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Preface

Amidst the backdrop of declining energy resources and dwindling fossil fuels, there has been a rise in global concern regarding the availability of food for the next generation with respect to finite natural resources. Ever since the Industrial Revolution took off in the eighteenth century, an ever-increasing demand for energy by modern society has been met by fossil fuels, signifying total dependence of humankind on fossil fuels. Fossil fuels have taken millions of years to become available, and, thus, their supply is finite and might become scarce, or even run out, in the near future. Fossil fuel burning has led to the emission of enhanced carbon dioxide into the atmosphere, a major cause of global warming, which apparently is leading to long-term drastic changes in climate and sea level. To provide both power and fuel for transport, alternative energy supplies are required. On all these frontiers, biofuels appear to be part of the solution as an alternative, “greener” energy substitute for fossil fuels, which can be replenished within a short time with additional benefits to the environment. These renewable and sustainable biofuel resources are enough to feed the energy-hungry civilization.

In recent times, liquid biofuels have attracted much interest, and there is an unprecedented increase in biofuels production and utilization. The biofuels market has been growing since the early 2000s owing to the need to enhance energy security and promote agriculture/rural development, affecting global agricultural commodity markets. Nations around the world require staggering amounts of energy for various sectors, and meeting this ever-increasing demand in a way that minimizes energy disruptions is a key challenge of the twenty-first century. Considering the energy source, feedstock production system sustainability is a matter of grave importance as biofuels feedstock come from agriculture. The importance of biofuels in transportation is not the question today; rather, their implications on the economy, environment, and health of society are of major concern. To replace the bulk of transport fossil fuels, instead of first-generation, second-and third-generation biofuels should be utilized so as to not compromise food crops. Furthermore, various policy decisions would impact and determine the broader social and economic impacts of biofuels. Domestically produced biofuels have been favored by various national policies, which, at times at the expense of import, nurture biofuels. Of late, various government agencies have been promoting and investing in research on biofuels utilization to reduce oil dependence and greenhouse gas emissions. Furthermore, it will be a “challenge” for the coming generation of scientists to develop more sustainable ways to fight energy crises.

The aim of this book is to provide in-depth information on the most recent developments in the area of biofuels. It leans toward the latest research-based information sandwiched by fundamentals, principles, and practices. The book is divided into four sections consisting of 21 chapters. Section I presents an overview of biofuels, comprising chapters on historical perspectives; public opinion on and global demand for biofuels; economic aspects, market, and policies of biofuels; and sustainability criteria for liquid biofuels. Section II focuses on the unification of biofuel production methods, including “second-generation biofuels” from various feedstock. Within the last decade, there has been a spectacular reawakening of interest in algal fuel. Section III is devoted to biofuels from algae, focusing on issues pertaining to their production, design of photobioreactors, and sustainability. Section IV critically explores the future perspectives of biofuels, including enzymes involved and their immobilization in biofuels production, proteomics of biofuel crops and cyanobacteria, and biofuel cells. All forgoing scientific, ecological, economic, and technological aspects of biofuels have been dealt with comprehensively by well-known experts in their respective fields. The text in each chapter is supported by numerous clear, informative tables and figures. Each chapter contains relevant references of published articles, which offer a potentially large amount of primary information and further links to a nexus of data and ideas.

This book is intended for postgraduate students and researchers from industry and academia who are working in the area of biofuels. Its purpose is to usher readers with enhanced knowledge and serve as an up-to-date reference source. The authors have provided a novel framework to illuminate interactions between food, feed, and fuel synergies in relation to sustainable development.

The editors sincerely thank all the contributors for their outstanding efforts to provide state-of-the-art information on the subject matter of their respective chapters. Their efforts have certainly enhanced our knowledge of biofuels. We also acknowledge the help from the reviewers, who, in spite of their busy schedules, helped us by evaluating the manuscripts and gave their critical inputs to refine and improve the chapters. We thank the publishers/authors of various articles whose works have been cited/included in the book. We warmly thank Dr. Michael Slaughter, Jennifer Ahringer, and the team at CRC Press/Taylor & Francis Group for their cooperation and effort in producing this book. We place on record our deep sense of appreciation for consistent support from Rupinder Pal Singh, Hemantpreet Kaur, Amandeep Kaur Walia, Shivani Rani, and Navpreet Kaur from Punjabi University, Patiala, for their help in preparing this book.

We hope that the book will help readers to find the needed information on the latest research and advances, especially innovations, in biofuels.

Ram Sarup Singh

Ashok Pandey

Edgard Gnansounou
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Overview of Biofuels
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Biofuels

Historical Perspectives and Public Opinions

Ram Sarup Singh and Amandeep Kaur Walia
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Abstract

Since the dawn of the mankind, biofuels have been used and have marked their presence from the time fire was discovered. Today, with rising crude oil prices and various environmental challenges and political instability, there is an urgent need to explore new alternatives to fossil fuels. Over the past 15 years, biofuels have been extensively researched, produced, and used in solid, liquid, and gaseous forms. During its long history, biofuel production had many peaks and valleys, and currently has the potential to replace the supply of fossil fuels for an energy-hungry civilization. Further, the acceptance of a technology depends on public opinion. Over the years, despite large-scale investments in biofuel expansion and research, little is known regarding public opinions of biofuels. How the public perceives this alternative fuel technology and on what basis their opinions are formed is necessary to determine its future stability. The current chapter focuses on historical perspectives of biofuels and public opinion regarding biofuels considering various risk–benefit perceptions. Public opinions in different regions and regarding second-generation biofuels has also been discussed.

1.1  Introduction

A biofuel is a fuel derived from plant biomass including materials from organisms that died relatively recently and from the metabolic by-products of living organisms (Bungay, 1982; Demirbas, 2009). Through thermal, chemical, and biochemical conversion, this biomass can be converted into biofuels. Throughout man’s long history, biomass fuels have been used. Conventional biofuels or “first-generation biofuels” are made from starch, sugar, or vegetable oil, whereas advanced or “second-generation biofuels” are made from lignocellulosic biomass or woody crops and agricultural residues or waste. This makes it harder to extract the required advanced biofuel and thus requires various physical and chemical treatments for its conversion to liquid fuels required for transportation (IEA Bioenergy Task, 2015; Ramirez et al., 2015).

The U.S. government has made development of renewable energies a top priority, owing to instability of oil prices in large part and to lessen dependence on foreign oil. “Renewable energy is a pivotal aspect of policy for the USA” is a noteworthy statement by President Barack Obama that signifies the relative importance of biofuels. Further biofuel production has been made mandatory by the United States, making hundreds of millions of dollars by investing in fledgling industry (Chu and Vilsack, 2009). The biofuel industry is used as a supply of energy as well as basic chemicals, thus serving dual purpose in the economy (Zaborsky, 1982). On an industrial scale, only biodiesel and bioethanol, including ethyl tertiary butyl ether (ETBE), make up more than 90% of biofuel market (Antoni et al., 2007). The use of lignocellulosics as alternative substrates has yet to be exploited (Demain et al., 2005). However, development is in progress, and various companies and publicly funded institutions are involved in the development of feasible processes. Against a backdrop of increasing political instability in oil-producing countries and rising prices for crude oil, the use of biobased alcohols as basic chemicals or solvents is back under consideration (Antoni et al., 2007). Major focus areas of biofuel research (Figure 1.1) include improvement in biomass conversion to biofuels, optimizing biomass resource production, and biofuel testing for engine compatibility and emissions modeling (Bente, 1984).

To determine the future of scientific energy innovation, it is crucial for policymakers and industry leaders alike to understand how the public evaluates risks and benefits for emerging innovations like biofuels (Cacciatore et al., 2012). Further strategies can be designed for an effective communication between the general public and those in scientific community, based on better understanding. The current chapter focuses on history of biofuels to date and further giving insight into public opinions regarding biofuels with its varied pros and cons in different domains including environmental, economic, ethical, and political.

[image: Image]

Figure 1.1 Focus areas of biofuel research.

1.2  History of Biofuels

Various renewable sources such as wood, waterwheels, and windmills have been utilized by mankind, for most of its existence. By the beginning of the twentieth century, up to 30% of arable land was planted with crops, to feed horses and oxen used in transportation. Table 1.1 describes use of biofuels during four historical epochs and their major concerns.

To promote rural development and self-sufficiency, Germany created the world’s first large-scale biofuel industry decades before World War I (London Times, 1902). The German program, which began in 1899, involved farm distillery construction, tariffs on imported oil, promotion of ethanol-fueled appliances (Tweedy, 1917), and research involving ethanol fuel automobiles. An early approach to household and small-scale energy systems was through Germany’s “Materialbrennereien” program. In the early 1900s, an exhibit was developed in Germany, that was devoted to alcohol-powered automobiles, household appliances, and alcohol-powered agricultural engines (Automobile Club de France, 1902), which traveled between 1901 and 1904 to France, Italy, and Spain and then between 1907 and 1908 to the United States (Lucke and Woodward, 1907). As part of British defense research effort, an alcohol motor fuel committee was created in 1914 (London Times, 1914), which was charged with considering supply source, manufacture method, and production costs for alcohol fuel (Fox, 1924). In 1921, the commission concluded making alcohol a likely fuel in terms of cost as compared to petroleum in tropical and remote areas of the world (London Times, 1921). Prior to World War I, the French Agricultural Ministry promoted its ethanol fuel program (concerned with increasing oil import from Russia and the United States and about rising surplus of other crops), which led to rise in French ethanol fuel production from 2.7 to 8.3 million gallons from 1900 to 1905. In February 1923, after World War I, Article Six was passed based on the French committee’s recommendation, which required gasoline importers to buy alcohol for 10% blends from state alcohol service (Fox, 1924). In 1935, biofuel utilization rate was at its peak (406 million liters), which accounted for 7% of all fuel use but, owing to poor harvest, declined to 194 million liters by 1937 (Egloff, 1939). Thus, a worldwide impact occurred due to German, French, and British biofuel law and research. Historical perspectives of various biofuels (solid, liquid, and gaseous) have been tabulated in Table 1.2 and discussed further.

