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ABSTRACT 

This project investigates the economic and environmental impacts of biofuel production 

on US farmers and the food market. With the rising importance of renewable energy, biofuels 

derived from corn and soybeans have gained prominence due to policies like the Renewable Fuel 

Standard (RFS). This study aims to (1) assess the economic effects on US farmers, including 

changes in income, crop prices, and land use, (2) evaluate the environmental impacts, focusing 

on greenhouse gas emissions, soil health, and water use, (3) identify the implications for the US 

food market, including food prices and availability, and (4) explore the policy implications for 

supporting sustainable biofuel production while ensuring food security. 

A comprehensive literature review was conducted, analyzing academic articles, policy 

reports, and empirical studies. The findings reveal that biofuel production has led to higher crop 

prices and increased farm revenues, particularly benefiting corn and soybean producers. 

However, these economic benefits are unevenly distributed, with smaller farms facing challenges. 

Environmentally, while biofuels can reduce greenhouse gas emissions, the associated land-use 

changes can negate these benefits. Sustainable agricultural practices are essential to mitigate 

negative environmental impacts. The food market analysis indicates that biofuel production has 

contributed to higher food prices, raising concerns about food security. 

The study recommends policies supporting diverse farms, promoting sustainable 

practices, and balancing biofuel production with food security needs. Additionally, fostering 

industry-university partnerships and utilizing cooperative extension programs can enhance 

information dissemination and support sustainable biofuel production practices. This research 

underscores the need for a balanced approach to biofuel production that considers both economic 

and environmental sustainability. 
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1. Introduction 

 

1.1 Background and Setting 

The shift towards sustainable and renewable energy sources has gained significant 

momentum over the past few decades. Biofuels have emerged as promising alternatives to fossil 

fuels, offering potential benefits for energy security, environmental sustainability, and economic 

growth. In the United States, biofuel production, primarily from corn and soybeans, has 

increased substantially, driven by policies such as the Renewable Fuel Standard (RFS) (Solomon, 

Barnes, & Halvorsen, 2007). The Renewable Fuel Standard (RFS) was first implemented as part 

of the Energy Policy Act of 2005 and expanded under the Energy Independence and Security Act 

of 2007. It has been a significant policy driver for biofuel production in the United States. This 

surge in biofuel production has significant implications for US farmers and the food market. As 

shown in Figure 1, the US production and consumption of ethanol in the US have seen notable 

growth, reflecting the impact of the RFS policy. Similarly, Figure 2 and Figure 3 highlights the 

significant increase in the US production and consumption of biodiesel and renewable diesel, 

further emphasizing the scale of biofuel production expansion (US Department of Energy). 

Understanding these impacts is crucial for developing policies that balance energy needs with 

food security and environmental sustainability (Tyner, 2013). 
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Figure 1. US Production and Consumption of Ethanol (US Department of Energy) 
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Figure 2. US Production and Consumption of Biodiesel (US Department of Energy) 
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Figure 3. US Production and Consumption of Renewable diesel (US Department of Energy) 

 

1.2 Statement of the Problem 

The rapid expansion of biofuel production poses a complex challenge. While biofuels 

offer a renewable energy source that can reduce greenhouse gas emissions, their production 

competes with food crops for land, water, and other resources (Searchinger et al., 2008). This 

competition can lead to higher food prices and altered agricultural practices. Additionally, the 

environmental benefits of biofuels are debated, with concerns about the life-cycle emissions and 

land-use changes associated with their production (Hill et al., 2006). This project seeks to 

explore and clarify the economic and environmental impacts of biofuel production on US 
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farmers and the food market, aiming to provide a comprehensive understanding of these 

dynamics. 

 

1.3 Significance of the Problem 

Understanding the economic and environmental impacts of biofuel production is vital for 

multiple stakeholders. Policymakers can use this knowledge to create balanced regulations that 

support renewable energy, while protecting food security and the environment (Farrell et al., 

2006). Farmers can benefit from insights into how biofuel crop production affects their economic 

well-being and environmental footprint.  

 

1.4 Purpose of the Project 

The purpose of this project is to analyze the economic and environmental impacts of 

biofuel production on US farmers and the food market. Specifically, the project aims to (1) 

assess the economic effects on US farmers, including changes in income, crop prices, and land 

use, (2) evaluate the environmental impacts, focusing on greenhouse gas emissions, soil health, 

and water use, (3) identify the implications for the US food market, including food prices and 

availability, and (4) explore the policy implications for supporting sustainable biofuel production 

while ensuring food security. 

