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BIOFUELS AND SUSTAINABLE DEVELOPMENT 

1.0 Introduction 

 Biofuel is a generic term referring to liquid or gaseous fuels derived from 

renewable biomass such as plants and organic waste. Broad classification of 

Biofuels is as follows: 

First generation biofuels are produced from agricultural feedstocks, vegetable 

oils, and animal fats using conventional technology. The most common first 

generation biofuels are:   

Bioethanol – is blended with gasoline or petrol and produced by 

fermenting sugars or starches (includes sugarcane, corn, wheat, and sugar 

beets, etc.) 

Biodiesel – is blended with petroleum diesel and produced from 

vegetable oil or animal fats (made up of the oil from palm, jatropha, 

coconut, and soybeans) 

Second generation biofuels are produced from non-food feedstocks, including 

plant and wood waste (commonly called cellulosic biofuels), micro-algae, or 

other technologies that are currently advanced or experimental in nature. 

 The growing concerns about energy security and global climate change, 

caused by the greenhouse gas emissions from the conventional fossil fuels, 

have given thrust to biofuels. Different stakeholders are pushing the 

development of biofuels for different reasons: some view biofuels as substitute 

for fossil fuels to either ease the burden on consumers, or to diversify the 

sources of energy supplies; some others see biofuels as an additional energy 

source to meet the growing demands of energy, especially in the context of 

increasing demand for transportation fuels; few others promote biofuels as a 

substitute for more carbon intensive conventional fossil fuels; still others see 

biofuels as an economic opportunity – either as a potential investment 

opportunity or as development opportunity. The diverse perspectives for the 

development of biofuels are summarized here under three broad heads: 

Energy Security: World energy consumption is expected to grow by 50 percent 

by 2030. Over 70 percent of this increase will come from developing countries, 
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led by China and India, and about 80 percent of the demand is likely to be met 

by fossil fuels. Given the exhaustible nature of fossil fuels, oil production may 

soon decline in many countries, and supply may come from even fewer 

countries.The threat to the world‟s energy security is growing and a disruption 

of oil supply would be particularly detrimental to poor countries. Dependence 

on imported oil makes poor developing countries without fossil fuel resources 

critically vulnerable to any disruption of prices and supply. Price increases 

have devastating effects for some of these countries. In some cases, foreign 

exchange spending on oil imports has been much higher than debt relief and 

certain countries have spent much more on fossil fuels than on health or on 

poverty reduction. 

 The promotion of biofuels mainly came for addressing the energy needs 

of transportation sector. In developed countries, for example, more than 60 

precent of oil consumed is used for transportation purposes. Unlike in other 

sectors such as power generation, there is relatively little scope for substituting 

oil with other alternatives in the transport sector. Until alternative 

transportation fuels such as hydrogen and electricity are available at 

competitive price, producing liquid fuels from biomass is one of the only 

alternatives to the fossil-fuel based transportation energy needs. As the biofuels 

are more likely to be produced outside of the petroleum producing countries, 

they may also facilitate the oil importing countries to diversify their sources of 

transportation fuels and hence avail energy security benefits. 

Climate Change Concerns: Increasing scientific evidence on human induced 

global climate change, caused primarily by the greenhouse gas emissions from 

the fossil fuel combustion, has necessitated search for alternative energy 

sources. The need for replacement for the conventional fuels is more acute in 

transport sector, which contributes to around 25 percent of global carbon 

dioxide emissions. When produced and used appropriately, biofuels emit lower 

net greenhouse gas emissions than fuels derived from fossil sources, mainly 

because of the carbon neutral nature of biofuels (see the graphic below). But 

the net greenhouse gas emissions of biofuels vary significantly depending on 

the feedstocks and technologies used in their production and consumption. The 

overall impact of biofuel development on greenhouse gases (and climate) is 
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complex, tied-up with carbon stocks and solar reflectance between the biomass 

crops and the vegetation they replace.  