TABLE 1.1 Biofuel Use and Chief Concerns during Four Historical Eras



	Time Period

	Chief Concerns

	Biofuel Utilization




	Mid-nineteenth century

	—

	As primary lamp and cooking fuel




	Around twentieth century

	Fuel quality and petroleum depletion

	Internal combustion engine




	Mid- to late twentieth century

	International oil politics chiefly Arab oil embargoes (1970s) spurring national energy security investment

	Internal combustion engine



	Early twenty-first century

	Climate change, biodiversity, and sustainability broadly framing energy research and policy debates

	Internal combustion engine





1.2.1  Liquid Biofuels

1.2.1.1  Bioethanol

Commercially, bioethanol is produced mostly from sugarcane, sugar beet, and corn with other sources being cassava or cellulosic materials (grasses, trees, or waste product from crops). It can be blended with conventional fuels to at least 10% (10% ethanol to 90% gasoline). Around 4000 BC, humans used to make alcohol as a beverage from cereals, berries and grapes, etc., using fermentation technology. Since antiquity, olive oil and various other oils derived from plants and animals have been used for lamp oil (Appolonia and Sussman, 1983). During the early 1700s, lamps were fueled by vegetable oil and fats, and during the 1800s, whale oil was preferred until a modern method for refining kerosene was developed by Abraham Gesner in 1846 (Russell, 2003). By the late 1830s, owing to diminishing supply of expensive whale oil, it was replaced by ethanol blended with turpentine. Before the discovery of petroleum by Edwin Drake in 1859, ethanol was developed as an alternative fuel (Kovarik et al., 1998). To fund the Civil War, a $2.08 tax per gallon of ethanol was imposed in 1862 by the U.S. Congress, which continued well past the war’s conclusion. This tax made ethanol more expensive than gasoline, thus favoring gasoline’s use for the internal combustion engine (ICE) (Dimitri and Effland, 2007). Even after the tax’s repeal in 1906, it became difficult for ethanol infrastructure to compete with gasoline.

TABLE 1.2 History of Biofuels



	Time Period

	Events




	Biofuel for illumination




	Early 1700s

	Lamps fueled by vegetable oil and fats.




	1800

	Whale oil, lard oil, and camphene preferred as lamp oil.




	1830

	Whale oil replaced by ethanol blended with turpentine as an illuminant.




	1862

	U.S. Congress increased tax on alcohol, leading to a boost for petroleum industry.




	Germany

	 



	1899

	Research into ethanol-fueled trucks and automobiles started.




	1902

	Government promoted ethanol-fueled household appliances.




	1906

	Germany’s “Materialbrennereien” program started.




	Around 1900

	An exhibit devoted to alcohol-powered automobiles, farm machinery, lamps, stoves, heaters, and other household appliances debuts.




	1901–1904

	Exhibit travels to France, Italy, and Spain.




	1907–1908

	Exhibit travels to USA.




	USA

	 



	1917

	Alexander Graham Bell quoted ethanol as “it makes a beautiful, clean and efficient fuel” that can be manufactured from any vegetable matter capable of fermentation.




	Britain

	 



	1914–1921

	Scarcity of oil resources led to interest in biofuels; alcohol motor fuel committee was created, which after research concluded that cost of alcohol in comparison with petroleum made it a likely fuel in tropical and remote areas of the world.




	France

	 



	1900–1905

	French ethanol fuel program led to rise in French ethanol fuel production.




	1923 (After World War I)

	Article Six requiring gasoline importers to buy alcohol for 10% blends from state alcohol service was passed.




	1935

	Biofuel use peaked at 406 million gallons.




	Biofuel for Internal combustion engine (ICE)




	1826

	Samuel Morey developed the first authentic ICE that ran on ethanol and turpentine.




	1860

	Nicholas August Otto used ethanol fuel blend as fuel in engine.




	1893

	Rudolph Diesel envisaged potential of pure vegetable oil to power machines and invented compression-ignited diesel engines.




	1906–1925

	Henry Ford mentioned ethyl alcohol as “fuel of the future” and used it to power tractors and his model T cars.




	1917

	Alexander Graham Bell highlighted abundance of potential feedstock for ethanol production.




	1917–1919 (World War I)

	Increase in ethanol demand owing to raw material rationing.




	1941–1945 (World War II)

	Methanol used as fuel in Germany during World War II.




	1930s

	Farm chemurgy movement started in the United States, with its primary agenda being use of ethanol as octane booster in gasoline.




	1937

	Belgian scientist patented procedure for vegetable oil transformation for its use as fuel.




	1943

	Ethanol used to produce 77% of synthetic rubber in the United States.




	1960s–1970s

	In USSR, biobutanol (0.1 million tons per year) produced by fermentation.




	1970s–2000s

	Energy crisis.




	1973

	Initial energy crisis took place when Arab countries dropped oil production by 5%, leading to rise in oil prices.




	1977

	The first industrial-scale process for biodiesel production was developed.




	1978

	Next energy crisis occurred when Iranian dissent grew into strike in nation’s oil refineries, shutting down 5% of the world’s oil exports.




	1980s–2000s

	Lead gas phaseout




	1989

	Rapeseed used for biodiesel production at the world’s first biodiesel industrial plant.




	1996

	Waste grease processing into biodiesel on commercial scale.




	2008–2011

	U.S. production of ethanol and biodiesel increased more than 40%.




	2000–2013

	Commercial global bioethanol production increased from 4.5 to 23.4 billion gallons.




	 

	Biodiesel production increased from 213 to 628 million gallons.




	2013

	The first commercial-scale cellulosic ethanol plant entered into full operation worldwide.





An authentic and first ICE (U.S. patent 4378 issued April 1, 1826) fueled by ethanol and turpentine was designed by American inventor Samuel Morey. In 1860, another ICE was developed by German engineer Nikolaus August Otto, which ran on ethanol fuel blend (Songstad et al., 2009). The next era (late nineteenth to early twentieth century), where biofuels became prominent, was linked with the invention of the automobile. The world’s first practical automobile to be powered by an IC engine was designed and built by German engineer Karl Benz in 1885 (Loeb, 2004). To power gasoline engines, ethanol can be used as a gasoline substitute; thus, in 1913, ethanol was tested as an engine fuel. Henry Ford, another American industrialist, constructed ethanol-powered tractors. In 1906, Ford said carburetors on his Model T cars will use gasoline or alcohol. In 1925, Ford mentioned ethyl alcohol as the “fuel of the future.” Alexander Graham Bell highlighted the abundance of potential feedstocks intended for the ethanol production by stating in a 1917 National Geographic interview (Anonymous, 1917) that “alcohol makes a beautiful, clean and efficient fuel that can be manufactured from any vegetable matter capable of fermentation such as crop residues, grasses, farm waste and city garbage.” In the past, various ethanol and ethanol–gasoline blends have been used as automotive fuels (Hunt, 1981; Kovarik et al., 1998). During the mid-1930s, Alcolene and Agrol (alcohol–gasoline blends) brands were sold in the market.

During the 1920s and 1930s, Henry Ford promoted a new movement called chemurgy (Finlay, 2004). Chemurgy focused on crop utilization in biobased materials, and as evident from the need to produce synthetic rubber during the onset of World War II, it had ethanol as its prominent agenda. In 1943, ethanol was used to produce nearly 77% of the synthetic rubber in the United States (Finlay, 2004). Owing to rationing of raw materials and natural resources during world war years (1917–1919 and 1941–1945), an increase in ethanol demand was witnessed in the United States. Domestic use employed ethanol as a substitute for gasoline. Tremendous socioeconomic and environmental impacts have been generated owing to heavy dependence on crude oil. To counter the rapid escalation of oil prices, which has continued through the early twenty-first century, Arab oil embargoes of the 1970s were remembered by those who experienced it as the first vocal call for a domestic source of renewable energy. In the 1973 oil crisis, there was a revival of interest in ethanol as fuel. In 1979, at South Dakota University, the first pilot bioethanol plant with a distillation column was established (Songstad et al., 2009). Due to the OPEC oil export embargo (in 1973) and Iranian revolution (in 1979), substantial shortages and soaring prices of crude oil severely affected the economies of major industrial countries including the United States, Western Europe, Japan, Canada, and Australia (Lifset, 2014).

The U.S. Environmental Protection Agency’s leaded gasoline phaseout in the 1980s caused an increase in ethanol usage as an octane booster and volume extender, yet methyl tert-butyl ether (MTBE) dominated most oxygenated gasoline markets during the 1990s (Soloman et al., 2007). However, increasing restrictions on MTBE as a fuel oxygenate led to rapid growth in U.S. ethanol production since 2002 (Soloman et al., 2007).

Commercially, starch-/sugar-based crops are used for production of bioethanol. In European countries, the predominant feedstock for bioethanol is wheat and sugar beet, whereas in Brazil, sugarcane is the primary feedstock. The global commercial bioethanol production has increased from 4.0 billion gallons in 1990 to 4.5 billion gallons in 2000 and 23.4 billion gallons in 2013 (RFA, 2014). In ethanol utilization, Brazil and the United States are world leaders. Bioethanol competes with human food and animal feed for source material and is thus regarded as “first-generation” biofuel. Further, to reduce their adverse effects, nonfood lignocellulosic plant materials (crop residues, food processing wastes, forest slashes, yard trimmings, and municipal organic refuses) have been explored for manufacture of “second-generation” bioethanol. Various lignocellulosic materials widely available can be used as feedstock for bioethanol, and for extraction of simple sugars into lignocellulosic biomass, acid and enzymatic hydrolysis can be used (Badger, 2002). Through pilot plant operations, the nation produced 218,000 gal of cellulosic ethanol in 2013 (IER, 2013). On October 9, 2013, the first commercial-scale cellulosic ethanol plant (the Crescentino Bio-refinery, Crescentino, Vercelli, Italy) entered into full operation worldwide, with expected expansion of commercial production of cellulosic ethanol in the future, thus boosting bioethanol production globally as a gasoline alternative.

1.2.1.2  Biodiesel

The process involving the combination of organically derived oils with alcohol (ethanol or methanol) in the presence of a catalyst to form ethyl or methyl ester leads to the formation of biodiesel, which can be used as neat fuel or blended with conventional diesel (Maniatis, 2003). A wide range of feedstocks such as mustard seed oil, palm oil, sunflower, rapeseed, soybean and jatropha, peanut, and cotton seed could be used for biodiesel production. In 1988, the term “biodiesel” was initially coined (Wang, 1988); however, use of vegetable oil as fuel in place of diesel dates back to 1900. In the late eighteenth century, before the invention of electric and gas lights, vegetable oil and animal fats were used for lighting oil lamps (Thomson, 2003). In 1893, German engineer Rudolph Diesel envisioned the potential of pure vegetable oil for powering machines in agriculture and thus invented the compression-ignited diesel engine. At the 1900 World’s Fair in Paris, a peanut oil–fueled diesel engine was demonstrated by French Otto Company as described by Knothe (2001). In China, to produce a version of gasoline and kerosene, tung oil and other vegetable oils are used (Cheng, 1945; Chang and Wan, 1947). India conducted research on vegetable oil conversion to diesel as necessitated by fuel shortages during World War II (Chowhury et al., 1942). However, low prices of petrol diesel quenched the developing attention on vegetable oil–based fuels. Further, high viscosity of vegetable oils as compared to diesel engine fuel was regarded as a key problem. Transesterification of vegetable oil, animal fats, waste grease, or algal lipids in the presence of an alcohol or alkaline catalyst leads to formation of a yellowish liquid biodiesel. The earliest description of biodiesel generation was in 1937, when Belgian scientist George Chavanne patented the “Procedure for the vegetable oil transformation for their uses as fuels” (Knothe, 2001). Since the 1950s, owing to geographic and economic factors rather than a fuel shortage, there has been keen interest in converting vegetable oil into biodiesel. The first industrialscale process for biodiesel production was developed in 1977 by Brazilian scientist Expedito Parente. In 1989, rapeseed was used for production of biodiesel at the world’s first industrial-scale biodiesel plant, operated in Asperhofen, Austria. Processing of waste grease into biodiesel was done commercially (Pacific Biodiesel, Maui, Hawaii) by the United States in 1996. In the global fuel market, biodiesel rose in popularity as evident by high production (213 million–6.289 billion gallons from 2000 to 2013) due to increased awareness of energy security, government tax subsidies, and tremendously high foreign oil prices after 2001 (EIA, 2014).

