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[bookmark: _Toc164953367]Executive Summary
As of 2020, 35% of corn was grown for animal feed, 31% for biofuel, and less than 2% for
human consumption. The Inflation Reduction Act (IRA), specifically Section 45Z, offers tax
credits to farmers cultivating low-carbon intensity corn for clean transportation fuels,
potentially reshaping corn allocation trends. For this Master’s Project, we collaborated with
Rabobank to explore the implications of this policy shift, with a particular focus on corn
allocation dynamics across human consumption, feedstock, and biofuel sectors.

The potential for competition arises as farmers may prioritize selling to the fuel industry to
capitalize on incentives, which could reshape traditional corn allocation trends. However,
uncertainties about the adequacy of incentives from food companies to counteract this shift
remain. This project aims to provide Rabobank with insights into how the IRA will influence
farmers' crop allocation decisions and to understand the competitive landscape between the
food and renewable fuel industries.

The research finds that ethanol producers are incentivizing farmers to cultivate low-carbon
intensity crops through sustainability initiatives. Nonetheless, uncertainties about the level of
financial support and premium payments to farmers create barriers to adopting sustainable
practices. In contrast, food companies seem to have a limited approach to incentivizing low carbon crop cultivation, mainly focusing on educational initiatives rather than offering
substantial financial incentives. This highlights the comparative advantage of biofuel companies
in encouraging agricultural practices. Despite potential competition concerns, the food
industry's impact is expected to be minimal as the U.S. has a sufficient corn supply to meet
domestic needs or import as necessary.

Additionally, the renewable fuels landscape is undergoing a significant transformation, with
new alternatives like renewable diesel poised to reshape the industry. If biodiesel becomes a
dominant renewable fuel, it may reduce competition between the food and ethanol industries
regarding corn sourcing, thereby offering a different avenue for renewable fuel production. To
gain a deeper understanding of these dynamics, we conducted interviews with stakeholders
from various sectors, including farmers and professionals from the food and agriculture
industry. These interviews offered invaluable insights into considerations such as costs,
transportation, and crop rotation. We also examined the intricacies of incentives for farmers,
how they are informed about new opportunities, and the impact of trends. Discussions
included topics such as regenerative agriculture, challenges presented by the IRA, and how the
food industry could effectively compete with renewable fuels for sourcing low-carbon crops,
informing future strategies and policies.

In conclusion, this research project highlights the evolving landscape of agricultural production
and renewable fuels, emphasizing the need for tailored strategies and collaborative efforts to
navigate the transition towards a more sustainable future.
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[bookmark: _Toc164953368]Introduction 
Food production accounts for over a quarter of global greenhouse gas emissions[endnoteRef:2] Half of the world’s habitable land is used for agriculture, and only 37% of these crops are harvested for direct food use2. As of 2020, 35% of corn was grown for animal feed, 31% for biofuel, and less than 2% for human consumption[endnoteRef:3]. According to the World Research Institute, while cropland area is increasing, the proportion of land harvested for direct food use is decreasing. Since the 1960s, land devoted to crops for direct food use has remained the same, while non-direct food crops have grown by 77%2. The United Nations identifies farming as the primary driver of biodiversity loss globally. However, the impact of food on greenhouse gas emissions can slip under the radar. Our client, Rabobank, is one of the parties working on concrete solutions to help transform the current food system.   [2:  Ritchie, H., Rosado, P., & Roser, M. (2022, December 2). Environmental Impacts of Food Production. Our World in Data. https://ourworldindata.org/environmental-impacts-of-food]  [3:  Sloat, L., Ray, D., Garcia, A., Cassidy, E., & Hanson, C. (2022). The World Is Growing More Crops — but Not for Food. World Resources Institute. https://www.wri.org/insights/crop-expansion-food-security-trends] 


[bookmark: _Toc164953369]Client Background
Our client, Coöperatieve Rabobank, U.A. and its affiliates around the world ("Rabobank"), is a cooperative bank that aims to improve the world by helping clients adapt and develop sustainable businesses to support society. Rabobank focuses on assisting clients to tackle three critical transitions: sustainable food, renewable energy, and an inclusive and equitable society. This Masters Project is focused on the global food transition. 

With a history founded on helping farmers finance technological innovations from the Industrial Revolution, Rabobank’s business focus has always been on supporting the entire food value chain to deliver affordable and sustainable food. It does this by offering diverse sustainability-focused financial products and services, including sustainability-linked loans, innovative Blended Finance solutions in collaboration with the AGRI3 Fund, and the Rabobank Impact Loan in the Netherlands. It also actively engages with farmers, landowners, corporations, consumers, and small businesses, united in their shared mission to reduce and eliminate carbon emissions from our atmosphere. 

[bookmark: _Toc164953370]Objective
The objective of this Masters Project is to help Rabobank understand how the 2022 Inflation Reduction Act (IRA) will impact the allocation of crops, mainly corn, by farmers between human consumption, feedstock, and biofuels in the United States. The IRA has created the Clean Fuel Production Credit (CFPC), also known as IRA 45Z, to encourage the domestic production of clean transportation fuel. It consolidates several tax credits set to expire at the end of 2024 and converts them into tax credits for the domestic production of clean transportation fuel produced between 2025 and sold by the end of 2027. The 45Z tax credit is projected to incentivize ethanol producers to pay a premium to farmers growing low-carbon corn to qualify for the highest amount of the CFPC. This raises the question: Will securing grains for food production become more challenging for food companies? How can food companies compete with biofuels for the same crops to ensure a consistent and sustainable food supply chain? How can food companies support farmers? What incentivizes farmers in their sales: Money? Sustainability? Community?

