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Abstract 

Biofuels are being supported by many governments for a range of perceived benefits including 
improved domestic energy security, reduced greenhouse gas (GHG) emissions when compared to 
fossil-fuel counterparts, and economic development and employment generation, particularly in 
rural areas.  Life-cycle, cost-benefit and systems analyses, however, indicate that the expansion of 
biofuels can have complex effects on, and interactions with, land-use and food and fuel prices.  
This paper reviews the economic, environmental and social benefits and costs of biofuels using 
experiences from developing countries in Asia. The review reveals the following: 1) Biofuels are 
generally not economically competitive with fossil fuels and government support, though 
prevailing, is costly and questionable. 2) Although biofuels are generally viewed to be a threat to 
food security, if properly managed, their development could lead to improved productivity in the 
agriculture sector over the long-term with benefits for rural livelihoods and food security. 3) Even 
though reducing GHG emissions is a key driver for the development of biofuels, effects in terms of 

Gheewala S*, Damen B & Shi X, 2013. Biofuels: economic, environmental and social 
benefits and costs for developing countries in Asia.  Wiley Interdisciplinary Reviews: 
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soil quality, biodiversity and water quality must also be assessed; the environmental benefits of 
biofuels are debatable and depend on a range of fuel-specific factors, management and 
agricultural practices. Based on this assessment a range of strategies are suggested to further 
improve the sustainability of biofuels in Asia. 

 

 

Liquid transportation fuels produced from agricultural products, commonly referred to as biofuels 
(or agrofuels), are being promoted in many countries worldwide due to a number of perceived 
benefits. These benefits can accrue to the economy from the utilization of local resources leading to 
reduced imports of crude in oil-importing countries; to the environment due to reduced greenhouse 
gas (GHG) emissions, renewability and biodegradability; and to society from rural development, 
poverty alleviation and improved energy access 1-3. Many of the above benefits are particularly 
attractive to developing nations in Asia as they have a large agriculture base and many are also 
increasingly net importers of energy to fuel their rapidly growing economies. Thus, many countries 
in the region have already implemented ambitious targets and/or mandates to promote biofuels 4-8.  

To support these commitments, governments have adopted or are considering a range of 
supplementary policies including price support for biofuels and feedstock production, tax 
advantages at both production and consumption stages, capital grants and/or loans and funding for 
research and development.  

In response, biofuels in Asia have been booming following the global boom that began in 2004-2005 
and the associated demand from the US and EU markets. Total  production of biofuels in Asia for the 
transport market has increased three fold from 1.5 billion litres in 2005 to an estimated 6.3 billion 
litres in 2012 9. However, the pace of growth has declined since 2008 due to a combination of factors 
including the global financial crisis, higher commodity and feedstock prices and a plateau of biofuel 
production in China – the largest producer in the region.  

The slowing pace of biofuel production for the transport market in Asia has mirrored a global slow-
down in biofuel output and comes at a time of increasing scrutiny over the purported sustainability 
benefits of biofuels. Utilization of local resources has been supplemented by imported fossil fuels 
and feedstock in the value chain negating some of the domestic security benefits of reductions in 
energy imports while also increasing GHG emissions. Reduction in GHGs has been further 
confounded by large emissions of carbon from land use change, especially those with large carbon 
stocks such as tropical forests or peatlands   10-13. Also, after decades of slow decline in food prices, 
recent surges on international markets and unprecedented levels of food price volatility, have 
prompted further investigation into the role that biofuels could have played in these developments 2, 

14, 15. Thus, it is imperative to evaluate the experiences of biofuels in developing Asia and their 
sustainability implications, positive and negative, with the objective to identify the conditions under 
which positive effects could be maintained or enhanced and negative effects minimized. To this end, 
we take a look at each of the expected sustainability benefits of biofuels and based on plans as well 
as reported performance, evaluate the advantages, drawbacks and possibilities of improvement. 
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The paper contributes to the literature by providing a comparative assessment of the rationale 
behind government policy support for biofuels in Asia with documented evidence of their 
performance to date and associated economic, socio-economic and environmental costs and 
benefits. Based on this assessment some suggestions to enhance the benefits of biofuels in the 
region are made.   

The review proceeds as follows: following the introduction, the next section briefly summarizes a 
few key motivations and benefits behind the promotion of biofuels. Sections 2 to 4 review issues of 
biofuels from economic, social and environmental perspectives, respectively. Section 5 reviews some 
measures for improving the sustainability of biofuels. The last section offers some concluding 
remarks.  

 

1. Rationalization of/motivations for biofuels development 

1.1. Enhancing National Energy Security  

Biofuels, and renewable energy in general, are being supported by many governments for a range of 
perceived benefits including improved domestic energy security, reduced GHG emissions, the 
creation of local environmental and health benefits, and economic development and employment 
generation. In developing countries, the primary concerns are energy access and social and 
economic development  16.  

Perhaps the key driver underlying biofuel policies adopted in this region is to enhance national 
energy security and reduce dependence on imported fossil fuel sources. Regional dependence on 
imported crude oil is projected to grow substantially over the next 20 years. By 2030, net imports of 
oil to China and India are projected to account for 74 and 92 percent respectively of total national 
demand 4. In the Association of South East Asian Nations (ASEAN), dependence on imported oil is 
projected to grow dramatically from less than 30 percent in 2008 to over 70 percent in 2030. Over 
this period annual expenditures on oil imports by ASEAN member countries are projected to grow 
from USD 32 billion to USD 164 billion 4. In recognition of these potential energy security challenges, 
ASEAN member states adopted the Cebu Declaration on East Asian Energy Security at the 12th 
ASEAN Summit in January 2007. The declaration stated that encouraging the use and trade of 
biofuels is one possible strategy to attain greater energy security in the region 17. 