1.2.1.3  Other Biofuels

Since 1916, biobutanol has been in almost continuous production, mostly used as a solvent as well as a basic chemical and often misdescribed as a “new” fuel. By 1927, butanol was increasingly used for the synthetic rubber industry and in lacquer solvent butyl acetate production. During World War II, butanol was used as an aviation fuel by Japan and possibly other combatants, when their fossil fuel supply was exhausted. In the USSR, more than 100,000 tons per year of biobutanol was produced by fermentation during the 1960s and 1970s. Lignocellulosic hydrolysates from agricultural waste materials were used as substrate (Zverlov et al., 2006). However, its production stopped in the early 1990s when the USSR dissolved.

During World War II, methanol was widely used as fuel in Germany (Demirbas, 2007). By the thermochemical conversion of wood, the traditional process produced renewable methanol. Methanol separation as well as conversion from sugar beet pulp was studied; however, the designated industrial process has not been yet realized (Anonymous, 2004; Wang, 2006).

Pyrolysis is a technique that involves heating (300°C–900°C) plant biomass in the absence of air leading to the formation of three products: biochar, bio-oil, and syngas. Crude pyrolysis bio-oil contains significant amounts of colloidal char particles, and further, moderately upgraded bio-oil has been applied as a heavy fuel oil substitute to power various static appliances. Various drop-in biofuels (biomass-derived liquid hydrocarbons) include butanol, sugar hydrocarbons, liquefied biomass, and syngas complexes (AFDC, 2012). These can meet the specifications regarding existing petrol distillate fuel and be ready to “drop in” to the existing fuel supply with intensive research on its production and utilization as directed in future renewable fuel development.

1.2.2  Solid Biofuels

Ever since man discovered fire, biofuels in solid form have been in use. For domestic purposes, firewood was the predominant fuel. Before the nineteenth century, firewood was the primary fuel of the whole world for cooking and heating. Prior to the early twentieth century, the woodburning fireplace, heater, and cookstove were standard household equipment in the United States. To date, with an annual consumption of 1730 million m3, nearly 2.6 billion (40%) of world’s population (mainly in the rural areas of developing countries of Asia and sub-Saharan Africa) rely on firewood to satiate its energy requirements (FAO, 2013; IEA, 2013). The world consumption of firewood has thus increased slightly (3%) over the past 13 years, and it is projected that global consumption of firewood will remain relatively constant in the future.

Woodchips (small pieces of wood from cutting tree trunks and branches) have been increasingly used for bioheat (heating) and biopower (electricity generation) since the beginning of the twenty-first century (DOE, 2000). More processed biofuel products are wood pellets made by grinding wood chunks into sawdust through a hammer mill. In 2012, the global production of wood pellets was 19.1 million tons and estimated to increase to 45.2 million tons in 2020 (van Tilburg, 2013). Charcoal, another solid biofuel, has been used by humans in metallurgy to smelt ores for copper and iron since the Bronze Age back in 3000 BC. During AD 700, in China’s Tang dynasty, charcoal was the designated governmental fuel for cooking and heating. During World War II in Europe, wood gas (generated by partially burning charcoal) was used to power automobiles as gasoline was scarce (de Decker, 2010).

1.2.3  Gaseous Biofuels

Biogas, a renewable gaseous fuel generated by anaerobic digestion of organic wastes, is an alternative fuel to natural gas. At commercial scale, natural gas was initially exploited in 1821 at Fredonia, New York, for lighting (DOE, 2013). As early as the tenth century BC in ancient Assyria, biogas was utilized to heat bathwater by humans. Anaerobic digestion of animal manure for flammable gas was already practiced way back 2000 years ago, by people in India and China (Lusk, 1998). The English chemist Sir Humphry Davy identified methane as the flammable gas from cattle manure ponds in 1808. In 1859 at Bombay, the first recorded anaerobic digestion plant was constructed. In 1895, biogas was collected from a sewage treatment facility in Exeter, England to light streetlamps. In the 1950s, to provide biogas for cooking and lighting, China built around 3.5 million low-technology anaerobic digesters in the rural areas, which have further increased to 45 million in 2012 (Xia, 2013). Germany generated 18.2 billion kWh of electricity by operating 6800 biogas plants and thus became the leading country to meet the nation’s natural gas demand (Stephan, 2013). In 2012, to convert agricultural, industrial, and municipal wastes to biogas, Europe had installed 8960 biowaste digesters (predominantly farm based). In the late 1970s with financial incentives from the federal government for biogas production, the United States started to install manure-based digester systems on livestock farms. There has been a rise in the number of operating farm biogas plants since 2000, generating 9.1 billion kWh of electricity in 2012 in the United States (Stephan, 2013). With generation of 6 billion N m3 of biomethane per annum, China is currently the largest biogas producer (Rajgor, 2013). Thus, global potential for biogas is quite remarkable, and with increasing public awareness of biogas and anaerobic digestion, it could play a crucial role in the overall bioenergy sector. Gasification or pyrolysis of plant materials produces syngas, another gaseous biofuel, and with 144 gasification plants operating globally in 2010, its further research and development would lead to improvement in cost-effectiveness of feedstock preparation and help in achieving economic viability for biogas production.

1.3  Public Opinions Regarding Biofuels

Global concerns were raised for the first time during 2008 when the cost of crude oil surpassed $100 a barrel, and with continuous near-record high prices and depleting fossil fuel resources, interest in biofuel production has risen as an alternative source of energy (Raswant et al., 2008). National energy security of developing countries could be enhanced by biofuel production, which can reduce dependence and expenditure of oil import and international oil price volatility exposure. In the late 1970s, Brazil initiated its biofuel program to counteract rising oil prices, which has made Brazil today the world’s largest exporter of bioethanol.

It is of vital importance as to how public opinion develops regarding emerging science and technology. Public acceptance influences the success of a technology. Lack of public support for genetically modified foods in Europe can lead to rejection based on its fluctuating risk–benefit perceptions (Gaskell et al., 1999, 2004; Sjoberg, 2004; Wohlers, 2010). In order to pass judgment about science and technology, risk and benefit considerations (Siegrist, 2000) and party identification (Kim, 2011) are common opinion-forming cues. To influence public opinion about biofuels, these two perceptions may work in tandem (Fung et al., 2014).

1.3.1  Risk–Benefit Perceptions

Even though there has been considerable increase in production and utilization of biofuels, research regarding public opinion is rare, and there has been general public support for biofuels as shown by various polling results (Bolsen and Cook, 2008; Pew Research Center, 2008; Rabe and Borick, 2008; Wegener and Kelly, 2008). Respondents had a fair amount of knowledge regarding biofuels, but were less informed about its policies when a focus group study was conducted in a bioenergy-producing state (Delshad et al., 2010). Supporters recognize biofuels as environmentally friendly and economically affordable, whereas opponents deemed them as unsafe and did not support cap–trade policies (Delshad et al., 2010). Thus, important determinants regarding public attitudes are their perceptions about the advantages and disadvantages of biofuels.

Prior experience with using biofuels also influences attitudes as suggested by some studies. For example, truck fleet operators who used biodiesel in their vehicles are supportive of biodiesel, whereas non-biodiesel users are not agreeing to it in an interview conducted according to a National Biodiesel Board commissioned study (ASG Renaissance, 2004).

A favorable view by some studies (Bolsen and Cook, 2008; Rabe and Borick, 2008) and concerns/doubts by other researchers (Belden et al., 2011) have led to a mixed response about biofuels. An extensive knowledge of science is required to make an informed assessment of risk and benefit of a technology. People tend to believe sources they trust due to their lack of knowledge (Siegrist et al., 2000). Thus, biofuels have become a controversial science issue and are associated with promise and peril influencing four major domains:

1.3.1.1  Environmental Consequences

A positive impact of biofuels in the environment domain is its potential to reduce greenhouse emissions and slow down global warming (Forge, 2007). Biofuels are renewable and clean burning (bioethanol, biodiesel) and thus can be stored and distributed using existing infrastructure and, in turn, are easier to commercialize than other alternatives (SciDev.Net). In an attempt to lessen costs and cut down on greenhouse gas emissions, several airlines have begun testing biofuel blends in their jet fuel (Krauss, 2008). With the goals of increasing fuel security and reducing fuel cost and harmful environmental impacts, the U.S. military is testing biofuel blends (Biello, 2009). Carbon neutrality is the most debated point of biofuel, meaning that carbon is absorbed by growing plants and they release carbon they absorbed when harvested, thus emitting fewer greenhouse gases as compared to fossil fuels. The debate over the net carbon saving will give varied results depending on feedstock type, cultivation methods, conversion technology, and energy efficiency (Hazell, 2007). Potential of some biofuel crops such as Jatropha and Pongamia growing on marginal lands to improve soil quality and reduce erosion while their oil cake provides for soil-improving organic nutrients is considerable (Kartha, 2006). Further, biofuels as fuel-wood and dung substitute can increase energy efficiency and decrease health risks.

However, expansion of biofuel crops by clearing land for planting biofuel crops can harm the environment by displacing other crops. It might threaten biodiversity and wildlife (Groom et al., 2008) in terms of conversion of natural forest and grassland into new cropland for growing feedstock meant for biofuel production (Searchinger et al., 2008). Biofuel opponents like Jean Ziegler, United Nations Special Rapporteur, on the right to food called it a “crime against humanity to divert arable land to the production of crops which are then burned for fuels” (Mathews, 2008). The current utilization of 1% of the world’s arable land for biofuel development might increase up to 20% by 2050 by FAO estimation. In Indonesia and Malaysia, for the development of oil palm plantations, around 14–15 million hectares of peatlands have been cleared. Shifting of biodiverse ecosystem and farming systems to industrial monocultures might pose a threat to ecosystem integrity. Water pollution (Hoekman, 2009) and air pollution (Pimentel et al., 2009) caused by production and combustion of corn-based ethanol might have harmful impacts on human health and the environment. In some cases, dramatic decline in soil fertility and structure through biomass production is another environmental concern.

