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Pro-Poor Biofuels Outlook for Asia and Africa: 
ICRISAT’s Perspective 

Executive Summary 
Global interest in biofuels has grown strongly since the steep climb in fossil fuel oil 
prices during 2004-06. Biofuels could provide countries with a means to invest in 
their own rural areas instead of exporting their capital to purchase fossil fuel. They 
would also contribute significantly to mitigating global warming. 
 
A massive new channel for investment in rural development through the fuel 
economy could be highly strategic for alleviating poverty and hunger in the 
developing world. However there are also risks. To be competitive with fossil fuel 
energy sources, biofuels industries must capture large economies of scale. They need 
a constant, reliable, massive flow of plant material (feedstock) to keep processing 
facilities running at high capacity so that the unit costs of production per liter of 
biofuel are kept as low as possible. 
 
This large-scale requirement could provide impetus for a corresponding drive to 
large-scale farming, pushing the poor off their land and excluding them from the 
biofuels revolution. It could also lead to the replacement of food crop cultivation with 
biofuel crops on large areas of land, driving up food prices for those who can least 
afford it. The result would be more, not less poverty and hunger. 
 
Today these countries are making critical decisions about their biofuels industries that 
will determine such outcomes. ICRISAT is working closely with governments and 
industry leaders to develop technical, industrial and socio-economic models that 
ensure that the rural poor capture a large proportion of the benefits, while retaining 
strong economic competitiveness for industry. We call this the pro-poor biofuels 
approach. 
 
Through an ‘agri-science incubator’ mechanism, ICRISAT has partnered with several 
young biofuel companies and forward-looking government agencies to test and adapt 
its pro-poor biofuel technologies (crop varieties and cultivation methods) to the needs 
of industry and government. This work is most advanced in India but ICRISAT 
considers it equally urgent that it proceed in Africa, and seeks investment support to 
extend the approach to that continent. 
 
In India as in many other tropical countries, the leading biofuel feedstock today is 
sugarcane molasses, which is processed to yield bioethanol that can be blended into 
gasoline (petrol). Sugarcane requires good land and large amounts of irrigation water, 
which are difficult for the poor to obtain. The poorest rural dwellers in India and 
Africa live in areas that are too dry for sugarcane cultivation. 
 
So ICRISAT has improved a crop called sweet sorghum that is ideal for drier areas 
and can produce a good yield with only moderate levels of rainfall. Sweet sorghum is 
economically competitive with sugarcane molasses, emits less pollution from 
processing, and yields four times more net energy than maize grain. 
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Sweet sorghum yields grain as well as sugar. Rather than replacing land grown to 
food, the cultivation of sweet sorghum for biofuel could well stimulate increased 
yields of grain and stalk (excellent livestock feed after the sugar is extracted). If 
implemented effectively, this could re-invigorate a prime livelihood and food 
production option for tens of millions of poor small-holder farmers across the 
drylands of the developing world. 
 
ICRISAT has formed an agri-business incubator partnership with Rusni Distilleries in 
India to test and deploy sweet sorghum with thousands of small-scale farmers. The 
arrangement supports these farmers with technical inputs and advice, transport and 
processing of the crop, and an assured price. Similar public-private consortia are 
being developed in The Philippines and are at preliminary stages of discussion in 
Africa. 
 
Equally important as bioethanol, is biodiesel. Fossil-fuel diesel accounts for 40% of 
India’s oil imports. Across the developing world, diesel trucks, pump engines, 
tractors, generators and many other diesel-fueled devices are major consumers of 
energy and major polluters. ICRISAT is improving two promising biodiesel crops: 
Jatropha (a shrub/small tree) and Pongamia (a mid-sized tree). These species can be 
grown across vast, underutilized, relatively low-quality rainfed lands in both India and 
Africa (often referred to as wastelands). Their seeds yield about 30% oil that can be 
used directly to power village diesel engines, or trans-esterified in processing facilities 
to be suitable for blending with fossil fuel diesel for wide consumer use. 
 
ICRISAT’s biodiesel approach is to form public-private partnerships geared towards 
the landless poor such as tribal groups and impoverished villages. By working with 
governments and processors, arrangements are made to give these poor people, 
especially women access to wastelands for planting these biodiesel species. Once the 
trees have matured the women collect the seeds and press out the oil at the village 
level or sell them to large-scale processors to earn desperately-needed hard cash. 
 
There are very important investment opportunities today to accelerate and ensure the 
success and wide impact of this pro-poor biofuels approach, especially in Africa 
where it has only taken a toehold so far. Research is especially needed on biodiesel 
crops, which have never been bred – very high responses to breeding investments are 
considered likely. 
 
Investments to develop hybrid sweet sorghum could also have huge impacts by 
raising productivity substantially, especially in Africa which has missed the hybrid 
seed revolution that has transformed agriculture for many crops in the rest of the 
world. Breeding sweet sorghum for higher energy yield and for suitability for 
emerging cellulosic bioethanol technology also holds great potential. 
 
Socio-economic and impact assessment studies are needed to guide the pro-poor 
approach to ensure that the poor are benefiting and that the gains are sustainable, 
achieving a better understanding of economic efficiency, land tenure, equity and other 
crucial issues to be able to advise policymakers on ways to encourage pro-poor 
biofuel systems. 
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Introduction 
The topic of biofuels has drawn increased interest worldwide in the wake of steeply-
climbing fossil fuel prices in 2005-06. In late 2006/early 2007 prices began to 
subside, but are unlikely to return to their former levels. The painful experience of 
national economies at the mercy of decisions taken far from their shores left a lasting 
impression on policymakers, and many nations now have a strong desire to increase 
energy self-reliance. 
 
At the same time, nations are coming to an increasing realization of the enormity of 
the threat of global warming (IPCC 2007), also stimulated by Al Gore’s popular film 
‘An Inconvenient Truth’. Policymakers have as a result also gained interest in the 
potential of biofuels to help reduce carbon emissions that contribute to global 
warming. 
 
This background paper describes ICRISAT’s current knowledge and strategy on 
biofuels related to its own mission and mandate, especially its work in India but also 
initial investigations underway in sub-Saharan Africa. Though much experience has 
been gained and some very promising results have emerged that can be up-scaled 
now, it is also clear that the biofuels revolution is at a nascent stage; more research 
and development work are essential to confirm and fulfill the potential of this pro-
poor approach. 
 
ICRISAT’s (International Crops Research Institute for the Semi-Arid Tropics; 
www.icrisat.org ) interest in biofuels relates mainly to their possible benefits, and 
risks that the biofuels revolution might bring to the rural poor who live in the dryland 
areas of the tropical latitudes across the developing world. Some 600 million poor live 
in these drylands in Asia, Africa and Latin America, and most are engaged in farming 
or farming-related activities (processing, marketing, etc.) 
 
Over the past decade, ICRISAT has been conducting research on a promising option 
for biofuels development for the dry tropics, namely the cultivation of sweet sorghum 
as a feedstock for producing bioethanol in India. More recently this work expanded to 
include biodiesel crops, especially Jatropha and Pongamia (but potentially others as 
well). In recent years this work has grown considerably through innovative 
partnerships with private sector enterprises, and receives strong encouragement and 
tangible support from government agencies as well. 
 
Although most of ICRISAT’s biofuels research is currently in India, we place a high 
priority on its extension to Africa. ICRISAT has initiated biofuels research in Africa, 
and believes that many lessons learned in India will be of value there although they 
will need to be adapted to African conditions. 
 
For a quick, illustrated summary of ICRISAT’s perspective we refer the reader to a 
four-page brief entitled ‘What ICRISAT Thinks: Biofuel Crops: Power to the Poor” 
available for download or html access at http://www.icrisat.org/enewsletter.htm . A 
short video clip on ICRISAT’s global biofuels work is also under development and 
will be available on the website at http://www.icrisat.org/Investors/Video.htm by mid-
March 2007. 

http://www.icrisat.org/
http://www.icrisat.org/enewsletter.htm
http://www.icrisat.org/Investors/Video.htm
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I. The Biofuels Opportunity for the Dry Tropics 

Why biofuels? 
By substituting biofuels partially for imported oil, cash-strapped developing countries 
can invest their scarce capital in their own farms and industries rather than exporting 
it to wealthier oil-producing nations. If that reinvestment can be made in ways that 
help the poor escape poverty without degrading their lands, biofuels could contribute 
to equitable economic development, energy self-reliance and reducing carbon 
emissions into the atmosphere. 

National commitments 
Many nations have recently made policy commitments to blend ethanol with petrol 
(gasoline). According to the Federation of Indian Chambers of Commerce and 
Industry (FICCI), India could save nearly 80 million liters of petrol annually if it is 
blended with alcohol by 10%. Ethanol is a clean-burning fuel with a high octane 
rating. Normal automobile engines can be operated with petrol blended with ethanol 
up to 25% without any need for engine modification. 
 
China and India are well positioned to become world leaders in biofuel production 
within a decade. Similarly, other countries have plans to more than double their 
biofuel production within next 15 years (http://www.worldwatch.org/node/3893 ). 
Brazil currently produces 37% of the world’s ethanol supply, almost entirely from 
sugarcane. 
 
Large commitments to ethanol as a partial petroleum substitute have been set by: 

o India: 8 billion liters for blending at 10% rate with petrol (gasoline) 

o China: 14 billion liters at 10% 

o Brazil: 16 billion liters at about 22 to 24% 

o USA:   30 billion liters at 10% 
 
Brazil, the current number one ethanol producer in the world, mainly uses sugarcane 
as the feedstock for ethanol production. In the USA most ethanol is produced from 
maize. 
 
These targets are generally supported by subsidies deemed to be serving national 
interests in energy self-sufficiency, pollution control, and strengthening the 
economies of rural areas. 