The Master's project will consider two aspects of the IRA. First, how does the IRA impact farmers due to the potential increased demand of grains for biofuels? Second, how food and agricultural companies are working with farmers and how they can better support them to maintain strong relationships that can secure food supply. The last section will compare both sections and examine what food and agricultural companies can learn from the IRA incentives and compete with them until 2027. 

[bookmark: _vxqsb5brp3k5][bookmark: _Toc164953371]Research Structure
The project has been broken into two sections. In the first section, the team conducted secondary research over the fall semester (October- December) to familiarize themselves with the Master's topic, presented through weekly PowerPoint presentations to the client. These presentations communicated research findings and created a dialogue over where the team should focus their efforts. Over the fall semester, the team delivered presentations on:

1. Rabobank business model and product offerings
2. Incentives created by IRA Section 45Z
3. Climate strategy and sustainability initiatives pursued by grains and oilseed traders 
4. Market analysis of grain and oilseeds in the US
5. Market analysis of biofuel in the US: regions, supply chains, prices, product offerings
6. Food company programs and incentives for farmers 

At the end of the fall semester, the team complied their initial research findings from the fall semester to produce an end-of-year report for the client. This report allowed the client to review the team's secondary research and served as a launchpad for the first meeting of the new year to determine how the students should continue to develop the project. The second part of the project began in January 2024, focusing on the analysis portion. During the spring semester the team continued to conduct secondary research, in addition to conducting interviews, market analysis, and benchmarking different companies. 

The research team selected four prominent oil and seeds traders to analyze: Archer-Daniels-Midland (ADM), Bunge, Cargill, and Louis Dreyfus, alongside four notable food companies: PepsiCo, General Mills, Unilever, and AB InBev. These organizations are recognized as industry leaders within the United States food and agriculture sector and are influential in their respective domains. They also publish comprehensive sustainability reports detailing their efforts and objectives towards sustainable agriculture practices. These reports served as vital documentation of their commitment to environmental stewardship and social responsibility. Additionally, these companies maintain close relationships with farmers, actively engaging with them to ensure sourcing of high-quality raw materials. Moreover, they have spearheaded innovative projects that set industry benchmarks.

Three companies have been selected for the biofuels section: Poet, Valero, and Green Plains. These three companies are among the top 10 largest ethanol producers in the United States in terms of production volume. Additionally, we chose companies focusing solely on ethanol production to ensure that our analysis was based solely on that industry. 

To gain a deeper understanding of these dynamics, we conducted interviews with stakeholders from various sectors, including farmers, and professionals from the food and agriculture industry. 

· Tom Flood- a Wisconsin farmer, provided valuable insights into the daily considerations that farmers face, including costs, transportation logistics, and the importance of crop rotation. 
· JT Demar- an agronomist, shed light on the incentives available to farmers and how they stay informed about new opportunities and industry trends.
· Joel Reddick- an agronomist, who shared perspectives from ContinuumAg on regenerative agriculture practices, company incentives for farmers, as well as the challenges and opportunities presented by the Inflation Reduction Act (IRA).
· Eric Gibson- a Sustainability Analyst specializing in crop production at Rabobank, offered insights into the future of the corn industry in the United States and the challenges posed by the IRA. 
· Harry Farnsworth- a carbon intensity expert at Rabobank, briefed us on the intricacies of carbon intensity and its implications for agricultural practices. 

Each interviewee brought unique perspectives and expertise to our project, enriching our understanding of the complexities and opportunities within the dynamic landscape.

[bookmark: _Toc164953372]Background 
[bookmark: _Toc164953373]IRA: Overview
The Inflation Reduction Act (IRA), signed into law on August 16, 2022, represents a pivotal milestone in American climate and clean energy initiatives. It is the most significant investment in clean energy solutions in US history, offering funding, programs, and incentives to accelerate the transition to a clean energy economy (EPA). 

[bookmark: _Toc164953374]IRA Section 45Z: Clean Fuel Production Credit
The Inflation Reduction Act created the Clean Fuel Production Credit (CFPC), also known as IRA 45Z, to encourage the domestic production of clean transportation fuel, including aviation fuel. It merges various tax credits set to expire by December 31, 2024, transforming them into incentives for the domestic manufacture of clean transportation fuels, such as ethanol, biodiesel, and sustainable aviation fuels. Section 45Z of the IRA implements a technology-neutral policy, offering subsidies for producing any transportation fuel that emits zero to low greenhouse gases (GHG). This approach aims to foster innovation and the development of various clean fuels, rather than limiting support to specific types of low-GHG fuels[endnoteRef:4]. The tax credit is available for fuels produced after December 31, 2024, and sold by December 31, 2027. The basic credit rate is $0.20 per gallon for non-aviation fuels and $0.30 per gallon for aviation fuels, which is then adjusted according to the emissions factor[endnoteRef:5]. Additionally, the credit can be increased to as much as $1.00 per gallon for fuels produced in facilities complying with prevailing wage and apprenticeship standards. [4:  Inflation Reduction Act: 45Z Clean Fuel Production Credit. (2024). EMars. https://emarsinc.com/blog/what-is-the-45z-tax-credit ]  [5:  Overview of Renewable Energy Tax Credits Under the Inflation Reduction Act – Part I | BakerHostetler. (2023, March 31). BakerHostetler. https://www.bakerlaw.com/insights/overview-of-renewable-energy-tax-credits-under-the-inflation-reduction-act-part-i/] 