 

Figure 1. Lifecycle Emissions – Biofuels, Illustration 

Economic Development: Biofuels and their feedstocks could be an important 

source of export income for developing countries as the demand for biofuels 

may largely come from developed countries in the near future. Also as 

mentioned above domestic production of biofuels may decrease the 

dependence of developing countries on oil imports and hence strengthen their 

macro-economic position. Though, biofuel feedstock cultivation and 

processing may provide additional employment opportunities in developing 

countries, the net effects are uncertain and context specific. 

 Figure 2 shows the regional production and consumption of ethanol, 

biodiesel and total biofuels in 2011 across various regions of the world. In 

terms of total biofuels, Central and South American region produces more than 

its consumption to meet the excess demand of the European countries. The 

contrast is starker in case of biodiesel production and consumption compared 

to ethanol. 
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Note: The inner ring shows production and the outer ring shows the consumption 

(Adopted from HLPE, 2013) 

Figure 2. Production and Consumption of Biofuels: World Regions 

2.0 Biofuel Feedstocks and Sustainability 

The biofuel industry in most countries traditionally depended on the most 

important crops in the country – for example, corn in the USA and palm oil in 

Malaysia. Most country governments also provided active policy support to 

promote the biofuel industry. This section provides a broad overview of 

different categories of biofuel feedstocks based on the efficiency and stage of 

development (Elbehri et al., 2013): 

High Efficiency Feedstocks: Prominent examples under this category are 

sugar cane and palm oil. In terms of yield, sugar cane and palm oil are by far 

the most efficient source of bio-ethanol and bio-diesel, respectively. However, 

the sustainability of these feedstocks hinges on their environmental impacts. 

The environmental concerns include, high water demand and possible 

expansion into grazing lands (for example, in Brazil) in case of sugar cane, and 

expansion to sensitive lands such as peat soils and forests in case of palm oil. 



6 

Moderately Efficient Feedstocks: Feedstocks such as corn, soybean, rapeseed 

and sugar beet are moderately efficient as they have largely been promoted 

through active policy support. For example, the EU has vigorously promoted 

rapeseed biodiesel production through heavy subsidies and mandates. Further, 

high use of inputs such as fertilizers and pesticides by these feedstocks results 

in relatively modest net environmental benefits. 

FeedstocksUnder Development: Sweet sorghum and jatropha are important 

examples under this category for bio-ethanol and bio-diesel production. 

Sorghum is drought-tolerant and can be grown in a shorter-season with less 

labour requirements. Similarly, jatropha is also a drought-tolerant crop with 

low input requirements and is highly suitable for cultivation in marginal lands. 

However, both the crops are yet to establish their economic viability. For 

instance, sweet sorghum requires quick processing after harvest as its sugar 

content drops significantly within three weeks. Large-scale biodiesel 

production from jatropha is capital intensive and requires tight supply chain 

arrangements. Large scale expansion of both these crops may lead to 

competition with food crops for land and water resources. 

Dedicated Energy Feedstocks: The so-called second generation feedstocks 

including dedicated energy crops like alfalfa, switchgrass; fast-growing short-

rotation trees like willows, eucalyptus; and agricultural residue offer great 

potential. Yet, their economic viability is uncertain at the current level of 

development. Accordingly the environmental implications of these feedstocks 

are also unclear. 