 

1.5 Project Objectives 

To achieve the purpose of this project, the following objectives have been set: 

1. Conduct a Comprehensive Literature Review: Perform an exhaustive review of existing 

academic and policy literature on the economic and environmental impacts of biofuels, 



9 

 

focusing on studies that analyze the effects on US farmers, sustainability of biofuel 

production practices, and implications for the food market. 

2. Synthesize Existing Economic Data: Analyze and synthesize economic data from existing 

literature to determine the effects of biofuel production on US farmers, including changes in 

income, crop prices, and land use. 

3. Evaluate Environmental Sustainability: Assess and compile findings from environmental 

studies to evaluate the sustainability of biofuel production practices, including impacts on 

greenhouse gas emissions, soil health, and water use. 

4. Examine Food Market Dynamics: Review and interpret existing research on the impact of 

biofuel production on food prices and market dynamics, considering both domestic and 

global perspectives. 

5. Provide Evidence-Based Recommendations: Based on the synthesis of the reviewed 

literature, provide well-founded recommendations for policymakers and stakeholders to 

address economic disparities, environmental sustainability, and food security issues related 

to biofuel production. 

 

1.6 Definition of Keywords/Terms 

1. Biofuel: A type of energy, such as ethanol and biodiesel, derived from renewable plant and 

animal materials. 

2. Renewable Fuel Standard (RFS): A US policy, first implemented in 2005 and expanded in 

2007, that mandates the inclusion of renewable fuels in transportation fuel to reduce 

greenhouse gas emissions and reliance on imported oil. 
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3. Greenhouse Gas Emissions: Gases that trap heat in the atmosphere, contributing to global 

warming and climate change. 

4. Land-Use Change: The alteration of land use patterns, often from natural habitats to 

agricultural or urban areas, which can impact biodiversity and ecosystem services. 

5. Food Security: The condition in which all people, at all times, have physical, social, and 

economic access to sufficient, safe, and nutritious food that meets their dietary needs and 

food preferences for an active and healthy life. 
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2. Project Methodology and Design 

 

This project adopts a qualitative research design centered around a comprehensive 

literature review. This approach allows for an in-depth exploration of the complex and 

multifaceted impacts of biofuel production on US farmers and the food market. By synthesizing 

existing research, the project aims to provide a nuanced understanding of the economic and 

environmental consequences of biofuel production. 

 

2.1 Methodology 

1. Identification of Sources: Relevant academic articles, reports, and policy documents 

were identified using databases. Keywords used in the search included “biofuel impact on 

farmers”, “environmental impact of biofuel”, “biofuel food market”, and “food versus 

fuel” 

2. Selection Criteria: Sources were selected based on their relevance, credibility, and the 

extent to which they addressed the economic and environmental impacts of biofuels. 

Preference was given to recent studies and those published in peer-reviewed journals. 

3. Data Extraction: Key information from each source was extracted, including findings 

related to economic impacts on farmers, environmental consequences, and implications 

for the food market. The data extraction process involved detailed note-taking and the use 

of summary tables to organize the information. 

4. Data Synthesis: The extracted data were synthesized to identify common themes, 

patterns, and discrepancies in the literature. This synthesis was structured around the 

main areas of interest: economic impacts on farmers, environmental consequences, and 

implications for the food market. 
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5. Critical Analysis: The synthesized information was critically analyzed to assess the 

robustness of the findings. This step helps ensure that conclusions drawn are well-

supported and highlight areas where further research is needed. 

 

2.2 Data collection 

The data collection process was entirely based on secondary sources. No primary data 

collection was conducted, which is a limitation of this study. However, the use of a broad range 

of reputable sources helps to mitigate this limitation by providing a comprehensive overview of 

the topic. 
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3.  Review of Literature 

 

The literature review explores the multifaceted impacts of biofuel production on US 

farmers and the food market. It examines the economic consequences for farmers, the 

environmental sustainability of biofuel production, its influence on food prices and market 

dynamics, and the policy implications necessary to balance these factors. This comprehensive 

review synthesizes existing research to provide a detailed understanding of how biofuel policies 

and practices affect agriculture and the broader market. 

 

3.1 Economic Impacts on US Farmers 

Biofuel policies such as the Renewable Fuel Standard (RFS) have significantly 

influenced the economics of agriculture in the United States. The RFS, established under the 

Energy Policy Act of 2005 and expanded by the Energy Independence and Security Act of 2007, 

mandates that transportation fuel sold in the US contains a minimum volume of renewable fuels. 