Employment potential through biofuels in India 
Biofuel cropping in the dry tropics could stimulate gainful employment, for example 
by reversing the downward trend in the area sown to sorghum, or opening up 
wasteland areas for the cultivation of biodiesel crops. Increased investment in biofuels 
in the USA has caused corn prices to rise, increasing farm incomes. Of the 1.7 million 
jobs in 2004 related to the renewable energy industry in India, almost a million were 
related to biofuels. In Brazil, the ratio of jobs created from biofuel industry to those 

http://www.worldwatch.org/node/3893
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created from fossil fuel industry is 22:1 at 100% ethanol use and 6:1 at 25% ethanol 
use in transport vehicles (http://www.americanprogress.org/ ). 
 
According to Rusni Distilleries (P) Ltd., which operates a 40 kiloliter-per-day 
(KLPD) sweet sorghum-based ethanol distillery in Andhra Pradesh, India, a large 
labor requirement is involved in the process (Table 1). 
 
Table 1. Generation of employment by 40 KLPD unit. 

Country Beneficiary farmers Labor (man 
days) 

Direct staff 
(man days) 

India 5000 40000 100000 
Philippines 2500 20000 50000 
Uganda 2500 20000 50000 

Source: Rusni Distilleries (P) Ltd. 
 
India’s national commitment to develop jatropha as a biodiesel crop is expected to 
generate 16 million person days/year of employment while improving degraded land 
resources (http://www.jatrophabiodiesel.org/indianPrograms.php?_divid=menu5 ). 
Based on experience with current plantations it is projected that per hectare, 370 
person-days of employment can be created through biodiesel plantations and 
processing. 

Bioethanol, biodiesel 
Although diesel fossil fuels account for about 40% of total petroleum imports in India, 
ethanol accounted for about 90% of total biofuel production (39 billion liters) globally 
in 2005 (http://www.commodityindia.com/ ). While bioethanol is most frequently 
mentioned in biofuel discussions, the potential of biodiesel is also enormous. Diesel-
powered engines are especially important in the energy sector in developing countries. 
Biodiesel can power trains, trucks, cars, heavy machinery of all types, tractors, pump 
sets for lift irrigation, and a wide array of other engines. 

Net energy gains from biofuels 
To reduce carbon emissions into the atmosphere, biofuel crops must yield more 
energy than is consumed in the growing and processing of the crop. This principle is 
expressed as the Net Energy Balance (NEB). Different crops and farming systems 
require, and yield different amounts of biofuel energy, so NEB values are 
approximate and depend on these situational factors. Also, NEB calculations are 
complex and dependent on assumptions about the borders of the system under 
analysis. 
 
Nevertheless, differences appear to be large (Table 2) and some major trends are 
important. 
 
Table 2. Energy balance of gasoline and ethanol by feedstock. 

Feedstock Energy output/fossil energy input 
Sugarcane 8.3 
Sugar Beet (European Union) 1.9 
Maize (United States)  1.3-1.8 
Wheat (Canada)  1.20 

http://www.americanprogress.org/
http://www.jatrophabiodiesel.org/indianPrograms.php?_divid=menu5
http://www.commodityindia.com/
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Switch grass 4.4 
Fossil fuel (Gasoline) 0.8 
Sweet sorghum (Hosein 
Shapouri, USDA) 

8.0 (12-16 in temperate areas) 

Source: www.americanprogress.org
 
Of particular interest to ICRISAT is the high net energy balance (NEB) of sweet 
sorghum grown under tropical conditions. A detailed calculation appears not to have 
been made yet, since sweet sorghum is still not under large-scale commercial 
production. But USDA expert Dr. Hosein Shapouri (well known for these analyses in 
maize and other biofuel crops in the USA) has estimated (personal communication) 
that the NEB for sweet sorghum ethanol in India is likely to be 8 or more, compared 
to a value of about 1.7 for corn grain in the USA. Kartha (2006) provides a similar 
estimate. 
 
The high energy yield of sweet sorghum derives from three major factors: 

o Mostly manual labor used for sweet sorghum cultivation in the developing 
world, as compared to fossil fuel-consuming mechanized corn cultivation in 
the USA; 

o Stalks of sweet sorghum, after crushing can be used to power the processing 
facility, increasing the energy efficiency of the overall system; and 

o Sap pressed from sweet sorghum can be directly fermented to ethanol, 
whereas corn grain must be ground, hydrated and converted from starch to 
sugar before fermenting, all processes that require extra energy inputs. 

 
NEB values for tropical biodiesel crops, in which oil is expressed from the seed by 
crushing, are not known because these crops are not yet widely grown. However the 
values are likely to be favorable because these crops directly express the fuel (oil); 
they do not need to be hydrated or fermented after harvest like bioethanol. The force 
needed to crush oilseeds is considerable, though and a processing step called ‘trans-
esterification’ is needed for widescale commercial use as biodiesel (though village-
based use for pumps need not utilize this step). A NEB value of 3.2 has been 
estimated for mechanized soybean oil production for biodiesel in the USA (Sheehan 
et al. 1998). 

Pollution from biofuel processing operations 
After the fermentation process that produces ethanol, the wastewater must be disposed 
of. The wastewater effluent from sweet sorghum-based ethanol production is less 
polluting than that from sugarcane molasses, having 1/4th of biological oxygen 
demand (BOD; 19,500 mg liter-1) and lower chemical oxygen demand (COD; 38,640 
mg liter-1), according to the results of a pilot study conducted by Vasanthadada Sugar 
Institute (VSI), Pune, India. 

Biofuel feedstock constraints 
In India, molasses from sugarcane are currently the main feedstock for producing 
bioethanol. However, quantities are insufficient and the supply is not reliable enough 
to keep processing plants running efficiently. There is a need for alternative feedstock 
sources such as sorghum and starchy tuberous roots such as cassava. 

http://www.americanprogress.org/
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In countries like India, human food demand for food and feed oilseed crops (e.g. 
soybean, sunflower) exceeds supply, so it is not desirable to divert large quantities of 
these crops for biodiesel. However large wasteland areas are available that might be 
cultivated with non-conventional oilseed species that are not eaten by humans but can 
withstand such rugged conditions, for example Pongamia and Jatropha. 
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II. Potential Biofuel Crops 

Sugarcane 
Sugarcane is not studied by ICRISAT because it is a crop grown under irrigation in 
wetter areas, and often by wealthier farmers. But molasses derived from sugarcane 
processing are currently the main feedstock for bioethanol in India, so useful lessons 
can be learned from a comparative analysis. 
 
Molasses are a by-product from sugar production for ethanol production. The 
bioethanol industry buys its molasses feedstock from the sugar factories. Sugar is the 
main objective of the sugarcane industry; molasses are simply a byproduct. As such, 
the unreliability of supply of molasses is a major constraint to biofuels development 
based on this feedstock. 
  
India’s Federal Government subsidizes sugar production, as do many nations 
(including the USA), through a minimum cane price announced each year. In 
addition, state governments also declare advisory prices which are either the same or 
higher than the Federal price. Sugar factories buy sugarcane at the state advisory price 
and often offer even higher prices if supply is tight or for high-quality cane. These 
subsidies also indirectly benefit the competitive position of molasses as a bioethanol 
feedstock. 
 
Some of the sugar mills are cooperatives in which the farmers also hold ownership 
shares in the factory. The arrangement is a variant of contract farming, where some 
factories provide technical guidance on crop production and also arrange for credit for 
inputs and other support services. Such loans operate through banks based on a 
triangular arrangement where the industry will repay the loan and recover the amount 
due from the farmer.      
  
Given the assured market for sugar in the form of the guaranteed price, small farmers 
are able to participate in sugarcane production without undue risk. However they must 
have access to irrigation to be competitive, and irrigation is becoming increasingly 
difficult and expensive due to growing water scarcity and cost (due to overdrafting of 
groundwater, full exploitation of surface water or increasing costs of surface water 
development, etc.). 
  
There are a number of special issues related to sugarcane including strong lobby 
groups and historical subsidy momentum. These lobbies are directed towards sugar, 
rather than towards the byproduct industry of molasses for bioethanol at present. 

Sweet sorghum 
In recent years, juice from sweet sorghum (Sorghum bicolor L. Moench) stalks is 
emerging as a viable source for bioethanol production (Rajvanshi 2003; Reddy et al. 
2005). Sweet sorghum is similar in appearance and agronomic performance to grain 
sorghum. It grows rapidly, is photosynthetically efficient due to its C4 metabolism, 
and is widely adaptable. The difference is that sweet sorghum stores much of its 
photosynthate as sugar in the stalks, although it also gives reasonable grain yields.  
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Normal grain sorghum is already grown on 11.7 million hectares in dryland Asia 
(28% of global sorghum area) and on 23.4 million hectares in Africa (55% of global 
sorghum area), and sweet sorghum could fit into these areas, producing more biomass 
and grain if yield-enhancing technologies were stimulated by biofuel market 
incentives. 
 
A crop of sweet sorghum takes about 4.5 months, and can be followed by a ratoon 
crop (natural second re-growth from stubble after the first crop is harvested). Together 
the main and ratoon crops require about 8,000 cubic meters (m3) of water, whether 
from rainfall or irrigation (Soltani and Almodares 1994). This is four times less than 
required by one crop of sugarcane (12−16 months duration and 36,000 m3 of water 
per crop) (Table 2). Sweet sorghum can also be planted from seed, which is less 
laborious than the stem cuttings used to plant sugarcane, and can be more easily 
mechanized. 
 
Because of this major water savings, less fertilizer, labor, and other inputs, the cost of 
one hectare of sweet sorghum cultivation (main + ratoon crop in 9 months) is 60% 
lower than for sugarcane (one crop in 9-12 months) (see Table 2). Since poor farmers 
are less likely to have access to irrigation water and the capital needed to bear the 
cultivation costs of sugarcane, this means that sweet sorghum is more accessible to 
poor farmers in less water-endowed areas. 
 