 From a sustainability perspective, biofuels offer advantages as well as 

several risks. On one side, biofuels can contribute to improved energy security, 

help reduce greenhouse gas emissions, provide local environmental benefits in 

the form of clean air, and also facilitate growth especially in rural areas along 

with creating new job opportunities. At the same time, expansion of biofuels 

could have adverse impacts on biodiversity, water availability, water quality, 

and soil degradation. More importantly intensive biofuel expansion has raised 
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concerns regarding potential conflict with food security, as well as worsening 

greenhouse gas emission levels due to indirect land-use changes. The main 

sustainability arguments in the context of biofuel expansion are summarized 

below: 

 Fischer et al. (2008) in their study on biofuels and food security carry 

out large scale global modeling to analyze the implications of biofuel 

expansion on food security, transport fuel security, potential for 

climate change mitigation, and biodiversity. Figure 3 shows the 

additional people at risk of hunger relative to baseline under various 

biofuel expansion scenarios. The scenarios considered include: WEO-

V1 – assumes transport energy demand and regional biofuel use as 

projected by IEA in its World Energy Outlook 2008 Reference 

Scenario and that second generation conversion technologies become 

commercially available after 2015; WEO-V2 – makes similar 

assumptions on transport energy demand as WEO-V1, but considers 

much delayed arrival of second generation conversion technologies 

(2030s); TAR-V1 – similar to WEO-V1, except that biofuel 

consumption is twice compared to WEO 2008; and TAR-V2 – similar 

to WEO-V2, except that biofuel consumption is twice compared to 

WEO 2008. 

As could be seen from the figure, a large impact of biofuel expansion 

is on South Asia – an additional 140 to 150 million people may be at 

the risk of hunger by 2020 due to biofuel expansion. Fischer et al. 

(2008) however also argue that with the advent of second generation 

biofuels the impacts on food security could be minor. Such fuels may 

have positive impacts on greenhouse gas mitigation. However, both 

first and second generation biofuels are expected to have negative 

impacts on biodiversity, and thus may pose threat to food security 

indirectly. 
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(Source: Fischer et al., 2008) 

Figure 3. Additional People at Risk of Hunger under various Biofuel 

Scenarios 

 Analysts argue that the world food prices have increased by some 140 

percent during the period 2002 to 2007 (and continue to increase) due 

to a number of factors including increased demand for biofuel 

feedstocks and rising fuel and fertilizer prices. Meeting the biofuel 

targets world over are estimated to increase the food prices further by 

30 percent. Thus, biofuel development policies must give serious 

consideration to food price impacts. 

 Meeting biofuel targets imply that additional land must be brought 

under cultivation to accommodate first-generation biofuel production. 

Bulk of this new land is likely to come from developing countries. 

Land conversion for biofuel production will result in greenhouse gas 

emissions due to carbon losses from soils and vegetation. This must be 

taken into account while assessing the net greenhouse gas mitigation 

due to the biofuels. Further, additional land conversion for biofuel 

production entails risks for biodiversity. 
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 There are also apprehensions that prolonged dependence on first 

generation crops for biofuels will result in increased risk of 

deforestation with associated consequences of substantial greenhouse 

gas emissions and loss of biodiversity. Thus extensive monitoring of 

deforestation and other land use changes is essential. For India, it has 

been estimated that by dedicating 33 mha of degraded lands at a 

woody biomass productivity of 4 tonnes per ha per year, 100 TWh of 

electricity could be produced annually, meeting most of the rural 

electricity needs as well as providing carbon mitigation benefit of 40 

MtC annually. Actual availability of land for biofuel cultivation 

however would depend on a number of factors including climatic and 

soil conditions, access to infrastructure such as roads and electricity, 

as well as the ownership of the land. The available information about 

wasteland suitability for oilseed plantations is sketchy and a proper 

wasteland mapping exercise should precede any major biodiesel 

development program in India (Gunatilake, 2011).  

 Ethanol production from sugarcane offers significant potential to 

substitute for fossil fuel. However, area under sugarcane needs to be 

stepped up substantially to meet the increasing ethanol demand under 

different scenarios of ethanol blending with petrol. Schaldach et al. 

(2011) estimated that the area for sugarcane production in India 

increases by 46% (5% blending scenario), 79% (10% blending) and 

144% (20% blending) under various blending scenarios. Expansion in 

sugarcane area is at the expense of the extent of natural land, which 

correspondingly decreases by 45%, 47% and 51%. However, adoption 

of yield increasing technologies such as drip-fertigation has huge 

potential to increase the existing yield levels of sugarcane and hence 

area expansion could be minimized if these technologies are 

adequately supported through public policy. 

