite. Such instruments could 
make fossil fuels more expensive, hence encouraging businesses and 
individuals to reduce their consumption and increase energy efficiency. An 
equilibrium could then be reached in markets: the higher costs of 
sustainability certification would not drive consumers away from biofuels, 
as fossil fuels would also increase in price. 

Finally, a sustainable rate of resource usage in the global transportation 
sector using exclusively biofuels would likely deliver a lower overall level 
of services than what is currently attained with oil. This is partly the reason 
why most policy frameworks for biofuels do not envisage complete 
substitution: for the same cost they would deliver less total mileage of 
transportation than what is currently achieved with fossil fuels, at the same 
time exacerbating both known and unknown risks. 

                                                      

14 The motives for sustainability criteria are actually to guarantee the integrity of the fuel, and the limitations 
introduced in the policy goals (e.g. 10% by 2020 in the EU) are partially due to the fear of interfering in food 
security, which is also an important aspect of sustainability. As more knowledge is achieved or more sustainable 
fuel is available, the limitations become prone to review. See EC (2009). 
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3 . 6  L i m i t s  t o  s u s t a i n a b l e  b i o f u e l s  
e x p a n s i o n :  t h e  c a s e  o f  s u g a r c a n e  
e t h a n o l  

As illustrated in the previous section, biofuels are an option currently 
pursued by policymakers in many countries to promote transport 
sustainability through transmaterialisation. This takes place by 
complementing (and even substituting) liquid fossil fuels and oxygenates 
(additives) such as MTBE. According to UNCTAD (2009), numerous 
countries have already biofuels blends in place while others have 
implemented or are studying stronger substitution strategies via high 
blends such as E100 and E85 (Hira and Oliveira 2009; Pacini and Silveira 
2011; UNICA 2011). This section illustrates this by bringing the discussion 
to its empirics. 

Practical constraints indicate how policy-making becomes increasingly 
difficult when higher substitution levels are attempted. In order to 
illustrate this, scenarios have been created based on internationally 
recognised data and conservative estimations. Ethanol is selected due to its 
cost-efficient production, as well as ongoing interfaces with energy and 
agricultural policies of a number of developing countries. 

Brazil is the largest sugarcane producer in the world and achieved 
notoriety by having a highly efficient ethanol industry, producing biofuel 
that competes with gasoline when oil prices achieve 70 USD/barrel (Hira 
and Oliveira 2009). Between 2010 and 2011, the country produced 643 
petajoule of ethanol equivalent (27 billion litres), while the remainder of 
the sugarcane harvest was sent to other markets such as sugar, animal feed 
and beverage production. About half of the domestic light vehicle fleet in 
Brazil is driven by ethanol, either as a blend in gasoline or as a pure 
version E100 (Pacini and Silveira 2010). Figure 5 illustrates that even 
having a fleet capable of adopting biofuels at high levels (thus allowing 
effective gasoline substitution), ethanol would struggle to completely meet 
demand for fuel in the country. Interestingly, even if the entire 2008 
sugarcane harvest in Brazil had been converted to ethanol production, the 
country would still fall short of being able to completely replace gasoline 
(in energy terms) using only first generation ethanol and based on current 
end-use efficiency levels. 
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Source: Calculated by the author based on domestic market data from the Brazilian Agency for Oil, 
Natural Gas and Biofuels (ANP), sugarcane production yields and harvested area from FAOSTAT; 
US and EU27 aggregate gasoline consumption from the IEA country statistics for the year 2008. 

Note: Energy and area requirements for total gasoline substitution and exports in the level of an additional 
5% of the US and EU gasoline markets. Conversion factors: 1ton sugarcane = 85L ethanol; Scenarios do 
not consider bunker fuels, diesel nor aviation gasoline. 

Figure 5: Hypothetical scenarios for gasoline substitution with sugarcane 
ethanol in energy terms 

A full conversion of sugarcane harvests towards ethanol is highly 
unrealistic due to shifting price signals that change the energy price of 
ethanol, making it sometimes not economical to use (Pacini and Silveira 
2010; 2011). In addition, the large-scale conversion of sugarcane 
production into ethanol would reduce the flexibility producers have to 
output different products depending on price signals. An example can be 
seen in opportunities lost in sugar markets (Serra et. al., 2010). 

Nevertheless, for a hypothetical upper limit exercise, Figure 5 illustrates 
how the sugarcane plantation area dedicated to ethanol would need to be 
increased from the current 4.05 to about 9.58 million hectares, maintaining 
current yields of 79.27 tons per hectare, to achieve the complete phase-out 
of gasoline in Brazil. Additional scenarios contemplating exports to the 
US, EU, China and other regions would further inflate demand for the 
expansion of sugarcane plantations. 

Departing from the premise of full substitution, a more realistic approach 
for bioethanol is to serve as fuel oxygenate into gasoline pools, such as via 
replacement of fossil-derived MTBE by bioethanol (UNCTAD, 2009). 
Even with the more realistic approach of biofuels blends, attention still 
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has to be given to the ambition of targets for partial substitution. Figure 6 
considers the ten largest sugarcane producers in the world, and simulates 
how much gasoline (in energy terms) could be substituted by ethanol, 
using different shares of their 2008 sugarcane harvest (100% = totality of 
the harvest for that year). 

 

Source: Developed based on data from FAOSTAT, the Brazilian Agency for Oil, Natural Gas and 
Biofuels (ANP), and the International Energy Agency (national energy balances). 

Figure 6: Percentage of national sugarcane required (in ethanol 
equivalent) to replace different levels of gasoline from the national fuel 

pool, considering the 10 largest sugarcane producers in the world 

As becomes clear by the illustration, even for small substitution levels of 
5% to 10% (equivalent to blends of E7 and E13), countries such as 
Mexico, China and Australia would need to dedicate the majority of their 
yearly sugarcane production to ethanol. For the full substitution of 
gasoline (in energy terms), Mexico would need 15.5 times the 2008 
sugarcane harvest fully dedicated to ethanol, whilst not considering 
infrastructure and fleet modification needs. In the Mexican case, the 
routing of sugarcane feedstock towards ethanol production could also 
have a negative impact on revenues currently levied on sugar exports, 
since these enjoy very attractive conditions on the nearby U.S. market 
under the North American Free Trade Agreement (NAFTA). 

For countries that could in principle cover their current gasoline 
consumption in energy terms with ethanol derived from their current 
domestic production (Brazil, India and Pakistan), two points are worth 
mentioning. The first is the development level of the economies of India 
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and Pakistan, which – as these countries grow – will likely make gasoline 
consumption grow faster than sugarcane harvests. The second is the 
amount of gasoline in Brazil, which is significantly smaller than in other 
countries of its economic size, due to the already large share of ethanol 
fuel in the transport market (as low and high blends). 

One of the lessons from Figure 5 and Figure 6 is that levels of substitution 
are more likely to be within reach of feedstock production if low blends 
are used. However, even low blends can quickly require large amounts of 
major crops, such as is the case with the total sugarcane production in 
Mexico, Cuba and Australia, whilst not surpassing gasoline substitution 
levels of over 15% (in energy). 

3 . 7  S u s t a i n a b i l i t y  Po l i c y :  T h e  E U  d i r e c t i v e  
2 0 0 9 / 2 8 / E C  

Despite uncertainties, volatile oil prices, interest in rural job creation and 
energy security factors contributing to a strong regulatory push for 
biofuels in political agendas of various governments since 2005 (Martinot 
2006). Major global players have written biofuels into their national energy 
legislations. In the United States, sustainability considerations were only 
partly addressed in 2010 by the US Environmental Protection Agency in 
the form of Greenhouse Gas thresholds for biofuels, defined according to 
production pathways. On the other hand, the European Union has 
spearheaded the field of biofuel sustainability regulation, when it adopted a 
set of mandatory sustainability criteria for biofuels in the directive 
2009/20/EC (EC 2009). 

In early 2009, the European Union (EU) adopted a directive that calls for 
a mandatory target of 10% renewable energy in the transport sector of all 
European member-states by 2020 (EC, 2009). Under the expectation that 
biofuels are likely to become major contributor to the attainment of this 
goal, the EU has also established sustainability criteria for the production 
and usage of biofuels, as to make these eligible for the proposed 10% 
target by 2020. This legislation became known as the EU Renewable 
Energy Directive (RED). 

During the development of the RED, a strong debate on biofuel 
sustainability gained steam, reaching a much-politicised tone in Europe by 
early 2008 (EC, 2007; Londo and Deurwaarder, 2007; EurActiv, 2007). As 
the production of biofuels can potentially harm the environment and 
social systems in various ways, the inclusion of a sustainability scheme for 
the production and usage of biofuels became one of the most debated 
features of the RED. While sustainability can be defined in a multitude of 
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ways, the EC had to balance different approaches and come up with a 
scheme that was both effective and practical to implement. 

The RED directive was not the only legal instrument to introduce 
sustainability criteria for biofuels in the EU. Technical aspects of biofuel 
blending were addressed by the revised Fuel Quality Directive (EC, 
2009b), which also included the sustainability scheme in its text published 
on April 23rd, 2009. Internationally, technical standards for biofuels were 
explored in a tripartite document between the EU, US and Brazil (Brazil, 
EU and US, 2007). However, many doubts remained on methodologies 
for the calculation of greenhouse gas balances of biofuel production and 
usage, as well as of rebound effects brought by indirect land use change 
(Pimentel, 2004; Fehrenbach et. al, 2008; Khatiwada et al, 2012).15 

In mid-2007, the EC launched a public consultation to gather views on 
how to optimally design a sustainability scheme for biofuels that received 
251 responses.16 In addition to the public consultation, in late 2007 and 
early 2008, the Commission was flooded with requests for meetings from 
lobby organisations and government representations based in Brussels, all 
seeking to influence the upcoming directive and understand the risks and 
opportunities inherent to a sustainability scheme for biofuels. Direct 
meetings were held with representatives from Brazil, Malaysia and 
Mozambique, as potential exporters of biofuels to EU markets.17 

Environmental and social aspects in third countries were also raised as 
potential risks of a deliberate promotion of biofuels on a large scale in 
Europe (Eikhout, 2008; Hall et al, 2009; Di Lucia, 2010). While a higher 
demand for biofuels could act as a development driver and boost income 
in rural areas, there were fears that biofuels would crowd-out native 
vegetation and species, conflict with land and labour rights, as well as 
reduce incentives for food-oriented plantations in various countries. The 
debate led the European Commission to design its own sustainability 
scheme for biofuels, the observance of which is mandatory for EU 
countries to be able to count such fuels towards renewable energy targets 
set in the RED of 2009. 

                                                      

15 Indirect land use change (iLUC) results from increased demand for land for energy crop production. The 
indirect effects are caused by changes in prices of crops, land, labour, and capital, leading to changes of 
production, consumption and trade patterns. This may result in carbon stock changes, increased carbon 
emissions, and loss of diversity. iLUC can occur with significant time lags and can be distributed through trade of 
agricultural commodities and biofuels. It should be noted that such indirect effects may occur with essentially all 
types of land use and not only those associated with biofuels. 

16 http://ec.europa.eu/energy/renewables/consultations/2007_06_18_biofuels_en.htm. 

17 Source: DG ENER officials. 
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The core of the EU biofuels sustainability criteria – also reflected in similar 
initiatives by the US EPA – was a minimum greenhouse gas performance 
and land-use criteria, applicable irrespective of origin (EPA, 2009).18 For 
biofuel producers inside the EU, there was also the requirement of cross-
compliance with the CAP requirements (Art. 17 §6). Based on the adopted 
sustainability scheme for biofuels, member states can only count certified 
sustainable biofuels for the mandatory 10% share of renewable energy in 
the transport sector. Failure to comply with the sustainability criteria does 
not prohibit member states to use non-certified biofuels. However, 
biofuels that fail to fulfil the sustainability criteria do not count towards 
national targets of renewable energy obligations. In addition, biofuels that 
do not meet the sustainability criteria will not be entitled to financial 
support from consumption schemes (Hodson et al, 2010 p. 180).  

In a nutshell, the EU criteria mandate that biofuels: 

• Should deliver a minimum of 35% savings in greenhouse gas 
emissions, calculated on a lifecycle basis, when compared to their 
fossil fuel equivalent. These requirements are elevated to 50% 
after 2017 and 60% after 2018. 

• Cannot be produced in areas of high biodiversity. 
• Cannot be produced in untouched forests, areas of protection and 

highly bio-diverse grasslands.19 
• Should not be sourced from areas with high carbon stocks, 

wetlands and continuous forests. 
• Must be produced under work conditions, which observe the 

Conventions of the International Labour Organization. 

The European Parliament and Council amended the sustainability criteria 
in 2008, including changes to the requirement of periodic reporting on 
labour conditions according to Conventions of the International Labour 
Organization and on the impacts of biofuel demand on food prices and 
land rights, particularly with regards to developing countries.  

The criteria laid in the European directive call for biofuels to provide a 
minimum of 35% reduction in lifecycle greenhouse gas (GHG) emissions, 
when compared to their fossil fuel equivalent (gasoline–ethanol, diesel–
biodiesel, natural gas–biogas). The GHG threshold is to be increased to 
50% in 2017 and 60% by 2018. In addition, biofuels should not be 
                                                      

18 The minimum GHG savings required is related to the date when production sites start their operation.  See 
Hodson et al (2010, p. 182). 

19 An EC decision on the criteria and ranges that define highly biodiverse grasslands is still pending after a public 
consultation carried out between December 2009 and January 2010. See: 
http://ec.europa.eu/energy/renewables/consultations/2010_02_08_biodiverse_grassland_en.htm. 
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produced in areas of high biodiversity, in protected areas or in land 
containing high carbon stocks. 20 21 22 Moreover, the directive attempts to 
safeguard social and labour dimensions by calling for bi-annual reports on 
food security and labour conditions in biofuel producing regions both 
within Europe and abroad. 

  

                                                      

20 Untouched primary forest, and highly biodiverse grasslands. 

21 Areas designated by law as natural reserves. 

22 Wetlands, peat lands and continuously forested areas. 
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Table 5: European sustainability strategy for biofuels 

  
  

Characteristic or 
sub-component 

European Union policy for 
sustainable biofuels 

(Art. 17 of 2009/28/EC) 

S
u

st
a
in

a
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it
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te

g
y 

fo
r 

b
io

fu
el

s 
Transmaterialisation 

(replacing oil for 
biofuels) 

Market introduction 

Mandatory 10% share of 
renewable energy in 

transport by 2020. Biofuels 
only count if certified as 

sustainable.  
Monitoring Policy review every 3-years 

Detoxification 
(reducing negative 

externalities of biofuels 
usage) 

GHG emissions 
reduction threshold 

Min. 35% reduction  
from fossil baseline. 

Threshold increases over 
time.  

Human and labor 
rights 

Adhesion to conventions  
of the International Labor 

Organization  
Food security Report every two years  

Environmental  
Conservation 

No production in areas 
 of high biodiversity value 

Soil 
No production in areas  
of high carbon stocks 

Air and water issues  Monitoring & reporting 

Land rights in third 
countries 

Monitoring & reporting 

Dematerialisation 
(increasing efficiency 

in biofuels usage) 

Technology 
development 

Second generation biofuels  
count double towards 

national targets 

Source: Developed by the author based on EC (2009). 

By promoting biofuels, the European directive is in fact trying to 
encourage transmaterialisation, or action towards parameter f in the Kaya 
identity, by means of a shift towards a fuel that is less carbon-intensive 
than gasoline. Broader transmaterialisation strategy contains at the same 
time sub-components of detoxification and dematerialisation, as the 
directive launched measures to reduce negative externalities of biofuels 
deployment in environmental and social systems, as well pushed for 
technological development by double-counting advanced biofuels for the 
national targets of renewable energy in transport by 2020. The directive 
also gave an incentive for continuous innovation as the minimum GHG 
thresholds for sustainability certification do increase over time. 

The European policy does not take sides on the strong or weak 
sustainability debate. Faced with uncertainty in the safe levels of 
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substitution between biofuels and fossil fuels, the European directive 
adopts two flexibility instruments. The first is the inclusion of the term 
“renewable energy” instead of “biofuels” towards the goal of 10% of final 
energy consumption in transport by 2020 (EC, 2009). By doing so, in 
addition to avoiding picking a technology winner, the directive allowed 
other technologies (e.g. electricity, hydrogen, biogas) to supplement the 
fuel substitution effort, with potentially less collateral effects. The second 
is the previously-mentioned set of verification-based criteria, which aim to 
reduce “waste flows” through the internalisation of impacts that could 
occur due to an increased usage of biofuels, such as rebound effects, 
biodiversity losses and social conflicts. 

While biofuels alone can do little to reduce the energy intensity of the 
economy, they help reduce the carbon footprint of energy in the transport 
sector. However, it can be asked if the incorporation of a 
transmaterialisation strategy with criteria to mitigate the risks of the 
European directive is enough to achieve sustainable biofuels? 