 
 

 
Sweet sorghum produces lush biomass yielding both bioethanol and grain 

 
Even though the ethanol yield per unit weight of feedstock is lower for sweet sorghum 
(see footnote to Table 3), the much lower production cost for this crop more than 
compensates, so that on the bottom line sweet sorghum still ends up with a 
competitive cost advantage (US$0.29 cost to produce one liter of ethanol from sweet 
sorghum, versus US$0.33 for ethanol from sugarcane — Rao et al. 2004). These costs 
of course will vary somewhat depending on a range of local production factors. 
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Table 3. Sweet sorghum and sugarcane cultivation requirements and potential 
ethanol yields. 

Parameter Sweet 
sorghum 

Sugarcane 

Duration (months) 4 12 
No. of crops year-1 2 1 
Water required year-1 8,000m3 36,000m3

Cane yield (t ha-1 year-1) 40+25 75 
Grain (t ha-1 year-1) 1+2 - 
Ethanol from cane (kl ha-1 year-1) 2.6 5.6 
Ethanol from grain (kl ha-1 year-1) 1.1 - 
Cost of cultivation (US$ ha-1 year-1) 400 995 
Crop production cost per liter of 
ethanol produced (US$) 

0.11 0.18 

• Processing cost assumed to be same for both the crops 
• Only crop production cost considered  
• Ethanol from sweet sorghum: Cane @ 40 l t-1; grain @ 375 l t-1 
• Ethanol from sugarcane: Cane @ 75 l t-1; molasses @ 250 l t-1 
 
Farmers will want to know how sweet sorghum cultivation compares financially with 
their previous activity, namely the cultivation of grain sorghum. Our data suggest that 
the gross returns from sweet sorghum are about 8% higher than that from grain 
sorghum in India (Table 3). Of course, demand from the marketplace will be a major 
determinant of this revenue advantage over time. The potential market for ethanol 
feedstocks appears much larger than that for grain sorghum, because human 
consumption of sorghum is declining as rice and wheat continue to become more 
popular. 
 
Table 4. Gross earnings from sweet sorghum and grain sorghum*. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7 

2.0 

25 

2.0 

1044 1123Gross value (US$ annum-1) 
-40 Leaf stripping (US$ annum-1) 

1044 1163 Total value (US$ annum-1) 

3702 7071Stalk value (US$ annum-1) 

674 456 Grain value (US$ annum-1)3 

10 40 Stalk yield (t ha-1) 

3.0 1.0 Grain yield (t ha-1) 

Grain sorghum Sweet sorghumComponents 

* Data based on two crops per annum; on-station performance. 
1Sweet stalk @ US$ 10.87 t-1, 2 Stover @ US$ 22 t-1, 3 Grain @US$108.7 t–1 in rainy season, Grain 
US$ 174 t-1 in postrainy season. 
 
Grain sorghum is also used to feed livestock and poultry but faces considerable 
competition from maize in that space. Sweet sorghum appears to have significant 
advantages over maize as a biofuels source (larger net energy balance, as discussed 
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earlier) whereas maize grain appears to have wider acceptance as a livestock feed. 
Therefore the emergence of sweet sorghum for ethanol, compensating for declining 
cultivation for food and feed, may be a rational adjustment of the marketplace to 
improve overall economic efficiency to reflect the contrasting competitive advantages 
of these two crops. 
 
Even as India’s demand for sorghum grain declines from the macro-economic 
perspective, it still has an important role to play in rural household consumption in 
many impoverished dryland areas. Its stalks are also very important as fodder for 
cattle and goats. Here the triple-product potential of sweet sorghum (ethanol + grain + 
stalks) is a strong pro-poor advantage compared to sugarcane. In addition to sweet 
stalks, grain yields of 2 to 2.5 t ha-1 can be obtained from sweet sorghum. These grains 
can be used for human food or livestock feed. The stripped leaves and chopped stalks 
also make excellent fodder for cattle after the juice is extracted. 
 

 
 
 

After juice extraction the crushed stalk pieces from sweet sorghum 
make excellent livestock fodder, or can be burned to fuel the 

ethanol processing facility 

 
 
 
 
Summing up the potential pro-poor benefits of sweet sorghum discussed in this paper: 

1. It has much lower cost of production than sugarcane, so it is more adoptable 
by poor farmers; 

2. It needs much less water than sugarcane — important because the poor tend to 
have less access to water for irrigation or to favored-rainfall environments; 

3. Because it can be grown in drier regions with less reliable rainfall or irrigation, 
it  enables these very large dry regions, where poverty is deepest, to participate 
in the biofuels revolution instead of being left behind; 

4. The sorghum crop has been in long-term decline due to government subsidies 
for rice, corn and wheat for human consumption; this has been reducing 
economic opportunities for dryland farmers, so sweet sorghum is an important 
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new employment and income opportunity that can help reverse economic 
recession in dry areas; 

5. There is concern about the competition between biofuels vs. food crops for 
land, but the declining demand for sorghum for food and the grain yield from 
sweet sorghum as explained above suggests that this will not be a major issue; 
on the contrary, if farmers can make more income from sweet sorghum, they 
will have more cash to be able to buy rice and wheat to eat. In other words, 
sweet sorghum can help realign dryland economies by creating a new 
competitive advantage relationship with other zones that are better able to 
grow rice and wheat; 

6. Sweet sorghum cultivation appears amenable to social cooperation 
mechanisms such as contract and cooperative farming, which can connect the 
poor to reliable markets supported by the technology, infrastructure and 
knowledge base of the private sector or through their own investments, 
creating a conduit that will undoubtedly lead to further technical and income 
gains; we see this as a strategic development pathway out of poverty 
(discussed in more detail later). 

Advantages of diversifying feedstocks for bioethanol 
A major concern for biofuels processors is assuring a steady supply of feedstocks so 
that their facilities can run at economically efficient capacity levels year-round. The 
cyclical nature of crop harvests though means that there are inevitably surges and 
shortages in the availability of feedstock. The more different crops are grown, the 
more options for feedstock become available because different crops sown at different 
times of year and grown in different locations will provide a more continuous stream 
of feedstock. 
 
At present the industry is overly-reliant on one feedstock, sugarcane molasses. 
Shortages are common, because molasses is only a byproduct, not the main objective 
of sugarcane cultivation. Since profits are higher for refined sugar, the sugarcane 
industry is unlikely to reorient itself to meet the needs of the ethanol industry. Sweet 
sorghum on the other hand would be mainly grown for ethanol (with grain and stalk-
fodder as valuable byproducts). This will lead to stronger competitive position for 
sweet sorghum over time as the farming community, supported by research and 
development investors, focuses the system on meeting the needs of the ethanol 
industry. 
 
For example, research underway now at ICRISAT to develop photoperiod-insensitive 
hybrid varieties of sweet sorghum will lead to varieties that perform better across a 
wider range of planting dates. Different crop maturity durations (4-6 months) and 
better ratoon crop performance (re-growth after harvest), better disease and pest 
resistance, higher sugar yield, and many other features will widen the annual 
availability of sweet sorghum feedstock and steadily strengthen its competitive 
position. 

Biodiesel crops 
Biodiesel yields even greater reductions in air pollution than ethanol, because fossil-
fuel diesel is extremely polluting given the diesel-engine technologies in common use 
in developing countries. Compared to fossil fuel-derived diesel, biodiesel reduces un-



 13

burnt hydrocarbons by 30%, carbon monoxide by 20% and particulate matter by 25%. 
Biodiesel research and development are less advanced than for bioethanol, but 
deserve increased attention. 
  
The EU is the world’s largest producer of biodiesel, derived from rapeseed, while in 
the USA soybean is the main biodiesel source. In the tropics, biodiesel is still in the 
development stages, though there is growing interest. 
 
Biodiesel can be produced from edible oilseed crops such as soybean, rapeseed, 
sunflower, as well as non-edible oilseeds from locally cultivated plants such as 
jatropha (Jatropha curcas), Pongamia (Pongamia pinnata) and Neem (Azadirachta 
indica). Since research in biodiesel has been limited to date, it would be worthwhile to 
investigate a wider range of species in order to maximize options and potential for 
long-term progress. 
 
Jatropha and Pongamia have attracted especial interest in the tropics. They are 
inedible and can be grown on areas unsuitable for food crops e.g. wastelands and 
village and field border areas, minimizing competition with them. According to the 
Government of India’s Department of Land Resources, the country has 63.9 million 
ha of wastelands that are potentially available for biodiesel crops. 

About Jatropha 
Jatropha curcas belongs to the plant family Euphorbiaceae. It grows into a shrub or 
small tree. Jatropha originated in Central America but has spread across the tropics 
worldwide. Another economically-important, tropical, high-oil euphorb is castor bean. 
 

 
 

Jatropha plant with seeds; mature seeds shown in inset.  
 
 
Jatropha was a plantation crop introduced into West African Portuguese colonies in 
the sixteenth century. The oil was used mostly for lighting because it produces a very 
clear and clean flame. Jatropha oil can be used to light candles, for soap, and as a bio-
pesticide in addition to its biodiesel potential. The oil is toxic to humans, but there are 
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some non-toxic varieties. However, fossil-fuel diesel is also toxic, and rural villagers 
in Africa and Asia are already familiar with Jatropha and its toxicity risks. So this 
may not be a major stumbling block. 
 
Interest in Jatropha has been steadily growing worldwide. An International 
Symposium, “Jatropha 97” was held in Nicaragua in February 1997. It summarized 
much of the current knowledge on Jatropha curcas and its products. Proceedings of 
this symposium were published by Gübitz at al, (1997) (table of contents and abstracts 
at http://www.jatropha.de/conferences/jatropha-97.htm ). Additional conferences 
continue around the world (for a current list see 
http://www.jatropha.de/conferences/index.html#Jatropha ) 

About Pongamia 
Among the many species that can yield oil suitable 
for biodiesel, Pongamia pinnata has been found to 
be one of the most promising. Pongamia pinnata is 
a legume, belonging to the Papilionaceae plant 
family. It is widely found across India, and is native 
to the Asian subcontinent. As a legume it is 
nitrogen-fixing, which importantly contributes to its 
survival on poor soils and enriches the fertility of 
those soils. It is tolerant to waterlogging, saline and 
alkaline soils, and it can withstand harsh climates 
(medium to high rainfall). It can be planted on 
degraded lands, farmer’s field boundaries, 
wastelands and fallow lands. 
 