A number of countries in the region have adopted bioenergy targets and other supporting measures 
as a way to diversify national energy supplies and partially reduce energy import bills. For example, 
USDA estimated that China saved around USD 1 billion in oil imports in 2009 through the utilization 
of domestically produced fuel ethanol 18. This substitution for imported oil was also demonstrated to 
be important in the context of the Greater Mekong Sub-region 5.  It must however be noted that 
although biofuels can reduce oil dependence, the development of domestic biofuel industries that 
are dependent on imported fuel and feedstock could shift dependence to another sector of the 
commodity market. For example, fuel ethanol imports in the Philippines more than tripled between 
2009 and 2011 and are expected to grow further in 2012 and 2013 to meet the country’s ethanol 
mandate4, 19. 
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1.2. Reducing GHG emissions and tackling climate change 

Another common objective of national biofuel policies is to reduce GHG emissions from the energy 
sector as a means to tackle climate change. On a regional basis, Asia and the Pacific is the largest 
emitter of GHGs in the world. Since 1960, CO2 emissions per capita have grown by an average rate of 
3.2 percent per annum. Total regional emissions of CO2 are projected to increase by almost 80 
percent between 2007 and 2030 4, 19.  

In its 2011 special report on renewable energy sources and climate change mitigation, the IPCC 
found that “most bioenergy systems can contribute to climate change mitigation if they replace 
fossil-based energy that was causing high greenhouse gas emissions and if the bioenergy production 
emissions – including those arising due to land use change or temporal imbalance of terrestrial 
carbon stocks – are kept low.”20 The IEA has found that using bioenergy in heat and power 
generation is a more cost and land efficient way to reduce greenhouse gas emissions than producing 
biofuels for the transport sector; particularly if coal is the fuel replaced 21. In general, capturing the 
potential emissions benefits of bioenergy systems is highly dependent on avoiding direct and 
indirect land use changes and reducing the use of fossil fuels in the biomass conversion process. 
Meeting these requirements necessitates effective policy frameworks underpinned by suitable 
governance structures, incentives and enforcement mechanisms to curb unsustainable practices.  

1.3. Fostering rural employment and development 

Governments such as Japan and India have also supported biofuels to create employment and 
development in rural areas  22. Recent studies indicate that bioenergy has a larger positive impact on 
job creation in rural areas than other energy sources 20. Biofuel industries have been reported to 
employ about 100 times more workers per unit of energy produced than the fossil fuel industry 23. 
An ADB study has shown that development of biofuels can significantly increase prices of feedstocks, 
land and labour, and thus can increase incomes for famers and rural communities 1. 

Some governments in the region have also adopted supportive policies for biofuels with the 
intention of creating biofuel and biofuel feedstock export industries to stimulate domestic 
employment and economic growth.  For example, the overall vision of the Philippines biofuels policy 
platform is that the country will become a leading net exporter of biofuels by 2030. Some countries 
have already generated considerable employment through biofuel exports. Indonesia, which 
employs around 1.7-3 million people in the oil palm sector 24 and exported 1,225 million litres of 
biodiesel in 2011, could  generate an  additional 2.5 million jobs through expansion of palm biodiesel 
production 22, 25, 26  

However, whether the jobs created represent a net gain for rural employment depends on the type 
of bioenergy system. In the case of bioenergy derived from purpose grown biomass the employment 
benefits that result from the bioenergy system depend on the relative labour intensity of the 
feedstock crop that was previously grown on the same land 27. For example, if the bioenergy 
feedstock is less labour-intensive than the previous crop or land use regime the bioenergy system 
will result in a net reduction in employment at the farm level.  
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In addition, there have been concerns about negative impacts on land tenure and ownership 
associated with the proliferation of biofuels. Oftentimes, lands that are classified as "barren" or 
"wastelands" actually support marginalized sections of the society for fuelwood, fodder, etc. 28. 
Evidence of such land appropriation has been reported for jatropha cultivation in India as well as 
China 29-31. 

2. An economic accounting of biofuels 

 2.1. Viability and competitiveness of the biofuels industry 

Biofuels are often not viable without government intervention. Biofuels, in particular biodiesel, are 
often more costly than fossil fuels on an energy equivalent basis 32. Costs of biodiesel from vegetable 
oil and waste grease are USD 0.54-0.62 and USD 0.34-0.42 per litre respectively; in contrast, price of 
pre-tax diesel is USD 0.18 per litre in the US and USD 0.20-0.24 per litre in some EU countries 33. 
Biodiesel from Jatropha in China was estimated to have a total cost range of 4-11.5 RMB/L (US$0.51-
1.47/L), while retail price for diesel in northern China was 4.55-4.92 RMB/L (US$0.58-0.63/L) at the 
same time 31. The significant variance is mainly due to the fact that there was no commercial 
Jatropha oil or Jatropha biodiesel production existing in China at that time.  A recent study found 
that no biofuels feedstock, except Brazilian sugarcane, is financially viable without subsidies 7.  