It is important to bear in mind that directive 2009/28/EC was proposed 
in the context of a broader policy effort. The directive was a component 
of the European climate and energy package launched in January 2008. In 
addition to renewable energy promotion, through the transmaterialisation 
of fossil energy carriers towards a 20% renewable energy share (including 
biofuels), the European Commission has pushed forward two other 
legislative instruments promoting complementary strategies of 
dematerialisation and detoxification: 

• A push for energy efficiency in form of a 20% reduction in 
primary energy use by 2020; 

• Measures to stimulate a 20% reduction in GHG emissions by the 
same date, constituting a fine-tuning of the European Emissions 
trading scheme.23 

The European sustainability scheme for biofuels was itself an attempt to 
reduce the negative effects of transmaterialising transport fuels. There is of 
course a great deal of uncertainty on what is the optimal threshold for 
climate mitigation without incurring indirect rebound effects (Allen et. al., 
2000). Rebound effects could occur if, for example, reductions in carbon 
emissions due to a higher proportion of biofuels in the energy matrix 
could compromise sustainability in other sectors, such as jeopardising 

                                                      

23 See: http://ec.europa.eu/environment/climat/climate_action.htm. 
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affordable food supply and ecosystem service provision in some areas 
(Polimeni et. al., 2008).  

Biofuels are highly interconnected with social and environmental systems 
due to their dependence on land usage and competitive interaction with 
other agricultural goods. This is especially relevant at the international 
level, given that Europe alone does not have enough land resources 
available to achieve self-sufficiency in biofuels (Kutas et. al., 2007). In this 
sense, low quality energy has to be re-concentrated elsewhere and then 
imported to the EU, especially from developing countries with 
comparative advantages (labour, abundant sunlight, water and extensive 
farmland). 

This has led to the perception that a higher biofuels usage in Europe 
carries a limited liability in case of unforeseeable consequences of its 
sustainability approach for biofuels (Di Lucia et. al., 2012). The European 
directive cannot shield against the full range of uncertainties, which exist in 
the unregulated aspects of production such as non-compliance with the 
directive or an ex-post perception that the sustainability criteria was not 
properly conceived. 

Ultimately, biofuels have limitations to promote sustainability in the 
transport sector in the long run, calling for a diversified energy portfolio 
and different transport modalities (Timilsina and Shreshtha, 2010). While 
advanced biofuels carry great promise, a more cost-effective option to 
diminish our reliance on fossil fuels in transport fleets has yet to come 
(Savage, 2011). Scientific modelling can provide ranges, but political 
processes ultimately decide the ambition of goals for renewable energy 
utilisation. The European directive adopts a moving target approach aimed 
at enabling a transport system with less negative externalities. 

The current European biofuel certification schemes that seek to enforce 
the RED and guarantee that a fuel shift is made in a responsible manner 
can only be assessed in the short-term, as they are attached to explicit 
goals for 2020 and thus cannot be used to make assumptions on 
sustainability assessments over longer time horizons (Pacini et. al., 2013). 
Over the longer term, emphasis should be on more fundamental questions 
of demand: transport and energy system design, especially the 
dematerialisation of the transport system, should take the form of 
increases in the ratio of efficiency between mobility delivered per energy 
inputs (De Graça Carvalho, 2012). 

As ethanol is considered a complement, rather than a substitute to 
gasoline (Hira, 2011), policy efforts should not only aim at tackling the 
side-effects of biofuels, but also to diversify energy systems, promote 
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rational patterns of resource usage and encourage transparent legislative 
processes, which include national and foreign parties affected by 
sustainability policies for biofuels through international trade. Regulatory 
frameworks and energy policy are serious challenges for policy makers. 
Transparency, efficiency and diversification are palpable options towards a 
legitimate burden-sharing while technological options remain restricted. 
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4.  Regulator y S ignals  and 
Market React ions  

4 . 1  E t h a n o l  s u b j e c t  t o  n a t i o n a l  
e nv i r o n m e n t a l  r e g u l a t i o n s  

This chapter examines signals from international sustainability regulations 
affecting ethanol markets in similar ways as past national regulations. In 
order to do that, an examination is made into how the long-established 
Brazilian bioethanol industry has coped with environmental regulation in 
the past. The objective here is to evaluate how ethanol industries 
elsewhere might possibly adjust to supranational sustainability regulations 
in the ethanol market. 

Departing from the theory of sustainability presented in the previous 
sessions, chapter 4 is based on empirical examination of how sustainability 
has been incorporated in the Brazilian bioethanol industry, as a result of 
both internal pressures (hereby called endogenous) as well as regulatory 
factors exogenous to the ethanol industry, such as national environmental 
legislation. By drawing a parallel with developments in the national context 
in Brazil, the author attempts to forecast the effects on bioethanol markets 
from international demands (e.g. the EU sustainability criteria for 
Biofuels). 

Natural resource based industries are often subject to environmental 
regulations (Hart, 1995). The bioethanol sector is no exception, and prior 
to international rules on sustainability, the sector has faced numerous 
national regulations, as well as market pressures for higher environmental 
and social standards in the production and usage of bioethanol. 
Throughout this session we explore the example of Brazil, whose ethanol 
industry has a long history of being subject to regulations. 

The Brazilian ethanol industry has existed for more than 35 years 
(Barzelay, 1986; Goldemberg et al., 2004). In fact, Brazil has been 
producing and consuming ethanol in vehicles since the 1930s, but just 
after 1975 ethanol became a significant source of energy in the Brazilian 
energy mix, with the launch of a federal program called Proalcool. The 
industry has shown strong receptive capacity to adapt to regulations, as 
well as multiple linkages with other sectors of the Brazilian economy, 
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which are perhaps the main reasons behind its success (Furtado et al, 
2011). The industry has been exposed to various sources of environmental 
regulation in the past, namely from its own competitive nature and also 
from pressures arising from governmental regulation. The next sections 
explore these in depth. 

4 . 2  S o u r c e s  o f  ch a n g e  i n  t h e  e t h a n o l  
i n d u s t r y  

The ethanol industry can be considered as the aggregation of stakeholders 
in the production, distribution and consumption of ethanol. Trade data 
shows that this industry has grown increasingly international over the last 
decade (UNICADATA, 2013; REN21, 2012). As of 2015, it has acquired a 
cross-border and international character. As an interconnected system, it is 
hardly possible to dissociate the industrial part (mills) from feedstock 
plantations and demand structure (vehicle fleets). Companies that own the 
bioethanol mills typically also manage feedstock production through land 
ownership or renting lands, although independent farmers also have an 
important participation in the supply chain of Brazilian bioethanol (Fava 
Neves and Conejero, 2007).  

From efficiency and sustainability perspectives, the performances and 
linkages among feedstock plantations, industry and vehicles are of primary 
concern. The integration of these variables is fundamental for bioethanol 
to achieve a better energy and greenhouse gases balances than fossil fuels 
(Larson, 2006).  

In addition to the connection between plantation and mills, the bioethanol 
chain includes the demand structure represented by the consumers and 
their vehicles. Major changes in the industry were motivated by innovation 
on the demand side such as the introduction of flex-fuel technologies 
(Hira and Oliveira, 2009). Prior to 2003 in Brazil, vehicles used either 
ethanol or gasoline (e.g. gasohol, blended with 18-25% ethanol). Under 
that context, drivers could only shift fuels if they shifted vehicles 
altogether. After 2003, the flex-fuel technology effectively made these two 
fuels interchangeable, allowing most new vehicles to run on any blend of 
gasoline and ethanol. This interchangeability alleviated demand-side 
bottlenecks, allowing a renaissance in agro-industrial processes tied to 
bioethanol production. 
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Source: Developed by the author based on Andersen (2009) and BNDES (2008). 

Figure 7: A conceptual model of the Brazilian bioethanol industry 

Before exploring the relationships between environmental regulations and 
the ethanol industry, it is important to understand the main sources of 
change in an industry. An insight to these questions can be found on the 
conceptual framework from Swedish economist Erik Dahmén, who 
described sources of structural tension that drive technological innovation 
and market possibilities (Andersen 2009): 

• Introduction of new methods of production and marketing; 
• Appearance of new markets and marketable products and 

services; 
• Opening of new markets; 
• Exploitation of new sources of raw material and energy; 
• Scrapping of old methods of producing and marketing products 

and services; 
• Decline and fall of old markets; and 
• Closing of old sources of raw material and energy.  

Firms are under constant pressure to evolve by improving technology, and 
this involves research processes (Fig 6). Based on the theory of industrial 
development under regulation presented in point 1.3 of this thesis, and 
according to Spiro (2009), the economic contribution of research and 
development at the industry level can take place in different forms. These 
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include R&D processes leading technology to: become embedded in 
machines (Malcolmson 1975); replace tasks (Zeira, 2007); improve existing 
products (Grossman and Helpman, 1991); improve efficiency (Sollow, 
1956, Romer, 1990); and even generate new industries (Aghion and 
Howitt, 1992). 

Industrial change can also be motivated by market conjunctures. The 
nominal peak in oil prices in mid-2008 raised international interest in the 
Brazilian bioethanol experience. As a consequence, the industry strived to 
increase output and many governments enacted ethanol-blending 
mandates into gasoline (UNCTAD, 2009). As oil-based fuels became 
expensive, potential markets for biofuels naturally expanded.24 

It is important to analyse the sources of environmental change in the 
bioethanol industry. In order to do so, the following sections present a 
conceptual discussion about the two main forms of environmental 
compliance, hereby classified as endogenous and exogenous pressures that 
have shaped the environmental practice of the bioethanol industry in 
Brazil. This classification is important to understand the sources of 
environmentally related change in this market, and ultimately how the 
industry reacted to government regulation. 

4 . 3  E n d o g e n o u s  s o u r c e s  o f  e nv i r o n m e n t a l  
i n n o va t i o n  

Endogenous pressures for innovation can be understood as those driven 
by the natural competitive character of firms, which continuously seek to 
improve cost-performance by developing more efficient machinery, 
fermentation processes, labour skills and co-generation output (Grossman 
and Helpman, 1993). Endogenous innovation is driven by profit-seeking 
behaviour and impacts the competitive edge of a firm, which is itself a 
determinant of its success within a market (Lima, 2002). 

The Ricardian theory of comparative advantages, as well as Heckshcer-
Ohlin's view on international trade would point that higher solar 
incidence, water resources and lower-cost labour would give a 
fundamental advantage to Brazilian ethanol production and potentially to 
many other tropical countries as well (Schott, 2001; Matthews, 2007). 
However, resource availability is not enough to explain the Brazilian case, 

                                                      

24 Most biofuels have a lower Energy Return on Investment (EROI) than oil. This makes biofuels more expensive 
than fossil equivalents, compared in free market conditions. The only biofuel that has been more price-attractive 
than gasoline is sugarcane-based bioethanol. High prices of oil makes gasoline more expensive, thus, the 
alternative (biofuels) become more price-attractive, with some correlations with the sugar market as well. 
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since not all sugarcane producing countries (e.g. Mozambique, Cuba, 
Tanzania, South Asian countries) in the tropical region, with low labour 
cost and large agricultural potential, have managed to build-up a highly 
productive and innovative bioethanol production in the same way that 
Brazil has (Von Braun and Pachauri, 2006). 

The factors behind the relative success in the Brazilian ethanol industry are 
not only a consequence of its geographical advantages in agricultural 
production, but at least partially due to pro-active public policy, innovation 
and targeted investments carried out in recent decades by both the public 
and private sectors. Important institutions contributed for this progress, 
such as: Sugarcane Technology Centre (CTC); Interuniversity Network for 
the Development of the Sugarcane Sector (RIDESA); and the former 
Sugar and Alcohol Institute (IAA), through its sugarcane research program 
called Planalsucar. 

Moreover, the sugar market was historically the main raison d'être of 
sugarcane activity in Brazil. A long-time international commodity, 
Brazilian sugar was exposed to foreign competition (and regulations) and 
received innovation pressures accordingly (Zimmermann and Zeddies, 
2002). The integration between the sugar and ethanol markets is an 
advantage for the sugarcane industry as it increases arbitrage opportunity 
in different markets (Gallagher et. al., 2006). 

Figure 8 illustrates key endogenous innovations in the Brazilian sugarcane 
industry since the 1980s. These changes contributed to increased 
productivity and reduced costs long before the introduction of flex-fuel 
technology in 2003 (Fingerut 2004; Van den Wall Bake et al, 2008). 
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Source: Developed by the author based on Macedo (2007). 

Figure 8: Endogenous innovation timeline in the Brazilian ethanol industry 

The Brazilian ethanol industry has been especially successful in increasing 
production yields. For instance, from the beginning of the Proalcool 
Program (i.e. 1975) to the late 2000s, the agricultural yields of sugarcane 
production increased from 47 t/ha to 78 t/ha, and in terms of TRS (total 
reducing sugar) from 105 kg/t to almost 150 kg/t (MAPA, 2009a). In the 
same period, sucrose-to-ethanol conversion increased 14% and the 
productivity of industrial fermentation achieved a 130% improvement 
(Macedo, 2007). 

As Figure 8 illustrates, by the early 1990s researchers began to investigate 
new possible uses for sugar and ethanol, as a way to diversify markets. 
This became known as sugar and ethanol chemistry, which can be 
conceived as an initial concept for early bio-refineries (Andersen, 2008, p. 
27). A larger range of chemical products made from both sugar and 
ethanol were intensively researched. This sugar and ethanol chemistry has 
been studied since the 1980s and more intensively after the end of the 
Proalcool Program, in 1990. However, the low oil prices in the 1990s 
reduced the economic viability of this (then) new market. 

There were important consequences of early investigations of alternative 
usages for sugarcane products. When ethanol reached the world stage after 
2003, technological capabilities and research lines were at least partially 
developed, which allowed firms to resume old concepts in new, more 
favourable markets and provided price-premiums for renewable plastics 
(BRASKEM 2009). As an example, sugar-based biodegradable and non-

1980-1990

• Adoption of multiple cane varieties
• Integral utilisation of vinasse (by-product of ethanol production)
• Biological controls
• Ethanol specifications: E-100 engines, transport, blending and storage of 
alcohol. 

1990-2000

• Optimisation of surplus electricity and sales to utility companies
• Advances in industrial automation and technical management
• Prospective studies on "sugar chemistry" - early multi-output model. 

2003-present

• Introduction of flex-fuel engines
• Multi-output models: bioplastics, fibers, etc. 
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biodegradable plastics could be produced using the surplus of sugar 
production (Velho and Velho, 2006). Similarly, ethanol can be chemically 
processed into ethylene, which can then be converted to poly-ethylene, 
which is the most widely used plastic (Piringer and Baner, 2008). 

As a result of the growing scale and constant market-driven innovation in 
the sugarcane industry, ethanol production cost has fallen in recent 
decades, as illustrated in Figure 9. The figure also shows that the feedstock 
costs (i.e. sugarcane) represented between 45% and 65% of the total 
ethanol production cost. In the long-term, a new significant impact on the 
reduction of these costs is expected to occur as a result of new agricultural 
and industrial technologies, such as biotechnology. 

 

Source: Pacini and Strapasson (2012). 

Figure 9: Ethanol production costs: total production cost and feedstock 
costs (1975-2010) for hydrous ethanol (E100) 

The Brazilian ethanol industry achieved its success endogenously through 
improvements in traditional production processes and also due to its 
success in finding different ways of adding value to production. This 
process of value-addition brought numerous environmental improvements 
to the bioethanol industry (Strapasson and Job, 2007). 

On the demand-side of the industry, the introduction of flex-fuel 
technology in 2003 effectively created a new market (beyond blending) for 
the ethanol industry. Flex-fuel vehicles allowed ethanol to be supplied to a 
market that was once exclusive to gasoline-only cars, as most of the new 
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vehicles produced in Brazil became equipped with flex-fuel technology by 
factory standard starting in 2003 (Hira and Oliveira, 2009).25 

It can also be argued that a degree of exogenous (regulatory) pressures 
contributed to the evolution of the ethanol industry into its current state. 
As an example, Brazilian government regulation adapted the tax system 
for new flex-fuel vehicles by reducing the tax on imported products (IPI) 
in order to keep their selling prices competitive with traditional gasoline 
vehicles. Therefore, the flex-fuel vehicles acted as both endogenous and 
exogenous factors of innovation, as will be further explained in the next 
section. 

Much of the environmental performance of ethanol in Brazil was derived 
from domestic regulatory requirements, i.e. an exogenous factor to the 
industry. This is discussed in the next section. 

4 . 4  E xo g e n o u s  s o u r c e s  o f  e n v i r o n m e n t a l  
i n n o va t i o n  

The previous section discussed the endogenous, profit-seeking forces, 
which led to strong efficiency gains in the bioethanol industry since the 
late 1970s. However, regulatory pressures from outside the industry were 
paramount for the transformation of the ethanol industry into its present 
state (Farina et. al., 2010). 

Exogenous sources of environmental innovation originate in regulation 
from national and supranational authorities, but also from voluntary 
requirements (e.g. standards) of other market agents (Henson, 2008). They 
usually take the form of regulation or standards seeking to guarantee 
minimum quality levels or minimise negative externalities (Jaccard, 2006).  

