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Biofuels and Rural Renewable 
Energy in the Greater Mekong 
Subregion: Issues, Challenges, 
and Opportunities
Roehlano M. Briones1 and Mahfuzuddin Ahmed2

Abstract

The projected long-term scarcity of fossil fuels, concerns with energy security, and problems 
associated with carbon emissions have led to the rapid worldwide expansion of biofuels. The 
transition to farmed energy may well be the next frontier in the transformation of agriculture. 
This paper reviews issues, challenges, and opportunities of biofuels and rural renewable energy 
development in the Greater Mekong Subregion (GMS). The potentials and risks for GMS 
agriculture are undeniable, although proven models of sustainable development have yet to be 
identified . Under the GMS Strategic Framework for Subregional Cooperation in Agriculture, 
GMS countries are creating a coherent framework for biofuels development, centered on 
partnerships among governments, the private sector, and small farmers. Priority areas for 
development include agricultural diversification of resource-poor farmers, utilization of 
marginal lands and areas less suitable for food agriculture, small-scale biodigester technologies 
in energy-deficient villages, research and development, extension, infrastructure, capacity 
building of farmer organizations and regulatory agencies, promotion of cross-border supply 
chains, and other market enabling activities. GMS countries are at varying stages of developing 
an explicit strategy for biofuels and rural renewable energy .

Introduction

Over the past two centuries, fossil fuels have displaced biofuels as the dominant energy source 
worldwide. Recent trends have, however, exposed the disadvantages of fossil fuel dependence. 
Oil prices have surged in recent years, as increasing global demand for energy meets limited 
expansion of supply. Fossil fuel emissions are also being linked to local pollution and global 
climate change. Governments and investors are now actively promoting fossil fuel alternatives, 
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such as biofuels. The early 21st century may well be the era of transition from fossil to alternative 
fuels, and the accompanying transformation from food to multiuse agriculture. 

Global patterns and trends are mirrored in the Greater Mekong Subregion (GMS). Energy 
demand is projected to increase by 7%–16% per annum—faster than the expected rate of 
economic growth—placing great stress on existing energy systems. These energy demands 
mask great disparities in the use of energy. An estimated 50 million of the 300 million people 
in the GMS are not reached by electricity and rely on traditional fuels (ADB 2003). Modern 
biofuels offer a promising alternative to both traditional and conventional energy systems. 

There is nevertheless considerable uncertainty over impacts and prospects of biofuel 
expansion. Some biofuel technologies are not economically competitive even under current 
petroleum prices. Other biofuel projects may require large-scale investments with long gestation 
periods, thereby facing financial risks. Furthermore, expansion of biofuels entails drawing 
away resources from other sectors, especially food production. Biofuel development must take 
into account the full spectrum of market and societal values, such as foregone food and other 
agricultural output, impacts on environmental services, and overall improvements in well-being 
of the rural poor. 

Support for biofuel development will need to be informed by assessment of economic 
viability, potential social and environmental impacts, and the level of policy engagement. 
Considerable information is available at the global, regional, and national levels in scattered 
form. This information has been compiled and analyzed in a sector assessment conducted by 
the Asian Development Bank (ADB) (2006) through desk review of the literature and secondary 
data, key person interviews, and focus group discussions in the GMS. In this paper, we present 
the findings of this assessment concerning the issues, challenges, and opportunities for biofuel 
and rural renewable energy development in the GMS. 

Background and Framework

Global Context

The global energy situation analysis is based on data and assessments from the International 
Energy Agency (IEA 2006a, 2006b, 2007). Global total primary energy supply in 2005 reached 
11.4 billion tons of oil equivalent. Fossil fuels account for the bulk of the total (81%), while 
combustible renewables and waste account for only 10%. (These are renewable sources or 
waste materials producing energy through combustion, and are mostly of biological origin, 
i.e., bioenergy sources.) Steady growth in global income and population will lead to sustained 
increases in global energy demand. Over 2005–2030, energy production is expected to increase 
by 55%; the addition is largely accounted for by developing countries (74%). These projections 
are consistent with those of the United States (US) Energy Information Administration (EIA) 
(2007). Meeting this demand is a great challenge, especially in the case of crude oil. EIA 
estimates that production is everywhere at capacity, except in Saudi Arabia. Oil reserve growth 
tapered off in the 1980s and 1990s as the marginal costs of oil production increased (IEA 2004). 
As supplies tightened, oil prices soared (Figure 1). 

EIA projects the crude oil price to soften in the near term, before resuming its long-term 
climb upward. In constant 2006 US dollars, the price of crude oil could temporarily retreat 
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to about $603 per barrel in 2015, then hold steady to $62 by 2030 or $108 in nominal terms. 
Similarly, EIA (2008) projected a price per barrel of $70 by 2015, ascending to $113 by 
2030. Note that these are general trend projections and do not take into account short-term 
macroeconomic volatility, such as the current global downturn. 

An added disadvantage of fossil fuel use is the consequent emission of greenhouse gases, 
primarily carbon dioxide. These emissions have now by scientific consensus been implicated in 
global warming (International Panel on Climate Change 2007). 