Pongamia seeds contain 30-40% oil and are inedible by animals, making it easier to 
establish in managed plantings. It is one of few nitrogen-fixing trees that produce high 
oil-content seeds. It is a medium-sized evergreen tree with a spreading crown and a 
short trunk. The tree is widely planted for shade and as an ornamental in India.  Its 
natural distribution is along coasts and riverbanks. It is also found along roadsides, 
canal banks and farmlands. It is a preferred species for controlling soil erosion and 
binding sand dunes because of its dense network of lateral roots. Its roots, bark, 
leaves, sap, and flowers are traditionally used for medicinal purposes. 
 
Pongamia oil can also be used for cooking fuel and lighting lamps. The oil is also 
used as a lubricant, water-paint binder, pesticide, and in soapmaking and tanning. The 
oil is used in traditional medicine to treat rheumatism, as well as human and animal 
skin diseases. It is effective in enhancing the pigmentation of skin affected by 
leucoderma or scabies. 
 
The leaves and press cake can be recycled to enhance soil fertility since they are high 
in nitrogen. The press cake also has pesticidal value, particularly against nematodes in 
the soil. Dried leaves are used as an insect repellent in stored grains.  

http://www.jatropha.de/conferences/jatropha-97.htm
http://www.jatropha.de/conferences/index.html#Jatropha
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III. Biofuel Supply Chains: Opportunities and 
Challenges 

Economies of scale: will small-scale farmers be crowded out? 
Now that promising biofuel crops have been identified, a crucial question arises: how 
can they be integrated into a commercial supply chain in ways that benefit the rural 
poor? 
 
The competitiveness of a biofuels industry is highly dependent on gaining economies 
of scale. Costly, sophisticated processing plants require massive, steady inflows of 
feedstock in order to produce sufficient volumes of fuel at competitive prices. 
 
The basic requirement for massive scale would seem to stack the deck against small-
scale farmers. Small-scale operations will not be economically competitive except 
perhaps for running village pumps and engines in remote, impoverished areas that are 
largely disconnected from the cash economy. Such areas do deserve attention for 
reasons of poverty alleviation, but require a special strategy and approach. 
 
The challenges for pro-poor biofuels development, then are two-pronged: 

1. To find ways that the poor who are connected (or readily connectable) to 
market economies can contribute and prosper within a large-scale, industrial 
biofuels paradigm; and 

2. For more isolated villages dependent on self-sufficiency rather than 
connection to the cash economy, to find ways to help them achieve greater 
energy self-sufficiency through biofuels, as a first step along a development 
pathway that leads them towards the market economy to escape from poverty. 

Fortunately, though there are some promising avenues for resolving both of these 
issues — but these will not happen without conscious effort and investment by 
development agencies working in concert with the private sector and research 
institutions. 
 
Unlike many other parts of the world, in India crops can usually be grown more cost-
efficiently on small farms because of the low cost yet high skill level of family labor. 
This is because of the unique agrarian structure of rural India. However, small-scale 
farmers have little direct access to consumers, so they tend to sell their farm output to 
village brokers or commission agents at low prices. 
 
Farm sizes in India are getting smaller over the years due to the fragmentation of 
landholdings as they are handed down from one generation to the next, and as land is 
taken for urban development, roads and industry. At the same time the petroleum 
industry is getting bigger and bigger due to mergers and amalgamations to capture 
economies of scale. Thus, small-scale production, contrasted against large-scale 
processing/marketing, is the direction that the future seems to hold for biofuels in 
India, and probably for Africa as well. 
 
This creates a potentially asymmetric power relationship that could expose small-
scale farmers to price squeezes by a limited number of large processing facilities that 
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would control the buying of feedstock. As long as supplies of feedstock are short and 
the facilities are independently competitive, this problem may not arise. But if the 
connection of farmers to markets is controlled by a few mega-industry decision-
makers who are in competition with those farmers for the profits, the farmers are 
likely to lose out over time, just as they do with middlemen at the village level today.  
 
A case in point is the spread of mega-supermarket chains across the developing world, 
which are replacing village-level markets by offering lower prices. Once the 
consumer is adapted to buying from the supermarket, farmers have no option but to 
sell their produce through that channel, and supermarkets have taken advantage of 
that control chokepoint to squeeze farm profits down to the bare minimum. Such an 
outcome needs to be avoided if biofuels development is to be pro-poor. 
 
To protect small-scale farmers from losing out to price squeezes by middlemen or 
large-scale processors, farmers may need to band together as they have for some 
major commodities in the past through commodity associations and cooperatives. 
These can enable them to coordinate their production and consolidate their output, 
sometimes even taking over the processing and marketing steps themselves. These 
associations also give them much stronger bargaining power compared to the 
individual farmer in a remote village. 
 
Cooperation also brings a coherent voice and political clout, leading to a better 
leveraging of government resources e.g. national research and development institutes, 
as well as in dealings with private sector suppliers, etc. If managed well, the vast 
distributed network of these cooperatives also serves as an invaluable channel for 
flows of information, expertise and services back to farmers, e.g. farming inputs 
bought in bulk at low costs, training in new techniques, farm management advice, 
microcredit, etc. 
 
However, cooperatives also bring risks, and economic liberalization over the past 
decade has opened up some additional interesting opportunities through pro-poor 
contract-farming relationships. These issues are discussed below. 

Risks of cooperative control of the marketplace 
Cooperatives can grow inefficient and bureaucratic if isolated from competitive 
pressures and poorly managed. They are also subject to political interference. The 
collapse of state marketing boards in many African countries is evidence of this risk. 
 
Finding a healthy balance between the extremes of dominance by industry vs. 
cooperatives requires thoughtful planning and execution by all parties — farmers, 
government, and the private sector. Benefit-sharing within a streamlined, competitive 
model that rewards innovation and efficiency gains should be sought. 
 
Industry needs a reliable stream of quality feedstock at a predictable price and in high 
volumes. Farmers need a fair sharing of benefits, a predictable price and market, and 
technical and credit assistance.  
 
Biofuels development pathways need to find common ground and healthy industry-
small farmer relationship models to meet the needs of both groups. The section below 
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reviews some past experiences for lessons that are applicable to the development of 
such models in both India and Africa. 

Pro-poor business models 

White Revolution in India 
The biggest cooperative success story in contemporary Indian agriculture is the 
‘White Revolution’ for dairy products. Weary of exploitation by middlemen, farmers 
in the Keira District of Gujarat State formed the Kaira District Co-operative Milk 
Producers' Union in the early 1950s and became phenomenally successful. Others 
joined and the state lent a hand, forming the Gujarat Cooperative Milk Marketing 
Federation (GCMMF). With the increased collective resources, the Federation was 
able to invest in technology, quality control and marketing, and diversified its product 
line under the ‘Amul’ brand, now known all over India and exported beyond (see 
http://www.amul.com/organisation.html ). Approximately 2.5 million farmers now 
participate in GCCMF, producing 6.3 million litres of milk per day that are collected, 
processed and marketed cooperatively. 
 
The Gujarat success was so impressive that the Government of India decided to 
expand it nationwide through the White Revolution initiative. It created the National 
Dairy Development Board (NDDB) in 1965 through an Act of Parliament, with 
support from the World Bank. Because NDDB ensured that farmers receive fair and 
reliable prices in return for high quality and steady supplies, they have responded with 
increased production, and India is now the world’s largest dairy products producer. 
Dr. Verghese Kurien received the World Food Prize for his leadership of this massive 
national cooperative. 
 
New technology played a critical role in the White Revolution’s success. A 
technology for spray-drying and processing of buffalo milk, developed by Mr. H.M. 
Dalaya, was one of the key factors that contributed to the Revolution. The formation 
of farmers into cooperatives enables them to also invest a portion of their profits into 
research and development and marketing, extending the benefits of their cooperation 
further. 
 
While the White Revolution was a great success, it required large government and 
donor support and since then times have changed. India has opened up to free 
enterprise, and this must be factored into development pathways for biofuels. 

Cotton in Burkina Faso 
During the French colonial period in West Africa, the main emphasis of research and 
economic policy was to promote export crops such as cotton and peanuts for the 
rainfed areas (Sanders, Shapiro and Ramaswamy 1996).  From 1902 to 1952 in 
Burkina Faso, farmers were required to pay a tax in French currency and could raise 
this currency only by selling cotton.  This demotivated farmers and as a result cotton 
production remained low.  
 
In 1952 a French cotton company, Compagnie Francaise pour le Developpement des 
Fibres Textiles (CFDT) began operation in cotton production in southwestern Burkina 
Faso. This company supplied inputs, provided technical recommendations, and 
purchased the cotton. This pattern of cotton production organized around an input-

http://www.amul.com/organisation.html
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supplying, cotton-exporting company, often with governmental support, is now found 
all over the former French colonies of Sub-Saharan Africa. 
 
The essential components of the CFDT success have been providing farmers with 
fertilizer on credit, timely payment at a price made known before planting, and 
support of an excellent research and input services system. The French research 
agency Institut de Recherches du Coton et des Textiles Exotiques (IRCT), established 
in 1946 to coordinate French colonial research, worked closely with CFDT to provide 
the research needed to steadily increase the productivity of the cotton enterprise. 
 