1.3.1.2  Economic Consequences

Through employment creation, biofuels could contribute to alleviating poverty as it is a labor-intensive job. Around 0.4 million, new jobs (in different public and private sectors) were created directly or indirectly in terms of production, construction, and research in ethanol industry that led to the addition of $42 billion to the U.S. economy in 2011 (U.S. Department of Energy). Biofuel production was stimulated in sugarcane-producing regions in Brazil, and through agro-industrial activities, the income generated further helped “capitalize” agriculture (Zarrilli, 2006). In many developing countries where land patterns, conditions, and uses are varied from those in the developed world, the competition for land uses among food and fuel might not be an overriding issue (Peskett et al., 2007). Economic development of the foreign exchange–strapped economies of many developing countries could be improved either by substituting for oil imports or by generating revenue through biofuel export.

However, concerns regarding rising food prices (owing to the need of corn for ethanol production) in the United States are contributing to a quick increase in agricultural commodity demands (Tangermann, 2008). Utilization of food crops as feedstocks for biofuel production has led to a rise in their prices, which might have an adverse impact on many food-importing countries. For example, there has been a hike in maize price mainly because of the U.S. ethanol program (WDR, 2008). Due to biodiesel production, prices of oil crops such as palm, soybean, and rapeseed have increased. Thus, owing to the increase in food prices, net purchasers of food and urban consumers are expected to suffer. Further, aviation fuel cost might rise if switched to biofuels (Newcomb, 2012), and thus, biofuel cost may become unaffordable without government subsidies (FAO, 2008).

1.3.1.3  Ethical/Social Implications

Utilization of cereal crop residues (low-cost and abundant agricultural waste) as potential feedstocks would neither require additional land nor increase greenhouse gas emissions during bioenergy production process (Hay, 2010). Developing biofuels will help the United Nations to maintain its global leadership in science and technology (Scientific American, 2012).

However, food supply might shrink because of increasing use of croplands for biofuels, which can drive up food prices to non-affordable levels, leading to world hunger (Ho, 2011). Further concerns regarding quality of life in local communities and a decline in residential property value surrounding biofuel plants have been raised by citizen groups (Hoyer and Saewitz, 2007).

1.3.1.4  Political Ramifications

The ongoing war in Iraq, anti-Americanism in the Middle East, and instability in the Persian Gulf risking oil tankers have led to new urgency regarding issue of energy independence. This U.S. energy independence can be met by developing biofuels that are domestically produced making a more reliable supply (Hoekman, 2009). To enable biofuels to compete with conventional gasoline and diesel, governments have provided substantial support including consumption and production incentives and mandatory blending standards (Raswant et al., 2008). The downfall in this arena includes the allocation of a large proportion of government funding (for domestic energy) toward biofuel development as compared to other renewable energies.

1.3.2  Party Identification and Public Opinion

An individual attachment to a political party based on a sense of closeness varying in degree of intensity is defined as party identification (Green et al., 2002). As opinion formation remains grounded in social identities, an individual’s opinion regarding science and technology might be influenced by partisanship (Smith and Hogg, 2008). According to Hogg and Turner (1987), when individuals categorize themselves as members of a group, they behave consistently with the group prototype as they internalize the prototypical attributes of the group such as attitude endorsement. Party identification is thus an enduring, stable, and important predisposition (Goren, 2005).

In American political context, the Democratic Party’s platform is based on modern liberalism (McGowan, 2007), whereas the Republican Party’s platform is by and large grounded on conservative principles (Regnery, 2012). Public attitude regarding a mainstream renewable energy technology (biofuels and related policies) with interactive effect of party identification and temporarily accessible risk–benefit perception has been explained by Fung et al. (2014). Their results suggested that party identification likely influences individual attitude toward biofuels, after controlling risk–benefit priming. Ideologically liberal individuals (Democrats) tend to hold positive attitudes toward biofuels, being more supportive than Republicans. After controlling for risk priming, biofuel utilization was more likely supported by Democrats. However after controlling for biofuel benefit perceptions and considering biofuel risks, there was significant effect on their attitudes. Their results also suggested that when individuals thought of environmental risks, they were less likely to support biofuel production and use. As compared to political risks, people tend to put more emphasis on environmental and economic risks (Fung et al., 2014). Thus, the strength of party identification considering different risk/benefits of biofuels can vary attitude toward biofuels and related policies.

1.3.3  Public Perceptions in Varied Regions

Analysis of the public acceptance of biofuels in Greece shows that there is significant lack of information regarding biofuels among the young and people of low education with general concern regarding energy dependence on fossil fuels (Savvanidou et al., 2010). As compared to other renewable resources, very few preferred biofuels, and the chief concern of the majority of respondents was to first save energy than the use of alternative energy. However, despite all hesitations, around half of the people considered biofuel usage as an effective solution for energy problems and against climatic changes (Savvanidou et al., 2010).

In the United Kingdom, biofuel studies have shown that about half of UK farmers plan to grow biofuel sugar beet and 34% biofuel oilseed rape, whereas one-third remain undecided (Mattison and Nottis, 2007). Only 55% of UK citizens know what biofuels are, with 9 out of 10 not well informed about biofuels (FOE, 2008). Around 44% of UK citizens believe that improved public transport could reduce emissions from road transport, whereas only 14% believe in biofuels as an effective solution to these emissions (FOE, 2008).

In the United States, although citizens are not well informed about ethanol production, a majority of them consider “using biofuels is a good idea” (Wegener and Kelly, 2008). Around 60% of U.S. citizens are somewhat knowledgeable regarding biodiesel, and if biodiesel prices are comparable to conventional diesel, majority (98%) of U.S. farmers would use it (Lahmann, 2005). A survey conducted in 2008 reported that around 67% of U.S. respondents were keen to learn more regarding the alternative fuel, while a majority of those surveyed agreed that biofuels can help in cutting down greenhouse gas emissions and help reduce U.S. dependence on foreign oil (Survey, 2009). However, reservations were expressed regarding corn-based ethanol with 43% fearing that ethanol production will create pressure on local water supplies and 44% voicing concern that it will put pressure on the food supply.

In a survey conducted in Canada (West, 2007), high to very high knowledge about ethanol and biodiesel was shown by only 56% of the respondents, whereas the rest had low to very low knowledge. Majority of Canadians (73%–85%) were in favor of information actions, whereas 42%–56% were in favor of mandatory ethanol-blended gasoline (West, 2007).

1.3.4  Second-Generation Biofuels and Public Opinion

In terms of sustainable growth in production and consumption, scientists are developing second-generation biofuels. Owing to higher yield per hectare of cellulose as compared to starch/sugar cops, second-generation biofuels will likely depend on cellulosic matter for feedstock. Second-generation biofuels can provide benefits including short-term gasoline price dampening, in terms of trade improvement and wealth transfers, and thus could make biofuels more beneficial to society (Rajagopal et al., 2007). A significantly higher EROI and carbon sequestration could be achieved with use of cellulosic biomass for energy production as compared to sugar-/starch-based biofuels (Sheehan et al., 2003; Farrell et al., 2006; Tilman et al., 2006). In terms of transportation sector, second-generation biofuels are considered one of the key mitigation technologies according to Intergovernmental Panel on Climate Change’s fourth assessment report on climate change (IPCC, 2007). A change in agricultural landscape and the sources, levels, and variability of farm income will occur with large-scale production of new types of crops meant for energy production. Further, how well the process of technology adoption by farmers and processors is managed, will affect the socio-economic impact of biofuel production; thus, confluence of agricultural policy with environmental and energy policies is expected (Rajagopal et al., 2007).

Second-generation biofuel proponents claim they address many of the corn-based ethanol criticisms such as, compared to first-generation biofuels, cellulosic fuels that have a higher net energy balance, and as they are made from inedible feedstocks, they do not contribute to food price inflation (Bush, 2006; EAA, 2008). The development of an advanced biofuel industry that does not utilize food crops as its principal feedstock has been the focus of U.S. biofuel policy in the past 10 years (Mondou and Skogstad, 2012). To support the development of biofuel industry, the federal government of Canada has also pursued policies (Mondou and Skogstad, 2012), and some Canadian provinces imposed gasoline content mandates (Evans, 2013). Even though none of these policies in Canada has focused on specific targets for cellulosic ethanol (Mondou and Skogstad, 2012), Canadian industry has been much more supportive toward second-generation biofuel resources from agricultural waste products and forest biomass (Ackom et al., 2010). However, owing to the lack of specific policy support, the robustness of consumer demand for more sustainable biofuels will only ensure the future success of the industry in Canada (Dragojlovic and Einsiedel, 2015). Currently, in the United States, consumer perceptions of advanced biofuels are much more positive as compared to corn-based ethanol (Delshad et al., 2010; Delshad and Raymond, 2013) and strongly support biofuel policies in Canada (Dragojlovic and Einsiedel, 2014). However in both the United States and Canada, public attitude is relatively weak and subject to change as it is based on relatively low levels of information about technology (Wegener et al., 2014). Over time, the initially positive attitude of U.S. consumers toward corn-based ethanol has declined owing to potential economic, social, and environmental costs of the technology, which were pointed out by biofuel policy opponents (Talamini et al., 2012; Delshad and Raymond, 2013). Recently it has been suggested that although at the moment, cellulosic biofuels are being viewed as extremely positive in Canada, potential exists that if exposed to arguments pointing to negative environmental effects upon adoption of cellulosic biofuels, Canadians attitudes might become much more negative in the future (Dragojlovic and Einsiedel, 2015). Thus, public support is potentially vulnerable to various arguments focusing on unintended consequences regarding producing advanced biofuels.

1.4  Conclusions

Against a backdrop of the whole world facing crises of fossil fuel depletion and rapid rise in petroleum prices, it is imperative to explore newer alternatives that can help reduce oil import dependence and reduce emissions of greenhouse gases. Biofuel history dates back to its utilization in three forms: from solid biofuels (including firewood, wood charcoal, woodchips, and wood pellets) to liquid (bioethanol, biodiesel, biobutanol, etc.) and gaseous biofuels (syngas/methane gas). Among these, bioethanol and biodiesel have been researched and utilized extensively. In recent years, biofuel production and consumption have increased considerably; however, little is known regarding public attitude toward them. Second-generation biofuels are preferred over first-generation biofuels owing to various limitations associated. Thus, there is a need for strategic planning, careful assessment, and transparency in case of investment before rapidly advancing toward the route for biofuels as a solution for sustaining our energy demands. Sustainable standards must be developed for biofuel production, and it should be ensured that global diversity required to sustain life on earth is not affected by biofuel production.
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Abstract

The potential links between climate change and violent conflict gained much attention from scientists and policy makers alike, while few studies have discussed the possible impact of climate change mitigation measures on conflict dynamics. This chapter addresses this gap by investigating whether biofuel production, frequently discussed as a contribution to reduce greenhouse gas emissions and mitigate climate change, has the potential to influence the dynamics of violent conflicts. In order to do so, it first highlights the potential negative impacts of biofuel production in the local cultivation areas. The conflict relevance of these impacts is then assessed from an environmental conflict and a political ecology perspective. The environmental conflict perspective identifies food insecurity, socioeconomic decline, and land evictions as drivers of violent conflict under conditions such as preexisting tensions, recent political changes, unequal resource distribution patterns, low economic growth, or high poverty rates. The relevance of large-scale resource utilization schemes for material and symbolic conflicts within local communities as well as between local communities and more powerful national/international players is emphasized by the political ecology perspective. An in-depth case study of Brazil, and particularly of the locations of Mato Grosso do Sul and Bico do Papagaio, illustrates the theoretical claims and empirical results of both perspectives. This chapter concludes with four suggestions for future research on biofuels and conflict: avoid selecting cases on the dependent variable, trace whether conflicts are related to biofuels or rather to similar developments, put more emphasis on intragroup conflicts, and study the indirect effects of biofuel production.