Several countries have resumed renewable energy development. One option being 
aggressively pursued is biofuels. The European Union (EU) instituted the Biofuels Directive in 
2003, with indicative targets on biofuel content and incentives for biofuel production. In some 
European countries, this led to exemptions from the high taxes imposed on fossil fuels, subsidies 
for infrastructure investment and planting of feedstocks, and mandates on minimum biofuel 
content for major transport fuels. The US, through the Energy Policy Act of 2005, provided tax 
incentives for biofuels blending, broadened production incentives, and authorized loan guarantees 
and grants for ethanol facilities. Tariffs were also maintained on ethanol imports to protect the 
domestic ethanol industry. The result has been to expand further the already highly subsidized 
corn industry and induce farmers to shift to corn planting (Childs and Bradley 2007). 

3 In this paper, “$” refers to US dollars.

Figure 1: Nominal and Real World Prices of Crude Oil, 1970–2006
($/barrel)
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The drive toward renewable energy has also been bolstered by the Kyoto Protocol, in 
which signatory countries committed to emission reduction targets. The protocol created a 
system of certified emission reduction credits that could be traded in an international carbon 
market. Under the Clean Development Mechanism (CDM), protocol member countries could 
finance projects (usually in developing countries) that would earn certified emission reduction 
credits toward their emission reduction targets. 

The Biofuels Controversy

The emergence of biofuels was initially hailed for its benefits in terms of energy security, 
clean environment, and creation of income-generating opportunities for farmers, especially 
in developing countries. However, the tide of opinion turned as food prices began to soar in 
2007 (Figure 2). The movement of the Food and Agriculture Organization (FAO) of the United 
Nations food price index, already on an upward path since the turn of the millennium, accelerated 
sharply in 2007, a trend that carried over into 2008. Price increases for cereals, along with oils 
and fats, were even more pronounced. (The recent lull in price increases is associated with the 
sharp but temporary retreat in global demand.) 
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These spikes now bolster earlier criticisms of biofuel policies voiced by some environmental 
groups and development nongovernment organizations. Biofuels, it was said, would accelerate 
the expansion of unsustainable patterns of agriculture for nonfood uses. Such expansion might 
pose a threat to food security and cause marginalization of small farmers, destruction of the 
environment and natural resources, pollution, and even loss of cultural heritage (Global Forest 
Coalition 2006). 

Some of these objections are perhaps overstated, or misidentify the issue. As pointed out 
in Evenson and Gollin (2003), achieving levels of food security without intensified, modern 
agriculture would have required much more farmland, with worse impacts on the environment. 
Furthermore, marginalization of small-scale agriculture is more apparent than real; Lipton (2006) 
has shown that smallholder agriculture has increased, even in countries where globalization and 
liberalization have advanced the most. 

However, the threat to food security owing to competition for land and other agricultural 
resources is a real problem. The International Food Policy Research Institute has made 
projections related to biofuel expansion using its IMPACT model (Rosegrant et al. 2006). 
Results are obtained as a straightforward, exogenous increase in “other demand” for agricultural 
commodities. Under a scenario of aggressive biofuel growth, biofuel shares in gasoline and diesel 
consumption rise for the major transport fuel markets over 2005–2020. However, feedstock crop 
prices increase dramatically (Table 1). The highest increases are for cassava, whose price rises 
by a third relative to the baseline; this is followed by oilseeds, sugarcane, and maize. Increases 
are even sharper by 2020. Under a technological breakthrough scenario, price increases are 
mitigated, but remain sizable. Further attenuation of price increases are seen for the combined 
breakthrough and aggressive growth scenario; however, prices in 2020 for cassava, oilseeds, 
and sugarcane are still, respectively, 54%, 43%, and 43% higher than the baseline. 

Table 1: Change in World Price of Feedstock Crops in Percent over Baseline

Feedstock Crop

Aggressive  
2010

Aggressive  
2020

Break-
through 

2020

Combined  
2020

Cassava 33 135 89 54

Maize 20 41 29 23

Oilseeds 26 76 45 43

Sugar Beet 7 25 14 10

Sugarcane 26 66 49 43

Wheat 11 30 21 16

Source: Rosegrant et al. (2006).

Certainly these magnitudes warrant a serious reexamination of biofuel policies, both in 
Organisation for Economic Co-operation and Development (OECD) and developing countries. 
The relationships involved in the food–energy–environment nexus are complex and demand 
a comprehensive framework that addresses risks while realizing opportunities from biofuel 
development.
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Development Framework

Figure 3 outlines a subregional development framework for the biofuels and rural renewable 
energy initiative, developed in consultation with GMS partners and stakeholders. Cross-
sector issues on high energy demand, agriculture and rural development, and environmental 

Figure 3: Greater Mekong Subregion Biofuels and Renewable Energy Initiative 
Development Framework

DP = development partner; GHG = greenhouse gas; GMS = Greater Mekong Subregion;  
PFFF = policies on food, fuel, and feed; WGA = Working Group on Agriculture.