Based on the substantially higher yields that this approach motivated, cotton output in 
the former French colonies grew by 740 percent from 1960 to 1985.  In contrast, 
cotton production in neighboring Anglophone countries, which lacked this degree of 
organization resulted in an increased production of only 60 percent over that period.  
In the early 1960s, only 33 percent of total cotton production was in the southwest of 
Burkina Faso, but twenty years later, 92 percent of production came from this area. 
Overall, Francophone-country cotton production increased from 11 percent of sub-
Saharan African output in 1961-62 to almost half of the total by 1987. 
 
With independence, national research agencies and cotton parastatals took over, but 
both the IRCT and the CFDT maintained technical contacts with cotton operations in 
the former French colonies by sending short-term and long-term consultants.  CFDT 
also is an investor in these national cotton parastatals. 
 
The CFDT model demonstrates that well-organized, market-driven, para-statal 
cooperative arrangements can succeed on a large scale in Africa. The combination of 
institutional, financial, research and technological, and business management 
expertise appears to have been essential to this success. These are valuable lessons 
that can be applied to the introduction of biofuels industries in Africa. 

Soybean in India 
A recent example is that of soybean, an oil and feed crop that has expanded strongly 
in area cultivated since the early 1980s (about 15% per annum in the early years) in 
Madhya Pradesh. The crop is now grown on more than 3 million hectares there. This 
expansion was largely driven by stimulus from the processing industry, which 
provided price and purchase security through contract arrangements, and introduced a 
modern production technology package. (Interestingly, a new use for soybean oil – as 
biodiesel – is emerging in the USA, though this is not yet the case in India). 
 
Additional favorable aspects in the soybean case included access to capital for 
soybean production, research and new technology, improvements in transportation 
and storage infrastructure, the implementation of quality standards, capital investment 
into the processing industry, government deregulation and supportive policies. These 
contract arrangements, investments and stimulatory policies were the main drivers in 
the initial years, but once the industry had gained momentum, market demand became 
the main driver. 
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Lessons learned 
These three examples — the White Revolution in India, CMDT cotton in Africa, and 
soybeans in India indicate some major elements for success that ICRISAT and 
partners are now incorporating in their pro-poor biofuels approach: 

o It is possible to integrate vast numbers of small-scale farmers into large-scale 
commodity production, processing and marketing chains, but this requires 
dedicated, skilled management; 

o Public-private partnerships are needed in order to integrate essential policy, 
entrepreneurial, investment and research elements; 

o These consortia must remain flexible, adaptive, efficient, innovative, and fair 
to the poor in order to remain competitive over time; the mix of public and 
private partners helps achieve this; 

o Productivity, quality, economic efficiency, social equity and global 
competitiveness can be substantially enhanced by such partnerships because 
they provide both the means (technical and institutional innovations, and 
capital) and the motivation (increased profits) to stimulate increased 
investment in agriculture; and 

o Entirely new agro-industries can be jump-started through such partnerships, 
and old ones revitalized. 
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IV. Emerging Biofuel Enterprise Models 
ICRISAT created an Agri-Business Incubator (ABI) entity to foster the uptake and 
utilization of its research findings by the private sector. It is using this mechanism to 
implement the principles described in the previous section to stimulate a pro-poor 
biofuels revolution across the drylands of the developing world. 

Sweet-sorghum based bioethanol technology (SSBET) 

Rusni Distilleries 
ICRISAT has been a catalyst in giving birth to the new SSBET industry in India. An 
ABI partnership with Rusni Distilleries (P) Limited is actively commercializing 
SSBET. Rusni is located near Sangareddy, Medak district, Andhra Pradesh, India. 
Rusni is scaling-up to produce 35−40 kiloliters of ethanol per day (KLPD) for at least 
105 days per each of two seasons per annum. To reach this target it needs 800 to 875 
tons of sweet sorghum stalks per day. This will require engaging about 3,200 small-
scale farmers (approximately 2 ha holding size), thus cultivating sweet sorghum on 
about 6,400 ha per annum. 
 
Rusni has engaged Akruthi Agricultural Associates Limited to organize the farmers 
and introduce them to sweet sorghum cultivation. Rusni forecasts ethanol production 
costs of around 39 US cents per liter versus an expected sale price of 51 to 60 US 
cents per liter. This is competitive with fossil fuel petrol prices. 
 
Kaveri Seed Company is providing high-quality sweet sorghum seeds. ICRISAT 
provides research inputs on sweet sorghum breeding and technical advice on crop 
management, identification of agro-ecological areas for sweet sorghum cultivation, 
seed production, partnership-building and capacity-building. The consortium will 
reinvest some of its gains to support further research and development as well as 
marketing, farmer education and services, and other needs essential for ensuring a 
sustainable takeoff and continuation of pro-poor SSBET. 

SSBET consortium launched in The Philippines 
Extending the learning gained through the ICRISAT-Rusni partnership, ICRISAT is 
now engaging the Philippines. Five private enterprises: Guidance Management 
Corporation (200 KLPD), International Resource Management (40 KLPD), SEAOIL 
(40 KLPD), Americana Orient Capital Partners (Philippines) Inc. (50 KLPD) and 
Farmers Federation of the Philippines (40 KLPD), signed Memoranda of 
Understanding (MOUs) with ICRISAT to form a Sweet Sorghum for Ethanol 
Consortium. Merritt Partners PTE Ltd (Mr J. V. Emmanual A de Dios) and GINBRA-
San Miguel may also join the consortium. Rusni Distilleries will guide the 
construction and commissioning of SSBET units in The Philippines. 

SSBET consortia under discussion in Africa 
ICRISAT and Rusni are also in the initial stages of exploring SSBET consortia 
development in Africa. Discussions have been initiated with J. N. Agritech 
International Ltd. in Uganda, and with NeGSt in Nigeria. There is also strong interest 
in southern African countries like Mozambique and South Africa that will be explored 
further. Africa holds enormous potential for pro-poor SSBET, which could provide a 
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huge stimulus to agriculture through hybrid sorghum and the greater use of 
productivity-enhancing inputs, increasing sorghum food grain as well as livestock 
fodder and bioethanol feedstock. 

Biodiesel development models 

Wastelands for biodiesel 
As explained earlier, concern that biodiesel development not compete with cropland 
has compelled agencies to find means for utilizing vast underutilized wastelands for 
cultivating these new crop species. 
 
Depending on different definitions and estimates, wastelands in India account for a 
very substantial proportion of the total land area of the country, from 12 to 57% 
(Table 5). The Government of India plans to help communities rehabilitate wastelands 
in 146 districts in 19 States. Nearly 83% of India’s wastelands are in the States of 
Andhra Pradesh, Gujarat, Karnataka, Madhya Pradesh, Maharashtra, Orissa, 
Rajasthan, Tamil Nadu and Uttar Pradesh. 
 
Table 5. Various estimates of wastelands in India. 
 
Source 

Area 
(m ha) 

% of total 
land area 

National Commission on Agriculture (NCA-1976) 175.0 53 
Directorate of Economics & Statistics, Dept. of Agril & 
Cooperation 

38.4 12 

Ministry of Agriculture (1982) 175.0 53 
Society for Promotion of Wasteland Development (SPWD-
1984) 

129.6 39 

Department of Environment and Forests (BB Vohra, 1980) 95.0 29 
National Wasteland Development Board (MoEF-1985) 123.0 37 
National Bureau of Soil Survey & Land Use Planning (ICAR-
1994) 

187.0 57 

National Remote Sensing Agency (NRSA-1995) 75.5 23 
N.C. Saxena (Sec. RD-WD) 125.0 38 

Source: V.B. Eswaran, Chairman SPWD, New Delhi, In Proc. of Seminar on Wasteland Development, 
March 2001, P-14. 
 
Out of the total wasteland area the National Mission on Biofuels has identified 13.4 
million ha of land that can be readily utilized for bio-fuel plantations (Table 6). 
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Table 6. Estimation of various lands can be used for bio-fuel plantation.  
 

Land type 
Total area 

(m ha) 
Potential area 

(m ha) 
Under stocked forests 31.0 3.0 
Protective hedge around agricultural fields 142.0 3.0 
Agro- forestry  2.0 
Fallow lands 24.0 2.4 
Waste land under integrated watershed 
development and other poverty alleviation 
programs of Ministry of Rural Development 

2.0 2.0 

Public lands-railway tracks, roads, canals etc. 1.0 1.0 
Total 197.0 13.4 

 

Jatropha to power Indian trains 
One interesting class of ‘wasteland’ are the strips of cleared land abutting railroad 
tracks, and other lands owned by national rail systems. Indian Railways, one of the 
world’s largest rail networks and a huge consumer of fossil fuel diesel, has begun 
planting Jatropha in such areas. The Railway reportedly has about 5,000 hectares 
devoted to Jatropha plantations. India’s National Biofuel Centre estimates that Indian 
Railways could grow enough Jatropha on its lands to replace 5-10% of the diesel 
needs to run its trains ( http://www.pcra-biofuels.org/faq.htm#q9 ). Laws requiring a 
reduction in harmful sulfur emissions from diesel combustion also favor biodiesel, 
which maintains good lubricity despite being essentially sulfur-free. 
 
The city of Chhattisgarh, a connection on the South East Central Railway (SECR) 
zone, has been blending up to 5% Jatropha biodiesel into its fuel supply since mid-
2006 with good results and intends to increase the blend percentage as experience is 
gained. Chhattisgarh has announced that it would plant 160 million Jatropha saplings 
this financial year and plans to expand on a million hectares of fallow land by 2012 by 
encouraging farmers to plant the crop. The Chhattisgarh government has installed a 
bio-fuel plant in Raipur that is currently producing 3,000 litres of jatropha biodiesel 
per day. More on this at 
http://www.teluguportal.net/modules/news/article.php?storyid=15053

Community cooperation for biodiesel on wastelands 
Biofuel plantations can be dovetailed into ongoing community forest management 
initiatives. These initiatives aim to improve the care of neglected and deteriorating 
forest and public common-access areas by involving local communities in their 
management. Livelihood options are needed that earn income while managing these 
lands in a sustainable manner.  
 