Financial support, price intervention, and trade barriers play critical roles in the development of 
biofuels 34. After government support, biofuels can be cheaper than their fossil fuel alternatives; for 
example, in Thailand, retail prices for E85 were 30-40% cheaper than premium gasoline in 2008  
while Indonesia was planning to subsidize biofuels if their prices are higher than fossil fuels 35.  

However, even with government support the financial competitiveness of biofuels is highly volatile 
and depends on feedstock and oil prices 7. For example, the price of cassava, an increasingly 
important feedstock for ethanol production in Southeast Asia, more than doubled between 2006 
and 2008. The high cost of feedstocks in 2007 and 2008 was shown to erode the profitability of 
biofuels production in China 36. In addition, the seasonal pattern of feedstocks, and thus their prices, 
could cause problems for biofuels as feedstock prices often go up in non-harvest seasons. The long 
gestation period—time between planting and first yield—of biodiesel crops (4–5 years for jatropha 
and 6–7 years for pongamia) may cause more uncertainties for biodiesel producers than bioethanol 
producers 37.  

The competitiveness of biofuels is also contingent on geographic location. Due to its agricultural 
characteristics, biofuels produced in some regions may be more competitive than others. For 
example, many Southeast Asian countries are planning to sell biofuels to China, where land is not 
abundant and climate is less favourable 1.  For the same reason, palm oil based biodiesel produced in 
Southeast Asia became very competitive in the EU market 38.  

 2.2. The cost of government support 

As biofuel production, especially that in developed countries, is not cost competitive 39,  many Asian 
countries, China, Malaysia, and Thailand, often use a combination of mandates, subsidies, fuel excise 
tax credits, and tax holidays to promote biofuels 40. India, which has looked to promote  the growth 
of a Jatropha biofuel industry, uses various incentives such as community development programs, 
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minimum support pricing for Jatropha seed and assistance for afforestation programs37. China pegs 
bioethanol price at 91% of the ex-factory price of gasoline 36. In 2008 the Philippines implemented 
several tax incentives for renewable energy development, including tax holidays, duty free imports 
of equipment and materials, and tax free of carbon credits generated from renewable energy 41. 
Mandates is a prevailing tool used to promote the utilization of biofuels 42. While mandates will 
stimulate the investment required to improve the financial viability of biofuel projects, mandatory 
blending may drive biofuels production to a level that cannot be met in a sustainable way 6. 

Such policy interventions are often justified by the theory of market failure due to such factors as 
externalities, public goods, infant industry, and uncertainty 43. Unlike fossil energy, biofuels still face 
substantial non-economic barriers such as poor infrastructure to reach markets and regulatory and 
administrative hurdles. Perhaps the largest barrier to biofuels in Asia and the Pacific is significant 
government spending on subsidies designed to regulate the cost of fossil fuels for consumers. In 
2008, Indonesia and Malaysia spent USD 22 billion and USD 14 billion respectively on fossil fuel 
subsidies 4. Government support for bioenergy aims to address this issue by improving the 
competitiveness and profitability of the bioenergy sector.  

However, recent evidence suggests that government support measures for biofuels are costly. The 
IEA estimates that, global biofuel subsidies amounted to USD 22 billion in 2010 and may increase to 
USD 67 billion per year in 2035 under the New Policies Scenario 39.  Studies of Asia’s cases are 
consistent with the estimation. For example, China provided at least USD 115 million (roughly USD  
0.40 a litre) in biofuel subsidies in 2006 and the payments may at least grow to USD 1.2 billion by 
2020 36. In Thailand, the State Oil Fund subsidized 0.30 baht (1 US cent)/L to B2 manufacturers and 
the government allocated 3 billion baht in soft loans to oil palm farmers 35.  

In order to meet government mandates for biofuel consumption, consumers may also have to pay 
higher retail prices for fossil fuels. For example, many countries levy a tax on fossil fuels and use that 
revenue to support renewable energy, such as the case of Thailand 35.  In addition, mandates 
prevent consumers from switching to cheaper fuels, which means consumers have to pay high costs 
for transportation fuels 36. With instruments such as mandates, governments pass the extra costs of 
biofuels to consumers 44 while simultaneously making these costs more difficult to be estimated.  

Government support also incurs additional costs that financial data cannot show, such as the costs 
from market distortions. Extensive support, and subsidies, for current biofuels production systems 
could lock-in inefficient, unsustainable practices 7. For example, lower biofuels prices resulting from 
government subsidies may encourage excessive and thus unsustainable fuel consumption 35. As the 
study of China’s case implies, if governments subsidize production areas without productivity 
requirement, infertile land might be used and thus the cost effectiveness of subsidies will be 
undermined; on the contrary, if subsidies were linked to productivity, arable land will likely be 
converted to biofuels production  36.  

Increasingly it is being argued that the economic cost to government and consumers of developing 
biofuels to realize the, often unproven, potential benefits outlined in Section 1 is too great. For 
example, in a 2009 report, USAID argued that most existing incentive schemes for biofuels in Asia 
are too costly, and that they are not the most cost effective way to improve energy security or 
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reduce GHG emissions7. Similarly, the Global Subsidies Initiative has argued that the Chinese 
government’s support for biofuels does not deliver the desired benefits in terms of energy security, 
pollution control and rural development GSI36. With concerns on the questionable record with 
respect to GHG emissions reduction, the food-versus-fuel debate and other social and economic 
implications discussed later on, many stakeholders have called on governments to fully or partially 
phase out the existing support to biofuels 44. 

