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Introduction 

As global trade and industry continue to grow, the demands for fuel and energy sources increase 

as well.  Currently, most energy comes from coal, oil or other finite non-renewable sources 

(Koh, 2007).  The global consumption of petroleum based fuels has displayed an average 

increase of 16.1 million tons yearly since the year 1990.  If resource use continues to increase at 

this rate, the demand will have reached 1,383,000 tons per year by the year 2050 (Koh, 2007).  

This would mean that the call for crude oil and other limited resources would be long outlasting 

the available supply.  As this breaking point approaches, scientists search for a viable alternative 

source for this needed energy.  

 

The idea to produce fuels from plant-based and other biological materials is not a new one.  

Controversy surrounding oil embargos in the 1970’s encouraged each nation to seek its own 

energy independence.  This race for independence launched the search for the best plant-based 

fuel (Keeney, 2008).  While producing energy from plants seems to be a very earth-friendly 

option and does reduce our need for petroleum-based fuels (Danielsen, 2008), there are some 

extreme environmental impacts being brought about through the cultivation and production of 

feedstock crops and biofuels.  The largest concern is the effect that cultivating mass homogenous 

crops will have not only on area biodiversity, but on overall environmental health, as well. 

 

Species diversity is vital to maintaining environmental balance.  Greater diversity in plant 

species leads to further productivity, increased oxygen output and higher soil quality (Dale, 
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2010).  Diverse plant communities also provide necessary resources and habitat options for other 

surrounding wildlife.  Even in agricultural areas, diversity in plant life is needed to entice 

necessary pollinators, to deter unwanted pest species and to hold nutrients in the soil necessary 

for successful plant growth (Groom, 2008).  If these diversified agricultural lands are altered to 

produce mass amounts of one crop (as is done in the case of biofuel feedstock production), 

biodiversity will be upset and other related consequences could be catastrophic (Danielsen, 

2008).  This paper addresses biofuel feedstock options currently being used, some of the biofuel 

industry’s environmental effects, potential feedstock options for the future and suggested policies 

to help mitigate feedstock production. 

 

Biofuel Feedstock Options 

Biofuels are made by extracting starches, sugars, oils and fats from organic material.  These 

extracts are synthesized at production facilities and turned into liquid fuels.  Many different 

species of plant can be used to produce two main types of biofuels, ethanol and biodiesel.  

Ethanol is generally made from either starch-based plants (including corn, grain and wheat) or 

sugar-based plants (such as sugarcane, sweet sorghum and fruits) (Keeney, 2008).  Biodiesel, on 

the other hand, can be made from oil seeds (such as soy and oil palm), animal fats and vegetative 

waste.  Biofuel has a larger variety of feedstock options, but typically costs more to develop 

(Keeney, 2008).  

 

The main idea behind biofuels that makes them so attractive is the ability to easily renew the 

original energy source.  Instead of depleting limited resources, the production of biofuels 

depends instead on the continued growth of relatively common plants (Groom, 2008).  The 
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Midwest region of the United States is lush with cornfields, making corn-based ethanol the 

biofuel of choice for that nation.  In Brazil sugarcane grows easily, providing the perfect 

feedstock for sugar-based ethanol.  Biodiesel made from the readily grown oil palm is the top 

biofuel in Malaysia.  Each country capitalizes on crops that are already a part of its agricultural 

system.  This paper focuses on the three most common feedstock options (corn, sugar cane and 

oil palm) and the leading nations that produce them (United States of America, Brazil and 

Malaysia). 

 

Corn 

Corn is so readily available in the Midwest region of the United States that it was the natural 

candidate when biofuel research began in this nation.  More than 90% of biofuel production in 

the U.S. comes from corn (Groom, 2008).  U.S. ethanol production has quadrupled since 2001 

and continues to grow.  The United States Congress encourages the continued research and 

development of alternative fuels such as ethanol.  A renewable energy standard was set in 2007 

that required annual production of renewable fuels to reach 36 billion gallons by the year 2022 

(Keeney, 2008).  To aid in reaching this goal, the U.S. government has encouraged the 

experimentation with corn as fuel by offering subsidies to corn farmers to increase their yields, 

therefore providing more product for fuel production.   