Landless peoples’ self-help groups are being assisted to develop biofuel operations in 
non-forest, low-quality private and common property lands near their villages. The 
Ministry of Rural Development, Ministry of Agriculture, and Ministry of 
Environment and Forests are pursuing these programs on a large scale with poor 
villages.  
 

http://www.pcra-biofuels.org/faq.htm#q9
http://www.teluguportal.net/modules/news/article.php?storyid=15053
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Beyond the direct benefits of a new livelihood enterprise (sales of high-oil seeds for 
biodiesel processing), biodiesel farming can help rehabilitate these enormous 
wastelands. The crop/tree roots break up hardened soils, fix nitrogen and add organic 
matter to them. They also reduce wind erosion and capture wind-blown soil for local 
deposition. Soil fertility-boosting amendments added by farmers to improve 
shrub/tree growth simultaneously stimulate the growth of soil flora and fauna 
(microbes, worms, insects) that rejuvenate these poor soils. 
 
However efforts to use these abandoned areas often run into thorny land-tenure 
problems. As long as the areas are abandoned and unproductive, few care about them. 
But once a productive use is established, land claims quickly surface. 
 
In partnership with the Government of Andhra Pradesh State, and through a 
Government of India-supported project, ICRISAT has developed a model to 
rehabilitate degraded lands (300 ha common property resources) in Ranga Reddy 
District by helping landless residents form self-help groups. The State Government 
through the District Collector has awarded them usufruct rights for harvesting the tree 
produce, but without transferring the land rights to them (these common lands come 
under the jurisdiction of the village Panchayat, or local council). 
 
This compromise approach may be a useful model for tree-based biofuels 
development in many other areas of ‘common land’ where ownership issues are 
unclear. By allowing use by the poor, but not ownership, the state achieves a 
compromise among parties that allows the poor to profit from these lands. This model 
is also being studied by the Hyderabad Mega-City Project for linking bio-diesel 
plantations with livelihood enhancement and environment protection objectives for 
the urban poor in degraded peri-urban areas. 

Powerguda powers ahead in the biodiesel revolution 
Another case study is the village of Powerguda in Adilabad district of Andhra Pradesh 
State, India. Powerguda is inhabited by poor tribal people living in deep poverty. It 
was selected for assistance under the IFAD-funded Andhra Pradesh Participatory 
Tribal Development Project. 
 
The Integrated Tribal Development Agency (ITDA), Adilabad District asked 
ICRISAT to assist by providing its integrated watershed management expertise. ITDA 
donated an oil extracting machine (worth about US$8,000) to the village. Seeds of 
Pongamia, Neem and other plants can be crushed in this machine to extract biodiesel 
oil that is used locally or sold on the market. 
 
This oil mill has become an important source of income for the village. Women earn 
about four US cents per kilogram of Pongamia seed crushed with the machine. The 
machine crushes about 50 kg seed per hour and can run on the biodiesel that it 
produces. Women also sell the press cake (residue remaining after oil is squeezed out) 
to farmers for about 10 US cents per kg as a soil amendment. 
 
A parallel interesting benefit of planting Pongamia is that because this energy source 
is renewable, it qualifies to earn carbon credits to offset global warming. Also, the 
planting of Pongamia trees on wastelands helps to sequester atmospheric carbon into 
tree biomass. The World Bank recently bought 147 tons of carbon credit from 
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Powerguda village to neutralize the emissions from air travel and local transport by 
the participants of an international conference held in Washington from 19-21 
October 2003. 
 
Villagers decided to reinvest the US$645 payment to establish a Pongamia seedling 
nursery. The nursery grew out 20,000 saplings, planting half of them on their own 
community land and selling the rest to nearby villages and to the forest department. 
The income generated by selling the saplings was again plowed back into further 
nursery development. With the introduction of a forest protection committee (Vana 
Samrakshana Samithi) in the village, it is likely that the forest department will 
continue to buy saplings from these women, earning them a sustained, new and 
significant source of employment and income (see photo). 
 
In this way the tribal Pongamia enterprise can grow sustainably, paying its way as it 
increases the number of trees and hence its future volume of biodiesel output. 
 

 

Tribal women’s 
self-help groups in 
Powerguda, 
Andhra Pradesh,  
India raise and 
sell Pongamia 
seedlings, earning 
hard cash 

 
 

In another tribal village, Chalpadi, straight Pongamia oil is used for running a 7.5 
KVA generator using 5 to 6 liters of Pongamia oil to produce 10 to 12 kwh of 
electricity, which is used to light tribal homes. The power system is being run by the 
village women. The state government has now replicated this experiment successfully 
in another 100 villages. 
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 Electricity generators fueled with Pongamia biodiesel 
in Chalpadi  

 

Nandan BioMatrix model for biodiesel development 
Like Rusni, Nandan BioMatrix Limited is an Indian company in partnership with 
ICRISAT through the Agri-Business Incubator mechanism. This partnership aims to 
stimulate the Jatropha biodiesel industry in India in ways that benefit the rural poor. 
 
Nandan has a decade of experience in biodiesel development and a strong network of 
franchisees across India. Nandan has an agreement with the State Government of 
Andhra Pradesh to develop 200,000 ha of pro-poor biodiesel plantation, in addition to 
projects in two other states that should lead to a total of a million hectares by 2010.  
Nandan has established forward sales agreements with M/s Lubrizol and other 
companies to purchase the biodiesel. 
 
Nandan’s role in Andhra Pradesh is to : 

- Link farmers to the district administration 

- Facilitate financial assistance through banks for all eligible farmers 

- Provide technical support to farmers, especially for the production and 
distribution of good quality seedlings 

- Provide technical guidance to Biodiesel farmers as needed to establish the 
enterprise  

- Provide buy-back guarantees for the harvested seeds 

- Make crop insurance available to farmers (through National & Oriental 
Insurance Company Ltd.) 

- Establish trans-esterification units (biodiesel processing units)  
 
In order to prevent arable land suitable for cultivating food crops being diverted for 
cultivation of biodiesel crops, they are focusing on cultivation on unutilized 
wastelands. Benefits to about 165,000 small-scale farmers are projected.   
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The Government of Andhra Pradesh is providing a 100% subsidy (Rs. 24,200/- per 
ha) to support the establishment of these smallholder biodiesel plantations. Funds for 
this come through the National Rural Employment Guarantee Scheme (NREGS), 
facilitated through the Ministry of Rural Development, Ministry of New & Renewable 
Energy, Ministry of Agriculture and other agencies. 
 
Nandan will establish large biodiesel processing units since small units do not have 
methanol recovery systems (methanol is an environmental risk if not handled 
properly).  Nandan has a small-scale experimental processor in their pilot plant in the 
Agri-Science Park at ICRISAT. They have also established mother plantations at their 
various farms around India and have been selecting for high-yielding varieties. 
ICRISAT is providing research and technical advice to this partnership. 

Southern Online Biotechnologies public-private biodiesel partnership 
With support from GTZ (Germany), Southern Online Biotechnologies (SBT) 
http://info@sol.net.in in Nalgonda district of Andhra Pradesh is providing technical 
support to farmers to undertake biodiesel plantations and to collect biodiesel seeds 
from existing plantations to provide feedstock for processing by SBT (40 KLD 
capacity). SBT assures the price for the seeds and provides the seed cake back to the 
farmers for improving their soils, and will help them establish their own oil extraction 
units. Currently SBT is already producing 23 KLD of biodiesel using fish oil to keep 
their facility busy until the seeds begin arriving in the current harvesting season. 

Sub-Saharan Africa 
Developing countries in Africa can least afford to export their scarce capital to 
purchase fossil-fuel petroleum. Biofuel systems development would enable them to 
invest some of this capital instead in their own rural areas. Yet they are far behind 
India, Brazil and China in launching their own biofuel revolution. 
 
Sorghum originated in Africa, which is still its largest area of cultivation. Millions of 
farmers there are intimately familiar with the crop, so sweet sorghum varieties could 
readily be expanded on that continent if there were a market and infrastructure to 
purchase, process and market the product. 
 
Grain sorghum yields in Africa are currently very low, about 700 kg/ha on average. 
Since sweet sorghum also produces grain, and a biofuels market would likely 
stimulate the use of higher-yield technologies, the introduction of sweet sorghum 
bioethanol technology (SSBET) may not adversely affect food production, and might 
well increase it. Also the by-products from the extracted stems can be used as 
livestock feed. Livestock-rearing is an important livelihood activity across dryland 
Africa, and shortfalls in fodder supplies for livestock are an acute problem during the 
long dry season. 
 
A particularly exciting possibility is that SSBET might provide the market impetus for 
the adoption of hybrid sorghum seed technology in Africa. India has benefited hugely 
from hybrid sorghum, just as the USA, Europe and many other countries have seen 
their agriculture transformed by hybrid maize. However, hybrid technology has not 
taken off in Africa yet (except for some localized successes with hybrid maize) due to 
infrastructural and institutional constraints and an under-developed seed sector. 
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The incentives attendant to a biofuels market might well jump-start the hybrid 
sorghum seed industry in Africa. Hybrid seed technology would boost sorghum yields 
by around 20-30% and might light the fire that extends the hybrid technology to 
additional food crops, revolutionizing grain production on the continent. In this way a 
bioethanol industry could be a very strategic development investment for Africa. 
 
On Feb. 5, 2007 during the monthly Open Forum for Agricultural Biotechnology 
(OFAB 4) initiated by the African Agricultural Technology Foundation (AATF), 
Director General of the United Nations Industrial Development Organization 
(UNIDO) Dr Kandeh Yumkellah called on African scientists and leaders to make 
Africa a world leader in biofuels production. He emphasized the need for policy and 
research support for this to happen. He pointed out that Africa could produce enough 
cassava, palm oil, sugar cane, maize and other crops and trees to produce biofuels for 
the continent and for export. He said that a biofuel revolution would require strong 
public and private partnerships to marshal new technologies and investments. 
  