[bookmark: _Toc164953375]Importance of IRA 45Z on Farmers
The United States leads the world in biofuel production, contributing nearly 38% of the global total in 2022.[endnoteRef:6] This dominance is largely due to the Renewable Fuel Standard enacted in 2005, which was designed to cut GHG emissions and enhance U.S. energy security by mandating that transportation fuels sold in the U.S. include a minimum proportion of renewable fuels.[endnoteRef:7] The policy stipulated an increase in biofuel blending from 2008 to 2022. Corn emerged as the primary raw material for ethanol, a first-generation biofuel, owing to its plentiful supply in the U.S. Nonetheless, ethanol has not achieved its anticipated climate and energy security benefits and has contributed to rising food prices.[endnoteRef:8] Additionally, the expansion of corn farming in the U.S. has led to significant environmental costs, including pesticide runoff into waterways, high water usage, soil erosion, and energy inefficiency, as the process of converting corn to ethanol consumes more energy than the fuel generates.[endnoteRef:9] [6: Global biofuel production by country 2021. (n.d.). Statista. https://www.statista.com/statistics/274168/biofuel-production-in-leading-countries-in-oil-equivalent/#:~:text=The%20United%20States%20is%20by]  [7:  Alternative Fuels Data Center: Renewable Fuel Standard, （n.d.).]  [8:  CGEP, C. |. (2022, November 7). A Chance to Phase Out Support for Corn Ethanol in the Renewable Fuel Standard. Center on Global Energy Policy at Columbia University SIPA | CGEP. https://www.energypolicy.columbia.edu/publications/chance-phase-out-support-corn-ethanol-renewable-fuel-standard/#:~:text=The%20RFS%20has%20helped%20to]  [9:  Aww-shucks, the Environmental Impact of Corn – Just Food: Sustainable Food Systems. (n.d.). Blogs.iu.edu. https://blogs.iu.edu/justfood/2022/02/08/aww-shucks-the-environmental-impact-of-corn/#:~:text=Once%20the%20corn%20is%20ready] 


The tax credit will motivate ethanol producers to offer a higher price for low carbon intensity (CI) corn to lower their own CI score and qualify for the 45Z credit. Although this increased price for corn might reduce the financial benefit of the tax credit for the ethanol plants, it will also advantage corn farmers selling low CI corn. There are five agricultural practices that can reduce the CI of ethanol; however, their adoption hinges on the presence of sufficient financial incentives in the market:

· Cover crops
· Reduced tillage
· Manure application
· Improved fertilizer practices
· Use of low-carbon ammonia for fertilizer

Low CI corn is expected to command a premium price in the marketplace. Ethanol producers are expected to share a portion of the tax credit with corn growers as an additional premium. 

[bookmark: _Toc164953376]Carbon Intensity of 45Z
The Clean Fuel Production Credit provides tax credits for fuels relative to their low carbon intensity (CI) score against a baseline level of 50 CI under the GREET model (Argonne Greenhouse gases, Regulated Emissions, and Energy use in Transportation) maintained by the US Department of Energy (DoE) Argonne National Laboratory. The GREET model does not include aviation fuel. There are multiple GREET Models, which have all been developed for specific use cases. However, 45Z uses the R&D GREET model that evaluates energy use and emissions output of transportation and energy sector technologies to assess research and development progress[endnoteRef:10]. [10:  GREET. (2024). Energy.gov. https://www.energy.gov/eere/greet] 


The credit amount starts are $0.20/ gallon and goes up to $1. The CFPC (45Z) value is $0.02 per gallon for each CI point under 50 for non-sustainable aviation fuel[endnoteRef:11]. The lower the score is, the higher the credit will be. Entities can qualify for fuel produced and sold between 2025 and 2027. Qualifying for these credits is essential to understand now, as harvest practices implemented in 2023 will set the stage for the data needed for the 2024 harvest, which can be sold in 2025 and qualify for the tax credits. Because the 45Z credit incentivizes biofuel producers to produce low-emissions fuels, farmers can sell their grain with the associated carbon data associated with its value.   [11:  For more information, visit GrowthEnergy.org. (n.d.). Retrieved April 25, 2024, from https://growthenergy.org/wp-content/uploads/2022/12/ADVO-22091-IRA-Issue-Brief-One-Pager-2022-11-30-R2.pdf ] 