The RFS has progressively increased its requirements over time, aiming to reduce greenhouse 

gas emissions and reliance on imported oil, and to promote the growth of the renewable fuels 

sector. The standard specifies annual renewable volume obligations (RVOs) that refiners and 

importers must meet, which include targets for both conventional biofuels (like corn-based 

ethanol) and advanced biofuels (such as cellulosic biofuels and biodiesel) (US Environmental 

Protection Agency, 2023). 

Increased demand for biofuel crops, particularly corn and soybeans, has led to higher 

market prices for these crops, benefiting farmers of those commodities with increased revenues 

and economic stability (Tyner, 2013), while increasing input costs for livestock producers. 
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Solomon, Barnes, and Halvorsen (2007) argue that diversification of income sources through 

both food and biofuel crop production has helped mitigate risks for some farmers, but smaller 

and less commercially-oriented farms often struggle to compete. This economic stability, 

however, comes with the risk of price volatility in global markets, influenced by fluctuations in 

energy prices and policy changes (Hill et al., 2006). Figure 4 shows the US corn supply and the 

share of total corn used for biofuel production, illustrating the significant allocation of corn to 

biofuel markets, which affects overall supply and prices (US Department of Agriculture). 

 

Figure 4. US Corn supply and share of total corn used (US Department of Agriculture) 
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The economic benefits are not uniformly distributed. Large-scale producers often benefit 

more due to economies of scale, enabling them to produce biofuel crops more efficiently and at 

lower costs per unit. Smaller farms and those in regions less suited to biofuel crop production 

may not experience the same financial gains due to limited economies of scale and higher per-

unit costs of production (Searchinger et al., 2008). These farms may also lack the capital and 

technology to efficiently switch to biofuel crop production. The shift towards biofuel crops can 

lead to reduced planting of food crops, potentially affecting food supply and prices (Jones et al., 

2017). Additionally, monoculture farming, which is often adopted to maximize biofuel crop 

yields, can reduce biodiversity and increase vulnerability to pests and diseases, impacting the 

sustainability and resilience of rural farming communities (Tilman et al., 2002). 

Moreover, the economic analysis by Abdulkareem-Alsultan et al. (2020) highlights the 

challenges associated with lignocellulosic biofuels. Although these biofuels can reduce high 

energy costs, the production process is still costly and technologically complex. Efficient and 

cost-effective techniques to separate the multipolymeric crude material are needed to make these 

biofuels economically viable. Additionally, the economic viability of biofuels is closely linked to 

government subsidies and support programs, which can significantly influence the financial 

outcomes for farmers (Abdulkareem-Alsultan et al., 2020). 

 

3.2 Environmental Sustainability of Biofuel Production in the US 

Biofuels are often promoted for their potential to reduce greenhouse gas emissions 

compared to fossil fuels. For example, Farrell et al. (2006) found that ethanol derived from corn 

can significantly lower carbon dioxide emissions when used as a fuel. However, the overall 

environmental benefits of biofuels depend heavily on the production methods and lifecycle 
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emissions associated with their production. A major concern is the land-use change required for 

biofuel crop production. When forests or grasslands are converted into biofuel crop fields, 

significant amounts of carbon dioxide can be released, potentially offsetting the emission 

benefits of biofuels (Searchinger et al., 2008). 

Jones et al. (2017) examined the greenhouse gas intensity and biofuel production capacity 

of maize stover harvest in the US Midwest. Maize stover consists of the stalks, leaves, and cobs 

left in a field after the corn harvest, which can be used as a valuable feedstock for biofuel 

production. Their study found that while maize stover can be a viable feedstock for biofuel 

production, the environmental impacts, including greenhouse gas emissions and effects on soil 

health, must be carefully managed. This highlights the importance of considering regional 

agricultural practices and the specific characteristics of different feedstocks when evaluating the 

environmental sustainability of biofuels. 

Soil health and water use are critical factors in determining the sustainability of biofuel 

production. Intensive biofuel crop production can lead to soil degradation and increased water 

use. For instance, continuous corn cropping has been shown to reduce soil organic matter and 

increase erosion (Dale et al., 2010). Moreover, crops like corn require significant water inputs, 

which can strain local water resources, especially in drought-prone areas (King et al., 2012). 