Exogenous innovation does not necessarily increase profitability, but seeks 
to guarantee acceptance in a regulated market (Jaffe and Lerner, 2005). In 
this sense, the Brazilian ethanol industry has been subject to various 
exogenous innovation pressures in the past, mostly in the form of national 
legislation. These sought to mitigate the potentially negative environmental 
and social impacts of biofuels production. Some of the exogenous 
pressures, which have led to sustainability-related innovation in the 
Brazilian ethanol industry, are presented in the next sections. 

                                                      

25 Technical improvements in the fleet were also present before flex-fuel vehicles became recently ominous, such 
as the development of corrosion-resistant engines in the late 1970s and early 1980s (Sperling, 1987; Cortez, 
2010; Goldemberg, 2004). 
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4 . 4 . 1  S u g a r c a n e  h a r v e s t  a n d  e n v i r o n m e n t a l  l a w  

The Brazilian government has faced pressure to improve health conditions 
for workers harvesting sugarcane. Unlike bioethanol feedstocks from grain 
or starch-based feedstock, sugarcane has extensive and sharp foliage 
covering the sucrose-rich canes. Controlled crop fires have been 
traditionally used to remove the excess foliage of sugarcane in order to 
facilitate manual harvesting. This was a common and useful practice for 
many years before mechanisation became viable. Controlled fires serve to 
facilitate the manual harvest of sugarcane, but at the same time emit large 
amounts of carbon dioxide and pollutants into the atmosphere (Strapasson 
and Job, 2007). This phenomenon has sparked a strong debate in Brazil 
(SPPT, 2005; Uriarte et al, 2009), since studies have correlated the practice 
of crop fires with large incidence of respiratory disease in nearby 
communities (Cançado, 2007). 

Faced with societal pressures to regulate the practice of crop fires, the 
State of Sao Paulo, imposed norms in 2002 on how crop fires should be 
used, as well as a deadline for their phase-out.26 The industry responded 
with an increased share of mechanical harvesting, which is efficient for low 
declivity terrains and does not require the usage of fire. The increase in 
mechanisation processes also reduced the number of accidents in 
comparison to manual harvest (Scopinho et. al., 1999; Alves, 2011). There 
is an additional advantage to mechanical harvesting regarding the lifecycle 
emissions of sugarcane, as avoiding exfoliation by means of fire helps 
further reduce carbon emissions in the ethanol fuel cycle. Additionally, in 
2009 the Federal Government submitted the Federal Law Project n. 6.077 
to the Brazilian Parliament’s approval, regulating the sugarcane burning at 
the National level, but this project is still under analysis at the Parliament 
as of 2014. 

While the manual harvesting of sugarcane has been increasingly replaced 
by mechanisation, the latter cannot be seen as a simple consequence of 
governmental pressure to phase-out crop fires.27 An endogenous 
component is present, since the cost of harvesting sugarcane with 
machines (in suitable sites) tends to be lower than the equivalent carried 
out with manual labour (Van den Wall Bake et al, 2008 p. 651). 

                                                      

26 São Paulo State law Nr. 11.241 of September 19th 2002. 

27 Mechanical harvesting accounted for 46.6% of all sugarcane harvested in the major production state (Sao 
Paulo), for the harvest of 2007/2008, a 36% increase compared to the 2006/2007 harvest (Aguiar et al., 2009). 
Additionally, wages in the sugarcane industry are among the highest in the agricultural sector of Brazil (Costa 
2007), partially due to the technical knowledge needed to operate field machinery. 



 

58 
 

4 . 4 . 2  W a t e r  r e s o u r c e s  

Concerns about water-usage and damage to ecosystem services have been 
often been discussed within biofuels literature (Dominguez-Faus et. al., 
2009). Concerns include the usage of freshwater resources in intensive 
energy-crop plantations, pollution of water sources, as well as damage to 
vegetation in riverbanks (Delucchi, 2010).  

The intersection between water issues and bioethanol production has been 
dealt with by a number of legal instruments in Brazil. Brazilian 
environmental law foresees conservation areas in which no agricultural 
activity can take place. The federal Law n. 7.803 from 1989 requires a 
minimum of 30 meters from river banks where no crops should be 
cultivated. In addition, the Brazilian Law 7.803 prohibits cultivation near 
wetlands, sand-dune barriers, and water springs. These are similar 
conditions to those required for market access in Europe. Important 
amendments to the environmental legislation of Brazil are being discussed 
at the Brazilian Parliament, especially in Forestry Law (Araújo and 
Strapasson, 2009).  

There are concerns about the enforcement of the existing legal framework. 
This is partly due to the economic power of the agricultural groups, high 
costs and bureaucracy to apply the environmental legislation, and partly 
because of fragile enforcement mechanisms reliant on understaffed 
institutions such as the State attorney’s office, the forest police and the 
Brazilian Institute of Environment and Renewable Natural Resources – 
IBAMA (Martinelli and Filoso, 2008). Although the sugarcane sector in 
some areas such as the state of Sao Paulo, has been seen as a positive 
driver towards native forest recovery, especially in the riparian vegetation 
zones, under the Agro-environmental protocol adopted in the country 
since 2010 (SMA, 2011). 

4 . 4 . 3  L a b o u r  p r o t e c t i o n  n o r m  N R 3 1  a n d  t h e  
N a t i o n a l  S u g a r c a n e  L a b o r  A g r e e m e n t  

Sugarcane harvesting is considered to be a harsh activity for those 
involved in field operations (Martinelli and Filoso, 2008 p.893). This 
prompted extensive labour legislation in Brazil, which involves high 
penalties, surveillance and standards for agricultural work. One important 
law is the Brazilian Norm NR 31, adopted in 2005, which lists a variety of 
obligations to protect workers engaged in sugarcane harvesting. Such 
obligations include the usage of protective gear, limited working hours, as 
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well as health insurance coverage, which is often not available in other 
agricultural activities.28 

The issue of enforcement again exists for labour protection norms 
(Martinelli and Filoso, 2008 p.893). Although widely adopted in the state 
of São Paulo, it is difficult to assure that all sugarcane areas in the country 
follow special labour protection norms such as NR 31, which is frequently 
questioned by farmers and the industry as being difficult and costly to put 
into practice, particularly in rural areas (Pacini and Strapasson, 2012). The 
Brazilian sugarcane industry association indirectly recognises the issue, 
stressing its commitments for improving labour standards within the agro-
industry (Desplechin, 2010). 

In 2009, the Brazilian government put forward the National Sugarcane 
Labour Agreement, as a term of social commitment between 
representatives from the sugarcane industries (e.g. UNICA and Forum 
Nacional Sucroalcooleiro) and agricultural labour organisations (e.g. CONAG 
and FERAESP). This was a voluntary agreement with the aim of 
enhancing best labour practices in the sugarcane sector, focused on 
agricultural activities, particularly because mechanical harvest is not fully 
applied in all sugarcane fields. 

It is important to emphasise that despite the fact manual harvesting is 
arduous work, around 500 thousand people work as sugarcane cutters of 
approximately 1.3 million people formally working in the sugar cane sector 
in Brazil (Sousa & Macedo, 2009). Hence the conversion from manual to 
mechanical harvesting must be gradual in order to allow the incorporation 
of these workers into other activities. The current challenge is to stimulate 
the best labour practices while also promoting mechanical harvesting. 
Therefore, the social agreement was a pioneering initiative in terms of 
collective labour negotiation at a national level and could be used as a 
reference for other sugarcane producing countries worldwide. This 
modernisation process is a market trend and even with mechanical 
harvesting, ethanol still generates more jobs than gasoline per unit of 
energy delivered (Sousa and Macedo, 2009). 

4 . 4 . 4  L e g a l  r e s e r v e s  f o r  n a t i v e  s p e c i e s  a n d  a g r o -
e c o l o g i c a l  z o n i n g  

Environmental regulation seeking the protection of specific types of land 
and biodiversity has presented one of the main types of environmental 
regulation in the ethanol industry. For example, restrictions in land usage 
                                                      

28 See: http://www.mte.gov.br/legislacao/normas_regulamentaDORAS/nr_31.pdf (in Portuguese). 
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were implemented in the form of environmental legislation in Brazil 
through Federal Law n. 7.803 of 1989, which foresees a 20% natural 
reserve for native species in all agricultural properties for the main 
sugarcane production regions. 

Although sugarcane plantations occupy less than 1% (8.3 million ha) of 
the Brazilian territory (851 million ha), and only 0.6% considering the 
amount used for ethanol production, the potential impacts of its large 
scale expansion is being discussed by the Brazilian Government and the 
international community, considering the significant biofuel market 
potential worldwide (Matthews, 2007). 

In order to safeguard against the risks of unregulated land usage for 
ethanol production, the Sugarcane Agro-ecological Zoning was published 
by the government in 2009 as an additional environmental requirement for 
the expansion of sugarcane-ethanol production (Embrapa, 2010; Manzatto 
et al, 2009).  

In order to avoid negative impacts on land use change, sugarcane 
agroecological zoning has excluded the following areas for sugarcane crop 
expansion: 

• All the Amazon Region, Pantanal (swampland biome) and the 
high Paraguay-river Basin; 

• Any native vegetation, including Cerrado (a Savannah-like biome) 
and the Atlantic forest; 

• Any indigenous reserves; 
• Areas with high conservation value (UN concept); 
• Areas lacking favourable conditions on soil and climate; 
• Areas with more than 12% slope, in order to promote mechanical 

harvesting; and 
• Areas that demand full irrigation to produce sugarcane.  

The zoning has ruled out 91% of the Brazilian territory for the sugarcane 
development (Strapasson et al, 2011). Nevertheless, the available areas for 
expansion are 63 million ha, which represents more than 10 times the 
current sugarcane area planted for ethanol production.29 The legal 
framework has also conditioned any source of public financing to this 
zoning (Araújo and Strapasson, 2009). 

                                                      

29 Due to its perishable nature, sugarcane must be cultivated at a maximum distance of 40km from processing 
mills due to transport costs, which means that sugarcane plantations would likely not expand in non-indicated 
areas beyond this radius under the agroecological zoning. 
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4 . 5  E t h a n o l  s u b j e c t  t o  i n t e r n a t i o n a l  
e nv i r o n m e n t a l  r e g u l a t i o n s  –  E U  
d i r e c t i v e s  o n  b i o f u e l s  

As can be gathered from the previous section, environmental problems of 
cross-border character such as CO2 emissions from bioethanol production 
were not a priority in past national environmental regulations.30 The 
increasing global environmental concerns after the 1990s, especially after 
the Rio-92 Earth Summit, raised new issues such as climate change and 
biological diversity. This improved systemic awareness of environmental 
issues, which slowly trickled down to different sectors of the economy, 
including biofuels. Supranational bodies such as the European 
Commission then proposed EU-wide legislation to improve the 
environmental performance of transport systems, including the usage of 
biofuels, and later the usage of certified biofuels. This section explains and 
discusses this process.  

Traditionally, the main source of regulatory pressure with environmental 
character on the bioethanol industry has been national or sub-national 
regulations. This context started to change as ethanol became an 
international commodity during the 2000s (Dufey, 2006). While a number 
of countries started incorporating sustainability requirements for the 
production and usage of biofuels, actions by the United States, and 
particularly the European Union effectively created supranational 
standards for the ethanol market (Di Lucia, 2010). 

The internationalisation of bioethanol as an energy commodity brought 
importance to cross-border sustainability considerations, such as 
greenhouse gas emissions. This has been compounded by commitments 
from large bioethanol producers to the UNFCCC, such as Brazil (Pacini 
and Strapasson, 2012). The greenhouse gas emissions throughout the 
lifecycle of ethanol production and use became the main benchmark of 
the contribution of biofuels to efforts of climate change mitigation 
(Khatiwada et. al., 2012). This section discusses specifically the case of the 
European Union, which spearheaded the development of sustainability 
regulations for biofuel markets from 2006 (Pacini et. al., 2013). A 
comparison is then drawn between the EU requirements and past 
reactions to environmental regulations from the Brazilian ethanol industry. 

In the European Union, biofuels first acquired a noticeable market share 
after the turn of the century and the approval of the first EU directive on 
biofuels (EC, 2003; REN21, 2013). The bioethanol market increased 
                                                      

30 Crop fires were, but due to their detrimental effects to the health of populations in nearby areas. 
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steadily from 2003 onwards, and the EU directive on biofuels adopted in 
2003 did not call for specific sustainability provisions (Pacini et. al., 2013). 
In the European Renewable Energy Directive 2009/28/EC (RED), 
sustainability requirements were introduced, creating a long-term market 
for biofuels subject to sustainability regulations. This provided an 
exogenous signal to bioethanol industries worldwide, as new provisions 
became mandatory to engage in trade with the EU (Zarrilli, 2008). 

The development of the new directive was closely watched by lobby 
organisations from Europe and abroad due to its potential to effectively 
change market conditions for the development of bioethanol. The 
proposed target for 2020 included a specific, binding 10% renewable 
energy goal for the transport sector, much of which was likely to be met 
with biofuels. This was accompanied by an intense debate, as the 
production of first-generation biofuels could increase demand for 
farmland expansion to meet European demand, triggering international 
repercussions on land use, as well as biodiversity and social systems (Pacini 
et. al., 2013). 

Amid general demands to improve multiple aspects of the European 
energy infrastructure, the European commission redefined its initial 
biofuels strategy from 2003, and unified previous documents on the 
promotion of renewable energy into a single directive launched in 2009 
(EC 2001; 2003; 2007; 2009). The EC then put forward a set of 
sustainability criteria to be followed, in order to make the biofuels eligible 
for the mandatory 10% renewable energy target in the transport sector by 
2020. 

According to the adopted directive, only biofuels certified as sustainable 
could be counted by European member states towards the mandatory 
10% share of renewable energy in the transport sector (EC, 2009). The 
directive stated that biofuels counted towards this target should be 
certified as sustainable irrespective from their origin (European 
Commission 2009, pp. 36–38). According to the European criteria, 
biofuels: 

• Should deliver a minimum of 35% savings in greenhouse gas 
emissions, when compared to lifecycles of their fossil fuel 
equivalents. These requirements are elevated to 50% after 2017 
and 60% after 2018; 

• Cannot be produced in areas of high biodiversity; 
• Cannot be produced in untouched forests, areas of protection and 

highly biodiverse grasslands; 
• Should not be sourced from areas with high carbon stocks, 

wetlands and continuous forests; 
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• Must be produced under work conditions that observe the 
Conventions of the International Labour Organization.  

The sustainability scheme for biofuels was not adopted in the exact form it 
was initially proposed. While the proposal of the Renewable Energy 
Directive was being discussed in the European Parliament and the Council 
during 2008 (the co-decision process), the sustainability scheme was 
changed slightly. The final text adopted in May 2009 contained 
requirements for periodic reporting on labour conditions according to 
Conventions of the International Labour Organization and on the impacts 
of biofuel demand on food prices and land rights, particularly with regard 
to people living in developing countries. 

The practical implementation of the sustainability criteria and verification 
schemes started with a batch of seven voluntary certification schemes 
recognised by the EC in July 2011. Subsequent endorsements by the EC 
brought this number to 13 recognised schemes in 2014. As it is unlikely 
that all biofuels will be produced under the same conditions, a mass-
balance system has been adopted to weight the share of sustainable 
biofuels in each commercial shipment.31 

The European market is important for ethanol producers in Brazil, given 
trade volumes with countries like Germany, France, UK, Sweden and the 
Netherlands. Based on these commercial linkages, the EU sustainability 
criteria for biofuels exert direct pressure on the bioethanol industry in 
Brazil (Smeets and Faaij, 2010; Pacini et. al., 2013). Further arguments to 
this causality relationship between the EU rules and the Brazilian ethanol 
industry - an important part of this thesis - are presented in the next 
section. 

4 . 5 . 1  I n d u s t r y  r e a c t i o n s  t o  t h e  i n t r o d u c t i o n  o f  
s u s t a i n a b i l i t y  c r i t e r i a  f o r  b i o f u e l s  

The European sustainability criteria for biofuels invoke credibility, as 
adopted directives are binding to all EU27 member states. But while the 
European criteria are representative of a market of 500 million people, 
other markets such as the US are already large trade partners in bioethanol 
without the same stringent sustainability requirements. 