 Msangi and Rosegrant (2011) argue that biofuel expansion will result in 

substantive increase in market prices and hence lead to deterioration of food 
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security situation in developing countries. They further estimate that the 

developing countries (including South Asia) may have to increase their yield 

growth by an additional 1 percent per year up to 2030 to overcome the stress 

induced by the biofuel expansion. The authors project that productivity 

improvements and enhanced functioning of the agricultural markets could meet 

the challenges posed by biofuels. In a comprehensive review of literature 

concerning the food versus fuel debate, Serra and Zilberman (2013) conclude 

that energy prices drive long-run agricultural price levels and that instability in 

energy markets is transferred to food markets. Wright (2014) also argues that 

to solve the puzzle of recent grain market behaviour it is necessary to 

incorporate into the market model, in addition to substitution between grains as 

sources of calories, and substitution between successive harvests via storage, a 

third key substitution, that of biofuels for petroleum-based fuels. Thus, the 

available evidence raises concerns regarding sustainability of biofuel 

expansion gives its close association with the food security. 

3.0 Biofuels in Indian Context 

 India is the fifth largest primary energy consumer and the fourth largest 

petroleum consumer in the world. The growing population, increasing per 

capita income, infrastructural development and rapid socio-economic 

development have spurted an increase in energy consumption across all the 

major sectors of the Indian economy. Currently, India‟s energy demand is 

primarily met through non-renewable energy sources such as fossil fuels (coal, 

natural gas and oil). Being short in domestic production, India mainly depends 

on crude oil imports that have risen from 57.8 million tons in 1999-2000 to 172 

million tons in 2011-12 which accounts for 4 times of the domestic production 

which stand at 38 million tons in 2011-2012(GoI, 2012). The Crude oil prices 

imported from the international market has sharply risen from 26.65 USD/bbl 

to 111.12 USD/bbl in 2011-2012(GoI, 2012). Given the limited domestic 

energy resources, escalating crude oil prices, and growth in domestic 

consumption of petroleum products, India‟s oil import bill has inflated 

considerably (see figure 4).In the near future the imports are slated to rise 
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further with no major breakthrough in domestic oil production and the 

phenomenal rise in vehicular population, as evident from the domestic sales 

that has rapidly grown from 9.6 million vehicles in 2008 to over 17 million 

vehicles in 2013. India‟s energy policy has primarily focused on providing 

energy security to sustain high economic growth rate.  The “energy security” is 

broadly interpreted as adequate, clean and efficient supply of energy for the 

input requirements of various producing sectors and the basic needs of 

households, along with insurance against the risk of a disruption in supply or 

volatility of prices (GoI, 2006). Oil being the dominant fuel in the world, like 

any other net oil-importing developing country, India‟s energy insecurity is 

centred on the uncertainty surrounding oil prices and its supply. Since oil, like 

any other fossil fuel, is non-renewable, India faces increasingly difficult 

challenges in ensuring energy security.  

 As mentioned above, among all end-uses, the scope for fuel substitution 

is highly restricted in the transport sector, which is a very vital one because of 

its role in ensuring the mobility of goods and people. The vehicular population 

is growing at 8-10 percent annually in India, with two-wheelers constituting 72 

percent of the total registered motor vehicles. Among the various petroleum 

products, diesel meets an estimated 73 percent of fuel demand from transport 

sector. Figure 4 shows the increasing trend of high speed diesel consumption in 

India. With growing concerns of vehicular exhaust being one of the major 

causes of global environmental pollution, the global community is seeking 

non-petroleum-based alternative fuels, along with more advanced energy 

technologies, to increase energy use efficiency. Thus, there has been a 

worldwide search for alternative renewable fuels to mitigate the problem of 

energy insecurity and India has been exploring the feasibility of developing 

biofuels that can reduce the dependence on petroleum products for transport. 
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Figure 4. Petroleum Production Consumption and Import Dependence in India 
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India’s Biofuel Policy Context 