Technological advancements also play a role in the environmental sustainability of 

biofuels. Zhang et al. (2020) discuss how genetic modifications aimed at optimizing biofuel 

production processes can impact both sustainability and economic viability. Genetic engineering 

of crops to reduce biomass recalcitrance and enhance fermentable sugar yields is crucial for 

improving biofuel production efficiency. For instance, modifications in lignin biosynthesis 
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pathways can significantly reduce the resistance of plant biomass to enzymatic breakdown, 

thereby enhancing biofuel yields. 

However, the potential environmental benefits of advanced biofuels, such as 

lignocellulosic biofuels, must be balanced with the technological and economic challenges they 

present. Abdulkareem-Alsultan et al. (2020) highlight the need for efficient and cost-effective 

techniques to separate the multipolymeric crude material and optimize the biofuel production 

process. The study emphasizes that while lignocellulosic biofuels offer environmental 

advantages, their production must be managed carefully to ensure that these benefits are fully 

realized without introducing new environmental or economic challenges. 

 

3.3 Impact on Food Prices and Market Dynamics in the US 

The increased cultivation of biofuel crops has significant implications for the food market, 

particularly through the ongoing "food versus fuel" debate. As more land and resources are 

allocated to biofuel crops, the prices of these crops—and subsequently, the prices of food 

products that use them as inputs—can rise (Tyner, 2013). This effect is often more pronounced 

during periods of high energy prices or when crop yields are poor (Hill et al., 2006). The extent 

of biofuel production's impact on food prices, however, remains a subject of debate. Empirical 

studies present mixed results, with some research suggesting modest price increases, while others 

report more significant effects, especially in global markets where food security concerns are 

more acute (Searchinger et al., 2008). 

Technological advancements in genetic modification aimed at optimizing biofuel 

production processes also play a role in this dynamic. Zhang et al. (2020) discuss how these 

advancements can impact the overall sustainability and economic viability of biofuels. Genetic 
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engineering of crops to reduce biomass recalcitrance and enhance fermentable sugar yields is 

crucial for improving the efficiency of biofuel production. For instance, modifications in lignin 

biosynthesis pathways can significantly reduce the resistance of plant biomass to enzymatic 

breakdown, thereby enhancing biofuel yields. However, these advancements must be carefully 

managed to avoid exacerbating food security issues, particularly in vulnerable regions. If land 

that could be used for food production is instead dedicated to biofuel crops, it could lead to 

higher food prices and reduced food availability in regions already facing food insecurity. 

Additionally, the focus on high-yield biofuel crops can lead to a reduction in crop diversity, 

which is critical for food security and agricultural resilience (Zhang et al., 2020; Tilman et al., 

2009). 

The research by Abdulkareem-Alsultan et al. (2020) emphasizes the importance of 

developing sustainable biofuel production methods that do not compete with food crops for land 

and resources. This study highlights the potential of algae biofuels and other non-food biomass 

as alternative feedstocks that can alleviate the pressure on food markets. By utilizing non-food 

sources for biofuel production, the competition between fuel and food can be reduced, thereby 

mitigating the impact on food prices. 

The effect of biofuel policies on food commodity prices has been a contentious issue. 

Roberts and Schlenker (2013) indicate that biofuel mandates can lead to significant increases in 

food prices. This price increase is primarily due to the diversion of crops like corn from food 

production to biofuel production, which reduces the overall supply of food commodities and 

drives up prices. As a result, there is a growing need for policies that balance the demand for 

renewable energy with the necessity of maintaining stable and affordable food supplies. 
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3.4 Policy Implications for the US 

There is a clear need for balanced regulations that support the growth of renewable 

energy while simultaneously protecting food security and the environment (Farrell et al., 2006). 

These policies should be designed to ensure that the economic benefits of biofuel production are 

equitably distributed, particularly to smaller and disadvantaged farms. Such farms often lack the 

resources and economies of scale enjoyed by larger operations, making them more vulnerable to 

market fluctuations and policy changes. By providing targeted support, including subsidies, 

technical assistance, and improved access to markets, these farms can be better integrated into 

the biofuel economy. 

Implementing guidelines and incentives for sustainable biofuel crop production is crucial 

for mitigating the negative environmental impacts associated with biofuels. Sustainable practices, 

such as crop rotation, conservation tillage, and reduced chemical use, should be encouraged to 

preserve soil health and biodiversity. Additionally, creating policies that balance biofuel 

production with food security needs is essential. This could involve regulated land use and 

resource allocation to ensure that sufficient land remains available for food crops, thereby 

preventing adverse effects on food availability and prices (Hill et al., 2006; Thompson, 2012). 