2.1  Introduction

Possible links between climate change and violent conflict have gained broader attention in the political and scholarly community since 2007 (McDonald 2013). The rapidly expanding research field of climate change and conflict could build on previous studies on socioenvironmental conflicts (e.g., Homer-Dixon and Blitt 1998; Peluso and Watts 2001) and civil war onset (e.g., Blattman and Miguel 2010; Dixon 2009). But this literature has so far largely ignored the potential links between conflict and climate change adaptation and mitigation measures (Nordås and Gleditsch 2007), such as hydroenergy projects, higher energy prices, or geoengineering (Maas and Scheffran 2012; Zhouri and Oliveira 2009). Similarly, there is a very large amount of studies dealing with the potential negative impacts of biofuels, but few of them use concepts and insights developed by peace and conflict studies or socioenvironmental conflict research (Dietz et al. 2015). This chapter addresses this gap by investigating whether biofuel production, frequently discussed as a contribution to reduce greenhouse gas emissions and mitigate climate change (WBGU 2009), has the potential to influence the dynamics of violent conflicts. In doing so, it will draw on and connect the literature on (1) the biofuel production, (2) the political ecology of conflict, and (3) the causes and triggers of violent conflicts.

Existing research has claimed that biofuels can contribute to conflicts, including violent conflicts, in two ways: either they aggravate tensions in the production areas or they contribute to a rise of world food prices, thus stimulating grievances and eventually violence (Webersik and Bergius 2013). Due to the limited scope of this chapter, we focus solely on the local (or regional) tensions caused by biofuels in or around the production areas. In addition, we only deal with the links between violent conflict and the cultivation of crops for biofuel production. A conflict is defined in this study as a manifest clash of two or more social groups’ interests that are perceived as contradictive or incompatible by the respective groups (Ide et al. 2014). We use the term violence in order to describe all forms of physical, direct violence against human beings or property (Galtung 1969).

This chapter proceeds as follows. In the next section, we outline the possible local- and regional-level negative impacts of biofuel cultivation. We then go on to assess the relevance of these impacts for violent conflict by building on two research perspectives, namely, environmental conflict and political ecology. Afterwards, the case of Brazil as one of the largest producers and exporters of biofuels is discussed in greater detail before a conclusion is drawn.

2.2  Biofuel Cultivation and Its Consequences

The issue of biofuels is controversially discussed in the public sphere and the scientific community. Nearly every aspect of biofuels is a matter of intensive debate,including their carbon footprint, influence on tropical rain forests, impact on workers’ rights and indigenous communities, and relation to food prices and to the industrial agriculture (e.g., Fast 2009; McMichael 2009; Venghaus and Selbmann 2014). With regard to the consequences in the local production areas, the following negative impacts of biofuel cultivation are frequently mentioned in the literature (e.g., Anseeuw et al. 2012; Cotula et al. 2008; Garcez and Vianna 2009; Obidzinski et al. 2012):

1.  Crops for the production of biofuels are usually cultivated in large-scale monoculture plantations, supported by huge amounts of fertilizers, pesticides, and fungicides as well as large-scale irrigation systems. These characteristics can, alone or in combination, contribute to the scarcity of land or good-quality water.

2.  There are several reports about the expulsion of smallholders and indigenous people from their land in order to grow sugarcane, oil palms, or soy. This is especially the case if these people have no formal land titles, even though they live on the land for a long time and their titles are sanctioned by customary law. In addition, the land that was considered as unproductive and thus available for land reform is now used for biofuel cultivation.

3.  Deforestation can occur as a direct consequence of biofuel production if forests are cleared in order to cultivate soy or sugarcane. However, many experts are more concerned about indirect land use changes, including deforestation, caused by biofuels. These occur when farmers or pastoralists are displaced from or forced to sell their land and then move to forest areas in order to establish new agricultural or pastoral plots.

4.  Biofuels can also contribute to local food insecurity if smallholders lose the plot of land securing their livelihood or if food cultivation is abandoned in favor of soy, oil palm, or sugarcane plantations for biofuel production.

5.  Biofuels are accused of producing serious health hazards in the cultivation regions due to the contamination of soil and water by agrochemicals. A related problem is air pollution caused by the burning of sugarcane fields in order to make the harvesting easier or by the burning of forests in order to gain new land for cultivation.

6.  There is evidence that biofuels cause socioeconomic decline in the cultivation regions, for example, because their production offers less job opportunities than traditional farming or because working in sugarcane and soy plantations is dangerous and poorly paid.

7.  Biofuels are said to cause two types of migration. First, rural-to-rural migration of poor landless people occurs when workers move to the producing regions in order to work at the plantations. These people are often hardly socially integrated in the receiving regions and are frequently denied basic worker rights. Second, there is also an out-migration from the soy- and sugarcane-producing regions to urban areas because people have lost their land, job, and/or income. The consequence is ruralto-urban migration of individuals, often to urban slums.

That does not mean, however, that biofuel cultivation has these impacts everywhere and every time. We rather claim that the mentioned effects of biofuel production can be found in a significant number of cases in the past and very likely also in the future, thus making it worthy to investigate their effect on violent conflicts.

2.3  Biofuel Cultivation, Conflict, and Violence: Theoretical and Empirical Insights

There is a lack of research dealing explicitly with the links between biofuel cultivation and violent conflict, but existing research on environment-conflict links can be used to gain some insights into the conflict potential of biofuels in the local production areas. Especially the environmental conflict and political ecology perspectives are important in this context.

2.3.1  Environmental Conflict Perspective

The environmental conflict perspective gained ground in peace and conflict research during the 1990s (Homer-Dixon and Blitt 1998) and inspired a large number of studies conducted in the last decade (Meierding 2013). The core claim made by this perspective is that environmental changes can trigger renewable resource scarcity and migration if the sensitivity of the affected communities is high and no adaptation measures are conducted. Resource scarcity and migration can then, in turn, raise the risk of violent conflict onset. Resource scarcity, for instance, might stimulate direct conflict over access to important resources or fuel general grievances due to a reduction of livelihood security (Deligiannis 2012; Homer-Dixon 1999). But a scarcity of renewable resources can also lead to lower opportunity costs for joining a violent group vis-à-vis remaining in the formal economy (Barnett and Adger 2007) or to better opportunities for elite-driven mobilization of resource-scarce and thus economically deprived social or ethnic groups (Kahl 2006). Migration is suspected to cause ethnic or social tensions or conflicts over scarce resources in the receiving areas (Reuveny 2008). However, the onset of such violent environmental conflicts is always dependent on several scope conditions, such as preexisting tensions, recent political changes, unequal resource distribution patterns, low economic growth, or high poverty rates (Carius et al. 2006; Ide 2015).

There are hardly any studies testing the claims of the environmental conflict perspective in the context of biofuel production (Backhouse 2015; Gerber 2011). This is surprising given that the cultivation of sugarcane, oil palms, and soy is claimed to cause the scarcity of land, forest resources, food, and good-quality freshwater as well as migration. However, one can use studies on the conflict relevance of each of these factors in order to gain insights on the conflict relevance of biofuel cultivation (see Table 2.1 for an overview).

Large-N studies concerning the conflict relevance of a reduced availability of freshwater show no conclusive results. For example, Raleigh and Urdal (2007) and Gizelis and Wooden (2010) claim a weak but significant connection between lower freshwater availability and civil conflicts. The results of Theisen (2008) show no significant correlation, which is in line with the study of Melander and Sundberg (2011). Hendrix and Glaser (2007) and Salehyan and Hendrix (2014) even find a low freshwater availability to be weakly (but significantly) correlated with a lower violent conflict risk. The literature on links between rainfall changes (which could be used as a proxy for freshwater shortages) and violent conflict is similarly inconclusive (Theisen et al. 2013).

TABLE 2.1 Conflict Relevance of the Assumed Impacts of Biofuel Cultivation



	Assumed Impact of Biofuel Cultivation

	Robust Link to Violent Conflict




	Water scarcity

	No




	Food insecurity

	Yes




	Socioeconomic decline

	Yes




	Land evictions

	Yes




	Deforestation

	No




	Reduced health status

	No




	Internal migration

	No





Food insecurity is widely acknowledged to be a driver of violent conflicts in the literature. This is confirmed by a large number of quantitative studies (e.g., Raleigh et al. 2015; Rowhani et al. 2011; Smith 2014; Wischnath and Buhaug 2014) and also by several case studies (e.g., Engels 2014; Schilling et al. 2012) and theoretical considerations (e.g., Barnett and Adger 2007). The same is true of socioeconomic decline, which is identified as a cause or trigger of violent conflict in nearly all studies available. This effect is independent of the concrete operationalization of socioeconomic decline, being it low economic growth, low per capita income, or high infant mortality (Dixon 2009; Esty et al. 1999; Hegre and Sambanis 2006).

To the authors’ knowledge, there is no systematic evaluation of the conflict relevance of the eviction of small-scale farmers, herders, and indigenous people from their land. However, there is a similarity between expulsion of rural people from their land and soil degradation because the most relevant consequence of both processes is the inability of rural people to sustain their livelihoods due to a lack of sufficient agricultural land. Despite the exact magnitude and causal chains are still disputed, there is an increasing consensus in the literature that land degradation is a driver of violent conflict (e.g., Esty et al. 1999; Raleigh and Urdal 2007; Theisen 2008). This is supported by a case study evidence that finds that unequal land distribution and the expulsion of people living on their land for a long time can lead to violent conflict (Howard and Homer-Dixon 1998; Kahl 2006). Still, one should have in mind these are at best indications and by no means evidence for a general correlation between land evictions and violent conflicts.

Regarding the conflictivity of deforestation, there are only four more general studies available. Two of the three studies supporting a deforestation-conflict nexus are quite old (Esty et al. 1999; Hauge and Ellingsen 1998), and the results of Hauge and Ellingsen (1998) could not be reproduced by Theisen (2008). Only the results of Gerber (2011) are more recent and robust. Therefore, there is no empirical basis to make any claims about the relevance of deforestation for violent conflict. Similarly, Pinstrup-Andersen and Shimokawa (2008) provide some evidence that a poor health status is indeed positively correlated with the risk of civil war onset, but there are not enough studies on this issue yet. Finally, there are some studies conforming a correlation between international migration and violent conflict (Reuveny 2007; Salehyan and Gleditsch 2006), but the relevance of internal migration in this context is not well understood, probably because of a lack of adequate data (Reuveny 2008).