According to statistics from the Brazilian Secretariat for Foreign Trade 
(SECEX), ethanol exports to the US amounted to 4.38 billion litres 

                                                      

31System for certification of sustainable biofuels. See: 
http://ec.europa.eu/energy/renewables/biofuels/sustainability_criteria_en.htm. 
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between 2006 and 2009, while exports towards the EU amounted to 3.4 
billion litres during the same period. Furthermore, a number of other 
sustainability schemes for biofuels have been proposed at different 
levels.32 This puts the ethanol industry in an uncertain position prior to 
engaging in costly compliance investments. The lack of clear guidelines on 
sustainability criteria has been raised as a key international market 
uncertainty by bioenergy traders (Junginger et al, 2010). Even as the 
European Commission published guidelines for the implementation and 
monitoring of the sustainability criteria in 2010, as well as an initial batch 
of seven voluntary schemes recognised as meeting the sustainability 
requirements, the lack of definition in some aspects of implementation, as 
well as inaccurate cost estimations for different certification methods 
allows uncertainty to persist.33 

Uncertainty is especially pronounced due to the two main pending points 
of the EC directive (RED): the approach to incorporate indirect land use 
change – iLUC – (Art. 19 §6) in the methodology for the accounting of 
lifecycle emissions, as well as the definition of highly biodiverse grasslands 
(Art. 17 §3c). These two issues create strong uncertainty in critical market 
aspects, because they can render biofuels “sustainable” or not depending 
on the methodologies used (Di Lucia et al., 2012). 

According to Di Lucia et. al. (2012), the incorporation of iLUC into the 
EU biofuels policy is a controversial topic and deserves further studies and 
clarification about its potential effects. The International Energy Agency's 
Bioenergy (Task Force 38) carries out research on the incorporation of 
iLUC into policy (IEA, 2009). However the results about a potential 
carbon-debt effect from iLUC still present high variation and uncertainty, 
depending on the methodology used, particularly as the models are 
sensitive to the type of crop, country, yields, land availability, and the 
agricultural and energy market dynamics, among many other factors. A 
similar conclusion was reported by Akhurst et al (2011) after having 
analysed the main iLUC models under discussion at the EC, such as: 
IFPRI modelling using a modified MIRAGE model, with 2 alternative 
policy scenarios and 5 biofuel incorporation scenarios; JRC‐IPTS 
modelling using three different models (OECD AGLINK-COSIMO, 

                                                      

32 More than 70 different sustainability schemes for biofuels have been proposed, by private, governmental, non-
governmental, regional agents and international organisations such as ISO.  An overview of the existing 
sustainability schemes can be found at Figure 2 of Desplechin  (2010) :  See: 
http://english.unica.com.br/opiniao/show.asp?msgCode=%7BCB4605EE-B672-4D2C-9480-
6A6EC339AFD2%7D. 

33 The seven voluntary schemes recognised by the European Commission in July 2011 were: Bonsucro EU, 
Roundtable on Sustainable Biofuels (RSB), Bureau Veritas Biomass Biofuels voluntary scheme (2BSvs), 
Roundtable on Responsible Soy (RTRS EU EU-RED), International Sustainability and Carbon Certification 
(ISCC), Greenergy Brazilian Bioethanol verification program and Abengoa EU-RED Bioenergy Sustainability 
Assurance (RBSA). See:  http://ec.europa.eu/energy/renewables/biofuels/sustainability_criteria_en.htm. 
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ESIM and CAPRI); and JRC Ispra comparison of 6 models (AGLINK-
COSIMO, CARD, IMPACT, GTAP, LEI-TAP and CAPRI) to model 2 
different EU biofuel scenarios. The incorporation of an iLUC criteria 
could, for example, render most types of biodiesel unfit to meet the 
minimum 35% GHG threshold depending on the parameters used (EBB, 
2011). 

Based on the current state-of-the-art in methodology discussions, it is 
unlikely that scientific consensus on this issue will be met in short-term. 
This lack of consensus resulted in the European Commission proposing a 
limit of 5% for first generation biofuels in the overall target for renewables 
in the transport sector by 2020 (EC, 2013). 

With regards to the EU-RED sustainability criteria concerning highly 
biodiverse grasslands, proposed as one of the no-go areas for biofuel 
crops, this measure may directly affect Brazil and many African countries 
with high potential for biofuels production (Scarlat and Dallemand, 2011). 
In Brazil, grasslands already converted to agriculture, typically pasture, are 
exactly the type of land considered by the Brazilian legislation as one of 
the main potential areas for the expansion of bioethanol production with 
the lowest environmental impact (Pacini and Strapasson, 2012). In 
addition, a criterion based on the biodiversity argument could be 
contested, as the European biomes are often more damaged than those of 
third world countries (Miranda, 2007). 

Since the introduction of stringent rules for biofuels production and trade 
in 2009, the ethanol industry is faced with policy uncertainty. The next 
sections argue that the industry could be seen as engaging in three non-
exclusive strategies: (1) Adapting its processes towards compliance with 
the EU criteria; (2) Seeking market security by focusing innovation efforts 
in biorefinery models, diversifying its input–output strategy and risk; and 
(3) Market leakage, by seeking less-regulated markets. 

4 . 5 . 2  A d a p t i n g  t o  t h e  E U  r e q u i r e m e n t s  

In the main case study in this thesis (Brazil), past development of 
environmental legislation raised production standards to levels, which 
generally already ensured compliance with many of the European criteria 
proposed for sustainable biofuels (Janssen and Rutz, 2011). Even though 
it is difficult to identify absolute causality between the introduction of 
sustainability criteria in Europe and subsequent reactions from the 
Brazilian industry, some events indicate a level of compliance.  

Accounting of emissions: Part of the success of the Brazilian ethanol 
industry is based on the favourable greenhouse gas balances of ethanol 
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documented in literature (Macedo et al 2008). Methodologies have been 
established that measure GHG emissions in the production and usage of 
ethanol both as E100 and as E25 (gasohol blend with gasoline). The 
balance of GHG reductions when ethanol is used instead of gasoline 
varies between 70–90% in the absence of significant land use change 
(Macedo, 2004). Some level of consensus is achieved on GHG savings 
thresholds, with studies ranking Brazilian ethanol significantly above the 
minimum of 35% required by the EU. The RED itself provides a default 
value for ethanol production through sugarcane as delivering 71% GHG 
savings compared to gasoline (EC, 2009a p. 52). Similar figures are 
presented by the US EPA (61%), the IEA (90%) and scholars such as 
Macedo (85–91%) (EPA, 2010; IEA, 2002 p. 13; Macedo et al, 2008 p. 11). 

There are ongoing efforts to further reduce the lifecycle emissions of 
sugarcane ethanol, as illustrated by recent initiatives by the Brazilian 
Bioethanol Science and Technology Laboratory (CTBE) to develop low 
impact machinery, as well as investments made by the company Petrobras 
on ethanol pipelines, which can further reduce the carbon intensity of 
ethanol. 34 35 

While not a response to the EU directives, the common practice of co-
generating electricity at ethanol mills has also helped to reduce the GHG 
footprint of ethanol. Modern cogeneration equipment, which produces 
both heat and power, has at present a very high efficiency level, with 
overall efficiency ranging from 80 to 93% (Kamate and Ganvati, 2009; 
Andersen, 2009; Procknor, 2008). The cogeneration module provides 
power for the bioethanol plant and the excess electricity is fed into the 
national electricity grid. This method of producing electricity, non-reliant 
on fossil inputs, is a fundamental reason behind the positive energy 
balances associated with sugarcane ethanol (Goldemberg, 2006). This is 
even recognised by sceptics of biofuels, such as Pimentel (2003). However, 
the high performances already achieved can limit further improvement, 
through decreased returns on investments. In addition, the possible 
emergence of second generation bioethanol might create internal 
competition for bagasse (for electricity and cellulosic ethanol), but this is 
likely not to worsen the GHG balance of the fuel (Dias et. al., 2011). 

Labour conditions: Brazil is a signatory of the ILO conventions 
(Andrade and Miccolis, 2010). The country has a labour norm for 

                                                      

34 See CTBE Low Impact Mechanization for no-till farming: 
http://www.bioetanol.org.br/english/interna/index.php?chave=lowimpact. 

35 Petrobras ethanol pipeline initiative is under developed after receiving approval from the Brazilian 
environmental protection agency (IBAMA). More information on Petrobras ethanol pipeline project can be found 
at: http://www.petrobras.com.br/ri/Show.aspx?id_materia=JMeRyok7WQCDrk0uCVuLhA. 
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agricultural fieldwork (NR 31), which regulates safety and health standards 
of workplaces. The proper observance of NR 31 would be compatible 
with the conventions from the International Labour Organization, which 
in principle would safeguard bioethanol producers against negative labour 
assessments by the European Commission. On the other hand, as the 
European requirements only call for countries to be signatories of the ILO 
conventions, the effectiveness of this item is questionable. Signing is 
relatively easy and the directive does not go as far as to specify monitoring 
methodologies for reporting on labour standards.  

The Brazilian ethanol industry has been actively coordinating with 
government, private and research institutions to reduce carbon footprints, 
gather data about soil conditions and reinforce labour standards. Some of 
the measures, particularly those linked to carbon management and land 
mapping, correlate in time with the development of the European 
directive 2009/28/EC. Others such as forest and waterways protection, as 
well as labour protections have been in place long before the European 
legislative process on biofuels. It can be said that the EU directive has 
been at least a partial motivator for the recent innovation processes that 
are developing in the Brazilian ethanol industry. Table 6 summarises the 
potential impacts of the European legislation on the ethanol industry, 
assuming compliance with this legal framework. 
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Table 6: European Sustainability Criteria and potential 
signals for innovation 

EU sustainability criteria 
for biofuels (in 
2009/28/EC) 

Brazilian bioethanol 
 industry as of 2013 

Pressure for future change 

Minimum of 35% GHG 
savings 

• GHG savings in the order of 
50–90% for sugarcane ethanol  
• Phase-out of crop fires (State 
of Sao Paulo Law 11.241/2002; 
Federal Law Project 
6.077/2009) 

•Incremental innovation on 
existing processes 
•Shift from truck-based to pipeline 
ethanol transport systems 
(planned) for long distances 
•Replace diesel by ethanol or 
biodiesel in field machinery 

Land use restriction: 
High biodiversity 

• Environmental law: minimum 
distance from water sources  
• Mandatory 20% reserve in all 
agricultural properties for 
native species  
• Agroecological zoning and 
ecological–economic zoning 

• Clarification of status of different 
land in the country 
• Production and dissemination of 
information  

Land use restriction: 
Protected areas 

• Federal Law 7803/1989 on 
protection of wetlands and 
waterways 
• Agroecological zoning and 
ecological–economic zoning 

• Clarification of status of different 
land available in the country 
• Production and dissemination of 
information  
 

Land use restriction: 
High carbon stocks 

• GlobalSoilMap participation 
in initial stages 
• Agroecological zoning and 
ecological–economic zoning 

• Map carbon stocks of land 
countrywide. 
• Clarification of status of different 
land-use in the country 

Labor conditions 

• Brazilian labour legislation e.g. 
NR 31 and others. 
• National Sugarcane Labour 
Agreement 

•Homogenisation of labour 
standards within industry 
•Better enforcement of existing 
labour norms compatible with the 
conventions of the International 
Labour Organization. 
• Capacity building for sugarcane 
manual harvest workers to have 
other job opportunities. 

 

4 . 5 . 3  T h e  r i s k  a v o i d a n c e  s t r a t e g y  

In face of increasingly complex conditions – tariffs and sustainability 
mandates – present in international biofuel markets, the ethanol industry 
might steer innovation towards diversifying its activities. As suggested by 
Dahmén (1994), industrial innovation occurs though the creation of new 
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capacities and diversification of business risks. From the perspective of the 
ethanol industry, there is a great deal of uncertainty involved when 
regulatory requirements change (Di Lucia et. al., 2012). In the context of 
the European Union, this has roots in two main reasons: 

• The European Commission has to deliver periodic reports on 
environmental sustainability aspects. In principle, a country might 
be downgraded to an unsustainable biofuels producer (in practice 
excluded from the market) if sustainability issues are uncovered in 
those reports.36 This is compounded by the uncertainty regarding 
the insertion of iLUC factors into EU legislation (EC, 2009). 

• It is not desirable to rely on one export product (bioethanol) for a 
single market. Experience with low-diversification monoculture 
brings back lessons from the decline of the coffee industry in 
Brazil after 1930. Additionally, given the amount of research 
interest in transport energy, it is plausible that new energy carriers 
might achieve price-parity with combustion engines, reducing 
demand for bioethanol in the future. 

That said, the industry tends to respond by innovating in other ways, such 
as expanding beyond the core ethanol business. This has parallels in other 
industries that adopted the concept of biorefineries, such as the pulp and 
paper industry (Laestadius, 2000). Given multiple raw inputs, a biorefinery 
yields a variety of outputs, from energy to chemicals, construction 
materials, food, biogas, plastics, among others (Ragauskas et al, 2006). 

In a biorefinery strategy, such as in a mixed portfolio of financial 
securities, multiple inputs (sugarcane, bagasse, straw, wood) could be 
selected, and multiple end products could be generated (ethanol, sugar, 
biomaterials, electricity, heat) depending on market conjunctures. Such a 
multi-product model is similar to the innovation strategy pursued by the 
pulp and paper industry (Laestadius, 2000). 

Diversification of output and markets has precedent in the Brazilian 
ethanol industry. According to Andersen (2008), during the crisis of the 
Brazilian ethanol program in the early 1990s, the so called “sugar 
chemistry” investigations focused on diversifying the output of sugar mills. 
Conversely, the European directive might give impetus to a renewal of this 
market-diversification behaviour. Just as sugar kept the ethanol industry 
alive during the 1990s and ethanol and electricity co-generation reinforced 

                                                      

36 The first report of 2011 foresees the assessment of issues such as food security and labour conditions in biofuel 
producing countries/regions.  
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the sugar business after 2003, business robustness tends to increase when 
a new output is added to the sugarcane mill (Andersen, 2008, p. 27). 
Additional evidence in this direction has been presented by Pacini et. al. 
(2013) who investigated reasons behind sustainability certification, further 
explored in chapter 4. 

4 . 5 . 4  M a r k e t  l e a k a g e  

The introduction of strict environmental regulations has been correlated 
with leakage effects in the past, as producers seek markets where business 
can be carried at lower regulatory compliance costs (Fowlie, 2009). 
Furthermore, the introduction of sustainability criteria for energy trade has 
raised suspicions of green protectionism (UNCTAD, 2010). In this 
context, sustainability criteria for ethanol could be seen as a green 
conditionality or a non-tariff barrier to trade, leading countries to potential 
commercial litigations at the World Trade Organization (WTO) or to less 
regulated markets (De Gorter, 2009). 

How much the bioethanol industry reacts to the European requirements is 
expected to be proportional to the level of interest it has in that market, or 
if it believes the EU criteria will serve as a basis for global standards for 
biofuel sustainability (Pacini and Strapasson, 2012; Pacini et. al., 2013)). If 
member states do not uptake their biofuels usage in line with the 
directive’s targets, the absolute size of the European market will be smaller 
than previously thought. Similarly, if other important trade partners (e.g. 
the US) adopt very different approaches towards biofuel requirements, the 
incentive for compliance with the EU criteria could be weakened (FAO, 
2013). While the US rules on renewable fuels affect the largest world 
market for biofuels, they fell short of building a broader set of 
sustainability criteria as Europe did. 

Given the characteristics of commodities such as bioethanol, international 
trade is highly dynamic, and new producers and consumers are expected to 
quickly emerge (UNCTAD, 2009). In the presence of regulatory 
heterogeneity, bioethanol trade could tilt towards the market with lowest 
requirements, in line with the "race-to-the-bottom" literature (Vogen and 
Kagan, 2004). Given the existence of demand in alternative markets, 
sustainability has to command a price premium in Europe; otherwise the 
end result might be trade diversion. As South-South trade volumes are on 
an ever-increasing trend, the Brazilian industry could bypass major 
destinations (such as US and the EU) looking instead to other countries 
interested in diversifying their transport fuel portfolios, such as China, 
India, Japan and South Korea (Hira, 2010).  
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Even as it provides a premium for advanced biofuels, the United States 
has no comprehensive, nationwide sustainability scheme comparable in 
scope with the European directive. At the same time, the size of the US 
market is considerably larger than that of the EU. While the EU demand 
for ethanol reached 3.51 billion litres in 2008, the US demand for the same 
fuel reached 36.4 billion litres in the same period.37 In Europe, biofuels 
that are not certified as sustainable are not banned from the market, but 
cannot be counted towards the European mandatory target of 10% 
renewable energy 2020. In this sense, biofuels that do not adhere to the 
EU criteria will struggle to find markets in Europe unless they are 
significantly cheaper than the fossil fuel alternative.  

As sustainability demands are lower in the USA, biofuels classified as 
unsustainable according to the European regulation might enter the US 
market. In global terms, this could mean a setback for efforts to improve 
the sustainability of global transport by promoting better biofuels. Here 
lies the importance of a coordinated biofuels policy, as consistently high 
standards in all major markets would avoid market leakage, which has the 
potential to reduce the efficiency of sustainability schemes applied on 
ethanol. 

  

                                                      

37 Sources: US Renewable Fuels Association and EurObservER Biofuels Barometer 2009.  
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5.  Implementing 
sustainabi l i ty  cer t i f icat ion  

In an ideal world, bioethanol would be produced from low-value material, 
which does not compete with other important usages such as food, feed or 
biomaterials production (Savage, 2011). However, due to technological, 
regulatory and economic challenges, processes for the deployment of such 
advanced biofuels are at early market stages (IEA, 2010). Thus, as 
explained in the previous chapter, national and supranational policies have 
attempted to make current-generation biofuels more socially and 
environmentally responsible and less carbon-intensive. 

