
BIOENERGY AND AGRICULTURE: 
PROMISES AND CHALLENGES FOR FOOD, AGRICULTURE, 

AND THE ENVIRONMENT

Approximate Carbon Emissions from Sample Bioenergy and Fossil Energy Technologies 
for Electricity Generation

Much of the technology development for bioenergy to date 
has been geared toward competing with cheap fossil fuels. 

Bioenergy technologies have focused on reducing the cost per 
unit of energy produced, often exclusively by exploiting very cheap 
feedstocks and processing them on a large scale. But as the era of 
cheap fossil fuels comes to an end and as societies become more 
willing to pay for sustainable energy sources that reduce greenhouse 
gas emissions, there will be new opportunities for developing 
and using bioenergy technologies that can contribute to a wider 
range of economic, social, and environmental objectives. This brief 
discusses current and future technologies and options appropriate to 
developing countries.

AVAILABLE AND EMERGING TECHNOLOGY 
OPTIONS   
A large array of technologies and systems is currently available to 
provide biomass-based energy services, but many of them are still 
under development or in early-market stages of implementation 
(Figure 1). Existing bioenergy provision systems are often subsidiary 
to other more primary activities of large agribusinesses, such as 
production of crystalline sugar or bread. As such, the feedstocks and 
their characteristics, as well as the pre-processing methods used, 
are all selected with the primary products in mind. In addition, the 
bioenergy products of the conversion systems may well depend on 
the limitations and capabilities of the end-use technologies that are 
in place or likely to be in place—ranging from, for example, simple 
combustion for heat to hydrogen for fuel cells. For these reasons, the 
most efficient forms of bioenergy production that are possible are not 
always chosen. 

In fact, much of the history of modern bioenergy develop-
ment has been described as a “chicken-and-egg” conundrum in that 
the supply sector cannot be established before a demand for their 
products is in place, and 
the demand cannot be 
established before the 
supply infrastructure is 
in place. Liquid biofuels, 
for example, may be 
blended with gasoline or 
diesel in ratios compat-
ible with the capabilities 
of the existing stock of 
automobile engines and 
supply infrastructures (up 
to 10 percent for ethanol). 
New biofuel types or high 
blends require changes 
in engine design (such as 
flexible-fuel engines for 
ethanol) and fuel distribu-
tion systems, entailing 
substantial up-front 
investment by industry 
and consumers. Brazil and 

parts of the United States have already moved in this direction, but 
changes in other countries are not likely to happen until biofuels are 
more abundant and more price competitive with oil.

First-generation technologies for ethanol rely on the ferment-
ation of sugars. Processors can ferment high-sugar feedstocks like 
sugarcane or sugar beet directly, but for starchy feedstocks like maize 
and wheat, they must first convert the starch to sugar using enzymes. 
Biodiesel is made from plant oils by a process of esterification. The 
main feedstocks are soybeans, rapeseed, and palm oil. Biomass is also 
burned in power stations, sugar mills, and the like to generate elec-
tricity and in homes as a source of space-heating and for cooking. 
The main feedstocks for combustion are woody materials, animal 
manure, and plant waste. Some feedstocks provide multiple sources of 
bioenergy. Sugarcane, for example, provides sugar for direct fermen-
tation to ethanol, while the residual bagasse can be burnt by the 
sugar mill to generate electricity to power the mill and to sell to the 
national grid. 