Source: Authors.
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degradation are the basis for priority initiatives. The priority goals are (i) CDM4, (ii) better 
income distribution, (iii) food security and smallholder engagement, and (iv) policy investment 
and cooperation. These goals serve as a blueprint in formulating the main strategies of 
public–private partnership and capacity building, which are central to the development 
framework. To the extent feasible, business activity should be left to the private sector, with the 
public sector playing an important supporting role in research and development, dissemination 
of new technologies, promotion of entrepreneurship, brokering investment finance, building 
capacities, setting and enforcing standards, and protecting contracts. Partnership and capacity 
building should result in effective regulatory frameworks, sound patterns of public investment, 
and active participation of both smallholders and private sector business. The expected 
outcomes are increased regional and national energy security, enhanced agricultural and rural 
development, increased GMS contribution to reducing greenhouse gas emissions, and enhanced 
GMS cooperation and increased cross-border trade. A key challenge for GMS cooperation in 
the energy sector is keeping up with expected demand growth due to rapid industrialization and 
maintaining competitiveness through reasonable and reliable energy supplies. Collective action 
will be required to go beyond the power sector to natural gas and refining, and to reduce oil 
imports from outside the region by exploring technological options, such as coal liquefaction 
and biofuels.

Greater Mekong Subregion Policies and Strategies on Biofuels

Situation in the Greater Mekong Subregion 

Energy supplies are unevenly distributed in the GMS (Table 2). The highest per capita production 
and index of energy development are in Thailand, followed by the People’s Republic of China 
(PRC). Far below these are Viet Nam, Lao People’s Democratic Republic (Lao PDR), and 
Myanmar. Electricity access is adequate for Thailand and the PRC, and has shown improvement 
in Lao PDR. However, access is extremely limited for Cambodia, whose electrification rate 
(17%) is the lowest in Asia. 

GMS countries remain mostly agriculture based; even Thailand, where agriculture is a 
minority share in gross domestic product, still generates 40% of total employment from 
agriculture. Area harvested in the subregion ranges from just over 1 million hectares (ha) in the 
Lao PDR, to nearly 18 million ha in Thailand (Table 3). Agriculture in the GMS is dominated by 
rice, although Thailand has diversified, with large areas planted with maize, cassava, sugarcane, 
and oil crops (coconut and oil palm). Next is Viet Nam, where other major crops are maize, 
coffee, and cassava. Cambodia has the largest proportion of crop area planted to rice, with the 
remaining one fifth shared among assorted crops. Thailand and the PRC are in the best position 
to realize gains from biofuel development, but there is a large scope for diversification into 
biofuels in the other GMS countries. 

4 The CDM is an arrangement allowing industrialized countries with a greenhouse gas reduction commitment (called
Annex B countries) to invest in projects that reduce emissions in developing countries as an alternative to more ex-
pensive emission reductions in their own countries. A crucial feature of an approved CDM carbon project is that it has
established that the planned reductions would not occur without the additional incentive provided by emission reduc-
tions credits, a concept known as “additionality.” The CDM is supervised by the CDM Executive Board and is under 
the guidance of the Conference of the Parties of the United Nations Framework Convention on Climate Change.
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Table 2: Energy Statistics for Greater Mekong Subregion Countries, 2005

TPES per Capita
in toe, 2005

Share of 
Combustible
Renewables

and Waste, %
Electrification

Index

Energy Devel-
opment Index, 

2002

Thailand 1.58 16.5 0.911 0.677

PRC 1.31 13.0 0.970 0.603

Viet Nam 0.60 46.7 0.797 0.409

Myanmar 0.31 69.6 0.050 0.091

Cambodia 0.35 73.2 - -

Lao PDR 0.32 68.6 - -

Lao PDR = Lao People’s Democratic Republic, PRC = People’s Republic of China, toe = tons of oil equiva-
lent, TPES = total primary energy supply.

Notes: 

1.  TPES figures for Cambodia and Lao PDR are for 1995 and 2002, respectively. Population data from 
www.un.org/popin/data.html 

2.  The electrification index is the ratio (actual value – minimum value)/(maximum value – minimum value). 

3.  The energy development index is composed of three dimensions: (i) per capita commercial energy 
consumption, (ii) percent of commercial energy in total final energy use, and (iii) percent of popu-
lation with access to electricity. Along each dimension, an index is calculated as in Note 2 for the 
electrification index. The energy development index is the simple arithmetic mean of the three 
resulting indices. 

Sources: International Energy Agency (IEA) for electrification and energy development index; IEA for 
TPES of Thailand, PRC, Viet Nam, and Myanmar; Ministry of Mines and Energy for Cambodia; Vongxay 
(2004) for Lao PDR. 