Therefore, we can conclude from the environmental conflict literature that food insecurity, socioeconomic decline, and land evictions are those possible consequences of large-scale biofuel cultivation which are most likely to drive violent conflicts.

2.3.2  Political Ecology Perspective

The political ecology tradition also focuses on the relations between the environment and conflicts but chooses a theoretical and empirical focus that is quite different from the one taken by the environmental conflict perspective. In general, political ecologists emphasize that there exists a natural environment with defined biophysical characteristics but that this environment is always structured by human activities. There exist societal rules defining who can control, assess, and use natural resources, and these rules are often shaped by unequal power relationships (Peluso and Watts 2001; Verhoeven 2011). Especially the enclosure or appropriation of natural resources by actors with previously low access to or control over these resources often provides the starting point for struggles between social groups. The scarcity and importance of natural resources is therefore culturally, historically, and socially produced, and the resulting socioenvironmental struggles are driven by local and site-specific and regional, national, and transnational interest constellations, cultures, and power relations (Horowitz 2009; Vandergeest 2003).

Political ecology has done extensive research on the consequences of large-scale natural resource utilization schemes. Examples include the Bougainville copper mine (Regan 1998), nickel mining in New Caledonia (Horowitz 2009), sugarcane plantations in the Philippines (Montefrio 2013), lumbering in Cambodia (Le Billon 2000), and industrial agriculture in India (Jewitt 2008). Two insights from this research can be used to assess the relevance of biofuel cultivation for violent conflict onset in Brazil. First, nearly all case studies agree that large-scale (capitalist) environmental projects cause tensions between local inhabitants, which are affected by evictions and the negative ecological side effects such as water pollution, and the state and/or private companies, which are executing these resource utilization schemes. These conflicts are especially likely to escalate into violence if they occur in regions inhabited by traditionally marginalized groups or if the local people feel their culture or livelihood is severely threatened (Allen 2013). In these cases, people are often ready to defend and unwilling to leave their traditional land if they are not (violently) forced to do so.

If separatist or rebel groups already exist in the respective region, there is even a risk for the onset of a civil war (Regan 1998), although this scenario is unlikely to become a reality in comparatively strong states such as Brazil or Malaysia. But other violent expressions of conflicts associated with large-scale resource utilization schemes are likely to occur around biofuel plantations, also because some facilitating conditions such as a high symbolic relevance of land, preexisting identity-based cleavages (e.g., indigenous vs. nonindigenous), and concrete negative impacts on the local population can be detected in many biofuel-producing countries (Dietz et al. 2015; Wright and Wolford 2003). Such forms of violence usually encompass destruction of production equipment and facilities, imprisonments, and violent evictions of local inhabitants (especially activists and resistant political leaders) as well as violent clashes between the affected local populations and the security forces of the state and/or company responsible for the utilization scheme (Watts 2004). Indeed, there are several reports about the occurrence of these forms of violence related to the cultivation of sugarcane, oil palms, and soy in countries as diverse as Brazil, Indonesia, or Mozambique (Cotula et al. 2008).

A second key finding of political ecology research is that large-scale natural resource utilization schemes create tensions within local communities, sometimes even escalating into violence. This is the case because large-scale resource utilization schemes tend to divide the local communities into several people benefiting from the project (people who can sell their land for good prices or find jobs in the extraction site) and usually a larger group of people who suffers from the negative impacts of the utilization scheme without having access to jobs, adequate compensation, improved healthcare, or other benefits (Gerber 2011). The latter group of people often campaigns against the project, while the former group of beneficiaries tends to support the project (Horowitz 2009; Montefrio 2013; Watts 2004). To quote one example mentioned by Reportér Brasil (2009) in the context of soy farming:

In the Ligeiro IL, in the state of Rio Grande do Sul, mechanised monoculture has created income concentration among the 1.9 thousand Kaigang who live in the area and a divide in the villages. In 2005, 300 Indians who did not agree with the use of the territory for commercial production of soybean were forcefully withdrawn from the area by leaders of the negotiation with farmers.

2.4  Case Study: Brazil

In this section, we are going to apply and illustrate the theoretical and empirical insights discussed in the previous section by focusing on the case of Brazil. We have chosen this case for two reasons. First, Brazil is the second largest producer and first largest exporter of ethanol to be used in car engines worldwide (Kaup and Selbmann 2013; WBGU 2009). While this ethanol is almost completely extracted out of sugarcane, in 2002, the Brazilian government launched a large-scale biodiesel program, utilizing mainly soy (Pousa et al. 2007). Second, there have been various claims about the conflict-stimulating effects of biofuels in Brazil for years (Backhouse 2015; Fernandes et al. 2010; Venghaus and Selbmann 2014).

Brazil does not currently experience a civil war and is unlikely to do so in the near future given its comparatively high political stability, economic growth, and standard of living. But with regard to low-level violent conflict, Brazil is a most-likely case for a biofuel-conflict link according to the environmental conflict and political ecology perspectives. Large parts of the country are still suffering from social tensions, high poverty rates, a highly unequal distribution of land/wealth, and the discrimination of indigenous people. Sugar and soy are mainly produced at large, agro-industrial plantations. Few people (and even fewer locals) benefit from these plantations, while they often cause a loss of land, food insecurity, and socioeconomic decline in the surrounding regions. This causes local grievances and resistance (especially if the symbolic value of land is considered high), which in turn might lead to the use of force by those who benefit from biofuel cultivation (e.g., landowners and the companies involved in sugarcane/soy cultivation and processing) (Avritzer 2010; OMCT 2008). The resulting escalation process has the potential to erupt into violence, although it is also possible that one of the involved groups backs down or the conflict is mediated before turning violent.

Since Brazil is a large country characterized by cultural, economic, political, and ecological diversity, it is impossible to specify these claims further given the lack of comparable, high-quality data for conflicts (or their absence) around sugarcane or soy plantations. In the following, we therefore provide evidence from two cases that are documented rather well and that are located in different states of Brazil.

2.4.1  Guarani-Kaiowá in Mato Grosso do Sul

This case study was produced by drawing on several reports (Anaya 2009; Suárez et al. 2008; Survival International 2010) and more recent information on the case provided by the BBC News (2011, 2012) and Survival International (2009, n.d.).

The Guarani-Kaiowá are indigenous people consisting out of several large family groups, each of them owning their own land (tekohá). The Guarani’s understanding of owning the land refers not only the physical space but also the resources (e.g., forests, waters, animals) located on it and to the spiritual dimension of land as a home for the group and the heritage of honored ancestors. But since the 1970s, land in the Guarani territory has been allocated to large-scale cattle ranches and more recently to sugarcane plantations. Today, there are twenty sugarcane factories surrounded by large sugarcane fields in Mato Grosso do Sul. Of these factories, 13 are located on land claimed by the Guarani. Several other sugarcane factories are planned to open on land considered as ancestral by the Guarani (ten Kate 2011).

The consequences of the establishment of this industrial sugarcane agriculture include the pollution of rivers from which the Guarani extract drinking water, rapid deforestation, and increasing land pressure. More and more Guarani families are forced to live either in overcrowded reserves or on roadsides. The amount of land available to the Guarani is constantly shrinking while they are suffering the pollution of water, soil, and crops by agrochemicals. As a consequence, most Guarani are unable to continue their traditional lifestyle of hunting, fishing, and cultivating crops, have lost their self-sufficiency, and became dependent on plantation work or government support. The consequences of this dire situation are increasing poverty, alcoholism, bad health conditions and malnutrition, low life expectancy (approximately 45 years), high suicide rates and internal conflict.

Next to these structural forms of violence (Galtung 1969), three physical manifestations of violent conflicts related to biofuels can be distinguished:

1.  Violence related to evictions: Violence is often used to evict Guarani who are unwilling to leave plots of land (to be) used for sugarcane plantations. In September 2009, for example, a community of 130 Guarani called Laranjeira Ñanderuwas was forced to leave their village, which was later set on fire by unidentified people (presumably private security guards paid by a landowner). In 2005, a Guarani activist was shot by a private security guard during a forced eviction of indigenous people from the Nanderu Marangatu territory, which was about to be used for sugarcane fields.

2.  Violence related to reoccupations (retomadas): Due to land pressure, some members of the Guarani try to reoccupy parts of their former land. This is opposed by the new/formal landowners, often leading to violent struggles. The Guarani community of Kurusu Mba, for instance, tried to reoccupy the land they were evicted from in 1975 three times since 2005, but each attempt was successfully countered by the owners and their gunmen, firing on the occupiers and assassinating several leaders and activists. To give another example, in November 2011, forty masked gunmen attacked a Guarani camp near the town of Amambai several weeks after the reoccupation of their ancestral land and killed at least one leader of the occupants, while injuring other group members. It would be mistaken, however, to consider the Guarani as merely passive victims. In April 2006, for instance, “two civic policemen were murdered by indigenous people, because they entered the community of Passo Piraju without identifying themselves” (Suárez et al. 2008).

3.  Conflicts related to the demarcation process: In November 2007, the Brazilian government decided to demarcate territories for the Guarani-Kaiowá. The state government and local landowners were able to delay the process until now by using legal means, but also by hiring gunmen and security guards to prevent government employees from accessing their property and determining which parts of it can be classified as ancestral Guarani land. However, no casualties or deaths related to this struggle have been reported yet.

Many of the large landowners in Mato Grosso do Sul are either influential local or regional politicians or have good relations to large national and transnational companies. This is why in several cases, the landowners and their security personnel receive no or only minor punishments. Another relevant factor is that Guarani often have only customary, but no formal land titles. In such cases, evictions are usually supported or even carried out by the police.

2.4.2  Bico do Papagaio

Information on the Bico do Papagaio case were obtained from Bickel (2004), the Comissão Pastoral da Terra (2007), the Procuradoria da Repúliva Federal do Tocantins (2012), and the Reportér Brasil (2008). Bico do Papagaio is part of the Tocantins state, which is well known for its high soil fertility. Consequentially, soy production increased rapidly since 2003 and was further accelerated by the introduction of biodiesel production in the area in 2007. In 2012, the areas dedicated to biodiesel production in Tocantins cover 130,935 m3 and are very likely to grow in size in the future (ABIOVE 2013). There are various negative impacts of the industrial soy agriculture in the region affecting the local inhabitants, mainly small farmers and indigenous people. The pesticides and herbicides used for cultivating soy spill often over to other fields, causing a contamination of crops and soils and a yield reduction of up to 50%. Many locals furthermore complain about a reduction in fish stocks in the rivers and an increase in skin diseases due to the agrochemicals used on the soy plantations. Since land scarcity as well as river and soil pollution undermine traditional subsistence farming, many people of Bico do Papagaio are forced either to migrate or to work on the soy plantations. There are various reports about inhumane and at times even slave-like working conditions on these plantations.