First-generation technologies have been improved and refined 
over the years, leading to greater efficiencies and—as with improved 
cooking stoves for household use—to reduced air pollution and health 
problems. Despite this progress, the production of biofuels is often not 
competitive with oil unless subsidized or benefiting from tax credits 
that balance those already provided to the alternatives. Brazil is the 
least-cost producer of ethanol and can compete with oil at oil prices 
of about US$30–35 a barrel, but ethanol produced in the United 
States and European Union (EU) can compete with oil only at prices 
of about US$55 and US$80 a barrel, respectively. Improvements in the 
productivity and chemical content of feedstock have been important, 
and there is still potential for further gains (see Figure 1 and Brief 7 
on agricultural research and development). But there may be inherent 
limitations to the attainable yields of sugars, starch, and oils, as well 
as to the efficiency with which these crops can be converted to 
energy sources. 
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Figure 1—Bioenergy Supply Routes and Technology Options
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Second-generation technologies will open 
up exciting new possibilities, but in most cases 
are probably 10–15 years away from being 
commercially viable. The biggest breakthrough 
for biofuels will come from further developments 
in the cost-effective conversion of cellulose-rich 
biomass to usable energy forms. There are two 
major pathways for converting cellulose-rich 
biomass. Thermo-chemical processes (gasification 
and pyrolysis) involve the thermal decomposition 
of biomass at high temperatures to generate 
gaseous (syngas) or liquid (bio-oil) fuels that can 
be used to fuel power plants, for cooking, or as 
transport fuels. Biochemical conversion relies on 
enzymatic and fermentation processes to convert 
cellulose to sugars.

Cellulose conversion technologies will open 
up enormous potential for broadening the kinds 
of feedstocks that can be used for bioenergy 
to include trees and grasses that produce large 
amounts of usable biomass per hectare and that 
can be grown in areas where bioenergy is less 
likely to compete with agricultural production for 
food and feed supplies. These technologies will 
enable greater use of existing agricultural waste 
and crop by-products and will also encourage 
growth of dedicated feedstock plantations, 
including fast-growing trees like willow and 
eucalyptus, tall grasses like switchgrass and 
Miscanthus, and plants rich in non-edible oils like 
Jatropha and Pongamia that grow in low-rainfall 
areas and on poor soils. These new technologies will allow plants and 
trees to be bred and managed to increase their total energy content 
with much less regard to its biochemical form. 

CONSIDERATIONS FOR DEVELOPING COUNTRIES
Many developing countries may be able to leapfrog first-generation 
bioenergy technologies, particularly in developing their electricity 
and transport systems. They may also want to choose scales and 
technologies for biomass production and processing that can promote 
pro-poor and employment-intensive patterns of growth (Figure 2). 

Given the bulky nature of biomass crops, processing them for 
transport fuels and electricity generation presents significant econo-
mies of scale. This does not mean, however, that small-scale farmers 
cannot be involved in growing the feedstock. In many developing 
countries, large-scale and mechanized farms will not be appropri-
ate, and small-farm involvement would help retain value added in 
rural areas. Small-farm production of cellulose-rich or non-edible oil 
crops that can be grown in less fertile and low-rainfall areas would 
also help some of the poorest people improve their livelihoods. Small 
farmers may need to be organized into producer groups for marketing 
their feedstock to large-scale processors.

There is also considerable scope for exploiting small-scale options 
for growing and processing biomass to meet local energy needs in 
rural areas. Already community biogas projects and the combustion 
of waste products for small-scale local electricity production abound, 
and some second-generation technologies (like gasification) will en-
hance such opportunities. Some of these options require no changes 
to existing delivery infrastructure and therefore can build on sunk 
investments—that is, investments that have already been made and 
cannot be reversed.   

For further reading see F. Rosillo-Calle et al., eds., Biomass
Assessment Handbook: Bioenergy for Sustainable Development
(London: Earthscan, 2006); J. Woods and D. O. Hall, Bioenergy
for Development: Technical and Environmental Dimensions, 
Environment and Energy Series No. 13, ed. G. Best (Rome: 
Food and Agriculture Organization of the United Nations
[FAO], 1994); J. Woods, F. Rosillo-Calle, and S. L. Hemstock, A
Master Development Plan for the Biomass Resources of 6 South 
Pacific Island Nations, Biomass Resource Assessment Project, 
ed.  A. Matakiviti and P. Fairburn (Suva, Fiji: SOPAC [South 
Pacific Geoscience Commission], 2003), http://www.sopac.
org; and R. E. Sims, The Brilliance of Bioenergy: In Business and in 
Practice (London: James and James, 2002).

Jeremy Woods (jeremy.woods@imperial.ac.uk) is a research fellow at the Centre for Energy Policy and Technology, Imperial College London.
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Figure 2—Small- and Large-Scale Bioenergy Development Options
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