Table 3: Agricultural Crop Percentage Shares in Greater Mekong 
Subregion Countries, 2005

Cambodia Myanmar Thailand Viet Nam

Rice 83.1 46.7 62.5 58.2

Maize 2.4 2.2 6.4 8.4

Cassava 1.0 0.1 6.1 3.4

Beans 1.9 15.7 1.5 1.6

Sugar Cane and Sugar Crops 0.2 1.0 6.6 2.1

Coconuts 0.4 0.3 2.1 1.0

Coffee 0.0 0.0 0.4 4.0

Palm Nuts and Kernels 0.0 0.0 2.0 0.0

Others 10.9 34.1 12.2 21.2

Total Area (‘000 hectare) 2,904 15,014 16,070 12,588

Source: FAOSTAT. 
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Rural Renewable Energy Programs in the Greater Mekong Subregion

Countries whose biofuel strategy must be more clearly articulated are Cambodia, Lao PDR, 
Myanmar, and Viet Nam. For these countries, the prominent element in their biofuel strategy 
is the promotion of biogas, both for household consumption, support of agriculture, and forest 
protection. Cambodia and Viet Nam both have a national biodigester program (with Government 
of the Netherlands support). For crop biofuels, a high-level official strategy is still being defined 
in the four countries; it is noteworthy, however, that in the Lao PDR there is an active private 
sector initiative for rural electrification based on biofuels, spearheaded jointly by the Lao 
Institute for Renewable Energy and Sunlabob. Their program targets research and development 
and technology demonstration for jatropha (Jatropha curcas), identified as suitable for planting 
in the country’s vast wastelands (ADB 2008). 

The more advanced GMS countries in terms of biofuels strategy development are the PRC 
and Thailand. Context, policies, and programs in the PRC are as follows (Latner et al. 2006). 
Ethanol production is concentrated in the northeast, providing a market for 10% of the corn 
production in northeastern provinces, particularly for low-quality and older stocks. Expansion 
is aimed at the northwestern provinces (sorghum and jatropha) and the south (sugarcane 
and cassava). Gasoline stations are mostly operated by state-owned national companies. 
Many of these stations offer the E10 blend (10% ethanol content). Demand for fuel ethanol 
is determined by state company decisions, which reflect national government directives. The 
national Government is providing incentives and subsidies for ethanol production. Research 
and development activities are underway for ethanol and biodiesel. However, there remains 
some ambivalence given the possible trade-off between biofuel expansion and food security, the 
latter being strongly championed by the Ministry of Agriculture. 

Thailand has the most completely formulated strategy for biofuel development. It focuses on 
harnessing local agricultural resources to meet domestic energy needs. For ethanol production, 
the main feedstock is sugarcane (molasses) and cassava, because Thailand is the world’s second 
biggest exporter of refined sugar and the largest exporter of dried cassava. A 10% ethanol content 
requirement is being phased in to cover the entire gasoline market by 2012. For biodiesel, the 
target is to introduce a mandatory 10% biodiesel content by 2012 (ASEAN Energy Cooperation 
2006) The National Biofuel Committee is the national agency preparing and implementing the 
strategic plan on biofuels in coordination with the ministries of finance, agriculture, industry, 
and energy. Research and development are jointly coordinated with the Ministry of Science 
and Technology in cooperation with national universities. Financing and project development 
mechanisms have been set up through special purpose entities .

Biofuel Technologies 

The main sources of biofuels are wild harvest, waste material, and energy crops. Traditional 
fuels (e.g., from wild harvest) can be differentiated from modern biofuels by the degree or 
sophistication in processing. Traditional fuels, often used for cooking, produce indoor air 
pollution, which has been implicated in the deaths of 1.5 million people yearly in developing 
countries (WHO 2006). The biggest scope for modernization lies in agrobiofuels obtained from 
by-products or products of agriculture. Modern crop biofuels mainly take the form of ethanol 
and biodiesel, which are clean-burning fuel blends. For farm by-products, a modern biofuel is 
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biogas, produced from anaerobic digestion, which is suitable for indoor lighting and cooking, 
but without the noxious fumes and odors of traditional fuel. 

Commercialization of modern biofuel production is continuing. At the lower end of 
the agrobiofuel market is energy production from farm wastes. Small-scale biodigesters are 
becoming popular in rural areas of South and East Asia: the PRC and India each have several 
million digesters installed. In Viet Nam, 45,000 biogas plants were constructed in 2003–2007 
under the National Biogas Program in 30 provinces and, due to increasing demand for biogas 
technology among small farm households, a second phase is currently being implemented until 
2011 (ADB 2009). A model country is Nepal, for which the expansion of the digester industry 
has been spearheaded by public–private sector provision, covering an estimated 150,000 units 
(SNV 2006).

Crop biofuels are at the high end of the market and already a booming global business. Crop 
fuels currently account for 1% of the road fuel market. Total production of fuel ethanol more 
than doubled in 2000–2005 (Worldwatch Institute 2006). In 2004, about 14 million ha were 
being used to produce biofuels, accounting for 1% of the world’s arable land (IEA 2006a). 

Demand is centered in the OECD. Global production of ethanol is concentrated in Brazil 
(mainly from sugarcane) and the US (mainly from corn). Brazil is also the leading exporter of 
ethanol. However, there remain important barriers to trade in the form of product standards, 
preferential treatment of domestic producers, and tariffs (Coelho 2005). For biodiesel, the 
leading global producers are EU countries; this output is mostly for domestic use. The favored 
feedstocks are rapeseed and soybean. 