 

While the production of corn-based ethanol lessens the U.S. need for petroleum and crude oil, 

there are environmentally detrimental side effects occurring.  As the demand for corn grows, so 

do the yields that farmers must produce.  Cleared agricultural fields slowly began to creep into 

the surrounding natural areas, grass prairies, old growth forests and wetlands (Keeney, 2008).  
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Most of this crop production gets too large for small farms, forcing industrial take over, creating 

miles of homogenous cornfields. 

 

The decrease in plant diversity brought about through crop industrialization, brings about a 

decrease in plant productivity and in the surrounding diversity of wildlife.  Corn is not a high 

carbon holding plant.  When fields are not rotated between seasons, there is no balance between 

the nutrients added and taken from the soil.  In the case of corn, this results in significant carbon 

loss.  Corn also needs additional nitrogen rich fertilizer to maximize its growth which, following 

rainfalls, ends up in the Mississippi River and the Gulf of Mexico.  There is a large hypoxic zone 

(dead zone) in the Gulf that is largely due to the nitrogen runoff from cornfields (Dale, 2010; 

Groom, 2008). 

 

Sugarcane 

Sugarcane is the main biofuel feedstock crop cultivated in Brazil.  Sugar cane grows easily in the 

warm dry climate found outside the Amazon, making sugar-based ethanol the leading biofuel 

produced in the country.  Brazil is one of the top biofuel producers in the European Union and 

the sugar-alcohol industry is one of the main suppliers of jobs for the people of Brazil (daCosta, 

2010).  Despite the fact that Brazil is one of the leaders in fuel production, they are among the 

least when it comes to fuel usage, with the ratio of production to usage being 8:3.  Nations such 

as the U.S. have a production to usage ratio of 1:3 (daCosta, 2010).  This large output and low 

use allows Brazil an entrance into the international trade market, accounting for much of the 

nation’s financial income. 
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Despite the economical benefits brought about by the sugar ethanol industry in Brazil, there are 

complications and concerns with environmental health and biodiversity.  While the burning and 

production of ethanol is cleaner than that of petroleum, it is the practices in cultivation that are 

the biggest cause for alarm.  As the demand for sugarcane as a biofuel feedstock increases, then 

so must the yield of the crop.  Not only are the original sugarcane plantations expanding to allow 

for increased production, but growers of other vegetation are being forced to either switch their 

crop to sugarcane or are forced out to make room for more of this biofuel feedstock.  

 

While sugarcane does not grow well in the moist rainforest environment, other crops such as 

soybeans can grow successfully.  As sugarcane expands, it pushes soybean plantations out and 

forces those cultivators to clear forestland to make room for agricultural soybean fields.  Aside 

from the obvious detriments caused to species habitats when forestland is cleared, deforestation 

is thought to be one of the biggest carbon emitting forms of pollution and a key contributor to 

climate change (Danielsen, 2009). 

 

Oil palm 

Oil palm is the world’s most traded oilseed crop and is the biggest agricultural export of 

Southeast Asia.  Eighty-five percent (85%) of the world’s oil palm production comes from 

Indonesia and Malaysia combined (Danielsen, 2009).   It grows easily in these areas and can 

even succeed in nutrient deficient soils. Oil palm is used to produce a variety of products, but it 

also serves as the leading feedstock for biodiesel, one of the most promising alternative fuel 

sources (Koh, 2007). 
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There is a current global push toward more renewable energy sources and many nations are 

setting government induced energy conservation goals.  The U.S. is one of these nations, 

requiring federal agencies to switch to alternative-fueled vehicles or to use partial biodiesel fuels.  

It is estimated that if there were a global substitution of 20% biodiesel, that 276.7 million tons of 

biodiesel would be needed annually by the year 2050, requiring a 100-fold increase in current 

production (Koh, 2007). 

 

Oil palm is similar to the previously discussed feedstock situations in that it is a cleaner 

alternative to petroleum based fuels and does provide jobs and economical stimulus for the 

producing countries.  However, there are environmental ramifications.  Southeast Asia, along 

with holding the most oil palm plantations, also houses some of the largest stretches of remaining 

rainforest in the world (Koh, 2008).  These rainforests are home to many of the world’s 

endangered species, including the Bornean orangutan and contain limited vital peatland habitats.  