He promised UNIDO support and asked AATF through its Executive Director, Dr 
Mpoko Bokanga, to help rally African farmers, scientists and leaders for a sustainable 
agricultural revolution so that the continent can be food secure and also produce crop 
surpluses for biofuels generation. 
 
Political support for biofuels in Africa is strong and growing. But development 
models need to be catalyzed. ICRISAT believes that the public-private partnership 
approach that is succeeding in India, can also succeed in Africa with appropriate 
adjustments to local conditions. ICRISAT is keen to implement this agri-incubator 
approach in Africa, and seeks investors to help accelerate this pro-poor, strategic 
development intervention. 

Eastern and Southern Africa 
A number of commercial companies operating in the drier parts of Africa such as the 
Limpopo Valley of southern Mozambique are interested in developing SSBET. There 
is also tremendous interest in South Africa and advances have been made there in 
research on sweet sorghum and also in linking to industry for the extraction and 
processing.   
 
The UNEP’s 9th International Seminar on Sustainable Consumption and Production 
(SCP9) - Creating Solutions for Industry, Environment and Development held in 
Tanzania in December 2006 focused on renewable energy, and sweet sorghum was 
high on the agenda. A scoping study should be done to better delineate the socio-
economic and environmental potential of biofuels in Africa, and to create awareness 
among small-holder farmers about how they can benefit from this opportunity. 
 
From its Nairobi base, ICRISAT is currently evaluating a number of sweet sorghum 
breeding lines from southern Africa,  Kenya and India for adaptability to eastern and 
southern African environments. We are collaborating with the University of Nairobi 
on this; they are also promoting the use of biofuel. This level of interest bodes well 
for developing strong partnerships needed in the future to catalyze support from 
policymakers, private industry and other key agencies. 
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West and Central Africa 
Sorghum is widely grown in West and Central Africa including some sweet sorghum 
varieties for confectionery uses. So SSBET would likely meet ready adoption in that 
region. Several industrialists and government leaders have expressed interest. 
 
Jatropha is a common species in the region, especially in Mali, Burkina Faso and 
Niger where villagers and farmers grow it as a hedge shrub to protect their gardens 
and farm fields from grazing by goats. These Jatropha “living fences” control 
unwanted animal access to the fields and reduce wind erosion as well as water 
erosion. Traditionally, rural women used Jatropha curcas for medicine (seeds as a 
laxative, latex to stop bleeding and against infections, leaves against malaria) and for 
soap production.  
 
The traditional soap-making process is very labor-intensive, producing small 
quantities of relatively poor-quality soap. By using machine-produced Jatropha oil 
products either alone or in combination with other local plant oils such as shea butter, 
larger amounts of a more refined soap can be produced. Higher-quality soap would 
enable these women to create a product that could compete in much larger urban 
markets, earning desperately-needed cash that can be re-invested in expanding other 
local enterprises such as sheep fattening, improved home gardening and others. 
 
In Mali, government and non-government organizations provide rural Malian women 
with engine-driven grain mills to ease the burden of hand-pounding grains to produce 
flour. However, diesel fuel to run these grain mills is a major expense. Jatropha oil 
could be used as an alternative source of fuel and lubrication oil, allowing scarce 
village financial resources to be reinvested in local agriculture (jatropha cultivation) 
instead of being exported to buy fossil fuel diesel. 
 
GTZ led by Reinhard Henning carried out a major Jatropha village-level biodiesel 
project in Mali during 1987-97. Their findings are described at the websites 
http://cals.arizona.edu/OALS/ALN/aln40/jatropha.html and http://www.jatropha.de/ . 
The latter also gives links to many other Jatropha projects around the world. 

http://cals.arizona.edu/OALS/ALN/aln40/jatropha.html
http://www.jatropha.de/


 29

V. Progress in the Pipeline through Research-for-
Development 

Sweet sorghum breeding for bioethanol 
Considerable progress has been made in India in breeding for improved sweet 
sorghum lines with higher millable cane and juice yields, and some of these lines have 
been commercially released. These include the varieties SSV 84, SSV 74 and the 
hybrid NSSH 104 that is based on an ICRISAT-bred female hybrid parent line.  
 
A number of improved lines with high stalk sugar content lines are currently being 
tested in pilot studies for sweet sorghum-based ethanol production in India, The 
Philippines and Uganda. For example, various sweet sorghum varieties were 
introduced in the Philippines that are now being evaluated at Mariano Marcos State 
University, Batac where they yield is 45−65 t ha-1 per crop (Table 7) in both the main 
and ratoon crops, which is 20 to 25% higher than the productivity in India due to rich 
volcanic soils in The Philippines. In addition to cane, grain productivity is also high. 
 
Table 7. Performance of the sweet sorghum varieties for cane yield (t ha-1) and 
grain yield (t ha-1) at Mariano Marcos State University, Philippines. 

Stripped stalk yield (t ha-1) Grain yield (t ha-1) 
Variety Main crop First ratoon Main crop First ratoon 

% sugar by 
Brix meter 

NTJ 2 45-50 48-55 3.62 4.4 18.5 
SPV 422 55-60 57-65 3.28 3.92 19.0 
ICSV 700 43-48 45-50 3.46 4.11 18.0 
ICSV 93046 47-52 48-55 3.4 4.08 15.0 
ICSR 93034 46-52 47-53 3.46 4.25 18.0 

The hybrid advantage  
Sorghum exhibits ‘hybrid vigor’, or exceptionally vigorous progeny from crosses 
between genetically distant parents. In addition to higher biomass, good hybrids also 
express early maturity and photoperiod insensitivity, which means they mature over 
roughly the same number of months regardless of the time of year they are planted. 
This valuable trait allows them to be planted over a wider range of planting dates as 
long as irrigation water is available, providing a steadier supply of feedstock to the 
ethanol processing facilities. 
 
Because of these strong advantages, sweet sorghum hybrids parents and hybrids are 
receiving high priority to help produce more feedstock per drop of water and unit of 
energy invested. Sorghum has an added advantage for hybrid breeding: a high ratio of 
seeds produced per seed planted. This makes hybrid seed production highly cost- and 
labor-efficient, which are especially important considerations for regions like Africa. 
 
The juice and sugar productivity from sweet stalks and grain productivity potential of 
some of the sweet sorghum hybrids developed at ICRISAT are provided in Table 8. 
Selected hybrids were on average superior by 55% in per-day ethanol productivity 
and 109% superior for grain yield productivity compared to the check variety SSV 84. 
These results indicate the feasibility of improving stalk sugar yield (and hence ethanol 
yield) through plant breeding. 
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Table 8. Performance of selected sweet sorghum hybrids, 2006 rainy season, 
ICRISAT research station, Patancheru, India. 

Hybrid 

Days to 
50% 

flowering 

Sugar %, 
Brix 

Juice 
yield    

(kl ha-1)

Sugar 
yield    

(t ha-1) 

Grain 
yield 

(t ha-1) 

Per-day 
ethanol 

productivity 
(l ha-1)$ 

ICSA 749 × SSV 74 85 18.00 27.15 9.15 3.28 18.48 
ICSA 502 × SPV 
422 88 20.32 19.88 8.12 6.15 14.11 
ICSA 511 × SSV 74 88 17.97 22.70 7.84 5.79 15.39 
ICSA 474 × SSV 74 82 16.33 25.42 7.57 7.19 17.13 
SSV 84 (control, 
variety) 94 15.65 16.84 4.98 2.67 10.50 
NSSH 104 (control, 
hybrid) 91 15.65 16.84 4.98 4.12 10.74 
$ = Ethanol productivity estimated at 40 liters per ton of millable cane yield. 

Reducing ligno-cellulose to increase bioethanol yields 
With the development of bio-catalysts such as genetically engineered enzymes, 
yeasts, and bacteria, it is becoming possible to produce ethanol from any plant or 
plant part (known as ligno-cellulose biomass). Currently only a few countries with 
high ethanol and fuel prices are producing ethanol from ligno-cellulose feedstocks 
(Badger 2002), but the process is expected to become more cost-efficient through 
further research and development. 
 
While much global interest is being placed on the potential of weedy grasses 
harvested from rangelands for this purpose, sorghum stover (stalks) can also be an 
excellent feedstock for cellulosic ethanol production. Sweet sorghum is highly 
productive in biomass per hectare, so a cellulosic ethanol technology could help the 
industry retain its competitive position, benefiting small-scale farmers. 
 
Cereal stover contains large quantities of lignin, hemi-cellulose, and cellulose. 
Unfortunately hemi-cellulose and cellulose are enclosed by lignin which makes them 
difficult to reach to convert into ethanol. But brown-midrib bmr mutant sorghum lines 
(originally described by Porter et al. 1978) are 51% lower in stem lignin, and 25% 
lower in leaves. Consequently, research at Purdue University indicated 50% higher 
yield of fermentable sugars from certain sorghum bmr mutants’ stover after enzymatic 
hydrolysis.  
 
Following this promising lead, ICRISAT is developing high-biomass brown midrib 
sorghum hybrid parents (Table 9). Some of these hybrid parents have high sugar 
content in the stalks (reflected by Brix reading).  
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Table 9. Characteristics of selected sorghum brown midrib lines. 