Prospects for crop biofuels are highly favorable. An OECD–FAO (2007) outlook identified 
the increasing use of cereals, sugar, oilseeds, and vegetables for biofuel as one of the main 
drivers of agricultural markets, with major farm commodity prices expected to remain above 
their historic equilibrium over the next 10 years. By 2030, biofuels may eventually quadruple 
their share in transport fuel consumption, and double their share in total arable land (IEA 
2006b).

Assessment

Economic feasibility

Biofuels from Farm Waste

There is a growing body of assessments to show that large-scale biomass energy systems (for 
electricity generation) based on residues can be economically and technically viable. However, 
small-scale applications face high collection cost (Karekezi et al. 2004). One estimate of average 
energy cost for this method is about $12.70/gigajoule, compared with a total cost of $8.17/
gigajoule for crude oil (assuming a price of $50/barrel). 

For biogas energy, the options can be narrowed down to animal dung from pig and cattle. 
These animals are generally raised in confined spaces, reducing collection cost. Poultry manure, 
while also subject to low collection cost, faces low biogas productivity due to its high nitrogen 
content. Community-based biogas systems face high collection and transaction costs, making 
household systems more attractive (Kartha et al. 2005). For household biogas technology from 
pig and cattle dung, the rate of return may be 23% per year based on fuelwood savings. The 
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investment cost ranges from $212 to more than $300. This suggests some scope for private 
sector supply combined with financing for cash-strapped farmers, and possibly a subsidy for 
tank construction. 

Crop Fuels: Ethanol

A recent study compiled cost estimates of ethanol from several feedstocks and locations (USDA 
2006) (Table 4). Production costs are lowest in Brazil, using sugarcane. This is followed by 
corn ethanol in the US, though this does not adjust for shadow values owing to subsidies. 
Production costs of ethanol from sugar beets in the EU are fairly high and are not competitive 
with gasoline. Feedstock costs account for 37%–50% of the total, the remainder being the 
processing component. 

Table 4: Production Costs Per Liter of Ethanol  
($)

Sugarcane  
(Brazil)

Corn 
 (United States)

Sugar Beets  
(European Union)

Feedstock 0.08 (37) 0.14 (50) 0.26 (34)

Processing 0.14 (63) 0.14 (50) 0.51 (66)

Total 0.21 0.28 0.77

Note: Figures in parentheses denote percentage shares of cost. 

Source: USDA (2006).

Ethanol from sugarcane in Brazil is widely regarded as the model for crop biofuels. Kojima 
and Johnson (2006) estimated the cost of ethanol from sugarcane in Brazil to be $0.23–$0.29 per 
liter (somewhat higher than the US Department of Agriculture estimate in Table 4). Feedstock 
costs are estimated at 58%–65% of production cost (again much higher than the figures in 
Table 4). Brazilian ethanol is competitive with oil prices as low as $35/barrel. In late 2005, 
pure ethanol cost 40% less than the gasoline–ethanol blend (Worldwatch Institute 2006). Low 
ethanol production costs in Brazil are attributed to reliance on rainfed farming, abundance of 
land, and decades of research and development. 

It is unlikely that sugarcane production costs in the rest of the world would be able to 
those in Brazil, which are the lowest at $145/ton. Production in Thailand, the second largest 
exporter, costs $195/ton, and in Australia, $185/ton. In a quarter of the world, production cost 
is $200–$250/ton, and for half of global output, the cost averages about $400/ton (Kojima and 
Johnson 2006). 

Cost information is sparser for other feedstocks, which are less common sources of fuel 
ethanol. Next to molasses, Thailand is focusing on cassava for ethanol. While ethanol yield 
per ton of feedstock is lower for cassava than sugarcane, cassava can be grown in marginal 
lands with arid and acidic soils. Moreover, it is a low-value crop, compared to sugarcane. 
Another emerging feedstock is sweet sorghum. The cost of sweet sorghum ethanol in India 
is estimated at $0.29/liter, lower than that of molasses ($0.33/liter). In addition, a grain yield 
of about 2–6 tons/ha can be harvested; stillage after juice extraction can be used as feed or for 
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power generation (in a similar manner to bagasse). There is also a high potential for genetic 
improvement to produce even higher sweet-stalk yield and sucrose content. Dissemination of 
improved breeds and utilization for ethanol production are being done through an innovative 
partnership among national institutes, the International Crops Research Institute for the 
Semi-Arid Tropics, private seed companies, and a private distillery (Reddy et al. 2005). 

Crop Fuels: Biodiesel

Unit cost of the more widely used biodiesel fuels is about $0.40–$0.79 per liter for rapeseed in 
the EU and $0.40–$0.75 for soybean in the US. These are competitive at the low end with diesel, 
where cost is $0.40–$0.67 per liter, but this covers a limited proportion of the existing industry. 
Costs can be potentially lower for tropical crop feedstocks (Worldwatch Institute 2006). The 
main tropical oil crop is palm oil, followed far behind by coconut. Proven technologies have 
been demonstrated for both. 