 India‟s biofuel policy regime is influenced broadly by: (a) energy security 

concerns – ever increasing energy demand necessitates search for renewable 

energy alternatives given India‟s limited fossil fuel reserves; (b) environmental 

concerns – growing local pollution and climate change concerns make it 

imperative to search for environmentally friendly alternatives; (c) wasteland 

utilization – biofuel feedstock cultivation could bring wastelands and other 

unproductive lands for effective utilization; and (d) enhance rural livelihood 

options. The National Policy on Biofuels adopted in 2009 envisaged 

strengthening India‟s energy security by encouraging use of renewable energy 

resources to supplement transport fuels. The policy aimed at achieving 20 

percent blending of transport fuels petrol and diesel with bioethanol and bio-

diesel by 2017. The policy emphasized use of degraded land and waste land 

not suitable for agriculture to raise biofuel feedstock to avoid food versus fuel 

dilemma. In addition to setting-up of a National Biofuel Fund for providing 

financial incentives, including subsidies and grants for new and second 

generation biofuel feedstock, the policy also advocated establishing minimum 

support price mechanism to ensure fair price for biofuel feedstock 

growers.Though the National Policy on Biofuels attempted to stay clear of 

food versus fuel dilemma, a number of studies have cautioned against zealous 

promotion of biofuels (see Section 2 above).  

 The feasibility analysis of meeting blending targets outlined in the 

National Biofuel Policy raises important issues regarding land availability in 

case of biodiesel production, and the need for identifying alternative feedstock 

in case of bioethanol production. Based on the Integrated Energy Policy 

projections, India‟s high speed diesel (HSD) requirement would reach 190 

million tons by 2031-32. Twenty percent blending target outlined in the 

National Biofuel Policy 2009 translates to biodiesel demand of about 38 

million tons by 2031-32. With a yield of around 3.75 tons per ha, cultivating 

jatropha in 33.2 million hectares of land would meet the biodiesel demand. 

Singhal and Sengupta (2012) show that about 37.38 million hectares of 

wasteland suitable for jatropha cultivation in available in India. However, the 

wasteland is not strictly wasteland with significant rural population dependent 

on miscellaneous tree growth supported by such lands. Also, the overall area 

under foodgrains has remained static in India over past decade or so. In such 
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context use of wasteland for fuel purposes remains debatable. This acquires 

further importance in the context of South Asian Enigma of stagnant per-capita 

food consumption (compared to North Africa and West Asia) despite 

impressive growth registered in terms of per-capita income.  

 The bioethanol blending target set by the policy will need additional 

production capacity and hence more bioethanol production plants, as well as, 

more sugar cane cultivation,if molasses is used as primary feedstock.  In the 

case of bioethanol production, molasses may have to be diverted from other 

uses such as the alcohol or pharmaceutical industries. The availability of 

molasses to meet blending mandates depends on cane and sugar production 

that are cyclical in nature. Lower molasses availability will put pressure on 

molasses prices and availability of molasses for ethanol production. Owing to 

the cyclical nature of sugarcane production in the country, the processing 

industry experience periodic market glut of sugarcane and molasses impacting 

prices. For example, the molasses prices in the last decade have fluctuated 

between Rs 1000 and Rs 5000 per ton (Shinoj et al., 2011). Additionally, 

ethanol produced has many other alternative uses such as potable alcohol, and 

as input in the chemical and pharmaceutical industry. During the constrained 

ethanol supply periods, the utilization tends to be more towards potable and 

industrial uses due to inability of the Oil Marketing Companies to procure the 

required amount of fuel ethanol bending at prevailing market prices (Shinoj et 

al., 2011). Import of ethanol for fuel usage is currently restricted through 

policy and even if made free, would cost the exchequer very dearly, as the 

international markets for ethanol are already very tight due to demand from 

other biofuel-consuming countries. Given the scenario of 10% blending 

requirement, the growing demand for alcohol from the potable and chemical 

sector (growing at 3-4% per annum) and the highest available alcohol from 

molasses pegged at 2.3 billion liters, there will be a shortage of alcohol for 

blending (Basavaraj et al., 2012). 