Credits provided by 45Z are determined by ethanol's carbon intensity (CI) reductions. The main ways the CI of ethanol can be reduced is through[endnoteRef:12]: [12:  Impact for the U.S. Economy from Implementation of §45Z of the Inflation Reduction Act (IRA) Prepared by Agriculture and Biofuels Consulting LLP. (2023). https://growthenergy.org/wp-content/uploads/2023/08/ABF-45Z-Report-Final-080123.pdf] 


· Increased CO2 recovery by ethanol producers through Carbon Capture and Sequestration (CCS)
· Use of renewable energy
· Use of renewable natural gas as a process fuel (RNG)
· Utilizing low CI corn as a feedstock 

Low Carbon Intensity corn can be realized through the implementation of Regenerative Agriculture Practices. These farming methodologies not only aim to mitigate climate change but also focus on restoring soil health[endnoteRef:13]. This is achieved through a suite of five core practices: [13:  What is Regenerative Agriculture? – Noble Research Institute. (2023, November 28). Noble Research Institute. https://www.noble.org/regenerative-agriculture/] 


· Cover Crops: This practice involves planting specific crops that are not intended for harvest but serve to protect the soil from erosion.
· Reduced Tillage: By minimizing the disturbance of soil, this method helps to retain nutrients and sequester carbon dioxide within the soil matrix.
· Reduce Fertilizer and Pesticides: Instead of relying heavily on synthetic inputs, this approach emphasizes the use of organic manure to enhance soil fertility.
· Regulated Grazing: This controlled grazing pattern recycles nutrients back into the soil and aids in natural weed management.
· Crop Rotation: Rotating different types of crops infuses the soil with a diverse array of nutrients, promoting a balanced soil ecosystem.

These practices confer a range of ecological advantages to the soil, enhancing its fertility, productivity, and resilience against droughts and floods. Industry experts assert that farms can markedly lower their Carbon Intensity (CI) score by adopting these initial three methods. Commonly, farmers begin by implementing cover crops, encouraged by existing government incentives that offset the associated costs. For example, under the 2024 USDA Financial Assistance Program, farmers may receive up to $55 per acre for planting cover crops[endnoteRef:14]. Subsequently, they typically progress to reduced tillage and then to manure utilization. Nonetheless, these practices are expensive, entail significant risks, and require considerable time to implement effectively. [14:  Truterra Expands 2024 Program Eligibility to Long-Term Conservation Adopters. (2024, January 16). Covercropstrategies.com; Cover Crop Strategies. https://www.covercropstrategies.com/articles/3039-truterra-expands-2024-program-eligibility-to-long-term-conservation-adopters#:~:text=In%20the%202024%20USDA%20Financial,both%20tillage%20and%20cover%20crops.] 


[bookmark: _Toc164953377]Part I: IRA Influence on Corn Farmers
[bookmark: _Toc164953378]IRA incentive to Ethanol companies
Ethanol is a renewable fuel that is blended with gasoline to reduce emissions. As part of the IRA’s push to address climate change, it focuses on climate-smart agricultural programs and clean energy initiatives through IRC Section 6418. The IRA Section 45Z has been developed to encourage the domestic production of clean transportation fuel, including aviation fuel. 

It merges multiple tax credits due to expire by December 31, 2024, into incentives for producing domestic clean transportation fuels such as ethanol, biodiesel, and sustainable aviation fuels. The foundational credit amount is $0.20 per gallon for non-aviation fuel and $0.30 for aviation fuel, with adjustments based on the emissions factor[endnoteRef:15]. The credit may be enhanced to as much as $1.00 per gallon for transportation fuels manufactured in facilities that comply with prevailing wage and apprenticeship standards[endnoteRef:16]. [15:  Overview of Renewable Energy Tax Credits Under the Inflation Reduction Act – Part I | BakerHostetler. (2023, March 31). BakerHostetler. https://www.bakerlaw.com/insights/overview-of-renewable-energy-tax-credits-under-the-inflation-reduction-act-part-i/]  [16:  Impact for the U.S. Economy from Implementation of §45Z of the Inflation Reduction Act (IRA) Prepared by Agriculture and Biofuels Consulting LLP. (2023). https://growthenergy.org/wp-content/uploads/2023/08/ABF-45Z-Report-Final-080123.pdf] 


The Clean Fuel Production Credit (Section 45Z) is tied directly to the CI Score. To get the total amount, plants must earn a 0 CI score and meet the wage and apprenticeship rule. As a result, ethanol producers should make capital investments in projects that will pay off without the credit by focusing on ROI and then capitalizing on the tax credit[endnoteRef:17].  [17:  Pinion Editorial. (2023, September 28). 3 Tips to Maximize IRA Biofuel Incentives. Pinion. https://www.pinionglobal.com/3-tips-to-maximize-ira-biofuel-incentives-2/#:~:text=The%20Clean%20Fuel%20Production%20Credit,an%20outstanding%20opportunity%20worth%20pursuing.] 