Analyzing the effectiveness of existing policies and exploring the implications of proposed 

changes will provide valuable insights into how future regulatory trends can be shaped to meet 

these dual objectives. 

Technological and genetic advancements in biofuel production, as emphasized by Zhang 

et al. (2020), play a significant role in shaping policy decisions. The development of efficient and 

sustainable biofuel production methods can help meet renewable energy targets while 

minimizing negative impacts on food security and the environment. For example, advancements 
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that increase biofuel yields without requiring additional land can help mitigate the food versus 

fuel debate by reducing the competition for agricultural resources. 

The role of government support and incentives is also critical in promoting the adoption 

of advanced biofuel technologies. Abdulkareem-Alsultan et al. (2020) highlights the importance 

of policies that encourage the development and commercialization of sustainable biofuel 

production methods. These policies could include tax incentives, grants, and research funding to 

support innovation in the biofuel sector. 

Ethical considerations are another crucial aspect of biofuel policy. Thompson (2012) 

discusses the ethical implications of the food versus fuel debate, emphasizing the need for 

policies that do not disproportionately impact food prices and food security. Policies should be 

guided by ethical frameworks that ensure the benefits of biofuel production do not come at the 

expense of vulnerable populations, particularly in regions where food insecurity is already a 

significant concern. 
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4. Summary of Outcomes, Discussions, and Recommendations 

 

The literature review reveals several key outcomes regarding the economic and environmental 

impacts of biofuel production on US farmers and the food market. 

 

4.1 Project Outcomes and Results 

Economic Benefits for Farmers: Biofuel crop production, particularly driven by the 

Renewable Fuel Standard (RFS) program, has led to higher crop prices and increased farm 

revenues, especially for corn and soybean producers (Tyner, 2013). The RFS, implemented as 

part of the Energy Policy Act of 2005, has significantly influenced the correlation between oil 

prices and crop prices. 

Before the implementation of the RFS, from 1990 to 2005, the correlation between WTI 

(West Texas Intermediate) oil prices and soybean prices was relatively weak at 0.094, and for 

corn, the correlation was negative at -0.161. This indicates that prior to 2005, fluctuations in oil 

prices had little to no effect on the prices of these crops. However, post-RFS, from 2005 to 2023, 

the correlation increased dramatically, with soybean prices showing a correlation of 0.685 and 

corn prices showing an even stronger correlation of 0.721 with WTI oil prices. 

This significant shift suggests that the introduction of the RFS has tightly linked the 

economics of corn and soybean farming to global oil markets. As Figure 5 illustrates, there is a 

notable volatility in corn and soybean prices from 1990 to 2023, with the strongest correlations 

occurring post-2005. The increased use of these crops in biofuel production, which becomes 

more attractive as oil prices rise, has made the prices of corn and soybeans more sensitive to oil 

price fluctuations. 
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This correlation implies that biofuel crop producers benefit economically when oil prices 

are high, providing a buffer against low food crop prices and helping stabilize farmers' incomes. 

However, this increased volatility tied to oil prices also introduces financial instability, requiring 

farmers to manage risk through strategies such as hedging or crop diversification. 

 

Figure 5. US Soybean, Corn and WTI prices (Federal Reserve Bank of St. Louis, US Department 

of Energy) 

 

Figure 6 illustrates the volatility of net income for corn and soybean farmers over the 

period from 2002 to 2023. Despite the upward trend in crop prices since 2002, which has been 

marked by significant volatility, net income has not seen a significant increase. This suggests that 

while biofuel production has boosted demand and prices for corn and soybeans, it has not 

substantially increased net profitability for farmers, likely due to rising production costs and 

market volatility. 
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Figure 6. US Farm business average net cash income by commodity type (US Department of 

Agriculture) 

  

Figure 7 shows the distribution of revenue and farmers by farm size. The data indicate 

that annual gross cash farm income before expenses (GCFI) includes income from commodity 

cash receipts, farm-related income, and Federal Government payments. Family farms, where the 

majority of the business is owned by the operator and related individuals, accounted for 97% of 

US farms in 2022. However, small family farms (less than $350,000 in GCFI) accounted for 

88% of all US farms and 23% of the value of production, while large-scale family farms ($1 

million or more in GCFI) accounted for about 3% of farms but nearly 52% of the value of 
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production. This highlights the disparity in economic benefits, with larger farms capturing a 

significant portion of the revenue generated from biofuel crop production. 