In contrast to the Guarani case, reoccupation and demarcation processes play only a minor role in Bico do Papagaio. But there are conflicts related to land rights and forced evictions that are similar to the ones in Mato Grosso do Sul. Even before the start of the soy boom, 105,000 hectares of land were allocated to the Companhia de Promoção Agrícola, which intended to grow soy in Bico do Papagaio. This allocation was possible because the land was considered unproductive or not in use despite the fact that it sustained the livelihoods of many local families for generations. Since they had no officially registered land titles, these people were evicted from the land without proper compensation. If people resisted leaving their land, violence was used against them by unidentified actors, including beatings and the destruction of property. Fortunately, no deaths are reported. Similarly, residents of the Barra do Ouro municipality and the indigenous Krahô people living in the North of Tocantins report that they have been physically threatened and that part of their cattle has been killed by local soy farmers during land disputes.

Due to the close connections (and often personal union) between local or regional political and economics elites and the soy farmers, the political and administrative support for the smallholders and indigenous people in these struggles is rather low. This power inequality is aggravated by the smallholders’ lack of official land titles and the missing recognition of customary land use practices.

2.5  Conclusions

The goal of this chapter was to explore the potential links between biofuel cultivation and violent conflict. It has been shown that the large-scale cultivation of sugarcane, oil palms, and soy has several negative side effects. Some of these are, according to the environmental conflict and the political ecology perspectives, likely to contribute to the onset of violent conflicts. In the case of Brazil, and more specifically in Mato Grosso do Sul and Bico do Papagaio, both perspectives were largely confirmed. In line with the environmental conflict perspective, socioeconomic deprivation, food insecurity, and land scarcity all contributed to land disputes that escalated into violence. As predicted by the political ecology perspective, tensions were exacerbated by the large-scale cultivation of soy and sugarcane, the high cultural relevance of land for indigenous people, the involvement of nonlocal actors (e.g., large companies), and the power inequalities between biofuel farmers and smallholders. This is in line with other recent studies on biofuels and violent conflicts in Brazil (Hermele 2009; OMCT 2008) and other regions of the world (Marin-Burgos 2015; Menguita-Feranil 2013).

However, there are several issues that need to be addressed in order to gain a better understanding of the dynamics of violence triggered by biofuel cultivation. First, most existing studies are conducted in areas where violence occurred or intensified simultaneously with the industrial cultivation of sugarcane, oil palms, or soy. But this is a “selecting on the dependent variable” strategy already criticized by Gleditsch (1998). What about the locations were biofuel expansion coincidences with the absence of violence? What factors inhibit the escalation of conflicts there? Second, a research needs to work out the links between biofuels and violent conflict more precisely. Not every conflict related to sugarcane, oil palms, or soy is automatically related to biofuels, since these crops are used for other purposes as well. And some conflicts about sugarcane, oil palms, and soy plantations used for biofuel production have other roots, such as land disputes or forests clearing that precede biofuel cultivation by several years. Third, following the political ecology perspective, research should focus stronger on intragroup conflicts related to biofuel cultivation (e.g., between biofuel supporters and opponents in local communities). And finally, we do not know much yet about the indirect and spatially distant effects of increasing biofuel cultivation. Especially rural-to-urban migration seems to be relevant in this context since the links between growing urban conglomerates marked by poor living conditions and increasing levels of violence are discussed in the literature for quite some time (e.g., Rodgers 2009). If these issues are addressed, we are confident that a better understanding of biofuel-related conflicts is achieved and can be used to prevent their violent escalation and to address the human security challenges that the industrial biofuel production poses.
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Abstract

Currently, the world is confronted with the twin crisis of fuel depletion and global environmental degradation, which resulted in rapid climate change. Indiscriminate extraction and lavish consumption of fossil fuels have led to the reduction of underground carbon resources. Moreover, the price of crude oil keeps on fluctuating and rising on a daily basis. Meanwhile, the scenario war for oil has already been started due to subsequent environmental concerns and political events in the Middle East. Over the globe, scientists have explored several fossil fuel alternatives (biofuels) of bio-origin, which have the potential to quench the ever-increasing thrust of today’s population. Within few years from now, biofuels will transform from a niche energy source. In the foreseeable future, biofuel policies still require motivation by a plethora of political concerns, which can reduce dependence on fossil fuels and improve the environmental concerns. The shift from traditional fossil fuels to more exotic biofuels would constitute a very revolutionary change. In this chapter, an attempt has been made to collate the information on current biofuel scenario, technologies, economic aspects, market, and policies.

3.1  Introduction

Long back in 1925, Henry Ford stated, “We can get fuel from fruit, from that shrub by the roadside, or from apples, weeds, sawdusts almost everything! There is fuel in every bit of vegetable matter that can be fermented. There is enough alcohol in 1 year’s yield of a hectare of potatoes to drive machinery necessary to cultivate the field for a hundred years, and it remains from someone’s to find out how this fuel can be produced commercially better fuel at a cheaper price than we know now.”

Today, energy security is becoming a serious issue as fossil fuels are nonrenewable energy and will deplete eventually in the near future (Masjuki et al. 2013). The increased use of fossil fuels has caused greenhouse gas (GHG) emissions, which have subsequently caused undesirable damage to the environment. The volatility of oil prices along with major concerns about the climate change, oil supply security, and depleting reserves has sparked renewed interest in the production of fuels from renewable resources (Dellmonaco et al. 2010). Then, a big challenge is to find new fields and to implement energy from the projected natural gases and non-conventional sources. As for now, future energy demand is expected to grow at an annual growth rate of 5%–7.9% for the next 20 years. The total biofuel demand is expected to meet approximately 27% of the total transport fuel demand in 2050 (Muller-Langer et al. 2014).

Biofuels are promoted as the best means to meet the prospected increase in energy demand in the coming years. The concept of biofuels was conceived in the 1970s, when the world faced a large-scale oil crisis. Biofuels can assist international development and poverty alleviation, because most people in the developing countries participate in agriculture to increase agricultural income, which strongly improves the overall welfare and also increases food security (Dale and Ong 2014). Biofuels are non-polluting, locally available, sustainable, and reliable fuels that are obtained from renewable sources (Demirbas 2008). Renewable resources are more evenly distributed than fossil and nuclear resources. There are other niche of renewable resources such as biogas, which have been derived by anaerobic treatment of manure and other biomass materials. However, the volumes of biogas used for transportation are relatively very small today (Naik et al. 2010).

The expanding biofuel sector involves both opportunities and threats for development (Bindraban et al. 2009). The increased pressure on arable land currently used for food production can lead to severe food shortages, in particular for the developing world, where already more than 800 million people are suffering from hunger and malnutrition (Dragone et al. 2010). So, increasing the production rate of biofuels within available land can be achieved through intensive research in biotechnology, plant agronomy, and use of precision agricultural techniques (Masjuki et al. 2013). An entire branch of biotechnology, referred to as “white biotechnology,” embraces the bioproduction of fuels and chemicals from renewable sources. The major factors that account for the explosive growth in biofuel sector and widespread enthusiasm for the technology are (1) opportunity to reduce dependence on fossil fuels through renewable energy, (2) search for energy security and energy dependence as emerging economies like the United States, (3) as a potential to reduce the net emission of CO2 into the atmosphere and to reduce global warming, (4) to raise commodity prices, to improve income, and, most importantly, to increase rural employment opportunities (FAO 2006). Recent advances in synthetic biology can provide new tools for metabolic engineers to direct their strategies and construct optimal biocatalysts for the sustainable production of biofuels (Dellomonaco et al. 2010). India is the world’s sixth largest consumer of energy. The demand for energy is estimated to grow by eight times by the year 2030 at the present growth rate of 4.8% per annum. Every year, India is losing a substantial amount of foreign exchangers through import of crude fossil fuel, which caters to about 70% of the country’s requirement (Kaushik and Biswas 2010). To date, little research has specifically addressed biofuels in Asian context.

Transportation and agricultural sectors are the major consumers of fossil fuels and are the biggest contributors to environmental pollution that can be reduced by replacing fossil fuels by renewable fuels of bio-origin (Agarwal 2007). Nevertheless, the use of fossil fuels in transportation sector is growing faster and the trend appears to be moving up dramatically (Masjuki et al. 2013). The efficacy of alternative biofuel policies in achieving energy, environmental, and agricultural policy goal can be assessed using economic cost–benefit analysis (de Gorter and Just 2010). Biofuel policies could be motivated by a plethora of political concerns related to reducing dependence on oil, improving the environment, and increasing the agricultural income (Rajagopal et al. 2007). Policy makers should realize the future crisis to make a short-, medium-, and long-term policy considering all the views, aspects, and alternatives (Masjuki et al. 2013). The main approaches should be (1) tax reduction/exemption for biofuels and (2) biofuel obligations. Unfortunately, the broader picture is not so attractive. A number of concerns are raised by these developments without subsidies, because most of the biofuels have to compete price-wise with petroleum products in most regions of the world (Doornbosch and Steenblik 2007). In order to replace existing fossil fuels and to compete with them, technology development is a prerequisite. In order to enhance the production rate and oil yield, there is no alternative regardless of the advanced technologies.

3.2  End-Use Biofuel Technologies

Since the Arab oil embargo of the 1970s, Brazil has made an incomparable effort in the reduction of its energy dependency by intensifying and extending ethanol production from sugarcane. Today, Brazil is the second largest worldwide ethanol producer.Renewable fuel standard has mandated biofuel production in the United States, since the establishment of the Energy Policy Act of 2005. Accordingly, 36 billion gallons of biofuels are supposed to be supplied to the market by 2022. Advanced biofuels need to constitute 58.3% of the total mandate (Ziolkowska 2014). The fundamental problem for the advanced biofuel industry is that, despite many attempts, none of them succeeded in identifying a commercially viable way to produce advanced biofuels at a cost-competitive level with petroleum fuels.

Several studies have been undertaken to address this problem and to provide a viable solution. One of the possible solutions is to use two fungal strains (Thielavia terrestris and Myceliophthora thermophila) because their enzymes are active at high temperatures between 40°C and 75°C (Berka et al. 2011). This will accelerate the biofuel production process and reduce the cost of second-generation biofuels. This will also improve the efficiency of biofuel production in large-scale biorefineries. Moreover, fungi can be exposed to genetic manipulation in order to increase the enzyme efficiency even more than its wild types (Stephanopoulos 2007; Vinuselvi et al. 2011). A similar solution has been given by the scientists from the U.S. Department of Energy (DOE), the BioEnergy Science Center, and the University of California, where they utilized the bacterium Clostridium celluloyticum capable of breaking down the cellulose that enabled the production of isobutanol in a single inexpensive step (Casey 2012). Isobutanol can be burned in car engines with a heat value higher than that of ethanol and similar to gasoline. Thus, the economics of using C. celluloyticum to break down cellulose is very promising in the near future. Furthermore, DOE researchers have found engineered strains of Escherichia coli having the ability to break down cellulose and hemicellulose of plant cell walls. In this way, necessary expensive processing steps in conventional systems can be eliminated that could subsequently reduce the final biofuel price and allow a faster commercialization process for the second-generation biofuels (Casey 2011).