 If molasses alone has to meet the entire requirement of 10% blending, an 

area covering approximately 10.5 million ha with 736.5 million tons of 

sugarcane has to be cultivated (around 20–23% in excess of what is required 

for meeting the corresponding sugar demand) which translates into doubling of 

both area and production. Presently, the country lacks both technology and 

infrastructure required to implement this. Further, it is not possible to increase 
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the area under sugarcane beyond certain limit given that sugarcane is highly 

water intensive with a water requirement of 20,000–30,000  cubic metre per ha 

per crop. Increasing the area under sugarcane will be at the cost of diverting 

land from other staple food crops (Shinoj et al., 2011). Hence, ethanol 

production has to be augmented from alternative feedstocks. One such 

alternative is sweet sorghum which is both resource saving and sustainable, 

however as discussed above it has its own limitations. 

4.0 Conclusions 

 The concept of low-carbon society has become an important paradigm for 

limiting global temperature increase below 2°C. The low-carbon society should 

be compatible with the principles of sustainable development, contribute to 

global reduction in greenhouse gases emissions, promote use of low-carbon 

energy sources and production technologies, and adopt low-energy 

consumption behaviour. Renewable energy resources and technologies are 

important to achieving low-carbon society visions.However, the relative 

contribution of the different renewable energy sources to a sustainable 

transition to low-carbon society depends on the complexity of the systems. 

Among the renewable energy sources, biofuels and bioenergy present an 

enormous policy challenge for sustainable transition to low-carbon society due 

to inevitable trade-offs at different levels: (i) Competing land use between food 

and fuel production, biodiversity protection and bioenergy production, and first 

and second generation feedstock production; (ii) Competing sources between 

domestically produced and imported biomass products and their feedstock; and 

(iii) Competing conversion technologies due to diverse range of options 

available to use and develop bioenergy. The trade-offs result in diverging 

social perception on and policy strategies for bioenergy sustainability due to 

contextual differences across countries. Moreover, bioenergy‟s complex 

system involves not only alternative products and competing sectors, but also 

diverse actors interacting at and across different levels. As a result, bioenergy 

production not only provides opportunities but also causes conflicts in the 

course of fulfilling  diverging private and public interests along and within 

these inter-linkages. 
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two-year Master's program in Economics, Financial Economics, Applied 

Quantitative Finance, Actuarial Economics and Environmental Economics 

affiliated to the Central University of Tamil Nadu, and a Ph.D. programme 

affiliated to Madras University. MSE has undertaken a large number of 

research projects since its inception, including the World Bank sponsored 

Capacity Building Programme in Environmental Economics.  The World 

Bank project involved research, training, curriculum, and overseas 

fellowship components which were coordinated by MSE. Subsequently, the 

Ministry of Environment and Forests approved the proposal to set up a 

Centre of Excellence in Environmental Economics at MSE.  MSE has also 

served as an ENVIS Centre in Environmental Economics under the 

Environment Information System (ENVIS) of the Ministry of Environment 

and Forests, Government of India.  A dedicated program on Trade and 

Environment, with support from the Ministry of Environment and Forests, 

Government of India, has been initiated at MSE.



Centre of Excellence in Environmental Economics
Madras School of Economics
Gandhi Mandapam Road
Chennai - 600 025
Ph: 2235 2157/2230 0304/2230 0307
Fax: 2235 4847/2235 2155
Email: coe@mse.ac.in
Web: http://coe.mse.ac.in
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