[bookmark: _Toc164953379]IRA Incentive to Farmers in the Ethanol Supply Chain
The current standard for corn is a CI score of 29.1 GHG/ MJ of ethanol energy. If the ethanol plant can prove that its purchase of corn has a CI of less than 29.1, it can qualify for a credit of up to 5.4 cents per CI. If the ethanol plant qualifies for the credit, it will pass part of the credit to the farmers as a premium. The premium amount will depend on how much credit the plant will receive since these credits may exceed their tax liability[endnoteRef:18]. To maximize the reduction in CI score to capitalize on the 45Z program, farmers will need to include regenerative practices into their 2024 grains that biofuel producers will buy in 2025. Other ways of reducing the CI score are using no-till, increase yield using the same amount of land, reducing fertilizer use, and lower fuel usage.  [18:  Neiffer, P. (2023, April 25). Will Section 45Z Create “Payments” to Farmers? AgWeb. https://www.agweb.com/opinion/will-section-45z-create-payments-farmers] 


[bookmark: _Toc164953380]Ethanol supply chain 
Ethanol producers often establish contracts with local farmers. These farmers grow the corn and sell their harvest to ethanol producers or through intermediaries like grain elevators. Ethanol producers purchase corn from farmers, co-ops, or grain merchandisers. Contracts can specify the quantity, quality, and price of corn. Various factors, including market conditions, crop yields, and government policies, can influence prices. The ethanol supply chain involves multiple steps, from sourcing raw materials to distributing the final product. See Graph D. 

Step 1: Biomass Farming
Ethanol can be produced from various feedstocks, but US ethanol is primarily developed using corn. Multiple inputs are required to grow the crop, including seeds, fertilizer, water, and pesticides. Planting tends to happen in the spring, after April 14 when crop insurance begins (interview with JT Demar) and harvested in the fall.

Step 2: Transportation and Storage
Once the corn has been harvested, it gets transported directly to an ethanol processing facility by truck or train. Ethanol processing plants have been built near corn farmers for easy crop access. Corn going to feedstock or human consumption can be sold directly to an ABCD or sent to a farming co-op that sells to larger companies. 

Step 3: Refining 
Ethanol biorefineries convert the feedstock into ethanol. Due to low capital costs, nearly 90% of ethanol plants use dry milling. The dry-milling process grinds corn into flour and ferments it into ethanol with co-products of distiller grains and carbon dioxide. 

Step 4: Blending
Ethanol is then transported from the production facility to blending terminals or directly to fuel distributors. At blending terminals, ethanol is mixed with gasoline to produce various ethanol-gasoline blends, such as E10 (10% ethanol, 90% gasoline) or E85 (85% ethanol, 15% gasoline), depending on regulatory requirements and market demand.

Step 5: Marketing and Usage
Ethanol-blended fuels are then delivered to retail fuel stations, where consumers can purchase them for their vehicles. Depending on local regulations and consumer preferences, fuel stations may offer different ethanol blends.

[bookmark: _Toc164953381]Ethanol by Geography
The U.S. and Brazil produce 82% of the world’s ethanol. Within the US, Iowa has the largest production capacity among all US states as of 2022[endnoteRef:19], home to 42 ethanol refineries capable of producing 4.5 billion gallons of ethanol a year. The second largest producer is Nebraska, followed by Illinois, Minnesota, Indiana, and South Dakota. This parallels the states that produce the most corn: Iowa, Illinois, Nebraska, Minnesota, Indiana, Kansas, and South Dakota[endnoteRef:20].  [19:  U.S. ethanol production capacity by state 2023 | Statista. (2023). Statista; Statista. https://www.statista.com/statistics/281486/leading-us-states-based-ethanol-production-capacity/#:~:text=Iowa%20had%20by%20far%20the,555%20million%20gallons%20per%20year.]  [20:  Corn Production by State 2024. (2024). Worldpopulationreview.com. https://worldpopulationreview.com/state-rankings/corn-production-by-state] 


Iowa is a major ethanol producer in the US for several reasons:

· Abundant corn production: largest corn producer in the US with well-developed agricultural infrastructure, extensive farmland, efficient transportation networks, and established relationships between farmers, ethanol producers, and other stakeholders. 
· Early adoption of ethanol: the state has a long history of ethanol production and was quick to embrace the industry as it expanded in the US. Ethanol plants were established in Iowa before the industry saw widespread growth in other states. 
· Proximity to markets: Iowa’s central location in the US provides logistical advantages for transporting ethanol to various markets. The state’s proximity to major transportation routes, including rivers, railways, and highways, facilitates the distribution of ethanol to refineries and blending facilities. As a result, ethanol producers have direct relationships with corn farmers and provide transparent pricing on their website, see Table 5. 

[bookmark: _Toc164953382]Ethanol Company Practices and Farmer Incentives
This section will analyze the sustainability practices of three of the largest ethanol producers in the United States: Poet, Valero, and Green Plains. These companies have been selected because they are in the US's top five largest ethanol producers by capacity and transparent reporting. While companies like ADM also produce ethanol, their sustainability reports do not distinguish their partnerships with farmers for crops going to food and biofuels. For this reason, this section will only consider ethanol focused producers.  