 2.3. Trade of biofuels 

Promoting freer trade in biofuels is one strategy that would increase competition between 
producers, allowing the world’s lowest-cost and most efficient producers if externalities are 
managed, to expand the market share and develop a valuable, local export industry. Some countries 
in Asia have significant potential to produce and export both biofuels and biofuel feedstock adding 
further potential to add value in the agriculture sector and create jobs in typically poorer rural areas.  

The benefits of freer global markets for biofuels could be considerable. One simulation shows that a 
complete removal of biofuel support policies, including trade restriction, in all the modelled 
countries would result in the biodiesel prices declining by about 19% on average over the 2013-17 
period 40. However, trade restrictions on both feedstock and biofuels prevail with most biofuels 
producing countries applying import tariffs (and quotas) on biofuels and some also applying 
additional forms of taxation and subsidy 43.  Trade of biofuels is also restricted by some green 
initiatives, such as carbon footprint labels 45-47. The WTO seems to have no plans to tackle trade 
barriers for biofuels 7.  

Trade restrictions on biofuels are costly for both the importing and exporting country as the price 
distortion will prevent the realization of optimal allocation of resources for both biofuels production 
and use. Limit of import by trade quota will lessen the chance of using biofuels produced in the most 
efficient way. Import tariffs will distort the market and limit potential for more competitive foreign 
suppliers. Trade restrictions can also result in higher domestic prices for biofuels potentially harming 
consumer interest in a relatively new energy product. Trade liberalization and lowering of trade 
barriers should increase global welfare in the long run. This has been shown in the case of energy 
trade 48 and biofuels trade should be no exception. 

Biofuel producing countries may also be disadvantaged in trade for reasons such as methods and 
databases for calculating GHG emissions 46. For example, the EU Renewable Energy Directive has 
effectively cut off  palm oil exports from Indonesia and Malaysia because palm oil is not 
automatically qualified as renewable energy 49. The European Renewable Energy Directive may 
discriminate against palm oil in two ways: first, by setting an arbitrary standard at 35%; secondly, 
allocating a low default value for palm oil (19%). The 35% benchmark may be customized to 
rapeseed, the major feedstock for biodiesel in the EU markets 45. For this reason, it has been 
suspected that the EU energy directive is a trade protection policy rather than a green policy as it 
claims to be 38.  

3. Socio-economic impacts of biofuels 

3.1. Biofuels and food security 
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Food insecurity is still a major development problem in Asia. According to the FAO, 563 million 
people in Asia, almost 14 percent of the region’s population, are undernourished in terms of dietary 
energy supply (FAO, 2012). Malnutrition also persists in the region. The fact that the majority of 
biofuels produced for transport fuel markets utilize resources that could otherwise be used in the 
food system has been a source of much debate and some controversy.  

3.2. Biofuels’ impact on food prices and poor households  

According to FAO’s Bioenergy and Food Security Analytical Framework biofuels affect food security 
through competition for resources used in food production systems such as land, water, labour and 
food crops themselves 2. This competition can drive up food prices affecting food availability and 
accessibility; particularly for the poor.  

While there is little agreement regarding the extent of the effect 50, biofuels produced from 
agriculture crops have been identified as one of a number of factors driving up global food prices in 
recent times 51-53. Although the overall use of agriculture crops for biofuel production on the global 
level is relatively small, the sector’s current focus on a small number of key feedstocks (e.g. maize 
and palm oil) has raised the possibility that world market prices of these products are higher than if 
biofuels were not produced15 . This situation could also eventually affect product substitutes not 
used as biofuel feedstock as they may be substituted to satisfy demand in consumption or replaced 
as a result of the competition for land and other inputs 15. 

Higher food prices can pose a threat to the livelihoods and food security of poor net food buyers 
who are generally poorer than poor net food sellers and also dedicate a large share of their 
expenditures to food purchases 12, 54-56. For example, the FAO has estimated that the percentage of 
the household budget spent on food by the lowest expenditure quintile of the population is over 60 
percent in Bangladesh and Vietnam 56 and over 70 percent in Cambodia 57 and Pakistan 56. The ADB 
has estimated that a 10 percent rise in domestic food prices in developing Asia risks creating an 
additional 64.4 million poor people, or increasing the percentage of poor in the region by 1.9 
points58. In the same study it was noted that food price rises also lower the living standards of those 
people already living below the poverty line measured by the poverty gap ratio 1. Increases in the 
overall food bill of net food buyers will also impact on nutrition by reducing demand for foods of 
higher value and increasing demand of staples within a given set of taste and food preferences 59. 

Importantly, different biofuel systems imply more or less competition for resources used in food 
production implying different potential final impacts on food prices. Biofuels produced from 
agricultural commodities and residues have the strongest links to agricultural markets and the 
greatest potential to impact food production and prices. While next-generation biofuels derived 
from lignocellulosic biomass and photosynthetic algae may have fewer direct links to food 
production systems, production of these feedstocks will still compete with the agricultural industry 
to some extent for limited resources such as land, water, fertilizer 7, and also for labour.   