Jatropha, mentioned earlier for its potential in the PRC and the Lao PDR, has become a 
major focus of interest, despite having been virtually nonexistent in the conventional plant oil 
market. Jatropha produces an inedible oil, which therefore cannot compete with edible oils. The 
jatropha plant is abundant in the tropics and subtropics worldwide, as it is tolerant of diverse 
climatic conditions, including arid zones, nutrient-poor, sandy, and saline soils, and eroded or 
degraded lands (Winrock 2006). It may be planted on marginal lands and less favored areas, 
thus reducing competition for prime agricultural land for food crops. 

Table 5 presents some estimates of productivity and cost indicators for these alternative 
feedstocks. Yields are greatest by far for oil palm. Oil content is potentially higher for jatropha 
than coconut, although with much greater variability. In comparison with fossil fuel, the low 
end of the cost range for most of these biofuels would keep them competitive (depending on 
prevailing prices of crude oil); however, it is not clear whether abundant supply can be obtained 
at this low end. The least minimum cost is estimated for jatropha; unlike oil palm and to some 
extent coconut, long-term prospects for reducing these costs further appear favorable, primarily 
because jatropha is a new crop with considerable scope for technological change. 

Table 5: Productivity and Cost Indicators for Biodiesel Feedstocks

Feedstock

Average Biofuel 
Yield  

(liter per hect-
are per year)

Biofuel  
Production Cost 

($ per liter)

Time to  
Profitability  

(year)

Productive 
Lifespan  

(year)

Oil Palm 5,000–6,000 0.40–0.70 5–6 25–30

Coconut 1,000–3,000 0.43–0.60 7–12 75–80

Jatropha 400–4,400 0.35–0.60 3–4 30–40

Source: Winrock (2006).

These sources are far more productive than comparable feedstocks in temperate regions. 
Soybean in the US yields only 500 liters/ha, while rapeseed in the EU produces about 1,200 
liters/ha (Worldwatch Institute 2006). This suggests a large scope for trade from tropical oils to 
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northern countries. However, while tariff barriers are low, nontariff barriers, logistic constraints, 
and underdeveloped technology all constrain sourcing of biodiesel from developing countries. 
Furthermore, subsidies for biofuel production and consumption in developed countries are (as 
with food agriculture markets) artificially reducing international prices, to the detriment of 
developing countries (Coelho 2005). 

Costs would also depend on the scale of the processing (transesterification) plant. On a 
microscale (backyard production), transesterification is technically feasible, involving only 
a simple process of mixing ethanol, lye, and plant oil. The cost of biodiesel can, however, 
reach $0.90/liter (about $0.60 for transesterification). Transesterification cost, even for a 
small-scale plant, can be reduced to $0.20/liter; for large-scale plants it may even reach $0.05/
liter (Fulton and Howes 2004). Cost reduction in oil pressing is minimal, as its cost levels 
are already very low—about $0.019/liter (Francis et al 2005). One way to increase cost 
competitiveness of jatropha oil is the sale of by-products, namely oil cake (for fertilizer) and 
glycerin (from transesterification). Nevertheless, the most promising area of reducing production 
cost is in the growing stage. There is considerable potential for raising yields through variety 
selection and genetic improvement (Winrock 2006); due to its novelty, identification of a 
site-specific set of best farming practices would also be a major boost to productivity. 

Resource Potential

We restrict the assessment of resource potential to modern forms of bioenergy from agrobiofuels. 
Specific assumptions are

■ Existing stock of animals is based on the annual average for 2003–2005. Energy 
production is based on estimates of daily dung output and energy content (Kootatep et 
al. undated). Available to supply feedstock are 50% of pigs, 40% of cows, and 10% of 
chickens.

■ Existing crop or arable land area is based on the annual average for 2003–2005. Ethanol 
crops are limited to cassava and sugarcane. Diesel crops are limited to coconut, palm 
oil, and jatropha. A maximum of 10% of existing oil and sugar crop area is available 
for energy crop production. A similar assumption was used by Erricson and Nilsson 
(2006) in a resource assessment for Europe. Where diesel crops are not available, it is 
assumed that palm oil and jatropha will be used, each up to 10% of total arable land. 
Biofuel yield is based on Table 4. For cassava, ethanol yield from feedstock is set at 
139 liters/ton; cassava yield is the 2003–2005 annual average for the country. The 
maximum proportions are much lower than those for animal waste, primarily because 
energy crop production competes with food crop production. Energy content assumes 
30 millijoules/liter of biofuel (compared with crude petroleum, about 38 millijoules/
liter).

Results of the resource assessment are shown in Table 6. Energy potential of animal waste 
is quite high in Cambodia and Myanmar, exceeding by far the energy potential of crop fuels. 
In the Lao PDR, energy potential from biofuels is still lower than for animal waste, but the gap 
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is not as large. Because of regular, daily production by a large number of livestock in these 
GMS countries relative to existing or even potential crop area, animal waste offers the greatest 
potential energy. The reverse holds for Thailand and Viet Nam. Hence, the biogas option should 
always be kept open for expanding rural renewable energy. However, biogas, especially in small 
systems, is typically unable to produce a marketable product. For widespread commercialization 
and expanded livelihoods, the emphasis should still be on crop biofuels. 