A key aspect of this process has been the practical implementation of 
sustainability rules by market agents. Thus, sustainability certification 
started to be broadly adopted by international ethanol markets in the late 
2000s. This section therefore focuses on current strategies for the 
implementation of sustainability certification as proposed by the European 
Union for first generation biofuels. It then converges towards a discussion 
of difficulties arising from the integration of sustainability certification in a 
context of fuel competition between ethanol and gasoline. 

5 . 1  S u s t a i n a b i l i t y  s ch e m e s  r e c o g n i z e d  i n  
t h e  E U  

While there has been a consensus in the post 2005 period that there was a 
need for sustainability safeguards in ethanol markets (Lewandowski and 
Faaji, 2006), the production and usage of biofuels is a complex system that 
can be subdivided in several steps. These include cultivation, harvesting, 
transport, storage, processing and distribution to fuel blenders and end 
users. Any effort to promote sustainability requires information from all 
these steps in the production chain. In the interesting case of the EU, 
where sustainability rules were adopted in 2009, details on certification 
procedures and costs were largely unknown by the time the RED was first 
published in 2009 (Pacini et. al. 2013), leaving the national authorities with 
only 20 months to adapt their legal systems to comply with the directive. 

The European Commission had a different starting point when it 
contemplated a system for sustainability information in the chain of 
custody. The Commission impact assessment which accompanied the 
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RED proposal contained three options for regulating the chain of custody 
of biofuels, namely track and trace, book and claim and a mass balance 
system (EC, 2008; Hodson et al, 2010 p. 201). 

Track and trace is a path of identity preservation, where all shipments 
claiming biofuels sustainability need to be physically separate from other 
biofuels in each step of the production chain. This system results in high 
costs given the logistics of duplicating containers along the chain, and was 
thus not endorsed by the EC.38 

A book and claim system requires no physical link between the production 
of biofuels that comply with the sustainability criteria and a claim of 
compliance (Hodson et al, 2010 p 201). Under this system, operators 
register the production of sustainable biofuels (thus booking this into a 
central registry), for which they receive a tradable certificate. Operators at 
the end of the chain need to hand over a certificate for each unit of biofuel 
they sell as sustainable. In this system, certificates are traded in the market 
and there is no physical requirement that biofuels used meet any 
sustainability criteria, given they are matched with a certificate proving the 
same amount of sustainable biofuel has been produced – and presumably 
consumed elsewhere. 

Finally, a mass balance system is one in which a mix of sustainable and 
non-sustainable biofuels can take place. Each shipping container must be 
accompanied by information on the quantity of biofuels that conform to 
the sustainability criteria. Changes in the contents of the containers must 
then be matched by an adjustment on the percentage of sustainable 
biofuels, which remain as part of the whole. By establishing a flexible form 
of physical tracking, mass balance is more rigorous than a book and claim 
approach, but less so than the full-identity preservation approach. 

The European Commission opted for a mass balance system for biofuel 
certification and tracking in supply chains (EC, 2009). The stated reasons 
for this choice included the need to change the behaviour of market actors 
and provide price premiums for sustainable biofuels. According to the EC, 
this was better safeguarded through the physical tracking of shipments 
(EC, 2009, Recital 76 and §18). The directive also argues against a very 
stringent system of track and trace due to the risks of unreasonable burden 
on the industry. The practical guidelines for market operators were 
published by the EC in 2010, and member states were charged with the 
task to verify compliance and promote audits (EC, 2010; Hodson et al, 
2010 pp. 202–203). 
                                                      

38 A Track and trace mechanism is the rule on genetically modified organisms (GMOs) in the European Union. 
GMOs are shipped in separate containers from conventional organisms as cross-contamination is undesired. 
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The EU RED delegated the certification process itself to private agents, 
charging EU member states with the responsibility of monitoring the 
system. Member states were required to source information and audit local 
biofuel producers and operators. The RED opened three options for 
market agents to obtain certification for sustainable biofuels: (1) through 
voluntary schemes for producers irrespective of origin; (2) through 
agreements with third party countries; and (3) through agreements with 
EU member states. The comparative costs of the three different 
certification options remains somewhat unclear (Westberg and Johnson, 
2013). 

As pointed out by Pacini and Assunção (2011), voluntary schemes include 
industry, NGOs and governmental initiatives which, unlike the mandatory 
”floor” set by the RED, are of voluntary compliance by operators. 
Examples include the Roundtable on Sustainable Biofuels (RSB), 
Roundtable on sustainable Palm Oil (RSPO) and Bonsucro.39 The EC can 
examine voluntary schemes and decide – through a comitology process 
with the EU council – that a voluntary scheme is at least as stringent as the 
minimum requirements laid out by the RED (EC, 2009 Art. 18 § 4). EU 
member states can support and promote voluntary schemes through 
national agencies, but they cannot enforce mandatory compliance to 
sustainability requirements that are more stringent than those in the 
Directive. In July 2011, seven voluntary certification schemes were 
recognised by the EU as adequately covering the requirements in the 
RED, a number which has risen to 14 by 2013.40 Alternatively, market 
operators in third party countries can obtain sustainability certification if 
their governments reach an agreement with the EC, again based on proof 
of attaining the same requirements as the minimum sustainability 
requirements for biofuels in RED. 

A regulatory vacuum has to some extent existed since the EU-RED was 
introduced in 2009, due to producers or operators being uncertain as to 
how biofuels could be certified as meeting the sustainability requirements. 
The seven voluntary schemes recently recognised have reduced the 
uncertainty somewhat; these schemes were deemed to adequately cover 
the sustainability requirements for biofuels contained in Article 17 of the 
EU-RED (Table 7 and Table 8). In some cases, a separate version of the 
existing scheme was developed for consistency with the EU-RED 
specifications. Those schemes that have extensive social sustainability 
criteria, particularly the RSB, considerably exceed the EU-RED criteria in 
these respects (German and Schoneveld 2011). 

                                                      

39 See: RSB: http://rsb.org/ ; RSPO: http://www.rspo.org/ and Bonsucro: http://www.bonsucro.com/. 

40 See: http://ec.europa.eu/energy/renewables/biofuels/sustainability_schemes_en.htm. 
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Table 7: Voluntary biofuels sustainability schemes recognised by the EU 

Scheme Type of scheme Biofuels covered Secretariat 
EU-RED criteria 

recognition 

ISCC  Government-financed All Germany All 

Bonsucro EU Roundtable initiative Ethanol UK All but HBG* 

RTRS EU EU-RED Roundtable initiative Soybean/veg. oil/biodiesel Argentina All 

RSB EU EU-RED Roundtable initiative All Switzerland All 

2BSvs Industry scheme All France All but HBG* 

RSBA/Abengoa EU-RED Industry scheme All Spain All 

Greenergy Industry scheme Ethanol UK All but HBG* 

* HBG = highly biodiverse grasslands (EU-RED, Art. 17(3)(c)). For Bonsucro, 2BSvs and Greenergy, the non-recognition of their provisions on HBG suggests that these schemes will not 
be able to grant sustainable status for biofuels produced in areas potentially classified as HBG, which includes some types of pastureland. 

Source: Adapted from Pacini and Assunção (2011). 

 



 

77 
 

Table 8: Description of seven voluntary schemes for biofuels 
sustainability recognised by the EU in 2011 

G
o

ve
rn

m
en

t-
fi

n
a
n

ce
d

 

ISCC  

ISCC (International Sustainability and Carbon Certification) is a multi-
stakeholder international initiative developed with a large number of 
companies along the entire supply chain, as well as research 
organizations, NGOs and industry associations. ISCC is governed by 
an association that currently has 55 members. ISCC covers all types of 
biomass and biofuels and has a global scope. The scheme has received 
full recognition for EU-RED. The development of the scheme was 
supported by the German Federal Ministry of Food, Agriculture and 
Consumer Protection via the Agency for Renewable Resources (FNR). 

R
o

u
n

d
ta

b
le

 i
n

it
ia

ti
ve

s 

Bonsucro 
EU  

Bonsucro EU (formerly Better Sugar Cane Initiative) is a special 
version of the Bonsucro scheme that was specifically designed for the 
EU-RED. Bonsucro is a roundtable initiative that includes a large 
number of companies from along the supply chain; some members are 
NGOs (e.g. WWF). Bonsucro EU is aimed at sugarcane-based ethanol 
with a strong focus on Brazilian sugarcane production. The scheme has 
received recognition for all the criteria of the EU-RED, except for the 
provision on highly biodiverse grasslands. 

RTRS EU 
EU-RED  

RTRS (Round Table for Responsible Soy) EU EU-RED is a special 
version of the RTRS scheme, specifically designed to meet EU-RED 
requirements. RTRS is a roundtable initiative that involves a large 
number of companies from along the supply chain as well as 
representatives from civil society, including environmental NGOs (e.g. 
Conservation International, The Nature Conservancy, and WWF). 
RTRS EU EU-RED is a standard for soy-based diesel with a strong 
focus on Argentine and Brazilian soy production. The scheme has 
received recognition for all EU-RED criteria. 

RSB EU 
EU-RED  

RSB (Roundtable on Sustainable Biofuels) EU-RED is a special version 
of the Roundtable for Sustainable Biofuels scheme, specifically 
designed to meet the EU-RED requirements. RSB is a roundtable 
initiative involving companies from along the supply chain and 
members from civil society and NGOs (e.g. Conservation 
International, IUCN, United Nations Foundation, Wetlands 
International, and WWF). RSB EU-RED covers all types of biofuels 
and has a global scope. The scheme has received recognition for all 
EU-RED criteria.  

In
d

u
st

ry
 s

ch
e
m

es
 

2BSvs  

2BSvs (Biomass Biofuels Sustainability voluntary scheme) is a French 
initiative, developed by a consortium of companies led by Bureau 
Veritas. 2BSvs covers both biomass feedstocks and biofuels and has a 
global scope. The scheme has received recognition for all EU-RED 
criteria, except for the provision on highly biodiverse grasslands. 

RSBA  

RBSA (Abengoa EU-RED Bioenergy Sustainability Assurance) is an 
industry initiative developed by Abengoa and covering bioethanol 
supply for its own business partners. It is characterized by a mandatory 
requirement to calculate actual greenhouse gas values as opposed to 
allowing the use of default values, with a view to driving better GHG 
performance in the supply chain. The scheme has received recognition 
for all EU-RED criteria. 

Greenergy  

The standard is an industry initiative developed by Greenergy for its 
own suppliers of sugarcane-based ethanol produced in Brazil. The 
scheme has received recognition for all EU-RED criteria, except for 
the provision on highly biodiverse grasslands.  

Source: Adapted from EC (2011b) and websites of the voluntary schemes. 
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The voluntary certification schemes accredited by the EU can be broadly 
divided into three categories. First are the roundtable initiatives (such as 
Bonsucro, RTRS and RSB), which are characterised by a large number of 
companies from biofuel supply chains engaging directly in the 
development of their certificates (RSB 2010, Bonsucro 2011b, RTRS 
2011). RSB in particular includes, in addition to private companies, 
members from civil society, NGOs, academia and international 
organisations. All the roundtable initiatives offer commercial certification 
services. 

The second category includes the industry schemes (2BSvs, 
RSBA/Abengoa and Greenergy), which mainly focus on the supply chains 
of specific trading groups (2BSvs 2011, Greenergy 2011, RSBA/Abengoa 
2011). While the French initiative 2BSvs offers commercial certification 
services to any interested party in the market, RSBA and Greenergy’s 
certificates are limited to their business partners, as they have no public 
pricing scheme for accreditation. 

The third category includes government-financed schemes. It is only 
represented by the ISCC certificate, which was recognised by the EC in 
2011 and is a multi-stakeholder initiative involving companies, research 
organisations and NGOs. 

While all seven voluntary schemes were recognised as granting sustainable 
status for certified biofuels (thus allowing biofuels to be counted towards 
the EU target for renewables in 2020), each scheme has its own structure, 
stringency requirements and scope (Pacini and Assunção 2011). 

In order to hedge against regulatory risks, some schemes provide 
feedstock certification for different markets (Pacini et. al., 2013). An 
example is the Bonsucro scheme, which does not only cover ethanol, but 
also the broader umbrella of sugarcane feedstock, serving as a tool for the 
certification of other by-products with potential future regulatory or 
consumer relevance, such as sugar, renewable electricity (from bagasse-
fired cogeneration) and biomaterials derived from sugarcane (Bonsucro, 
2011). Another example of unique features can be illustrated by RSB, 
which adopts a higher stringency level than the minimum requirement set 
by the RED. It does so through a two-tier mandatory model, where Tier 1 
meets the RED requirements, but binds accredited firms to migrate to 
Tier 2, which has more stringent GHG, water and social thresholds than 
the minimum set by the RED (RSB, 2010). 

Given the differences in substance among different certification schemes, 
it is unlikely that lower prices of certification services alone will determine 
competition among schemes in the market for biofuel certification. Biofuel 
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producers should analyse the specifics of each, taking into consideration 
current and potential future demands not only from policy-makers, but 
also based on what consumers in specific markets may be looking for 
when a biofuel is labelled environmentally friendly or socially responsible. 
Some schemes, such as Bonsucro and RSB, already include some flexibility 
based on the expectation of future sustainability requirements on biomass, 
in line with what is being discussed by the European Commission (EC, 
2010). Additionally, flexibility is important as it allows schemes to be 
useful in other relevant markets, such as the US and Brazil, which have 
already moved towards formal sustainability requirements (EPA, 2010, 
Pacini and Strapasson, 2012). 

As an attempt to shed light on costs that biofuel producers will likely face, 
it is important to understand what the different certificates could represent 
for the market, particularly what they could entail for prospective biofuel 
producers in developing countries. 

5 . 2  C o s t s  o f  o b t a i n i n g  s u s t a i n a b i l i t y  
c e r t i f i c a t i o n  

Sustainability criteria must consider the entire supply chain and all the 
processes involved, including feedstock growing, conversion, transport 
and distribution, blending and any pre- or post-processing that may be 
required. While meeting the sustainability requirements in the EU-RED, 
market agents can incur various costs that might not have otherwise been 
incurred if a business as usual path had been taken. 

 These costs can be divided into five categories, as follows: 

(1) Certification fees: Costs levied by the certifying entity; the fee 
structure might be fixed or based on the quantity certified or 
various combinations. 

(2) Internal adaptation costs: Actions and costs associated with improved 
agricultural practices (e.g. lower impact tillage), more efficient 
equipment (e.g. engines or mills) and better controls (e.g. exhaust 
from industrial mills). These measures may also reduce production 
costs in the long run as resource usage becomes more efficient, so 
they may become strategic benefits. 

(3) Information costs: Costs related to gathering and analysing data (e.g. 
biodiversity status of land, estimate of carbon stocks). 

(4) Changes to management systems: Costs related to the tracking of 
products, quality control and integration of new data and analysis 
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into production processes, including both those processes that 
remain unchanged and those that have been modified. 

(5) Auditing fees: Costs incurred in monitoring visits and assessments 
by external agents (auditors) to guarantee neutrality. 

Certification costs can also vary significantly depending on the feedstock 
used and the scale of production (Pacini and Assunção 2011; Van Dam et. 
al., 2012). 

Some companies may be vertically integrated across one or more elements 
of the supply chain, and therefore the effort and cost associated with 
certification can be spread across various actors, depending on their 
organisational set-up (Gereffi et al, 2005). The organisational or ownership 
structure will likely affect some of the above cost categories, particularly 
those related to information gathering and tracking. Sustainability 
requirements can be passed on from final biofuel suppliers to feedstock 
producers through contractual clauses, and suppliers would likely increase 
prices to meet the new requirements, depending on the level of 
competitiveness in the supply chain (Walker et. al, 2008). 

Adaptation costs, information costs, changes to management systems and 
auditing fees could comprise a significant proportion of the total cost but 
are difficult to estimate because they are inherently firm-specific (Van 
Dam et. al., 2012). Certification fees, however, can be estimated based on 
the pricing scheme published by the operators. The schemes vary in 
stringency levels and scope, but most voluntary schemes will require 
market operators to pay a fixed “gate” fee to apply for certification, as well 
as an output-dependent fee based on annual turnover.  

The cost of certification must also be evaluated in relation to the overall 
cost structure of first- and second-generation biofuels (UNCTAD, 2008). 
For first-generation biofuels, which will dominate until 2020, most of the 
cost arises from feedstock production. Therefore, it is the guarantee of 
feedstock availability and price that reduces uncertainty and facilitates 
investment. Although sustainability certification tends to raise costs along 
the value chain, the heterogeneous character of the different schemes 
might imply differences in compliance costs as well as in scope and 
stringency levels (Pacini and Assução, 2011). 