Poet 
Poet launched Gradable in 2020. A platform that matches farmers who use environmentally friendly practices with buyers who pay a premium for low-carbon corn. Poet partnered with Argonne National Laboratory to run a Gradable pilot to measure the actual CI score of their supply chain at the Chanellow, South Dakota facility. It brought on a lot of farmer interest. They believe that as more states adopt low carbon fuel standards, it will open new markets for lower CI grains, encouraging the adopting of more sustainable agricultural practices. Gradable is an integrated platform measuring and scoring conservation efforts focused on carbon abatement strategies. This allows farmers to see the impacts of incorporating sustainable farming practices and the data to make relevant economic decisions while addressing climate change. There is no publicly available information regarding Gradable results. According to their website, Gradable offers farmers and grain buyers a single, integrated platform for grain origination, trading, customer engagement, clearing, structuring, environmental traceability, and more[endnoteRef:21]. [21:  Sustainability - POET. (2021). Poet.com. https://poet.com/sustainability] 


Poet is also actively working with the California Air Resources Board, the EPA, and other regulators to update their CI models to reflect the most recent estimated Land Use Change (LUC) so that the actual lifecycle GHG benefits of bioethanol are accurately reflected in regulatory programs[endnoteRef:22].  [22:  Sustainability - POET. (2021). Poet.com. https://poet.com/sustainability] 


Valero 
Per a video on their YouTube channel, a farmer talks about enjoying working with Valero due to their competitive pricing and streamlined buyer process. Valero is focusing on large-scale carbon capture and sequestration pipeline systems to reduce their CO2 emissions to lower their carbon intensity and generate 45Q tax credits. This will allow them to reduce the carbon intensity and improve the ethanol value in low-carbon markets, creating a pathway for producing SAF[endnoteRef:23].  [23:  ESG REPORT. (2022). https://www.valero.com/sites/default/files/valero-documents/ESG_Report%20_August_2022_FINAL_SinglePages.pdf] 


Green Plains
Green Plains is working with farmer customers to help reduce the Carbon Intensity (CI) of the feedstock they grow. GP also sources all the grains for their biorefineries from farms, cooperatives, and grain elevators within a 30-mile trucking distance. This allows GP to develop strong partnerships with local farmers and communities and lower their GHG emissions from long-haul transportation. Farmers in their supply chain use sustainable farming techniques like precision agriculture, cover crops, conservation tillage, and enroll a portion of land in federal conservation programs[endnoteRef:24].  [24:  Sustainability - Green Plains. (2024, April 9). Green Plains. https://gpreinc.com/sustainability/] 


[bookmark: _Toc164953383]Impact of IRA45Z on Farmers
The implications of the 45Z tax credit are still unknown as it will only go into effect next year (2025). Farmers who have implemented cover crops and other regenerative practices ahead of this past planting season (Fall 2023), do not know what premium they will receive from buyers. The biggest obstacle to implementing regenerative agriculture are the initial costs needed to change practices. Farmers are waiting to see if the payout of more sustainable practices will be worthwhile and which industries, food or biofuels, may provide higher payment for low-carbon crops. 

[bookmark: _Toc164953384]Ethanol Carbon Intensity
The American Coalition for Ethanol (ACE) introduced a new Carbon Intensity calculator based on the GREET Model to help farmers and ethanol producers understand the carbon intensity of their operations and a simplified tool to input their data to raise awareness about factors impacting the CI of ethanol. 

Carbon intensity in ethanol is complicated because each regulatory body (e.g., EPA, CARB, LCFS) uses different inputs to derive the carbon scores. Some regulatory bodies use outdated inputs, leading to apprehension from producers to use these models. Consequently, ACE developed a detailed calculator to “allow users to break through the confusion by using their own corn farming and ethanol production information to estimate a carbon score and compare it to the Argonne National Laboratory’s GREET model and average scores used by the California Low Carbon Fuel Standard”[endnoteRef:25]. The ACE calculator aims to provide a tool for farmers and ethanol producers to see what they can do to lower their carbon score.  [25:  Reid, K. (2022, June 16). ACE Introduces Carbon Intensity Calculator - Fuels Market News. Fuels Market News. https://fuelsmarketnews.com/ace-introduces-carbon-intensity-calculator/] 


Follow the link here to see the ACE Carbon Intensity Calculator. 

Why is carbon intensity important? The Renewable Fuel Standard establishes threshold CI reduction targets that biofuels must meet. “Corn ethanol must have a CI 20% lower than the petroleum baseline”[endnoteRef:26]. State fuel programs are focused on reducing the CI of transportation fuels over time. The LCFS is working to reduce the CI of California’s transportation fuels by 20% by 2030 relative to 2010. In 2022, the IRA established the Sustainable Aviation Fuel Credit (40B), which requires CI estimates. According to the AAEA, this credit is $1.25/ gallon for SAF, which achieves at least a 50% CI reduction relative to petroleum jet fuel and an additional $0.01 per gallon for each percentage point reduction up to $1.75/ gallon. [26:  4th Quarter 2023 | Choices Magazine Online. (2023). Choicesmagazine.org. https://www.choicesmagazine.org/choices-magazine/submitted-articles/the-carbon-intensity-of-ethanol-in-california#:~:text=The%20extent%20to%20which%20ethanol,consumption%E2%80%94per%20unit%20of%20energy.] 