The impact of higher food prices is also not necessarily uniform and may result in benefits for other 
groups. A World Bank study on the impact of changes in food prices on net food buyers and sellers in 
nine countries indicated that poor net food sellers can benefit from food price increases 24. But, in 
general, the true impact will be heterogeneous depending on the mixture of net seller and buyers in 
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the income distribution and the relationships between their income sources 60.   Access to resources 
can also influence whether increases in the price of staple foods result in net benefits for rural and 
urban households. While research by FAO in Cambodia has indicated that increases in the price of 
rice may produce net welfare benefits for rural and urban land owners, the impact of such increases 
on landless households in rural and urban areas was found to be negative 57.  

3.3. Impacts on livelihoods at the local level 

At the local level, specific biofuel operations or policies can influence the level and quality of 
proximate communities’ access to available natural resources and producers’ decisions about 
optimal cropping configurations to maintain local food security and meet the feedstock 
requirements of biofuel operations. For example, reports from the region indicate that some small-
holder farmers in Asia have planted feedstock crops to meet actual or anticipated demand from 
commercial biofuel operations – sometimes at the expense of subsistence food crops 6, 61. By 
increasing their reliance on income from supplying biofuel feedstock, farmers expose themselves to 
external shocks associated with fluctuations in biofuel feedstock demand creating potential risks for 
household food security 26, 61. Citing relevant literature, German and colleagues 62 note that 
“replacing diverse lands (controlled by communities) with monocultures (controlled by companies) 
through the spread of commercial biofuel production can have adverse effects on local livelihoods, 
household food security, and the  economic, social and cultural dimensions of land use.” 

Changes in land tenure and use arrangements resulting from the establishment of biofuel operations 
can affect the ability of traditional customary owners to source supplementary food and other 
products from forests and/or marginal lands. Research by Obidzinski et al. 63 in Indonesia found that 
land use change resulting from the establishment of oil palm plantations forced former land owners 
and customary land users to walk farther to collect forest products or open new fields for shifting 
cultivation 63.  Cotula et al. have questioned the benefits of government policies to encourage 
biofuel developments on marginal lands because these lands can provide a basis for the livelihoods 
of poorer and vulnerable groups 28. In some instances localized competition for resources - 
particularly land - has resulted in conflict between local communities and biofuel operators 6, 64.  

Biofuels development can also lead to livelihoods benefits for some groups particularly if they result 
in improved agricultural productivity, output, employment and income. FAO recently reported that 
agricultural growth involving small-holders, especially women, is effective in reducing  extreme 
poverty and hunger when it increases returns to labour and generates employment for the poor 65. 
As a result, investment in ‘pro-poor’ biofuels that are labour intensive may hold benefits for rural 
communities 66, 67. As noted above, a World Bank working paper released by the International 
Finance Corporation finds that the oil palm sector in Indonesia directly employs up to 3 million 
people 24. The oil palm sector was also found to enhance poverty reduction; particularly as a result of 
small-holder engagement with the sector 24. This finding would seem to be supported by German 
and colleagues 62  who find where small-holders were engaged in well-established oil palm feedstock 
operations in Indonesia and Malaysia, concrete benefits could be observed 64. These benefits were 
attributed to higher incomes and related improvements in housing, shifts away from traditional 
revenue streams, an expansion of social networks and road construction 64. However, it should be 
noted that most of the employment opportunities arising from plantation developments in the sites 
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surveyed went to migrants at the expense of traditional and customary landowners who might have 
opposed certain actions64. In their study of contract farming, indigenous small-holders and Jatropha 
biofuel developments in the Philippines, Montefrio and Sonnenfeld 68 found that the particular 
requirements of industrial biofuel product chains cast doubts over whether indigenous small-holders 
can be successfully integrated into global biofuel product chains. 

While benefits are possible, the methods used to integrate small-holders into biofuel product chains 
will strongly influence the potential of biofuel operations to generate benefits for small-holders. For 
example, Malik and colleagues 5 note that the Economic Land Concession Models employed in 
Cambodia and Lao PDR tend to reduce farmers to wage labourers. In these situations small-holders 
are often restricted in the amount of benefit they can receive from subsequent value-adding to their 
produce in the biofuel product chain. Similarly, contract farming arrangements may or may not be 
able to deliver any benefits for small-holder farmers participating in biofuel product chains 
depending on whether they are able to command price premiums from middlemen and/or process 
their output 5. 

 
4. Environmental benefits and costs 

4.1. Potential of reducing GHG emission 

The apparent GHG reduction potential of biofuels has been challenged by the extremely high GHG 
emissions when high carbon stock lands such as tropical forests or peatlands are converted to 
agricultural lands. Several studies considering the conversion of such lands to oil palm plantations in 
Southeast Asia have shown that the "carbon debt" created by the initial release of GHG emissions 
during land clearing can take decades or even centuries to pay back 10-13. Apart from the direct 
change of high carbon stock lands to agricultural lands for biofuels feedstock production (referred to 
as direct land use change), change of agricultural land from, for example, food crop production to 
biofuel feedstock production may also induce high carbon lands to be displaced by food crops to 
compensate the reduced food crop production. The latter is referred to as indirect or induced land 
use change and GHG emissions associated with this are also assigned to the biofuel feedstock 
production. This has been a subject of much discussion, especially vis-à-vis the calculation method 
and uncertainties involved in the estimation 69-71. 

On the other hand, judicious land and byproduct/residue/waste management and avoiding 
disturbance of high carbon stock lands can actually reduce GHG emissions 10, 12, 14, 72. Thus, it is 
imperative that life cycle emissions are assessed along with land use change, both direct and 
induced, to ensure that the GHG reduction benefits are actually achieved. 