Because of currently low per capita energy supply, the proportion of total energy that can be 
contributed by crop fuels in Cambodia and the Lao PDR is over two fifths of the total. Proportions 
are less for Myanmar (one fifth), Viet Nam, and especially Thailand (less than one twentieth), owing 
to high existing per capita energy supply. Nevertheless, the annual yields are quite impressive—
equivalent to 213,000 tons of oil in Cambodia and 5.1 million tons in Viet Nam. In our method, 
Viet Nam can potentially produce more energy from crops than can Thailand because the large 
palm oil areas in Thailand are currently dedicated to edible oil production. It is conceivable though 
that in other GMS countries, oil crops can be dedicated to producing biofuel. 

Table 6: Annual Resource Potential of Biofuels in  
Greater Mekong Subregion Countries

Animal Waste Energy Crops Total

Energy 
Output  

(toe)

Percent 
of TPES, 

2004

Energy 
Output 

(toe)

Percent 
of TPES, 

2004

Energy 
Output 

(toe)

Percent 
of TPES, 

2004

Cambodia 747,710 33.1 212,653 9.4 960,363 42.5

Lao PDR 387,821 21.4 357,943 19.8 745,764 41.2

Myanmar 2,587,589 18.8 383,081 2.8 2,970,670 21.6

Thailand 1,723,832 1.8 2,776,127 2.9 4,499,959 4.6

Viet Nam 3,252,615 6.5 5,149,471 10.3 8,402,086 16.7

Lao PDR = Lao People’s Democratic Republic, toe = ton of oil equivalent, TPES = total primary energy 
supply.

Source: Authors’ calculations.

Social and Environmental Benefits

Crop biofuel farming and processing may have an important impact on livelihoods of the poor. 
Local sale of energy-related products could help address energy needs in rural areas. Some 
studies have associated cash crop diversification, such as crops for biofuels, with poverty 
reduction, because cash crop agriculture is labor-intensive, raising employment and offering 
better returns than from traditional agriculture (Barghouti et al. 2004). In at least one respect, 
however, participation options for the poor may be wider. Farming for biofuels may have less 
stringent quality requirements regarding appearance, freshness, and chemical or pathogenic 
contamination, compared to cash crop farming for food. 

The replacement of fossil fuels with crop biofuels would likely have environmental 
benefits through reduced emissions. Crop biofuels are largely sulfur-free and produce much less 
hydrocarbons, carbon monoxide, and particulate matter, although slightly more nitrous oxides 
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(Kojima and Johnston 2006). Also, because biofuels are a renewable energy source, a shift from 
fossil fuels to biofuels is expected to reduce carbon dioxide emissions. Careful accounting is 
needed to incorporate carbon emissions from inputs to crop growing, processing, and distribution 
relative to fossil fuel. However, in general, carbon emission reduction is foreseen with a shift 
to biofuel; for instance, replacement of diesel with biodiesel reduces net carbon emissions by 
78% over the full product cycle, according to a US Department of Energy estimate (Kartha et 
al. 2005). Nevertheless, carbon reduction depends on the feedstock. A favorable fossil energy 
balance has been found for sugarcane ethanol and palm oil biodiesel, but not for temperate crop 
feedstocks such as corn and rapeseed (Worldwatch 2006). 

For biogas technologies, environmental benefits have been widely cited. The replacement 
of fuelwood eliminates indoor pollution, cuts cooking time, and saves on wood collection time 
or cash for fuelwood purchases. In one case we have observed, an enterprising farmer has 
considerably expanded his digester system to run a generator set, thus providing electrical 
power to his home at night. 

Animal and even human wastes can be safely treated, eliminating noxious odors and 
disease sources. A farm can obtain an abundant supply of organic fertilizer and soil conditioner 
from a biodigester. Farmers report 75%–100% savings in chemical fertilizer purchases, with no 
change in yield; in fact, there is some evidence for an increase in yield owing to improved soil 
quality. In communities, biodigesters provide great benefits through improved sanitation and 
reduced wastewater pollution. In Yunnan Province, biodigesters are an integral element in forest 
protection to maintain watersheds, local biodiversity, and promote tourism. 

These external benefits tend to be localized. However, like crop biofuels, biogas projects 
may have global impacts through reduction of greenhouse gas emissions. This occurs directly, 
through mitigation of methane emissions from manure, as well indirectly, through prevention of 
forest loss. In Cambodia, the biogas program is conducting a study on the effects of the program
on net carbon sequestration through improved manure management and reduced fuelwood 
usage, for possible funding of the project under the CDM. The emergence of the carbon market 
has opened up exciting funding opportunities for bioenergy projects in developing countries, 
including GMS countries. 

The Way Forward

Major Issues

This assessment argues that the global emergence of farmed energy holds great promise for poor 
communities in the GMS. The following major issues need to be addressed. 