[bookmark: _Toc164953385]The Future of Ethanol
With the growing demand for electric and hybrid vehicles, gasoline consumption for light-duty vehicles can decrease over time, and ethanol with it. However, the average age of a passenger vehicle in the US is 13 years, and hybrids also use gasoline, so even with new electric cars on the road, gas and ethanol will remain essential fuel sources for the next decade.  According to an agricultural economist[endnoteRef:27], the ethanol industry has peaked and is not seeing investments in new plants. Because ethanol is an additive to gasoline, if gasoline demand decreases, which is expected to happen by 2035, ethanol consumption will also be reduced. However, per the USDA’s long-range forecast, corn for ethanol is expected to remain relatively flat for the next ten years as the increased demand for ethanol for SAF is expected to balance the decline in demand for vehicle gasoline. The USDA forecast also projects that pre-COVID level gasoline demand will not return as EVs, improved fleet efficiency, and lifestyle changes are expected to affect vehicle fuel consumption.  [27:  Schafer, S. (2023, April 14). Ethanol Expectations: These Trends Could Drive the Industry’s Future. AgWeb. https://www.agweb.com/markets/market-outlooks/ethanol-expectations-these-trends-could-drive-industrys-future#:~:text=Of%20the%20three%20main%20markets,the%20world's%20ethanol%2C%20per%20USDA.] 


Lastly, California’s Low Carbon Fuel Standard continues to be a significant driver for renewable diesel expansion in the US, with other states like Oregon adopting similar programs. In the LCFS market, renewable diesel and biodiesel produced with low-carbon intensity feedstocks are better value propositions than vegetable oils. 

[bookmark: _o4yfnnly7rvk][bookmark: _Toc164953386]Part II: Food Companies & Grains and Oilseeds Traders: US focus crops, sustainability projects, and farmer incentives
[bookmark: _Toc164953387]Grains & Oilseeds Traders Background
Farmers primarily engage in two methods of selling their crops: 
 
1. Establishing direct connections with food companies and selling their produce directly to them, or 
2. Selling to oil and seed traders who subsequently facilitate the sale to food companies. 
 
This section will delve into the role of oil and seed traders, mainly focusing on how they incentivize farmers to sell their crops to them. Furthermore, it will explore their contributions to sustainable agriculture initiatives and efforts to reduce the carbon intensity of the crops they procure. The research will concentrate on four major companies: Archer-Daniels-Midland (ADM), Bunge, Cargill, and Louis Dreyfus.
 
ADM 
ADM is an American multinational corporation specializing in food processing and commodities trading, boasting a rich history spanning over a century and operations extending across more than 200 countries. Notably, ADM significantly emphasizes aiding its farmers in transitioning to climate-smart agricultural practices. It has set a SBTi goal of reducing 25% absolute GHG emissions across Scope 3 by 2035[endnoteRef:28]. As one of the premier grain networks in North America, ADM manages a considerable share of approximately 19% of corn and beans and 30% of wheat within ADM’s portfolio. Leveraging its expertise, ADM transforms grains into diverse products, including food and animal feed ingredients, renewable fuels, and eco-friendly alternatives to industrial chemicals[endnoteRef:29]. [28:  ADM Sets Scope 3 Emissions Reduction Target. (2019). Adm.com. https://www.adm.com/en-us/news/adm-stories/adm-sets-scope-3-emissions-reduction-target/]  [29:  Human, Pet and Animal Nutrition Company. (2019). Adm.com. https://www.adm.com/en-us/] 

 
Bunge
Bunge, a prominent global agribusiness and food corporation, is the world's largest oilseed processor. With a mission to bridge the gap between farmers and consumers, Bunge plays a pivotal role in ensuring the delivery of essential food, feed, and fuel to communities worldwide. One of its key initiatives involves assisting farmers in enhancing the efficiency of grain sales, such as through facilitating access to local cash bids. Moreover, Bunge supports farmers in managing financial risks and safeguarding their agribusinesses against unforeseen market fluctuations[endnoteRef:30]. [30:  Sustainable Solutions. (2019). Bunge.com. https://www.bunge.com/Agriculture/Sustainable-Solutions] 


Cargill
Cargill, a global food corporation founded in 1865, is renowned for its dedication to sustainable agriculture. Operating across the entire food supply chain, Cargill integrates sustainability into its core business strategies. It has set a SBTi goal of reducing 30% absolute GHG emissions across Scope 3 by 2030[endnoteRef:31]. Cargill actively promotes environmental stewardship, responsible sourcing, and community engagement through initiatives like partnerships with organizations like the World Wildlife Fund. By investing in technologies and practices that minimize environmental impact and maximize efficiency, Cargill aims to ensure a resilient and sustainable future for agriculture. Their commitment underscores a holistic approach to sustainability that shapes the future of food production worldwide[endnoteRef:32]. [31:  Cargill ESG Report 2023. (n.d.). Cargill.  https://www.cargill.com/sustainability/doc/1432249638310/2023-esg-report-climate.pdf]  [32:  Cargill ESG Report 2023. (n.d.). Cargill.  https://www.cargill.com/sustainability/doc/1432249638310/2023-esg-report-climate.pdf] 


Louis Dreyfus
Louis Dreyfus, a leading French entity in the agricultural sector, holds a distinguished position as a merchant and processor of agricultural goods. Operating both owned farms and procuring products from farmers, Louis Dreyfus plays a pivotal role in the processing and refinement of various crops. The company boasts a robust network of warehouses and trans-loading facilities, facilitating efficient product distribution. Additionally, Louis Dreyfus demonstrates its commitment to innovation by employing industry experts to explore novel crops and consumer trends, thereby staying at the forefront of agricultural advancement[endnoteRef:33]. [33:  Sustainability Report. (n.d.) Louis Dreyfus. https://www.ldc.com/sustainability-report-2022/] 