Although biofuel producers have the option of directly contracting 
certification services from commercial schemes (e.g. Bonsucro, ISCC, 
RSB, RTRS and 2BSvs), they could also enter into ‘free’ certification 
agreements with ‘closed’ schemes (e.g. Greenergy and RSBA/Abengoa). 
These latter two schemes are not offered as commercial certification 
services to interested parties in the market, but instead focus on their 
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supply chain partners. In such arrangements, the partners (e.g. farmers and 
biofuel producers) do not have to pay membership fees or turnover-
dependent fees to receive consultancy services while adapting their 
production to the requirements of the standard. The ‘free’ certification 
support is usually tied to commitments for longer-term supply contracts 
(Pacini and Assunção, 2011). Firms in the production chain would 
nevertheless have to pay for their own information and adaptation costs to 
meet the requirements of the scheme of their choice; they can avoid only 
the direct costs associated with certification fees (McKinsey 2007).  

While the final consumer ultimately bears the costs of certified biofuels, 
the split of certification costs along supply chains – and the distribution of 
burden among producers of different economic sizes – could have 
important implications for market access for small-scale producers and/or 
in LDCs, where biofuels might in fact have their most positive impacts in 
terms of social development. Therefore, the cost of sustainability 
certification becomes an issue of equity and economic development as 
well as an energy policy issue. 

5 . 3  E s t i m a t i n g  c e r t i f i c a t i o n  c o s t s  

During the development of the EU-RED, when biofuel sustainability was 
envisaged as mandatory, the various actors in the biofuel industry became 
concerned with the impact this would have on production and other 
business costs (Hodson et. al., 2010). Equally, questions were raised as to 
whether sustainability certification would harm trade by imposing an 
unequal burden on producers outside the EU (UNCTAD, 2009). While 
the sustainability requirements are applicable to firms irrespective of their 
origin (i.e. EU or non-EU producers), their actual certification costs for 
market operators have, until recently, been unknown and difficult to 
estimate. 

After the publication of the EU-RED and until early 2011, the 
competition between certification schemes was a ‘blind game’ because 
details of the final format of each scheme were sketchy, with no 
comparable information on their pricing structure. Real traction with 
market agents could not occur until the EC decision in July 2011, with the 
publication of the first seven schemes. Assuming that the schemes will use 
similar commercial certification and audit firms in the market, a simplistic 
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view might be that the competition between them would be based on 
price/cost.41 

While for the producer the costs of obtaining sustainability certification 
can be many (see section 5.2), certification fees are often two: a 
membership fee (mandatory, optional or bundled to benefits depending 
on the certificate) and a quantity-dependent fee (cost specified per litre of 
certified product). Some schemes require companies to become members 
in order to access the certification services (e.g. Bonsucro and RTRS). 
Others stimulate membership by linking it to lower fees per unit output 
(ISCC), whereas others do not require mandatory membership for 
certification seekers (RSB and 2BSvs). 

An estimation of the ranges charged for membership fees for some biofuel 
sustainability schemes are represented in Figure 10. The estimations are 
based on the minimum, maximum and average membership fees charged 
by each scheme.42 

 

 
Source: Adapted from Pacini and Assunção (2011). 

Figure 10: Range of membership fees in selected voluntary schemes 
granting sustainable biofuel status in the EU 

The estimates are based on the minimum, maximum and average 
membership fees charged by each scheme, which depend on their 
respective methodologies; fees are generally based on property size, 

                                                      

41 A limitation to this approach must be stated, because not all schemes focus on the same feedstocks. Bonsucro 
and Greenergy are restricted to sugarcane ethanol and RTRS aims at soy biodiesel. 

42 The calculation of membership fees depends on the methodology established by each certification scheme. 
Fees are generally based on property sizes, amount of feedstock processed or annual financial turnovers. 
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amount of feedstock processed or annual financial turnover (Pacini and 
Assunção 2011). 

In addition to membership fees, information on output-dependent fees is 
available for five of the seven certificates accredited by the EU (Figure 11). 

 
Source: 2BSvs (2011), Bonsucro (2011a), ISCC (2011), Pacini and Assunção (2011), RSB (2011b), 
RTRS (2011). 

Figure 11: Estimated Annual certification fees for five of the seven 
schemes 

Direct comparisons between schemes have limitations, as each 
certification scheme has its own specificities (Van Dam et. al., 2012). 
Sustainability schemes are not perfect substitutes for each other and thus 
direct price competition between these seven schemes is not the only issue 
influencing the market (Pacini et. al. 2013). 

As presented by the EU Commission itself, each sustainability scheme has 
unique characteristics, requirements and scope (EC, 2011). The RTRS, for 
example, offers a number of different certifications, beyond the one 
covering the EU-RED. RTRS covers different implementation 
mechanisms for the chain of custody, in particular the book and claim 
method, which relies on tradable certificates rather than the physical flows. 
Consumers or fuel distributors need to purchase certificates equivalent to 
the sustainable fuel being used (RTRS 2011). 

The Bonsucro scheme is unique in that it covers not only (bioethanol) but 
essentially all sugarcane by-products, including sugar, renewable electricity 
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(from bagasse-fired cogeneration) and biomaterials derived from 
sugarcane.43 The RSB differs from all the others in adopting a higher 
stringency level than the EU-RED through a two-tier mandatory model, 
whereby Tier 1 meets the EU-RED requirements, but also binds 
accredited firms to migrate to Tier 2, which has more stringent GHG, 
water and social thresholds than the minimum set by the EU-RED (RSB 
2010). 

Yet another concern for feedstock suppliers is choosing a scheme that 
looks to the future. This is important given the signs of upcoming 
regulations on broader biomass bases (Panavan et. al., 2013), for both 
energy (e.g. heat and power) and non-energy uses (e.g. animal feed, 
biomaterials). Schemes such as Bonsucro and RSB already incorporate 
some flexibility based on the expectation of future sustainability 
requirements on biomass, in line with what is being discussed by the 
European Commission (EC 2010c). In addition, geographical flexibility is 
important to allow schemes to be useful in other markets of relevance, 
such as the US and Brazil, which have already moved towards formal 
sustainability requirements (US EPA 2010b, Paper 5). Schemes that are 
tilted heavily only towards EU-RED requirements could lose their appeal 
as a global market emerges. 

While the specifics vary, in all cases the exercise of sustainability 
certification increase costs for ethanol producers. The next chapters 
explore how this additional cost component can matter, in a context of 
competition between fuels. 

 

 

 

 

 

 

 

 

                                                      

43 About Bonsucro: www.bonsucro.com/about.html. 
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6. Challenges in 
maintaining the price-
attractiveness of  ethanol 

This chapter shows how the complexity of regulations targeting bioethanol 
requires catering for two simultaneous goals: promoting renewable energy 
options while making them the rational choice for consumers. The chapter 
discusses the importance of considering fuel substitutes when designing 
policies for biofuels, particularly when recognising that gasoline pricing is a 
crucial instrument to enable ethanol adoption by consumers (Papers 1, 2 
and 3). The chapter ends with an examination of price-attractiveness under 
a context of mandatory sustainability certification for biofuels, by 
examining how price premiums for ethanol certified as sustainable could 
conflict with the market dynamics of consumer preference for ethanol vs. 
gasoline (Papers 6 and 7). The chapter closes with a set of policy 
recommendations based on the findings. 

6 . 1  S u s t a i n a b l e  a n d  p r i c e - a t t r a c t i v e ?  

As argued in previous chapters, the introduction of sustainability 
requirements for biofuels by the EU in 2009 brought new costs to the 
bioethanol industry. There were hopes, however, that biofuels certified as 
sustainable would earn producers price premiums in European markets, 
working as an incentive to improve the industry, as well as grant an 
opportunity for developing country producers to uptake sustainable 
production and begin profitable exports of clean fuels to Europe (Pacini 
et. al., 2013). Primary research conducted by the author involving 
interviews and data analysis (Paper 6) examined the issue of costs for 
producers to adapt to the EU sustainability requirements. The analysis 
indicated the absence of the strong price premiums for certified biofuels 
that had been anticipated. 

In this chapter, I analyse how even small cost increases due to 
sustainability certification can have a strong impact in a context where 
ethanol competes with gasoline for consumer preference. An analysis of 
the Brazilian context of biofuels provides the basis for verifying the effects 
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of incorporating sustainability criteria into a market where fuel choice 
occurs between ethanol and gasoline. 

As hydrous ethanol (E100) and gasoline (E18–25) coexist as separate fuel 
options in the Brazilian market, relative prices tend to determine, which 
fuel is chosen by drivers (Salvo and Huse, 2013; Paper 1). An examination 
is then made of the pattern observed by market shares of ethanol and 
gasoline, in a context of changing prices between these fuels in Brazil 
(Paper 3). An analysis of official data has not shown a clear relationship 
between price-elasticities of demand for ethanol and growth of the flex-
fuel fleet in the country. However, dispersion modelling of fuel choices 
has shown that as ethanol markets incorporate sustainability premiums, 
the resulting higher prices for certified E100 could shift a significant part 
of ethanol demand towards gasoline. Given the limitation of policy tools 
to keep ethanol as a price-attractive fuel option, I argue that it is important 
to consider the pricing of gasoline as an important policy area for biofuel 
sustainability (Pacini and Silveira, 2011b). 

6 . 2  T h e  o p p o r t u n i t i e s  a n d  c o s t s  o f  
s u s t a i n a b l e  e t h a n o l  

The internationalisation of biofuel markets was driven primarily by 
national mandates and trade relationships between the United States, the 
European Union and Brazil, all of which share similar goals of promoting 
green jobs, de-carbonise their transport sectors, as well as reducing their 
respective dependence on oil (Brazil, EU and US, 2007). The 
commoditisation of biofuels was driven by blending mandates and relative 
production efficiencies, which resulted in price disparities appearing 
between different markets (UNCTAD, 2009). 

By capitalising on trade opportunities, producers attained higher prices in 
foreign markets, sometimes delivering higher returns than possible in 
domestic markets alone. Figure 12 serves to illustrate price premiums for 
anhydrous ethanol obtained by Brazilian exporters in the US and EU 
markets, when compared to domestic prices in Brazil (Elobeid and 
Tokgoz, 2008; Junginger et. al., 2011).44 

As of 2011 biofuel consumption in Europe amounted to 13.84 billion 
litres, an increase of 3.15% in energy terms compared to 2010 

                                                      

44 It is worth noticing that the US has become the world’s largest ethanol producer and exporter as of 2013. 
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(EurObserv’ER, 2012).45 Major European biofuel consumers include 
Germany, France, Spain, Italy, UK, Poland and Sweden. The US, on the 
other hand, consumed more than 50 billion litres of ethanol in 2011, with 
just over 4 billion litres of biodiesel consumed. 

 
Source: Based on data from UNICADATA (2013) and CEPEA/Esalq (2013). 

Figure 12: Price premiums for anhydrous ethanol obtained in selected 
exports destinations (US and EU) compared to domestic prices in Brazil, 
01.2008 to 05.2012. Prices ajusted to CIF, including freight and insurance 

to Rotterdam (EU) and Gulf (US) 

Figure 12 shows price differentials that helped to determine trade flows 
between Brazil, the US and the EU (taking into account freight and 
insurance costs, Brazilian ethanol exports obtained, in average, price 
premiums of 13.6% in the US and 2.8% in the EU between 2008 and 
2012). This difference in spreads was reflected in the evolution of Brazilian 
exports, seen in Figure 13. 

Just as price premiums are crucial for producers seeking foreign markets, 
the expectation of sustainability premiums has become increasingly 
relevant (Mathews, 2008). Such premiums accrued by producers that 
engage in sustainability were expected to make certification attractive for 
producers.46 However, this turned out not to be always the case. Before an 
                                                      

45 There has been a decrease in the growth rate of biofuel consumption in Europe since 2008 due to the economic 
downturn, affecting exports from traditional producers such as Brazil, whose potential to export has been faced with 
reduced credit availability and strong domestic demand. 

46 Note the magnitude of sustainability premiums are not necessarily related to the lifecycle GHG performance of 
a specific biofuel. While biofuels with low GHG emissions are more likely to succeed in obtaining certification, 
premiums are binomial – they can exist for certified biofuels based solely on the binomial factor of being 
certified or not. Premiums are therefore independent from crops or processes gave origin to the biofuel, but 
fundamentally related to regulatory requirements.  
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analysis of premiums can be made, let us understand the incentive 
mechanisms used to promote sustainable biofuels in the EU and US. 

 
Source: Based on data from UNICADATA (2013) and CEPEA/Esalq (2013). 

Figure 13: Exports of anhydrous ethanol from Brazil, 01.2008 to 05.2012. The white 
area represents indirect exports to the US via Caribbean countries (CBI initiative) 

The United States did not introduce broad sustainability criteria for liquid 
biofuels as was the case in Europe. Instead, the US established a two-band 
system of regular and “advanced” biofuels – measured by their GHG 
performance including indirect land use changes and conversion pathways 
(EPA, 2010). Advanced biofuels – including sugarcane and cellulosic 
ethanol – received the incentive of a market reserve of 60 billion litres, 
about half of the US quantitative blending mandate of 136 billion litres of 
ethanol by 2022 (EPA, 2010). This market share allowed the emergence of 
sustainability premiums of about 0.20 USD per litre, equivalent to 36% per 
litre when compared with conventional (corn) ethanol (BP, 2012). The 
limitation is that through this market reserve, the incentive system in the 
US does not attempt to directly regulate social and biodiversity-related 
aspects of biofuel production, doing so only indirectly by promoting 
advanced technologies, which potentially have fewer negative externalities. 

As sustainability criteria for biofuels were introduced in the EU, 
protectionism fears were raised and the industry expressed worries about 
the costs of complying with the new requirements (UNCTAD, 2008a; Van 
Dam and Junginger, 2011). In contrast, the EU rules also raised 
expectations for attractive price-premiums for sustainably produced 
biofuels, which were seen as an opportunity by producers in developing 
countries. 

The sustainability rules for biofuels came into force in December 2010, 
and became applicable throughout the EU. Since then, data has emerged 
on the premiums that certified biofuels have obtained in the European 
market. The price data shows that sustainability premiums did not bring 
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about major change in fuel markets as expected. This will be explored in 
the next section. 

6 . 3  H i g h e r  c o s t s ,  b u t  n o  p r i c e - p r e m i u m s  

In order to have their products certified as sustainable in the EU, biofuel 
producers both within and outside the EU have to adjust to the 
requirements of the Renewable Energy Directive (RED), bringing changes 
to their cost structure as discussed in Chapter 5. 

Based upon the analysis in Paper 6 with producers and traders, there 
appears to be a “push-the-bill-to-the-weakest” effect, where larger biofuel 
producers are likely to attempt to “outsource” certification costs as much 
as possible, by requiring smaller suppliers to adapt to the new 
requirements. For example, many biofuel mills are the de facto regional 
monopsonies for local business partners such as smaller-scale feedstock 
producers and service providers. Those might in turn be put at a 
disadvantaged to relay rates to the mill operators. This could in some 
circumstances oblige smaller business partners to foot the bill for 
adaptations without being able pass on their costs to the buying group 
(CIFOR, 2012). Market concentration and bargaining power of market 
agents dealing with sustainability costs is an interesting field for further 
research. 

While certification costs are difficult to estimate, since they vary on a case-
by-case basis, estimations made by Van Dam et al (2012) place costs in 
ranges of 1–5€/per ton of palm oil in Indonesia; 0.5–25€/ton for jatropha 
in Tanzania; and €0.5–4.5/ton of soy in Argentina. Unlike costs, there is 
much better availability of information concerning price-premiums 
between conventional and certified biofuels. Prices are different to costs: 
they also depend on the dynamics of supply and demand. Even if 
sustainability certification did not increase biofuel production costs (e.g. in 
the case where additional costs were cancelled by efficiencies of technical 
progress), supply and demand forces would still cause price-differences 
among certified vs. non-certified biofuels. To have a better perception of 
how sustainability premiums evolved in the markets, Figure 14 illustrates 
the price-premiums obtained by RED-compliant ethanol in European 
markets. 47 

                                                      

47 Considering any of the 11 schemes allowing market access in the EU: ISCC, Bonsucro EU, RTRS, RSB, 
2BSvs, RBSA, Greenergy, Ensus, Red Tractor, SQC and Red Cert. 
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Source: Based on data from Platts. 

Figure 14: Prices of certified sustainable ethanol (anhydrous, EU-RED 
Compliant) vs. regular anhydrous ethanol. Prices per cubic meter (left 

axis) and magnitude of premium (right axis) 

Certified ethanol had a short-lived premium in European markets. The 
average premium for certified ethanol was only 0.46% over regular 
ethanol. The peak premium amounted to 3.93% in the second semester of 
2011, and since the end of that year there has been practically no premium 
for ethanol certified as sustainable. Based on Paper 6, in the words of a 
trader: 

“There is no market for non-certified product. You have to make it better but no one 
will pay anything extra for it”.48 

The discussion on price premiums must be understood in light of the 
opportunity costs which market agents face while engaging in arbitrage 
between different markets (e.g. EU, US and Brazil) and sectors (food, feed 
and energy) (Cavalcanti et al, 2011). In markets where biofuel mandates 
are used (e.g. most of the European Union), the price of biofuel tends to 
be closely related to the price of the feedstock (de Gorter, 2009). On the 
other hand, in markets where biofuel demand is constrained by blending 
limits, then demand for biofuels is likely to be determined by the price of 
oil (Serra et al., 2010). This second case figured clearly during the 
discussions on the ethanol blend wall in the United States (Zhang et al., 
2010). 