3.2.1  Spark-Ignition Engines

For the combustion of petroleum, usually spark-ignition engines are used. These are internal combustion engines, where the fuel–air mixture is ignited with the spark. Spark-ignition engines can be either two strokes or four strokes. Generally, spark-ignition engines can also run with bioethanol if 10%–25% ethanol is mixed with gasoline, and no modifications in engines are required. But higher ethanol component blended in petroleum lowers its sustainability for standard car engines due to its certain characteristics. In general, E10 blends do not require engine tuning or vehicle modifications. In many countries, vehicles have been made adaptive by using ethanol-compatible materials in the fuel system and by turning engines for a midrange point, usually at the 22% ethanol level (E22). For using fuels with higher ethanol blends (E20–E100), conventional engines have to be refitted. This is due to characterization of ethanol to dissolve certain rubber and plastics. Larger carburetor jets have to be installed; moreover, for the temperature below 13°C, cold-starting systems are needed for maximizing the combustion and minimizing non-vaporized ethanol. Depending upon the particular customization requirement, refitting costs may run from few Euros to more than €500. Recently, a number of vehicles are manufactured with engines that can run on any petroleum/bioethanol ratio ≤85%. The sensors of flexible-fuel vehicles (FFVs), that is, E85 FFV, can automatically detect the type of the fuel and adapt engine running. They adjust the air/fuel ratio and the ignition tuning to compensate the different octane levels of fuels in the engines’ cylinders. Dedicated ethanol vehicles are more efficient in using pure ethanol due to better combustion characteristics than FFVs. They retain dual-fuel capacity. Moreover, ethanol, in particular, ensures complete combustion, reducing carbon monoxide emissions (U.S. EPA 2010). Volkswagen, Fait, General Motors, and Ford have all produced dedicated ethanol versions for more than 25 years with full warranty coverage.

3.2.2  Compression-Ignition Engines

Compression-ignition engines are designed for being fueled with diesel. Ethanol is difficult to ignite in a compression-ignition engine. The only option for ethanol ignition is to blend it with an additive to enhance fuel ignition. Other approaches of using ethanol in diesel engines are either to use diesel and ethanol simultaneously by “fumigation” or to convert the diesel engine into a spark-ignition engine.

3.2.3  Fuel Cells

Direct ethanol fuel cell (DEFC) systems hold several advantages, as when bioethanol is fed directly into DEFC and no catalytic reforming is required as such. Moreover, storage of ethanol is much easier than that of hydrogen, and storage of liquid ethanol does not need to be done at high pressure. This will enable vehicles to use a combination of conventional and lower-cost fueling systems (WWI 2006).

3.2.4  Lipid Biofuels

Biodiesel can cause damages to conventional engines. Because of their solvent properties, fuel supply systems and fuel filters may clog due to breakdown deposits. The appropriate blending ratio of biodiesel with fossil diesel depends on appropriate measures. Typical blends are B5, B20, and B30 with 5%, 20%, and 30% biodiesel concentration, respectively. For older models, rubber and plastic components must be replaced with more resistant materials. The use of lower blends requires no or only minor technological modifications, whereas the use of higher blends, such as B100, needs more efforts in modification of engine and fuel component system.

3.2.5  Compression-Ignition Engines for Pure Plant Oil

Pure plant oil (PPO) cannot be used in diesel engines due to its high viscosity, so the engines should be modified accordingly. When PPO is used in unmodified engines, results can be poor atomization of the fuel in combustion chamber, incomplete combustion, coking of the injectors, and accumulation of soot deposition in the piston crown, rings, and lubricating oil (WWI 2006). Several refitting concepts have been developed, which include either preheating the fuel injection system or using the preequipment with a two-tank system. By using the latter technology, the engine is first started with diesel and is switched off to PPO, when the operating temperature is achieved. Shortly before being turned off, it should be ensured that it does not contain the traces of PPO. PPO should not be used in neither pure form nor mixed with diesel in updated engines, as its combustion properties differ so widely from those of diesel and can cause damage to the injection systems and deposits in the engine may also occur (Paul and Kemnitz 2006).

3.3  Economic Aspects of Biofuels

Interest in biofuels began with oil shocks in the 1970s, but the more rapid developments of biofuel industry in recent years has been primarily driven by mandates, subsidies, climate change concerns, emissions targets, and energy security. Broadly speaking, currently biofuels are more expensive than fossil fuels. From 2004 to 2006, the production of ethanol fuel grew by 26% and biodiesel grew by 172%. In 2004, 3.4 billion gallons of ethanol fuel was produced from 10% of the corn crop. Ethanol demand is expected to more than double in the next 10 years. To meet this demand, new technologies must move out from the laboratories to commercial reality (Bothast 2005). The world ethanol production is about 60% from sugar crop feedstocks. At present, biodiesel accounts for less than 0.2% of the diesel consumed for transport (UN 2006). According to one assessment, biodiesel is about US$0.27 per liter more expensive than regular diesel (Duncan 2003; OECD-FAO 2007). The major economic factor to consider for input costs of biodiesel production is the feedstock, which is about 75%–80% of the total operating cost. On an energy basis, ethanol is currently more expensive than gasoline in all regions of the world except Brazil. Ethanol produced from corns and grains in the United States and Europe, respectively, is more expensive than from sugarcane in Brazil.

Generally, biofuels are more costly than fossil fuels, and consumers will only use them if the cost is compensated by the government or if they are forced to use the biofuels. Currently, biofuels require subsidies, tariffs, fuel mandates, and other government supports for economic viability. Thus, government and consumers are both paying a significant premium to gain the expected benefits of biofuels. A myriad of policies are employed for U.S. biofuels including consumption subsidies, mandated minimum levels of consumption, and production subsidies including feedstock, import barrier, and sustainability standards (Gardner and Tyner 2007).

In Asia, biofuel production requires additional use of land, water, and fertilizers. Additional fertilizers are required to significantly increase the biofuel crop production. In India, where Jatropha plantation has been promoted for biodiesel production, it will require an additional 14.9 mt of organic manure and 2.6 mt of fertilizer per year to meet the production target. Technological advancements are required for the oil extraction, transesterification, and fermentation processes for the production of biodiesel and bioethanol to meet the requirements of biofuels. Moreover, the development of kinetic models that include accurate regulatory network parameters to facilitate the identification of enzymatic bottlenecks in metabolic pathways can be harnessed to achieve production of biofuels (Dellomonaco et al. 2010).

The demand for energy is increasing everyday due to rapid outgrowth of population and urbanization (Demibas 2008). Several countries have already enacted laws that mandate the production of biofuels to meet future demands (Kojima et al. 2007). Total cost of biofuels is composed of the cost of biomass production, biomass transportation, biomass conversion, and labor. Reduction of our demand for petroleum products could also reduce its price and will also generate economic benefits for consumers (Huang et al. 2013). Economic advantages of a biofuel industry would include an increased number of rural manufacturing jobs, an increased income taxes, reduced GHG emissions, and reduction of country’s reliance on crude oil imports.

3.4  Biofuel Policies: World Scenario

Commercially available biofuels are almost entirely produced from food crops like sugarcane, sugar beet, corn, and oil seeds; therefore, policies encouraging biofuel production have repercussions on the markets of goods related with biofuel production (Sorda et al. 2010). A recent report issued by the Joint Research Center of the European Commission in Seville (2010) provides an extensive overview of current policy actions promoted by countries across the world to foster both biofuel production and consumption. The main reasons behind the countries’ decision for green energy production are the will (or the need) to reduce dependence on fossil fuels (energy security), to reduce GHG emissions (climate change mitigation), and to increase demand for certain agricultural products that suffer from production surplus (support to farmer’s income). Each of these three reasons has been criticized. Energy security, for example, could be achieved not only by encouraging biofuel use, but also through other forms of domestically produced renewable energy such as solar and wind power. The contribution of biofuels in reducing GHG emissions has been contested as well. Currently, biofuels are mainly produced from agricultural commodities such as ethanol from corn and biodiesel from rapeseed or palm oil. Farmers can be induced, by higher commodity prices, to put more land under cultivation or to make their production processes more intensive. This may result in an increase of CO2 emissions from the agriculture sector that can eventually offset the GHG emission reduction obtained from an increase in biofuel consumption. Finally, it is true that an increased demand for food and non-food agricultural products can raise farmer’s income; however, this might come at the expenses of food consumer worldwide and the environment. Biofuel policies are making an upward pressure on agricultural prices and can also undermine the environment since they encourage the expansion of agricultural areas at the expenses of rainforests and wilderness (direct and indirect land-use changes). It is important to fully understand the policies issued by the major biofuel producer and consumer countries, because their decisions can have a substantial impact on world markets of both bioenergy and agricultural products.

3.4.1  Brazil

Since the 1970s, Brazil has been at the lead to produce biofuels, in particular ethanol from sugarcane. Because of a combination of climate, soil, and 45 years of sustainable technological research and development, Brazil is currently the lowest-cost producer of sugarcane to date and, consequently, of ethanol for automotive transport. In 2006, there were 320 combined sugar mills and bioethanol distilleries in the country, with a total installed processing capacity in excess of 430 million tons of sugarcane. Including 51 new plants and expansion of those existing, together they could produce up to 30 million tons of sugar and 18 billion liters of ethanol per year (GBEP 2007). The largest plant in Brazil has a production of just below 330 million liters of ethanol per year. There are about 250 separate producers, but most of them are grouped in two associations that make up 70% of the market.

Unlike other countries with substantial biofuel production, Brazil does not offer production subsidies for bioethanol. However, the government has made it mandatory since 1977 for light vehicles to have the E20 blend, with vehicles running also on using up to E25 blends. Brazilian sugarcane ethanol is the only ethanol that is competitive with petroleum, and the E20 mandate causes minimum distortion, because it requires ethanol up to the cost-equivalent level. As a result, Brazil has been hailed as an example of successful biofuel subsidization, and its current mandate is purportedly for environmental rather than economic reasons. However, Brazil’s current ethanol infrastructure is extremely costly to set-up for the government and taxpayers, and it requires decades of taxpayer subsidies, before it became economically viable (Xavier 2007). Though Brazil has a comparative advantage in ethanol production, it still suffers substantial drawbacks through subsidies that serve as an interesting lesson, especially for countries with less cost-effective biofuels such as the United States and European Union (EU) nations.

Although bioethanol is currently not subsidized, the government has given tax breaks to company producers of biodiesel to support domestic production and the research and development of biodiesel.
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