Line 
Midrib 
color1

Brix reading 
at maturity 
(%) 

Green 
fodder yield 
(t ha-1) 

Grain 
yield (t ha-

1) 
White grain B-lines 
ICSB 293 1.5 13.8 20.8 4.0 
ICSB 301 1.0 14.3 15.2 3.2 
ICSB 418 1.5 17.3 19.0 2.5 
ICSB 472 1.5 20.3 27.4 2.5 
ICSB 507 1.5 15.5 24.5 2.0 
ICSB 664 1.5 22.9 26.9 1.7 
ICSB 702 1.5 13.8 23.7 3.4 
ICSB 731 1.5 18.0 34.6 3.3 
ICSB 765 1.5 17.0 15.1 2.3 
Red grain varieties 
ICSV 96114  1.5 17.3 17.6 3.1 
GD 65025  1.5 22.0 34.4 0.6 

1. On 1 to 5 scale where 1= brown and 5 = white 
 
By altering lignin composition in sorghum stover through conventional and 
biotechnological breeding approaches, it may be possible to substantially elevate 
ethanol yields beyond the potential of current breeding pools (which in themselves 
have not yet reached their potential) as cellulosic ethanol technology goes 
mainstream. At the same time breeding must attend to essential adaptive 
characteristics such as disease and pest resistance, lodging resistance, climatic 
adaptation etc. This is a promising and crucial longer-term research opportunity. 

Biodiesel crop development 

Jatropha and Pongamia 
Surprisingly, there are few data on commercial yield levels per hectare for Jatropha 
and no breeding programs have been carried out. This appears to be a major 
unrealized opportunity for new research investment. 
 
Being highly cross-pollinated crops, each plant within these two species is genetically 
different. This creates great potential for selecting superior plants to initiate plant 
breeding for these undomesticated species. The domestication of another oilseed crop, 
Jojoba resulted in a 10-fold increase in seed yield that led to the establishment of 
profitable commercial plantations (Pasternak et al 1986). 
 
Large variation for oil percentage in the seed, from 25−40% (Table 10) has been 
observed in Jatropha (Wani et al. 2006), though these phenotypic observations need to 
be re-tested over location-years to determine whether they reflect genotypic or merely 
environmental variability. 
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Table 10.   Evaluation of seed samples of Jatropha for oil content, test weight and 
per cent germination. 

S. 
No. 

Collection 
No. 

Place of collection 100  seed 
weight (g) 

% oil 
content 

Germin-
ation (%) 

1 IJC-1 Rajgarh 63.8 28.0 10 
2 IJC-2 AP 68.2 38.4 90 
3 IJC-3 Tamil Nadu (cape viridi 

type) 
49.2 29.9 61 

4 IJC-4 Tamil Nadu (Erode local) 44.0 28.6 85 
5 IJC-5 Tamil Nadu (wild 

collection ) 
77.2 29.3 50 

6 IJC-6 Rajasthan 69.5 34.8 78 
7 IJC-7 Rajasthan  51.3 29.3 51 
8 IJC-8 JNKV 72.6 34.7 - 
9 IJC-9 CHRK-VSP 67.3 32.8 70 
10 IJC-10 MONDC 69.2 31.8 - 
11 IJC-11 CHRK-GBR 69.4 34.4 17 
12 IJC-12 TFRI 66.5 33.5 - 
13 IJC-13 Rajasthan 57.6 34.4 30 
14 IJC-14 -do- 53.2 27.8 23 
15 IJC-15 -do- 60.67 33.6 42 

Source: Wani et.al. 2006 
 
Reinhard Henning quotes data from G. Francis and K. Becker indicating 18-fold 
variation in four-year averages of seed yield between individual Jatropha plants. 
High-yielders were consistent over years, suggesting (but not conclusively 
demonstrating) a genetic rather than environmental cause behind this variation. 
(http://www.jatropha.de/plant/yield.htm ). Henning also indicates a typical village 
hedgerow yield of about 1 kg seed per meter of hedge per year in Mali, yielding about 
0.2 liters of oil per year using inefficient manual crushing techniques (more efficient 
methods can extract over 30% oil from the seed). This cannot be readily extrapolated 
to per-hectare yields. 
 
The National Biofuel Centre of the Petroleum Conservation Research Association, 
India indicates an expected yield of 1.5 t/ha Jatropha seed in wasteland plantations, 
which would translate into about 500 kg of oil after extraction, equivalent to about 
540 liters (http://www.pcra-biofuels.org/jatropha.htm ). The Centre of Excellence for 
Jatropha Biodiesel Promotion gives a much higher estimate of around 10 tons of seed 
yield per hectare or 3,400 liters of oil, in more intensively managed plantations 
(http://www.jatrophabiodiesel.org/economics.php?_divid=menu4 ). Both forecast 
strong returns on investment once plantations have reached full maturity, when their 
seed yield maximizes (five years).  
 
Since estimates of yield and yield potential show such huge variation, a priority for 
Jatropha research is to test these findings and achieve better definition of the potential, 
so that accurate economic feasibility studies can be carried out. It appears that 
potential exists for achieving large productivity gains in this still-to-be domesticated 
species. 
 

http://www.jatropha.de/plant/yield.htm
http://www.pcra-biofuels.org/jatropha.htm
http://www.jatrophabiodiesel.org/economics.php?_divid=menu4
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Improvements are also needed in propagation technologies, e.g. vegetative propagules 
and tissue culture, for rapid and efficient multiplication. Research to optimize field 
management practices for these novel crops is also needed. 
 
Oil seed cake a byproduct after extracting oil is a rich source of plant nutrients and its 
use as organic fertilizer need to be further researched, addressing the issues of 
possible toxins or conversely their possible value for various organic pesticide 
applications. Similarly, research should explore whether the seed cake might also be 
used for energy production e.g. as a feedstock in village-level biogas plants. 

Jatropha pre-breeding studies in West Africa 
Surprisingly given the global interest in Jatropha for biofuel, there appears never to 
have been a breeding program to enhance the crop for profitable biodiesel cultivation, 
an essential prerequisite for industrial application. ICRISAT has begun assessing the 
genetic diversity of the crop in an initial way, and further support for this direction 
would be likely to generate large returns on investment.  
 
At ICRISAT’s Niamey, Niger station, a Jatropha nursery was planted in 2006 (see 
photo) composed of Jatropha seeds collected from eighteen ‘provenances’ or differing 
ecological conditions  around the world including Mexico, Mali, Cape Verde, Guinea 
Bissau, and India. This will hopefully exhibit a wide range of genetic diversity and 
tell us whether a sufficiently-wide range of interesting traits e.g. oil yield, exist to 
justify a breeding program. We consider it likely that the outcome will be positive, 
based on findings with other oil crops in different parts of the world. 

 
 

A diverse collection of Jatropha provenances was planted at ICRISAT-
Niamey in 2006 to observe seed yield variation and other traits 
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Genetic variation in oil content, adaptation and other agronomically-important traits is 
being examined over years to determine whether higher-yielding types can be 
identified and multiplied. 
 
There are huge areas of marginal land in the savannah regions of Africa and South 
America that are currently unutilized with annual rainfall in the ideal range for 
Jatropha, 800-1600mm. 
 
In addition to Jatropha, ICRISAT has recently begun planting Pongamia at its Niamey 
station for detailed observation. 
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VI. The Way Forward 
Biofuel production models clearly require large economies of scale in order to be 
cost-effective and competitive with other fuel sources in the marketplace. Pro-poor 
models will only succeed if they are intentionally guided in that direction, as was the 
case with the White Revolution (dairy) in India and the CMDT cotton success story in 
West Africa. 
 
ICRISAT has been proactive in guiding its partnerships in the pro-poor direction. The 
private sector and state and national governments in India deserve much credit for 
committing to work in a pro-poor manner rather than the perhaps easier alternative of 
a large-scale industrial paradigm that would shut out the poor. These directions are 
succeeding and deserve further support to ensure that they can fully develop their 
potential. 
 
The experiences discussed here strongly suggest that research is an essential 
requirement for successfully launching pro-poor biofuels enterprises. Basic questions 
abound, when a new initiative such as biofuels is in the take-off stage. For example: 
 
Which crops are best suited? Can they be genetically improved to amplify 
productivity? How can small-scale farmers be engaged without excessive transaction 
costs? How will the poor get the land and the capital to grow these crops? What will 
motivate industry to commit for the longer term? How can the necessary investments 
be raised? What will be the near and long-term impacts be on poverty, land 
degradation, and food supplies? Will Africa need different kinds of support than 
Asia? What competing technologies or products might change the competitive 
landscape unexpectedly? 
 
The way forward, then appears to require strong partnerships between public and 
private entities, supportive government policies, significant start-up investment, and a 
strong research as well as development orientation to the joint program. Through such 
partnerships, pilot-scale deployments can be launched that are learning experiences 
for all involved. That learning helps improve the next wave of deployment, and the 
initiative gains momentum as it puts its learning into practice. 
 
Within the realm of research-for-development, ICRISAT believes that the following 
priorities could be especially rewarding if investments were significantly increased: 

1. Intensive efforts to extend the agri-business incubator model to sub-Saharan 
Africa, building partnerships with government agencies and the private sector 
to launch pro-poor biofuel initiatives, beginning with an exploration of 
potentials, economic viability and constraints; 

2. Socio-economic research to monitor pro-poor outcomes, learn from 
experiences, assess impacts both ex-ante and ex-post, share knowledge and to 
provide necessary advice to policymakers and research and investment 
managers; 

3. Studying wastelands, including land tenure and governance issues as well as 
productivity, sustainability, and environmental impact dimensions, to 



 36

understand their prevailing constraints and potentials for pro-poor biodiesel 
development; 

4. Breeding biodiesel crops, which are still essentially undomesticated species, 
likely to achieve very large gains in oil yield per hectare; 

5. Search for additional biofuel crops to diversify feedstock sources and reduce 
the risks of production shortfalls due to diseases, pests, or environmental 
stresses that can befall any particular crop; 

6. Breed hybrid sweet-sorghum varieties that can be sown across a wide range of 
dates to provide a steadier supply sof bioethanol feedstock to processors while 
delivering a quantum increase in productivity of sugar, grain and stalk; and 

7. Breed low-lignin sweet sorghum varieties that will be well suited for emerging 
cellulosic ethanol technology, which could dramatically increase ethanol 
yields and further increase the cost-efficiency and competitive position of 
sweet-sorghum bioethanol. 
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