Large expanses of rainforest are regularly cleared to make room for more oil palm plantations.  It 

has been estimated that at least 56% of recent oil palm expansion projects have included 

deforestation of rainforest land (Koh 2008).  Deforestation and habitat fragmentation are some of 

the leading causes of species endangerment in Southeast Asia.  It is estimated that 50% of 

Indonesia’s forests are fragmented (Keeney, 2008) and these displaced animals are left to 

compete for limited space and resources.    

 

Available Alternatives 

Despite the situations of habitat destruction and degradation, the vision and the science behind 

the use of biofuels is a viable one.  Biofuels do come from renewable resources and hold the 
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possibility to greatly lessen environmental strain.  Potential solutions to the aforementioned 

issues could be found in alternative feedstock options.  Research is currently being done to 

explore the efficiency of other plant-based materials as fuels. Not enough research has been done 

yet to make any alternative quite as powerful of an option as those currently being used, but 

breakthroughs are on the horizon. 

 

Cellulosic grasses.  Research is currently being done on the use of cellulosic materials found in 

switchgrass for biofuel production as opposed to starches and sugars.  These grasses require less 

energy in cultivation as they are perennial and need minimal input after initial plantings.  This, in 

turn, increases the total output of the plant, as less-human energy is needed to maintain it.  The 

use of grasses would also enable some of the prairie habitats, otherwise destroyed for feedstock 

production, to remain.  Some experts feel that the factory processing cost in non-renewable 

energy to produce this fuel could outweigh the benefits (Pimentel, 2005) while others are 

optimistic that when managed properly, switchgrass could produce 500% more energy than what 

it needs in production (Schmer, 2008). 

 

Sweet sorghum.  This feedstock option is being explored in China as a future supplier of large 

amounts of energy.  One of the unique benefits that this crop offers is that a single plant can 

serve as both food and as biofuel feedstock.  The way that the plant grows enables the top 

portion to be harvested for eating while using the stalk for biofuel production (Guo, 2009).  

Current studies reveal that when using a proper ethanol production system, sweet sorghum can 

produce up to eight units of energy for every one that it takes to process it (Civil Engineering, 

2008). 
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Algae.  One of the more unconventional avenues that scientists are exploring is into the use of 

algae as a biofuel.  Unlike the other feedstock options, algae leave a relatively small ecological 

footprint (Taylor, 2010).  They can be grown in an open pond, in a lab or even in wastewater.  

Scientists at the Australian National Algae Culture Collection and researchers from the U.S. 

Department of Energy are working together to identify which strains of algae would be best for 

biofuel production (Taylor, 2010).  Other studies are looking into the benefits of growing 

feedstock algae in wastewater.  This practice is proving not only to eliminate some of the cost in 

traditional algae cultivation, but is also showing the algae to use nutrients from the wastewater to 

produce lipids, making it even more conducive to biofuel production (Woertz, 2009). 

 

Conclusion  

Alternative sources are needed as the demand for fuel is outgrowing the current resources used to 

provide it.  Clean burning fuels are also needed as issues of climate change and air pollution 

emerge as critical environmental influences.  Research into the production of these alternatives 

and the feedstock crops needed to produce them is supported and continued in many nations 

around the globe by conservationists and industrialists alike.   

 

As limitless or as clean as some of these alternative fuels may seem to be, there are definite 

environmental impacts from the cultivation and production of the feedstocks needed to produce 

them.  Homogenization of crops, clearing forested land for agriculture, contributing to excessive 

runoff and using large amounts of fossil fuel during crop cultivation and production are all large 

issues associated with the field of biofuels. 
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Research continues to be done to discover a balance between fuel production, agricultural 

practices and conservation.  When crops are planted with landscape techniques in mind, 

alternating crop areas with wildflowers and tree species, the biodiversity of an area may be better 

maintained.  Increased biodiversity and species richness enables natural pest control and better-

fertilized soils.  Varying plant species can also aid in decreasing run-off as different root 

structures can help to hold soil in place.  A varied and diverse farm crop could be the most 

effective way to cultivate current feedstock crops.  Healthier farming systems, combined with 

stricter regulations on agricultural sprawl and continued research into additional plant-based fuel 

sources could help to keep alternative fuel production a truly viable option for a sustainable 

future. 
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