It is important to note that the USDA defines a farm as any place that produced and 

sold—or normally would have produced and sold—at least $1,000 of agricultural products 

during a given year. Under this definition, many operations that might not typically be thought of 

as commercial farms, including those producing niche products, are counted in the overall farm 

statistics. This means that the 88% of farms classified as "small" includes not only small-scale 

corn and soybean producers but also a substantial number of very small farms focused on niche 

markets, which might not benefit significantly from biofuel production. 

 

*GCFI: Annual gross cash farm income before expense 

Figure 7. US farms and their value of production by farm type (US Department of Agriculture) 
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Environmental Benefits and Challenges: While biofuels can reduce greenhouse gas 

emissions compared to fossil fuels, their production must be managed sustainably. The 

conversion of land for biofuel crop production can release significant carbon dioxide, potentially 

offsetting the environmental benefits (Searchinger et al., 2008). Sustainable practices, such as 

those highlighted by Jones et al. (2017) in their study on maize stover, are crucial for minimizing 

negative environmental impacts. 

Figure 8 presents the greenhouse gas (GHG) emissions of various fuels by feedstock and 

types of energy used in processing. This data emphasize that biofuels generally reduce GHG 

emissions compared to gasoline. However, the overall environmental impact depends on several 

factors: 

 

*Calculating the percentage of GHG reduction impact against gasoline 

Figure 8. GHG emission of fuels by feedstock and types of energy used in processing (US 

Department of Energy) 
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• Land Use Changes: The environmental benefits of biofuels can be significantly 

undermined by land use changes associated with their production. When forests, grasslands, 

or peatlands are converted into agricultural land for biofuel crops, large amounts of stored 

carbon are released into the atmosphere. This process, known as direct land use change 

(dLUC), can result in a carbon debt that may take decades to repay through the GHG 

savings from biofuel use (Fargione et al., 2008). Additionally, indirect land use change 

(iLUC) occurs when existing agricultural land is diverted to biofuel production, causing new 

land to be cleared for food production elsewhere, further exacerbating carbon emissions 

(Searchinger et al., 2008). 

• Crop Rotation: Rotating crops can improve soil health, enhance biodiversity, and reduce 

the need for chemical fertilizers and pesticides. For example, alternating between nitrogen-

fixing crops (like legumes) and biofuel crops can naturally replenish soil nutrients (Liebman 

et al., 1993). 

• Conservation Tillage: Practices such as no-till or reduced-till farming minimize soil 

disturbance, which helps maintain soil structure, reduce erosion, and increase carbon 

sequestration in soils (Lal, 2004). Conservation tillage can also enhance water retention and 

reduce runoff, which is beneficial for maintaining local water quality. 

• Cover Cropping: Planting cover crops during off-seasons prevents soil erosion, improves 

soil organic matter, and suppresses weeds. Cover crops can also provide habitat for 

beneficial insects and contribute to soil fertility (Snapp et al., 2005). 

• Integrated Pest Management (IPM): IPM reduces the reliance on chemical pesticides by 

combining biological, cultural, physical, and chemical tools to manage pest populations. 
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This approach promotes the use of natural predators and crop diversity to control pests, 

reducing the environmental footprint of biofuel crop production (Kogan, 1998). 

• Water Use: The cultivation of biofuel crops can require significant water resources, 

particularly in arid or semi-arid regions. Efficient water management practices, such as drip 

irrigation and the selection of drought-resistant crop varieties, are essential to reduce water 

consumption and avoid depleting local water resources (Postel, 1999). Sustainable water use 

practices help maintain the balance of local ecosystems and ensure the long-term viability of 

biofuel production. 

• Energy Inputs: The type and amount of energy used in biofuel production processes also 

influence the overall GHG emissions. Biofuel production that relies heavily on fossil fuels 

for cultivation, harvesting, and processing can diminish the net GHG savings. Using 

renewable energy sources, such as wind, solar, or bioenergy, for these processes can 

significantly reduce the carbon footprint of biofuel production (Cherubini et al., 2011). 

 

Food Market Impacts: Increased biofuel production has contributed to higher prices for 

food crops, as land and resources are diverted from food to biofuel crops (Tyner, 2013). This 

competition can affect food prices and availability, raising concerns about food security (Hill et 

al., 2006; Thompson, 2012). A study by Wright et al. (2017) found that 4.2 million acres of land 

were converted to cropland within 100 miles of biorefineries between 2008 and 2012, suggesting 

that this cropland expansion was likely driven by biofuel demand. 