Quantifying the potential of GHG reduction, however, could be controversial in real cases. A recent 
study has shown that the calculation of GHG emissions can be manipulated through methodologies 
and inventory data 46. The default value of GHG saving potential assigned by the EU for palm oil 
derived biodiesel is much lower than those found in other studies 5, 73. The low value in the EU is 
obtained by assuming that rainforest land was converted to produce the biofuels 38. 
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Another important consideration is that even when GHG reductions can be obtained, what might be 
the cost of such reductions and whether there are other options which can be much cheaper. Some 
studies on ethanol in Thailand for example showed that only nominal GHG reductions were obtained 
when ethanol blends with gasoline were considered. Even so, the costs of the reductions were not 
favourable as compared to many other options such as cogeneration and energy efficiency 74, 75. 

Generally, using bioenergy in heat and power generation is a more cost and land efficient way to 
reduce GHG emissions than producing biofuels for the transport sector; particularly if coal is the fuel 
replaced 21, 76. A 2008 study showed that one tonne of CO2 equivalent reduction by biofuels costs 
about USD 960 to USD 1700 40. Displacement and land seizures of small landholders, as evidenced in 
China 36,  can incur another sets of costs.  Other environmental costs are: effects of land conversion 
on soil quality, loss of biodiversity, and deteriorated water quality. 

4.2. Effects on soil quality 

Promotion of planting biofuel feedstocks, particularly perennials, on degraded or marginal land 
would induce improvement of soil quality 20. Some biofuel crops such as Jatropha may even help 
rehabilitate soils that are unable to support cultivation of other crops 77. However, it must also be 
recognized that cultivating on such lands will require significant inputs of nutrients and careful soil 
and water management 78. Also, a long time will be required to reclaim and maintain more degraded 
land 20. As mentioned in the earlier sections, care must also be taken to ensure that the needs of the 
local population who may be dependent on these lands for their subsistence is carefully addressed. 
Otherwise, conversion of such lands could lead to displacement and other socio-economic problems 
28, 30. 

In general, soil quality is very much dependent on the agronomic techniques and feedstocks being 
cultivated. Plantation of feedstocks such as oil palm and sugarcane, which are widely promoted for 
biofuels in Asia, requires less tillage helping conserve soil carbon. Also, the diversion of mill wastes 
back to the plantations further helps improve soil quality 20. 

4.3. Effects on biodiversity 

GHG emissions, discussed in Section 4.1, are only one of the effects from land use change due to 
expansion of biofuels. Another very important issue is that of biodiversity when natural landscapes 
such as forests or wetlands are converted to agriculture for planting biofuel feedstocks 10. The 
negative effects are due to (i) habitat conversion and loss; (ii) agricultural intensification; (iii) invasive 
species; and (iv) pollution 79. Many studies focused on the conversion of tropical forests and 
wetlands to oil palm in the Southeast Asian region have highlighted this issue 10, 80, 81. Though these 
studies have focused on direct land conversions of natural covers, a similar threat also exists through 
indirect land use change (as for the case of GHG emissions) where biofuel feedstock is planted on 
another form of land use. In this case, the other use will then be transferred to other land which may 
result in natural landcover being converted 82. 

On the other hand, in certain cases, increased availability of biomass through plantations can reduce 
pressure on forests as seen in a case study from India 83. Also, planting on marginal or wastelands 
can have positive effect not only on soil quality as mentioned in the previous section, but also on 
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biodiversity through restoration and conservation of soil, habitats and ecosystem functions 84. 
Proper agricultural management through plantation of multiple species as well as through agro-
forestry systems can also have a positive impact on biodiversity 85, 86. 

4.4. Effects on water 

As with any agriculture, the cultivation of feedstocks for biofuels will require freshwater and may 
also contribute to pollution from the use of agrochemicals 87-90. Various parts of Asia have very 
different water resource situations and thus very different vulnerabilities to additional water 
demand from biofuel feedstocks. Countries in Southeast Asia are largely in the tropical zone with 
predominantly rainfed agriculture. They are thus less vulnerable to the water demand from 
agriculture as compared to some countries in Central and South Asia 91. 

The negative effects of water pollution such as eutrophication and groundwater contamination can 
be reduced through good agricultural practices such as the judicious application of agrochemicals 92. 
The IPCC has also drawn attention to the potential for lignocellulosic feedstocks that are integrated 
into agricultural landscapes to mitigate negative impacts on water systems by acting as vegetation 
filters that capture nutrients in passing water 20, 93. However, to harness any future benefits from 
such practices in the Asian context testing, assessment and replication will be required. 

5. Enhancing sustainability benefits of biofuels 

Biofuels can only represent a sustainable alternative energy source for Asia if they are cost-effective, 
that the natural resources used in their production are managed responsibly, and that any 
associated risks to food security are mitigated. To meet these challenges, biofuels development 
policies being considered or adopted should be based on a solid understanding of the potential 
trade-offs involved.  

Strategies aimed at improving the sustainability of biofuels in Asia should look to incorporate the 
following principles: 1) establish a proper biofuels policy frameworks based on an assessment of the 
various trade-offs; 2) protect the poor and meet their needs for food and energy; ensure 
sustainability during production and utilisation; 3) follow market principles in implementing support 
policy with consideration of long term social and environmental impacts; 4) foster international 
cooperation and harmonization on technical specifications and policy definitions 7; and 5) take 
advantage of emerging technological developments with advanced biofuels. These strategies are 
discussed in more detail below.  