Food security. The United Nations Special Rapporteur on the Right to Food (2007) has recently 
called for a 5-year ban on crop biofuels, calling the expansion of biofuels “unacceptable if 
it brings greater hunger and water scarcity to the poor in developing countries.” This may, 
however, be an extreme position; note that it is biofuels policy distortion in the US and Europe 
that contributed to high food prices while failing to contribute to environmental and energy 
efficiency goals (Childs and Bradley 2007). The reasonable middle ground is to rationalize 
land-use policies for food and fuel, with preference for use patterns that avoid competition 
between food and fuel. 
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Environmental impact. Serious concerns have been raised that crop biofuels may accelerate 
deforestation, biodiversity loss, water depletion, and soil degradation. Again the response need 
not be a ban, but the serious enforcement of environmental and resource management standards, 
ensuring that biofuel development moves along a sustainable path. In particular, resource and 
environmental externalities should be fully priced in assessing benefits and costs of shifting to 
biofuel.

Cross-border cooperation. Biofuel policies are usually oriented toward meeting domestic 
energy requirements. Given opportunities for regional and global trade, there is a need to 
adopt a cross-border focus for supply chain formation and finance. Within the GMS, cross-
border trade in biofuels or feedstocks shares most of the characteristics of conventional trade 
and contract farming in food products, and requires a similar set of interventions in the form 
of logistics infrastructure, a predictable and clear regulatory framework, and investment in 
domestic regulatory capacity. The GMS initiative can build on suggestions made by Thailand 
to the Association of Southeast Asian Nations (ASEAN) (Thianpitoon 2005). This would pave 
the way for forming a biofuel supply chain spanning the whole GMS. Investments and trade 
outside the GMS should also be welcome, as any impetus from foreign demand and capital 
would course rapidly through the supply chain. 

An area of international finance in which domestic regulatory capacity is critical is the 
market for carbon credit. If the CDM develops greater flexibility in project eligibility, there may 
be a wide range of bioenergy and biofuel projects that could earn carbon credits through a wider 
range of transmission channels than currently observed. Domestic procedures and especially 
homegrown expertise should be developed in anticipation of the wider role of the carbon market 
in financing bioenergy projects

Technology and area selection. Some tropical agricultural regions in developing countries 
(most notably in Brazil) have demonstrated economic competitiveness of certain types of biofuel 
technologies. However, in countries at an introductory stage of biofuel production, commercial 
viability still needs to be proven. Selection of appropriate feedstock in suitable areas is crucial 
to the sustainability and expansion of biofuels in the GMS. Area and feedstock selection may 
need to be supported by a logistics system that spans possibly remote marginal lands, processing 
centers, and distribution networks. Competitiveness needs to be ascertained in the long term, 
both with respect to fossil fuels and second-generation biofuels, such as a possible technological 
breakthrough in cellulosic ethanol. 

Poverty impact. While crop biofuel is a new income-generating opportunity for farmers, the 
current investment atmosphere appears to be biased toward large-scale plantations. To mitigate 
the risk of bypassing or even displacing the rural poor, public policy must strongly favor 
empowerment and capacity building of small farmers to be integrated in the biofuels value chain. 
When marginal areas, including uplands, are being targeted for biofuel production, a potent 
instrument for empowering the poor is the conferment of enforceable land rights for households 
and communities. Local benefits can be enhanced by organizing small producers (farmers and 
processors) to meet throughput volume and stability requirements of biofuel conversion plants, 
as in the Brazil and the US, where farmer cooperatives function as effective intermediaries 
between large processors and independent growers (de la Torre Ugarte 2006). 
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Addressing these issues would require rigorous analytical work and investments in 
research and development. The financial viability, as well as social and environmental impact 
of new technologies or recommendations, would have to be tested through pilot projects. 
Commercial-scale expansion would have to rely on private sector capital and leadership, 
benefiting from the lessons and best practices learned from the demonstration phase. 

Concluding Remarks

Crude oil prices have persisted at a high level, and give every indication of a long-run upward 
trend. Several major oil-consuming countries, concerned with energy security and excessive 
carbon emissions, have adopted renewable energy initiatives. This has created an opportunity 
for development of biofuels and rural renewable energy for the GMS. At this nascent stage, there 
are no cases of widespread and sustained commercialization in the subregion. Nevertheless, the 
business potential is undeniable. It opens up income and employment opportunities for small 
farmers in the GMS, accelerating rural development and exposing new paths out of poverty. 
Other possible benefits include enhanced energy security, foreign exchange savings, and clean 
development from reducing fossil fuel emissions and reliance on traditional fuels. 

However, the risks to society, the environment, and food security are no less real. The 
simple characterization of biofuels as “clean” or “renewable” may be misleading; the reality 
can only be discerned through complex and as yet uncertain calculations of net energy balance, 
net emissions over the production–consumption cycle, and net environmental impacts from the 
expansion of farmland, possibly into fragile ecosystems already under considerable stress. The 
diversion of agricultural resources from food to energy production remains a difficult trade-off, 
particularly under the current regime of high and volatile world food prices. 

Much depends on a judicious choice of crop to be used for feedstock, technology employed, 
adequacy of supporting infrastructure, and enforcement of land-use policies. Ensuring a 
sustainable and pro-poor pathway for the biofuel sector requires an enabling environment based 
on partnerships among governments, private sector, and small-scale farmer organizations. The 
challenges to public policy in such a complex web of relationships are daunting, but must be met 
as soon as possible in view of the rapid pace of change in the world of farmed energy. 
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