                                                      

48 The EU does not count reductions of emissions if the fuel is not certified. This is the reason why non-certified 
product is not interesting for market agents. 
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In both biofuel deployment strategies mentioned above (biofuel mandates 
and blending limits), sustainability premiums can be determined by 
certification costs, available supply of certified volumes, as well as demand 
for certified fuel. Markets determine premiums for certified biofuels: in 
case supply falls, premiums increase. In case of oversupply, premiums 
decrease or they are not paid at all (Van Dam et al, 2012 p. 62). Pacini et. 
al. (2013) also noted that small premiums for certified ethanol were due to 
a relative equilibrium between supply and demand in Europe (the inverse 
for biodiesel, which displayed persistent premiums indicating that supply 
and demand for certified biodiesel were not yet in equilibrium in Europe). 
The role of Germany (as a major consumer) and ISCC as the leading 
certification scheme in the biodiesel market could have an influence on 
this, leaving tight supplies in northwest Europe and therefore causing the 
persistence of premiums (Van Dam et al, 2012 p. 62).  

As noted by Pacini et. al., (2013) and Van Dam et. al., (2012), there is a 
strong belief among market players that certification will cover most of the 
biofuels market in the long. The initial perception that sustainability 
certification would be rewarded with price-premiums for certified biofuels 
is not confirmed by the data (Walter and Segerstedt, 2012). 

The absence of large sustainability premiums does not mean that 
sustainability comes at no cost. When certification is incorporated in 
production costs, prices can then converge and certified biofuels can 
become the new normal practice. 

In 2012, the European Commission proposed changes to the EU biofuel 
policy, in order to address potential negative impacts of biofuels on food 
prices, as well as Indirect Land Use Change (iLUC) effects brought by 
their increased usage (Pacini and Strapasson, 2012). The core proposal was 
to limit first-generation (food-based) biofuels to a maximum of 5% of the 
overall goal of 10% renewables in EU transport by 2020 (European 
Commission, 2012). This new proposal raised the perception that the two 
different approaches for sustainability (in the EU and in the US) are 
heading towards some level of convergence. In other words, a cap on first 
generation biofuels would echo the US strategy of splitting the domestic 
market into a quota for first generation and another for advanced biofuels 
(cellulosic and high-performing sugarcane ethanol) where premiums 
emerged.49 While this latest proposal in the EU seeks to avoid putting 
pressure on food prices, as well as fostering technological development, it 
nevertheless constrains markets for producers who invested in 
sustainability certification for first generation crops. 
                                                      

49 Premiums for advanced biofuels in the US market are based on the RIN (Renewable Identification Number). 
See: http://www.epa.gov/otaq/fuels/rfsdata/2014emts.htm (last accessed in February 2015) 
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6 . 4  E t h a n o l  v s .  G a s o l i n e  i n  t h e  B r a z i l i a n  
c a s e :  w h a t  t o  e x p e c t  w h e n  
s u s t a i n a b i l i t y  i s  i n c o r p o r a t e d  

The introduction of sustainability regulations as a de-facto precondition to 
market access has brought new costs to the biofuels industry. Beyond 
mere impacts on private-sector strategies and investment decisions, such 
regulations have created new aspects to be considered when biofuels are 
examined as an alternative energy option. While sustainability certification 
became a tool that can open doors to new markets, the price for the key to 
this door can be problematic for biofuel systems, which face competition 
from fossil fuels (Pacini and Assunção, 2011; Paper 1; Paper 6). 

The previous section showed that producers incurring costs related to 
compliance with sustainability rules once thought they would be rewarded 
with price-premiums for certified products. While large price premiums 
did not materialise for ethanol, there was strong consensus among market 
agents that sustainability certification is a dominant trend which brings 
additional costs into the ethanol market (Paper 6). Producers are now in a 
market where certified sustainable biofuels have become the new norm 
(Van dam et. al., 2012). This section argues that with the introduction of 
sustainability, there is an inherent problem for bioethanol policy design. 
This is due to a lack of coordination between efforts to make ethanol 
price-attractive to drivers and the incorporation of additional costs arising 
from sustainability certification. 

As described by Hira and Oliveira (2009), a new economic balance 
emerged in Brazil with the introduction of flex-fuel fleets and a growing 
commoditisation of fuel ethanol. With ethanol and gasoline markets 
connected through the flex-fuel technology, fuels needed to be 
competitive in price in order to be chosen by consumers (Paper 1, Paper 
2). 

At the same time as consumers choose between fuels domestically, Brazil 
emerged as an ethanol exporter to US and Europe, exposing itself to 
regulatory influences from these markets. Domestically, flex-fuel vehicles 
now make up almost 50% of the national fleet (UFRJ, 2012), allowing 
consumers to choose between E100 and gasoline depending on the 
current economics of each fuel.50 

                                                      

50 Fuel economy is the fuel efficiency relationship between distance travelled by a vehicle and the amount of fuel 
consumed. It involves energy contents of fuels, as well as engine characteristics, such as fuel compression rates. 
For the same volumetric inputs, fuel economy parities between hydrated ethanol (E100) and gasoline have been 
estimated at 0.7 distance-units for ethanol, for each 1 distance unit for gasoline. See Salvo and Huse (2011). 
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The problem facing energy regulators then became how to maintain the 
competitiveness of hydrated ethanol fuel (E100). Efforts were 
concentrated on two fronts. The first took form of industrial and 
innovation policy seeking to foster technological progress and reduce costs 
along the entire lifecycle of ethanol production (Paper 5). The second was 
to strike a regulatory setup to ensure ethanol could compete with gasoline 
in an environment of volatile prices (GIZ, 2012; Paper 2). These two 
challenges – reducing costs and striking the right regulatory setup – have 
been the fundamental aspects determining the price-attractiveness of 
ethanol to consumers, and consequently its economic sustainability as a 
renewable transport fuel in the Brazilian market. 

More recently, as a consequence of the internalisation of bioethanol, 
regulators were faced with a new dimension while trying to keep ethanol 
attractive to drivers. As discussed in previous chapters, targeted 
sustainability requirements started to be formally mandated into biofuels 
markets (Scarlat and Dallemand, 2011). Illustrating this, a directive 
adopted by the European Union (EU) in 2009 conditioned market access 
only to biofuels certified according to a set of sustainability criteria (EC, 
2009). As market operators in Brazil, Europe and United States have 
perceived sustainability as a driving force for the industry in the long run 
(Van Dam et al., 2010), sustainability costs are now increasingly being 
incorporated in the formation of ethanol prices. 

Building upon previous studies on the consumer choice of ethanol (Pacini 
and Silveira, 2011ab, Da Silva Filho et. al., 2011), and taking into 
consideration recent data on fuel consumption, prices and fleet 
characteristics in Brazil, this section engages in three quantitative exercises. 
The first is a measurement of price elasticities of demand for ethanol and 
gasoline in Brazil. The second contribution takes the form of a statistical 
model describing how consumers have changed fuel preferences 
depending on relative prices between ethanol and gasoline. This model 
then serves as a basis for a simulation, which seeks to forecast how 
ethanol consumption would behave in a scenario where sustainability 
certification costs are incorporated and transmitted to ethanol prices at the 
pump. 

6 . 4 . 1  G r o w i n g  f l e x - f u e l  f l e e t s  –  m o r e  f l e x i b l e  
c o n s u m e r s ?  

The current configuration of the market for transport fuels in Brazil poses 
many challenges for ethanol to be competitive with gasoline. The growing 
share of flex-fuel vehicles as a percentage of the total fleet can in principle 
give drivers more flexibility to shift between fuels Figure 15. Ethanol usage 
pays off only when the price difference between ethanol and gasoline is 



 

94 
 

larger than 30% (Pacini and Silveira, 2011b; Salvo and Huse, 2011). In 
many moments between 2005 and 2012 the price difference was smaller 
than this pay-off threshold, making Brazilian drivers decide whether to use 
E100 when it was not an economical choice. Taking into consideration the 
growth in flex-fuel fleets, this section analyses how Brazilian consumers 
have reacted to variations in fuel prices in recent years. In order to do so, 
this section calculates the price elasticities of demand in ethanol and 
gasoline markets, in an attempt to verify if a larger participation of flex-
fuel vehicles has made ethanol demand more elastic. 

 
Source: Based on data from the Brazilian Agency for Oil, Natural Gas and Biofuels (ANP) and the 
Energy Economics group of the Federal University of Rio de Janeiro (UFRJ). 

Figure 15: Two dimensions of ethanol development in Brazil: share of 
flex-fuel fleets in % of total national fleet and % of year when ethanol was 

not an economical choice for drivers (price ratio between ethanol and 
gasoline was lower than 0.7). Aggregated data at the level of Brazil, until 

April 2012 

One way to measure the flexibility consumers have to shift between fuels 
is through the calculation of price elasticity and cross price elasticity of 
demand for fuels. The price elasticity of demand measures the 
responsiveness of the consumption of a fuel to changes in its price. It can 
be formalised as: 

�����,���� = %	�ℎ��	
	��	�
����	� !	�100
%	�ℎ��	
	��	$!��
	 �	�100  

Where Ceth indicates the consumption of E100 and Peth the price of E100 
for a given month. �����,����	then represents the price elasticity of 
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demand for ethanol. To a certain extent, increases in the price of E100 can 
lead to reduction in its consumption due to improved behavioural 
efficiency similar to patterns observed during the Brazilian electricity 
energy crisis of the early 2000s (Pinguelli and Lomardo, 2004). However, 
consumers often cannot reduce fuel consumption below a minimum level 
necessary to perform daily tasks, commute to work, etc. (Rouwendal, 
1996). As a consequence, changes in the price of one fuel can lead to 
changes in the demand for another. This is known as the cross price 
elasticity effect, which is a measurement of the responsiveness of demand 
for gasoline following a change in the price of a related fuel (E100). This 
can be formalised as: 

��%&',���� = %	�ℎ��	
	��	�
����	� !		�( )��

%	�ℎ��	
	��	$!��
	 �	�100  

Where	��%&',���� is the cross price elasticity between changes in price for 
E100 and changes in demand for gasoline. Cross price elasticities also 
indicate whether two fuels are substitutes or complements to each other. 
In consumer choice theory, for substitute goods an increase in the price of 
one good leads to increased demand for the other (Pindyck and Rubinfeld, 
2008). Thus, cross price elasticity of demand for two substitute goods will 
be positive. On the other hand, complement goods are not fully 
equivalents, but instead display complementary demand, such as vehicles 
and fuel. Under this logic, a reduction in the price of fuel is likely to be 
followed by more vehicle purchases, resulting in increased demand for 
vehicles. The cross price elasticity of demand for two complements is, 
therefore, negative. 

In principle, ethanol and gasoline could be considered to be substitute 
goods, since both can be used in vehicles possessing flex-fuel technology. 
On the other hand, market data has shown many instances of negative 
cross price elasticities between ethanol and gasoline. Table 9 shows the 
calculated price elasticities of demand between fuels as annual averages 
between 2005 and 2012. 
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Table 9: Calculated price elasticities of demand for ethanol 
and gasoline in Brazil between 2005 and 2012 

Year 
Avg. price 
elasticity  
(ethanol) 

Average 
price 

elasticity  
(gasoline) 

Average cross-elasticity 
of demand  

(Cethanol/Pgasoline)*
* 

Average cross-
elasticity of demand  

(Cgasoline/Pethanol)
** 

2005 12.98 -13.79 -6.96 14.76 

2006 7.85 3.03 2.90 9.01 

2007 -6.66 -5.12 -6.88 -3.36 

2008 -10.74 -30.62 -38.42 -10.36 

2009 -95.70 5.44 2.13 -74.88 

2010 -1.44 11.89 -1.70 0.35 

2011 -1.18 86.50 57.96 3.35 

2012* -3.51 -96.04 -144.99 -0.27 
Source: Calculated by the author based on data from the Brazilian Agency for Natural Gas, Oil and 
Biofuels (ANP). 

Note:  * Considering data until April 2012. ** Cfuel = consumption of fuel; Pfuel = price of fuel. 
Values should be read in percentage increase (or decrease) in demand given a 1% increase in prices 

The presence of both positive and negative indexes for cross elasticity 
suggests there is at least some level of complementarity between ethanol 
and gasoline markets in Brazil. Other factors can also be at play, such as 
imperfect consumer choice for fuels, the absence of a complete flex-fuel 
fleet in Brazil51, the usage of other fuels such as natural gas and diesel, as 
well as statistical differences in data (Oliveira et al., 2008; Farina et al., 
2010).Values in Table 9 indicate that, in general, demand for both ethanol 
and gasoline have been highly elastic to price changes, given coefficient 
values often larger than 1. In addition, something appears to have 
happened between 2007 and 2008, as noticed by a spike in elasticities in 
those years. 

The determining factors behind the high elasticity numbers between 2007 
and 2008 might not be the evolution of flex-fuel fleets (which represented 
only 47.1% of the national fleet in this period), but could be due instead to 
producers deciding to focus on different proportions of ethanol and sugar 
production, climate factors, or simply a mismatch between supply capacity 

                                                      

51 As of 2011, 43% of vehicles registered in Brazil ran on gasoline (E18-25), 47.1% were flex-fuel, 4.7% were 
diesel-powered, 3.7% ran on ethanol only and 1.5% used natural gas. Source: Energy Economics Department, 
UFRJ. 
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and demand for ethanol in the period. Figure 16: Evolution of ethanol and 
gasoline consumption in Brazil illustrates the evolution of ethanol and 
gasoline consumption in Brazil. The correlation coefficient between 
ethanol and gasoline consumption in the period 2005–2012 has been 
0.2308, indicating that approximately 23% of ethanol consumption can be 
explained by gasoline usage. Interestingly, when considering consumptions 
until September 2009, the correlation coefficient is much higher (0.5056). 
There is then a statistical “decoupling” of fuel consumptions after 2009, 
which can be one of the reasons behind the high elasticities observed. This 
change in ethanol consumption trends after 2009 might be better 
explained by supply constraints.  

While in principle ethanol consumption (and price-elasticities) would have 
increased along with the flex-fuel fleet in Brazil, other factors appear to be 
preventing this theoretical equilibrium from being achieved. A clear 
pattern of gradual increases of elasticities based on the growth of flex-fuel 
fleet between 2005 and 2012 has not been corroborated by the data, and 
presents opportunities for future research. 

 
Source: Based on data from ANP. 

Figure 16: Evolution of ethanol and gasoline consumption in Brazil 

6 . 4 . 2  E s t i m a t i n g  p r o b a b i l i t i e s  o f  f u e l - s h i f t  
b e t w e e n  e t h a n o l  a n d  g a s o l i n e  

From a developmental perspective, regulators have numerous reasons to 
seek to maintain the economic appeal of E100 with drivers in the Brazilian 
market. Among those are the promotion of local employment, innovation 
hubs, and renewable energy in Brazilian transport (Goldemberg et al., 
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2004a; Hira and Oliveira, 2009; Goldemberg et al., 2004b). Similar to the 
logic described in the previous sections, consumers tend to change their 
fuel choice depending on relative prices between E100 and gasoline. As 
presented, the strength of their reactions to changes in prices can be 
measured by the calculation of price elasticities of demand. The calculation 
of elasticities took into account primary data for prices (e.g. BRL/litre) and 
fuel consumption (M3). This section shifts from primary data to relative 
prices (Peth/Pgas) and relative consumptions (Ceth/Cgas), building a 
model intended to aid policy makers to forecast how relative consumption 
(e.g. market share of ethanol) might evolve based on variations in relative 
prices between E100 and gasoline. The constructed model is then used to 
forecast a scenario where sustainability premiums are incorporated into 
ethanol prices, a trend perceived by traders in the market as dominant in 
the long-term (Junginger et al., 2011). All models are constructed in 
Matlab. 

The price relationship between ethanol and gasoline depends on two main 
aspects, namely the fuel’s energy content and its compression performance 
at the engine. As indicated by Salvo and Huse (2011), price-energy ratios 
achieve parity when one litre of ethanol is sold at about 70% of the price 
for the same volume of gasoline. Building upon previous studies (Pacini 
and Silveira, 2011ab), this section explores the pattern observed by 
Brazilians when choosing fuels, particularly how relative fuel consumption 
between ethanol and gasoline has evolved as a function of the relative 
prices between them. The function representing consumer behaviour is 
based on price and demand data for the period between 2005 and April 
2012. Figure 17 illustrates the problem space. 
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Source: Author’s calculations based on data from the Brazilian Agency for Oil, Natural Gas and Biofuels 
(ANP). 