5.1. Establish a proper support policy framework based on an assessment of the trade-offs 

Policies need to be clear, coherent and flexible. Commitment to the policies chosen is important for 
attracting necessary investments in boosting feedstock productivity and interest from the private 
sector. Care should also be taken to ensure that policies to support development of biofuels are not 
diluted by long-standing policy preferences for fossil fuels. However, scheduled policy monitoring 
and review should be able to trigger provisions to alter policy in response to changing circumstances 
94.  
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Currently popular biofuels support measures such as mandatory blending, need to be carefully 
monitored and further studied. Devising measures that will allow the flexibility to suspend biofuel 
subsidies or mandates will necessitate complicated policy levers that could present significant design 
challenges for governments 15. A more cost-effective policy would be to tax fuels according to their 
respective externalities, rather than subsidize the production of biofuels to an arbitrary extent. In 
general, indirect support measures for the biofuel sector  such as capital grants, low-interest or 
guaranteed loans, demonstration projects, and funding for research and development may be more 
sustainable 7. Economy-wide or sector-specific carbon taxes or tradable permit systems were argued 
to be more cost-effective than mandates and subsidies 7.  

Carbon markets and the availability of carbon credits are expected to play an increasingly important 
role in the commercialization of biofuels. A recent OECD report 40 argues that there are more 
effective alternatives to current support policies for biofuels, such as liberalizing trade in efficient 
sources of biofuels, including from tropical countries and further research on biofuels from more 
efficient feedstocks, such as cellulose and other biomass, to accelerate their commercialization. 

5.2. Protect vulnerable groups 

Asia is home to most of the world’s under nourished. Food security should be the ultimate priority of 
country governments in the region. This priority needs to be reflected in national biofuel policies 
either through measures to limit competition for food system resources or mitigate the potential for 
higher prices to worsen the food security situation of poor and vulnerable groups. At a minimum 
level, policies to support bioenergy development should be accompanied by efforts to identify these 
groups and design appropriate safety nets to preserve and/or improve their food security position 95. 
Specific measures could include direct food distribution, targeted food subsidies and cash transfers 
and nutritional programs such as school feeding 96.  

Small-holder farmers are one particular group for which biofuel development could result in both 
positive and negative impacts. Small-holders are farmers with limited resource endowments such as 
land and labour, relative to other farmers in the sector97. Small-holder farms still account for a 
significant proportion of agricultural output in Asia. Because of their relatively small resource 
endowments, these farmers can be particularly susceptible to a range of personal risks such as 
disease, injury and death of animals, as well as common or aggregate risks such as drought, epidemic 
and economy-wide shocks that can lead to malnutrition, disease, starvation or even death98. 
Measures to better integrate small-holder farmers into national biofuel policies and production 
chains can work to strengthen their resilience to higher food and energy prices. To facilitate their 
involvement in biofuel production chains governments, and to some extent donors, need to enhance 
small-holders’ access to extension and financial services and ensure their access to natural resources 
96. 

 5.3. Improvement in agricultural productivity, process innovation and practice 

The competitiveness of biofuels is heavily dependent on feedstock costs. Feedstocks account for 
about 75-80% of the total operating costs, while operating costs account for one third of total cost of 
the final biofuels 99. The potential to improve the competitiveness of biofuel operations through 
higher yields and better agricultural practice is significant5. Therefore, raising agricultural 
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productivity to meet demand from the food and fuel sectors will be a necessary element of regional 
biofuel strategies.  

Realizing productivity growth in the agriculture sector will necessitate investment in long-neglected 
areas such as research, extension, agricultural and general infrastructure along with credit and risk 
management instruments 96. For a desired quantity of biofuel output, investment to improve the 
yields of biofuel feedstock production per unit of natural resources may also have the additional 
benefit of reducing pressures to expand the area designated for production of biofuel feedstock and 
the risk of harmful land use changes.  

Another way to increase the overall competitiveness of biofuels produced in Asia is to make efficient 
use co-products and wastes 100.  For example, the residuals of Jatropha can be detoxified to produce 
high protein Jatropha cake as animal food 101.  Glycerin, a by-product of the transesterification 
process, was estimated to be able to contribute approximately 12% of the total revenue of biodiesel 
in India at its prevailing market price as of 2011 37.  

Replacement of fossil fuels used in the process with the by-product wastes, such as Jatropha shells, 
bagasse, oil palm fresh fruit bunches, etc. will be able to improve the cost effectiveness and CO2 
reduction 5, 35, 102. The ethanol blends (with gasoline) from both cassava and cane molasses in 
Thailand may be competitive with gasoline if the fossil energy used in the ethanol conversion stage 
could be substituted by biomass-based fuels 35. 

Many potential negative impacts of biofuels are manageable. Frequent concerns on the negative 
impacts of biofuels often include deterioration of soil quality, water pollution, and reduction of 
biodiversity.  These negative impacts, however, can be turned to positive with proper 
implementation of agricultural practices.  For example, planting on marginal or wastelands can have 
positive effect not only on soil quality, but also on biodiversity 84 and promotion of perennials on 
degraded or marginal land may improve, not deteriorate, soil quality 20. 