Lark et al. (2022) estimate that the Renewable Fuel Standard (RFS) caused 26% more 

conversion of natural land to cropland nationally than would have occurred without the policy. 

The conversion of land to cropland not only increases emissions but also diminishes vital forests 
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and grasslands, encroaches on already dwindling ecosystems, and leads to higher levels of water 

pollution. 

Figure 9 shows the change in corn and soy production in the Midwest from 2008 to 2022. 

It should be noted that this figure includes both food and biofuel acres. The data show that acres 

devoted to corn and soy cultivation increased by 17% in the Midwest during this period, 

displacing other crops and natural lands. This conversion of land for biofuel crops not only 

affects emissions but also impacts biodiversity and ecosystem health, leading to environmental 

degradation. There are multiple implications of land conversion: 

• Increased Emissions: The conversion of natural lands to cropland releases stored carbon 

dioxide into the atmosphere, contributing to higher GHG emissions. This land-use change 

can negate the GHG savings from using biofuels instead of fossil fuels (Fargione et al., 

2008). 

• Loss of Biodiversity: Converting forests and grasslands to agricultural land reduces 

biodiversity by destroying habitats for various plant and animal species. This loss of 

biodiversity can disrupt ecosystems and reduce their resilience to environmental changes 

(Tilman et al., 2002). 

• Water Pollution: The increased use of fertilizers and pesticides in biofuel crop production 

can lead to higher levels of water pollution. Runoff from agricultural fields can contaminate 

local water bodies, harming aquatic life and reducing water quality for human use (Vitousek 

et al., 1997). 

• Soil Degradation: Intensive farming practices associated with biofuel crop production can 

lead to soil degradation, including erosion, nutrient depletion, and loss of soil organic matter. 
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Sustainable farming practices are essential to mitigate these impacts and maintain soil health 

(Lal, 2004). 

• Food Security Risks: The diversion of land and resources from food to biofuel crops can 

lead to higher food prices and reduced availability, raising concerns about food security, 

particularly for vulnerable populations. Balancing biofuel production with food security 

needs is crucial to avoid exacerbating food insecurity (Rosegrant et al., 2008). 

 

 

Figure 9. Change in corn and soy production in the Midwest, 2008-2022 (US Department of 

Agriculture) 
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4.2 Project Outcomes and Results Analysis 

The outcomes indicate a complex interplay between economic benefits and 

environmental challenges: 

• Economic Analysis: While biofuel production has undeniably increased crop prices and 

farm revenues, particularly for corn and soybean producers, the distribution of these 

economic benefits is uneven. Large-scale farms have been able to capitalize more 

effectively on biofuel demand due to economies of scale, whereas smaller farms, which 

constitute the majority, often face significant challenges. These include higher production 

costs and limited access to resources and technologies. The data suggest that despite higher 

crop prices, the net profitability for farmers has not seen a substantial increase. This 

highlights the need for policies that offer targeted support to smaller and disadvantaged 

farms, ensuring they too can benefit from biofuel production. Government subsidies and 

support programs play a crucial role in promoting equitable economic outcomes across 

different farm sizes and types. 

• Environmental Analysis: The environmental benefits of biofuels, primarily their potential 

to reduce greenhouse gas emissions, are tempered by the negative impacts associated with 

land use changes and intensive farming practices. The conversion of natural landscapes to 

biofuel crops releases stored carbon dioxide, potentially negating the greenhouse gas savings 

from biofuels. This emphasizes the importance of sustainable farming practices, such as 

crop rotation, conservation tillage, and integrated pest management, to minimize the 

environmental footprint of biofuel production. Furthermore, technological advancements, 

particularly in genetic modification and process optimization, can further enhance the 
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sustainability of biofuel production by improving efficiency and reducing the reliance on 

environmentally harmful practices. 

• Food Market Analysis: The competition between biofuel and food crops has driven up 

food prices and raised concerns about food security. This impact is particularly significant in 

regions where food resources are already strained. The findings suggest that biofuel policies 

need to strike a balance between energy production and food security. Developing non-food 

biomass feedstocks, such as algae biofuels, could help alleviate the pressure on food markets, 

thereby reducing the adverse effects on food prices and availability. 

 

4.3 Implications, Impacts, and Recommendations 

The findings have several implications for policy, practice, and future research: 

Policy Recommendations: 

• Support for Diverse Farms: Develop policies that support smaller and disadvantaged 

farms to ensure they also benefit from biofuel production. This could include subsidies, 

technical assistance, and access to markets (Solomon et al., 2007). Such policies would help 

mitigate the disparities in economic benefits and promote equitable growth across different 

types of farming operations. For example, targeted financial incentives and grants could be 

provided to small-scale farmers to adopt biofuel crops, ensuring they have the necessary 

resources and technologies to compete with larger farms. 