Figure 17: Overall dispersion graph indicating regression curve (red) and 
95% confidence intervals (pink) 

Corroborating previous studies (Da Silva Filho et al., 2011) instead of a 
smooth behavioural pattern, the data plot in Figure 17 shows a significant 
level of dispersion, at least partly due to the heterogeneous characteristics 
of the Brazilian fleet and variations in fuel prices between different states 
of the country. Despite this, an exponential regression is made in order to 
identify a model which best describes the correlation in Figure 17. The 
importance of identifying a best-fit model lies on its usefulness as a 
forecasting tool. This can help regulators and market agents to refine fuel-
pricing policies in Brazil, and identify optimal relative prices, which can 
avoid large financial, welfare and environmental losses dependent on fuel 
choice. 

6 . 4 . 3  I n c o r p o r a t i n g  s u s t a i n a b i l i t y  p r e m i u m s :  H o w  
c o n s u m e r s  c o u l d  r e a c t ?  

Sustainability is becoming a requirement in bioethanol markets (Junginger 
et al., 2011). Producers now have to seek certification and adapt 
production systems in order to meet minimum standards of GHG 
emissions, as well as of protection of social and natural systems where 
biofuels are produced. Thus, biofuels certified as sustainable tend to cost 
more than conventional biofuels.  

Paper 6 explored sustainability spreads for biofuels traded in the EU and 
found that RED-compliant bioethanol could cost up to 3.93% more than 
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its non-certified counterpart. This level of spread is used in this section to 
simulate how consumers would react to the inflationary effect that 
sustainability incorporation would have on ethanol prices.  

Figure 18 represents the problem space showing how market shares of 
fuel change depending on their relative prices (in red) and considers an 
additional regression curve (in green) simulating consumer behaviour 
adjusted for a sustainability premium of 3.93% over regular ethanol. 

 

Figure 18: Similar plot presented in Figure 19, but considering regression 
curve adjusted for a sustainability Premium for ethanol of 3.93% (green) 

Formally, the regression curve based on observed market data (in red, Fig. 
4) takes the form of: 

* = 58.2804
(12.34456) 
And the adjusted curve (in green, Fig. 4) considering a premium of 3.93% 
over market prices 

*&89:'��8 = 58.2804
(12.;5;<6) 
While serving as a tool to describe consumer behaviour when shifting 
fuels choices, regression curves adjusted for a sustainability premium are 
not immediately useful from a policymaking perspective. However, a 
derived curve can be obtained, which is useful to benchmark how market 
shares of E100 change based on fluctuations on relative prices between 
ethanol and gasoline in the country. This derivation is shown in Figure 19, 
which shows results of calculations including the sustainability premium. 
Similarly to the elasticity calculations performed in Table 9, Figure 19 
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offers a glimpse of how the market share of ethanol reacts to changes in 
its relative price to gasoline. The percentage reduction of market shares for 
ethanol is here modelled as a linear regression. Given a percentage factor 
representing the additional price of sustainability, it becomes 
straightforward to calculate reductions in relative consumption (e.g. how 
much of the market share is lost to gasoline). 

 

Figure 19: Reduction in ethanol market share as a function of its relative 
price to gasoline. Considering an ethanol price increase of 3.93% over 

conventional market prices. 

Sustainability incorporation can be thus imagined to carry a form of 
deadweight loss (Pizer and Kopp, 2005). By increasing ethanol prices, 
sustainability incorporation results in total ethanol demand that might be 
less than the previous “unregulated” optimum, effectively eliminating part 
of the ethanol demand in Brazil. This deadweight could result in two 
effects: a net reduction of energy used in transport (through rationalisation 
of driving behaviour, which is a desired societal goal); but also in a 
substitution effect, via a rollback to gasoline usage. This is illustrated in 
Figure 20. 
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Figure 20: Problem space without sample points and highlighting “dead-
weight” of sustainability incorporation 

The rationale of sustainability regulations is to correct the pricing of 
ethanol by making it internalise safeguards against risks that could take 
place during the production and usage of the biofuel. However, while 
acting as a “tax” on bioethanol, the deadweight effect of sustainability 
incorporation – brought by the good intention of improving the biofuels 
industry – could well provide an incentive for more gasoline usage in the 
context of flex-fuel fleets. This prompts the question: how much market 
share would be lost to gasoline, given a sustainability-induced increase in 
E100 prices? 

Of special policy relevance is the measurement of sensitivity of ethanol 
market share subject to changes on its price. This sensitivity represents an 
alternative to elasticity calculations, and can be derived from the data set 
available. Figure 21 presents the results of calculations simulating the 
percentage reduction in relative consumption (market share) of ethanol, as 
a function of percentage price increases in ethanol. Notice that Figure 21 
considers relative prices (Peth/Pgas) at the energy equilibrium of 0.7. 
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Source: Author’s calculations based on data from ANP. 

 

Figure 21: Percentage reduction in relative consumption as a function of 
percentage increases in ethanol prices (increases between 1% and 9% 
on x-axis). Simulation considering E100 costing 70% of the volumetric 
equivalent of gasoline. Function represented by best-fitting (quadratic) 

regression curve 

In Figure 21 the modeled curve is paired with a linear approximation, 
which indicates that for each 1% increase in ethanol prices, about 4.4% 
market share is lost to gasoline (considering the starting point of ethanol 
costing 70% of the volumetric equivalent for gasoline). The percentage 
reduction in relative consumption can be modeled not only for indicative 
sustainability premium of 3.93% (which according to the modeling would 
result in a 20.39% reduction in consumption), but for any level of 
sustainability premium. This can be useful for policy makers for energy 
planning, as it could aid forecasting the impacts of macroeconomic 
instruments on demand for ethanol. 

Fluctuations in ethanol prices arising from sustainability incorporation 
could, in principle, be cancelled out by increases in gasoline prices.52 
However, Brazil’s slow drive to adopt carbon pricing, as well as its 
longstanding policy of rare adjustments in gasoline prices make it very 
difficult for any counteracting mechanism to work (Pacini and Silveira, 
2011a; GIZ, 2012; OECD, 2011). 

                                                      

52 The deadweight effect of a linear price increase (in Ethanol and Gasoline) would still exist, causing a reduction 
in demand for both fuels proportional to their demand elasticities minus the fuel substitution effect. 
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7. Conclusions 

The creation of stable markets is key to enable the enhanced deployment 
of renewable energy technologies, the continued provision of clean energy 
services and climate-change mitigation. In Brazil, E100 has been 
competing with gasoline as a fuel choice for drivers since the introduction 
of flex-fuel fleets in 2003. Given fuel economies of ethanol and gasoline, 
and considering drivers to be rational actors, they are expected to choose 
their fuel based on the optimal expected performance (mileage) per 
monetary unit. This has been generally verified by literature and 
empirically in this study, as data showed that Brazilian drivers tend to shy 
away from ethanol once its price is higher than 70% of gasoline prices. A 
similar dynamic exists for other markets using high bioethanol blends, 
such as E85 in Sweden, where consumers appeared to be more reactive to 
occasions when E85 prices were not advantageous compared to gasoline. 

The analyses in this thesis indicate the fragile price-dynamics of ethanol in 
Brazil and Sweden. This particular biofuel has been continuously 
promoted as a tool to decarbonise transport and enable renewable energy 
alternatives compatible with existing infrastructure. However, focusing 
only on the promotion of ethanol is a myopic approach particularly 
because, as the bioethanol industry adapts based on sustainability 
regulations, new costs are incorporated into the price structure of 
bioethanol. Evidence suggests that an important aspect of economic 
sustainability in the bioethanol market lies in its substitute: gasoline. Thus 
the dynamic substitutability of the two fuels has to be considered if the 
markets are to be made more robust. 

Based on an examination of the development of the Brazilian bioethanol 
markets over recent decades, this thesis has shown that the Brazilian 
ethanol industry has been subject to strong pressures for change, 
innovation and regulatory compliance since the early Proalcool Program 
launched in 1975. The sources of change can be categorised under two 
main categories: (1) endogenous; meaning those arising from the own 
competitive industrial dynamics of firms in the bioethanol industry and (2) 
exogenous; imposed through regulations aimed at minimising negative 
externalities for the industry, often of environmental and social nature. 

Endogenous changes in the bioethanol industry were driven by the profit-
seeking, competitive nature of the firms active in the sector, in line with 
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rational choice theory. Evidence of endogenous changes exist since the 
1980s, when multiple sugarcane varieties were adopted; production 
residues (vinasse) started to be employed as fertilizer; biological controls 
were developed and technical standards were established (such as E100, 
along with its transport and blending infrastructures). The 1990s marked 
the optimisation of surplus electricity from bagasse-fired cogeneration, 
advances in automation and management, increases in the sugar exports as 
well as prospective multi-output models for the sugarcane mills. After the 
year 2000 the key innovations were the introduction of flex-fuel engines 
and the emergence of additional markets for sugarcane products, such as 
fibres and bio-plastics, which hedged against fluctuations in ethanol prices 
and further contributed positively to the climate change agenda.  

Until 2005, exogenous pressures for change in the industry were 
introduced mainly in the form of national regulations. Even though the 
Brazilian industry has a long history of being subject to regulations, the 
introduction of internationally applicable sustainability criteria by an 
external agent (the European Union) in 2008 challenged the traditional 
domestic policy context in which the Brazilian ethanol industry operated. 
The European sustainability criteria adopted in 2009 called for minimum 
GHG savings, restrictions on usage of certain ecosystems for biofuel 
production and periodic reports on labour conditions and food supply 
primarily affecting populations in developing countries. 

National laws sought to regulate the sugarcane industry away from 
environmental and social (e.g. labour) problems. The scope of such laws 
was, however, limited to the boundaries of Brazil as they dealt with 
damage to local ecosystems, waterways, harsh labour conditions and 
pollutant emissions due to crop fires. All those issues had negative 
externalities carrying observable local impact. The EU sustainability 
requirements, on the other hand, are primarily part of the European 
strategy for climate change and energy security, which seek to diversify 
energy sources in Europe, favouring those with lower carbon intensity so 
as to help tackle climate change. The impacts of this approach would not 
affect only a single country, but the entire globe. 

Ethanol mandates in major countries and regions increased the demand 
for bioethanol to the point of transforming it into a global commodity 
during the period between 2005 and 2014. This expansion, however, was 
criticised for potential risks to ecosystems, human health during 
production, and competition with food markets. Supranational 
sustainability criteria specific to biofuels were then introduced by the 
European Union. This thesis defends the point that the introduction of 
the European sustainability criteria for biofuels marked a key moment in 
bioethanol market development. The research carried out showed that the 
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ethanol industry is likely to respond to international sustainability criteria 
for biofuels in a similar fashion to the way it adapted to national legislation 
in the past. By means of comparing the industry reaction to past 
regulations, the thesis infers that the ethanol sector has reacted to 
international sustainability regulations by (i) compliance through 
incremental improvements in sustainability practices and certification; (ii) 
risk diversification by engaging in multi-output production models; and 
(iii) market leakage towards less-regulated markets. 

In light of these potential paths derived from the past dynamics of the 
Brazilian industry, the hypothesis that the industry is sensitive to 
sustainability regulations holds at least partially. While absolute causality 
cannot be established between the EU sustainability criteria and recent 
directions taken by the ethanol industry, the European directives coincided 
with many recent efforts from the industry towards reducing the lifecycle 
emissions of ethanol production, increasing transparency in the 
production process, enhancing accountability of production indicators and 
promoting greater scrutiny of its impacts on the environment and local 
societies (Papers 4 and 5).  However, strong evidence of causal linkages 
between the European policy and the bioethanol industry in Brazil were 
presented in Papers 4 and 5. Paper 6 focused on the effect of compliance 
by private sector agents, indicating that sustainability regulations in the 
European Union can and do indeed matter for ethanol markets in Brazil.   

The current pursuit of biofuel sustainability in the US and the EU aims to 
improve supply and demand systems of bioethanol. This thesis highlights 
a key aspect that has been overlooked by policymakers, which is the 
implication of costs incurred along this process. In countries such as Brazil 
and Sweden, the incorporation of sustainability regulations into biofuels 
production and trade brings new costs to high-bioethanol blends (E100 
and E85) at the pump. While the introduction of sustainability rules helps 
to make the ethanol industry more responsible, it also increases the cost of 
bioethanol and reduces its attractiveness to drivers. 

The analysis carried out in this thesis makes evident an inherent problem 
in bioethanol policy design, which is the lack of coordination between 
efforts to make ethanol price-attractive to drivers and the incorporation of 
additional costs arising from sustainability certification. Based on market 
data representing consumer behaviour in Brazil, and considering ethanol 
prices at 70% of the gasoline equivalent per volume, for each 1% increase 
in ethanol prices, about 4.4% market share is lost to gasoline. The 
reductions in ethanol market share can be modelled for any level of 
sustainability premium. As sustainability costs are incorporated by the 
bioethanol industry, policy makers should factor-in consumer choice 
between fuels when evaluating impacts of regulatory changes on national 
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energy strategies. A better orchestration between bio- and fossil fuel 
policies is therefore needed, especially since research results suggest that 
different pricing strategies for bioethanol and gasoline affect how 
consumers perceive the attractiveness of each fuel. 

While the introduction of sustainability requirements most likely 
contributed to recent efficiency and innovation improvements in the 
ethanol industry, the work undertaken in this thesis does not corroborate 
the Porter hypothesis, which claims that well-designed regulation may 
boost innovation and make industries more competitive. According to the 
observed developments concerning sustainability certification, ethanol did 
not seem to become more competitive with gasoline in the periods and 
countries analysed. This is particularly interesting as oil prices fall. The 
consequences of this development in countries that do (and do not) allow 
gasoline to free-float according to oil prices and especially the interplay 
with bioethanol and biofuels in general can be quite significant. Countries 
that aim to develop biofuel markets will have to carefully consider the 
types of dynamics highlighted in this thesis as they design policies to 
promote biofuels. 

7 . 1  S u g g e s t i o n s  f o r  f u t u r e  wo r k  

While the introduction of sustainability requirements for bioethanol 
emerged out of a healthy political process, the speed (and stringency) seen 
in biofuel regulation has not been matched by an equivalent adaptation of 
the fossil fuel industry. This created unequal playing fields, which have 
arguably hampered industrial growth and technological progress towards 
advanced biofuels. The exploration of regulatory frameworks to level 
sustainability requirements across bioenergy and fossil-energy industries is 
fertile ground for research work. 

Policy coordination is another important area for research. Since there has 
not been enough policy coordination between countries, studies can better 
examine the cross-impacts between higher requirements for biofuels in the 
EU, its corresponding impacts on international biofuel prices, and the 
migration of consumer preference to (comparatively cheaper) gasoline in 
large markets, such as Brazil. 

Another point worth highlighting is the lack of sustainability criteria for 
fossil fuels being regulated worldwide or at the EU level, representing 
unequal competition between renewable and non-renewable fuels. If 
climate change is really a global concern, renewable sources of energy 
should compete on a level playing field with fossil fuels. Studies of how to 
couple carbon-pricing schemes on liquid fossil fuels can help to level 
sustainability requirements now demanded from bioethanol. 
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This thesis explored only a few dimensions of the highly complex 
international markets for biofuels, which has emerged when sustainability 
discussions were incorporated. Here, the author attempted to explore the 
issues of substitute goods (importance of pricing and regulation of 
gasoline), historical dynamics of biofuel industries subject to national 
environmental requirements and how sustainability could impact 
consumer choice for fuels while acting as a new burden on ethanol. A 
number of issues could be further explored particularly as the bioethanol 
industry is still emerging in other areas of the world, such as in Sub-
Saharan Africa. Additional regulatory costs may affect competitiveness and 
the development speed of industries in such places. Regional analysis on 
how the cost of sustainability is spread along value chains is a potential 
area for investigation. More careful estimations of the weight of 
sustainability regulations in the price elasticity of consumers in other 
markets beyond Brazil are also of interest. In addition, further 
comparisons between the US and the EU approach towards sustainability 
may be justified, benchmarking the perceived costs, benefits and level of 
success in the deployment of advanced biofuel technologies based on the 
different strategies undertaken in these markets. 

Sustainability certification is an emerging business whose tangible results 
are yet to be seen. While they carry some risk of acting as a non-tariff 
barrier leading to market concentration and reducing the eligible number 
of suppliers, they can also yield powerful impacts by differentiating 
biofuels for the better. While the end consumer ultimately bears the costs 
of certified biofuels, the split of certification costs along supply chains 
could have strong implications on market access for new producers in 
developing countries, which are also the regions where biofuels might in 
fact have their most positive impacts in terms of agricultural and social 
development. 

It will be very interesting to observe how inter-standard competition will 
evolve in the next years, based on the choices made by current and future 
biofuel producers. It will be equally interesting to observe to what extent 
producers will succeed in transferring additional certification costs to 
consumers. Finally, it is worth continuing the observation whether the 
introduction of sustainability certification is actually transforming the 
biofuels industry. 
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