 

5.4. Develop regionally agreed criteria and standards 

Regionally agreed sustainability criteria and standards applied to biofuel feedstock and biofuel 
production should be considered as a means to encourage more sustainable and efficient utilization 
of natural resources and biomass for biofuel production. Recognizing the diversity of biodiesel 
quality and its impact on passenger safety and engine performance as well as harmonizing biodiesel 
standards is useful. East Asia has played a leading role in the harmonization: a East Asian benchmark 
standard has been published and harmonization has been implemented in a few countries 8.The 
establishment of regionally agreed standards and monitoring mechanisms will also help mitigate the 
risk of poorly coordinated, national biofuel commitments leading to unsustainable competition for 
biomass resources.  

Regional cooperation and efforts to promote biofuels have been implemented at the international 
level in Asia. There are a number of recent developments that governments in the region could build 
on to develop regionally agreed standards for bioenergy. At the Second East Asia Summit (EAS) held 
in January 2007, East Asian leaders declared their collective intention to “encourage the use of 
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biofuels and work towards freer trade on biofuels and a standard on biofuels used in engines and 
motor vehicles” 17. Under the direction of the EAS energy ministers, the Economic Research Institute 
of ASEAN and East Asia (ERIA) undertook a sustainability assessment of biomass utilization based on 
a set of environmental, economic and social criteria 103 . 

Also, in May 2011, 45 countries and 22 international organisations under the Global Bioenergy 
Partnership (GBEP) reached agreement on 24 indicators for practical, science-based, voluntary 
sustainability indicators for bioenergy. These indicators cover issues such as food prices, water 
quality, GHG emissions and energy access and offer an invaluable guide for policy makers looking to 
enhance the environmental and social sustainability of the bioenergy sector 104. 

However, as a number of standards already exist, better co-ordination between governments and 
standard-making bodies will be required to integrate the desired elements of each and avoid 
duplication in future efforts to standardize biofuel production systems around the region. 

5.5. Prepare to adopt second-generation biofuels technologies 

Second-generation biofuels produced from lignocellulosic biomass, particularly municipal waste and 
agricultural residues, and photosynthetic organisms such as algae could lessen competition for land 
with food and feed production and provide even greater GHG emissions benefits than existing 
bioenergy technologies. The potential of Southeast Asia in producing second general biofuels is 
significant. It was estimated that ASEAN can potentially produced 43 billion liters of bioethanol from 
wastes such as bagasse, corn stems, palm fibres, rice straw. In addition, 6.5 billion liters of biodiesel 
could be produced from palm and coconut waste in Indonesia, Malaysia, Thailand and the 
Philippines 6.  

However, significant technological and financial challenges still remain in bringing these fuel sources 
to the market. The most optimistic estimates anticipate that the commercial production of second-
generation bioenergy will commence around 2020 20. Governments with significant existing biofuel 
sectors should look to encourage investments in adapting existing infrastructure to accommodate 
second-generation bioenergy development. Some governments in the region such as Australia, 
China and Thailand have already incorporated support for research and development of these 
technologies into national bioenergy policies including assistance to demonstrate these technologies 
in existing bioenergy production facilities. However, limited financing possibilities and a lack of 
skilled labour and suitable infrastructure will restrict the ability of other countries in the region to 
adopt such proactive strategies. Strengthening national biofuel sectors will constitute the best 
strategy for these governments looking to take advantage of second-generation bioenergy 
technologies. The presence of existing facilities and infrastructure will allow these countries to 
expedite adoption of these technologies as they become available. 

 

Conclusion 

Biofuels are perceived by many developing country governments as a way of developing rural 
economy, improving energy security or earning foreign income, and reducing GHG emissions, and by 
firms as promising business opportunities. Life-cycle, cost-benefit and systems analyses, however, 
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indicate that the expansion of biofuels can have complex effects on, and interactions with, land-use, 
food production systems, resource allocation and fuel prices.   

Biofuels are generally not economically competitive with fossil fuels. While government support is 
crucial for the viability of the biofuels industry, the ways of the support must be carefully screened 
and a bundle of policy instruments must be implemented. Most existing incentive schemes in Asia 
are too costly, and the benefits such as improvement of energy security and reduction of GHG 
emissions have not been achieved in cost effective ways. Similarly, although free trade can achieve 
cost-effective biofuels production, trade restrictions on both feedstock and biofuels are still 
prevailing. Some climate change initiatives even may limit trade opportunities and thus become a de 
facto non-technical barrier for free trade of biofuels.  

However, although biofuels development to date has resulted in mixed outcomes when measured 
against their perceived benefits, if properly managed, they could lead to improved productivity in 
the agriculture sector over the long-term with benefits for rural livelihoods and food security.  
Similar conclusions can be drawn on the environmental perspective, that is, although biofuels may 
threaten soil quality, biodiversity, and water, their negative impacts can be managed by proper 
agricultural practices. On the other hand, while biofuels’ potentials in reducing GHG emissions are 
often highlighted, land use change (direct and indirect) may negate such environmental benefits.  

Policy makers need to evaluate their policies for biofuels based on a solid understanding of the 
policy trade-offs involved focusing on the opportunity costs of biofuels policies, land use patterns, 
and the cost difference between biofuels and fossil fuels with the additional and emerging evidence 
about the impacts of biofuels. The sustainability of biofuels development in Asia can be improved 
through a range of strategies, such as appropriate policy framework, innovation, good agricultural 
practices, regional standards and development of next generation biofuels.  
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