• Sustainable Practices: Implement guidelines and incentives for sustainable biofuel crop 

production to mitigate negative environmental impacts. Practices such as crop rotation, 

reduced chemical use, and conservation tillage should be encouraged (Farrell et al., 2006). 

Incentives for adopting precision agriculture technologies could be offered to farmers, 
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helping them optimize resource use and minimize environmental impact. Additionally, 

research and extension services could be expanded to provide farmers with the latest 

information and techniques for sustainable biofuel crop production. 

• Food Security Measures: Create policies that balance biofuel production with food security 

needs, possibly through regulated land use and resource allocation (Hill et al., 2006; 

Thompson, 2012). The development of alternative feedstocks, such as algae biofuels, should 

be promoted to reduce the competition for food resources (Abdulkareem-Alsultan et al., 

2020). Policies could include establishing quotas or limits on the amount of arable land that 

can be converted to biofuel crop production, ensuring that sufficient land remains available 

for food crops. Furthermore, investments in research and development of non-food biofuel 

feedstocks can diversify the biofuel supply chain and alleviate pressure on food production. 

 

Practical Implications: 

• Farm Management: Farmers should adopt sustainable practices to enhance soil health and 

reduce water use, ensuring the long-term viability of biofuel crops. Educational programs 

and workshops on sustainable farming practices can be organized, providing farmers with 

hands-on training and knowledge about the benefits of crop rotation, conservation tillage, 

and integrated pest management. 

• Market Strategies: Develop strategies to stabilize food prices and ensure availability, 

addressing the food versus fuel debate. This includes promoting the use of non-food biomass 

feedstocks for biofuel production (Jones et al., 2017). Creating market incentives for non-

food biomass, such as subsidies or tax breaks, can encourage farmers to diversify their 
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biofuel sources and reduce reliance on food crops. Additionally, establishing price 

stabilization mechanisms can help buffer the impacts of biofuel production on food prices. 

• Industry and University Partnerships: Foster collaborations between biofuel industry 

stakeholders and academic institutions. Universities can provide research support and 

technological innovations, while industry partners can offer practical insights and funding. 

States' cooperative extension programs can play a pivotal role in disseminating research 

findings and best practices to farmers, ensuring they are well-informed about sustainable 

biofuel production techniques (Thompson, 2012). Joint research initiatives and pilot projects 

can be developed to explore innovative biofuel production methods, such as integrating 

biofuel crops with traditional agriculture to create multifunctional landscapes that provide 

both energy and food. 

 

Research Recommendations: 

• Economic Impact Studies: Conduct further research on the economic impacts of biofuel 

production on smaller and diverse farming operations. Understanding these impacts can help 

in developing targeted support programs. Longitudinal studies tracking the financial 

performance of small farms involved in biofuel production can provide valuable insights 

into the long-term economic viability and challenges faced by these farmers. 

• Environmental Impact Research: Investigate the long-term environmental impacts of 

biofuel crop production, focusing on soil health, water resources, and biodiversity. Studies 

on the lifecycle emissions of different biofuel feedstocks are crucial (Zhang et al., 2020). 

Comparative studies analyzing the environmental footprint of various biofuel feedstocks, 
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including algae, switchgrass, and miscanthus, can identify the most sustainable options and 

inform policy decisions. 

• Food Market Dynamics: Study the broader implications of biofuel production on global 

food markets and food security. Research on the potential of alternative feedstocks to reduce 

competition with food crops is essential (Abdulkareem-Alsultan et al., 2020). Investigating 

the socioeconomic impacts of biofuel production in different regions and countries can help 

understand the global interplay between biofuel policies and food security, leading to more 

holistic and effective policy frameworks. 

 

Project Summary: 

In conclusion, biofuel production presents both opportunities and challenges for US 

farmers and the food market. While it offers economic benefits and a renewable energy source, 

careful management and sustainable practices are essential to mitigate negative environmental 

impacts and ensure food security. Policies supporting diverse and smaller farms, sustainable 

farming practices, and the development of alternative feedstocks are crucial for achieving a 

balanced approach to biofuel production. Future research should focus on understanding the 

comprehensive impacts of biofuel production to inform effective policy and practice. 
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