 
[bookmark: _Toc164953388]Focus Crops
Table 1 provides a comprehensive summary of the primary varieties of grains and oilseeds traded by the four companies under review. Notably, all four companies prioritize trading in corn and wheat within the grains category. Regarding oilseeds, there is a significant emphasis on soybeans and sunflower seeds across all four companies, with palm oil and Canola seeds also featuring prominently among three of the four companies. It's important to highlight that the prominence of corn and soybeans holds particular significance due to their role in biofuel production, thereby indicating the direct competition between the food industry and the burgeoning biofuel sector.
 
[bookmark: _Toc164953389]Supply Chain for Grains & Oilseeds Traders
As shown in Graph A[endnoteRef:34], the supply chain begins with the procurement of crops from farmers. Traders establish relationships with farmers through contracts or direct purchases to secure a steady supply of quality produce. Once the crops are acquired, they must be transported from the farms to processing facilities or storage locations. This involves logistical operations, including loading, transportation via trucks, trains, or ships, and unloading at designated facilities. Upon reaching the processing facilities, the crops undergo various processing techniques to extract oils or other valuable components. This may involve cleaning, sorting, crushing, pressing, or solvent extraction methods to extract the desired products. After extraction, the processed crops may undergo further refining or processing to enhance their quality, purity, or shelf life. Once the crops are processed and transformed into final products, they are packaged and distributed to various channels to wholesalers, retailers, food manufacturers, or other intermediaries, depending on the target market and product specifications. Finally, the products are made available through various channels, including retail stores, online platforms, distributors, or direct sales channels.  [34:  Tracing the Agricultural Supply Chain | Minnesota Agriculture in the Classroom. (2023). Agclassroom.org. https://minnesota.agclassroom.org/matrix/lesson/print/838/] 

 
[bookmark: _Toc164953390]Sustainability Projects & Farmer Incentives
As IRA incentives gradually come into place, it has been important for oil and seed companies to secure their supply of crops while also greening their supply chain by providing incentives and motivations for farmers to change towards sustainable agriculture. This section will explain some of the most prominent initiatives the four companies have initiated and their results and influence.
ADM - Climate-Smart Agricultural Initiative[endnoteRef:35]: This initiative is meticulously tailored to suit the unique requirements of individual farmers and is structured for easy accessibility without entailing lengthy contractual obligations. Eligibility for participation mandates the incorporation of cover crops, adoption of no-till techniques, and active efforts toward emissions reduction on farms, specifically involving corn, wheat, or soybeans. For instance, in 2023, newly implemented or expanded climate-smart practices could yield farmers $25 per acre for all eligible farmers.  [35:  ADM-Grows-North-American-Regenerative-Agriculture-Program-Launches-Significant-Expansion-Initiative. (2023). Adm.com. https://www.adm.com/en-us/news/news-releases/2023/72/adm-grows-north-american-regenerative-agriculture-program-launches-significant-expansion-initiative/] 

Bunge - Regenerative Agriculture Program[endnoteRef:36]: Bunge collaborates closely with farmers and input companies to champion regenerative agriculture practices, equipping them with the necessary tools and resources to spearhead vital conservation endeavors. However, specific financial incentives are not available to the public. Central to the program’s mission is the preservation and restoration of soil health, crucial for sequestering carbon from the atmosphere.  [36:  Sustainable Solutions. (2019). Bunge.com. https://www.bunge.com/Agriculture/Sustainable-Solutions] 

Cargill - Cargill RegenConnect[endnoteRef:37]: The initiative entails compensating farmers who embrace regenerative agricultural techniques, such as incorporating cover crops or adopting no-tillage methods, based on a “competitive market rate” per metric ton of carbon sequestered in the soil. This support catalyzes their transition toward practices geared towards rejuvenating soil health, boosting land productivity, fostering biodiversity, and enhancing water management. Furthermore, the program facilitates meaningful connections between farmers and Cargill's downstream customers, who share a commitment to minimizing environmental impact by promoting regenerative agriculture. Additionally, participating farmers benefit from direct guidance provided by Cargill agronomic experts, who offer pragmatic advice on implementing regenerative practices and optimizing profitability while advancing land stewardship. [37:  Cargill Regenconnect. (2024). Cargill.com. https://regenconnect.cargill.com/] 

Louis Dreyfus - Rural Farm Business Incubator[endnoteRef:38]: In collaboration with the Louis Dreyfus Foundation and Earthworm Foundation, this initiative was launched in 2022 to advance regenerative agriculture and income diversification among farmers. This project is dedicated to equipping farmers with the knowledge and skills necessary to address agricultural and environmental challenges effectively. Through comprehensive training programs, participating farmers are educated on Good Agricultural Practices, encompassing various aspects such as harvest techniques, pruning methods, soil management strategies, responsible utilization of fertilizers and pesticides, production and application of organic fertilizers, and requirements and techniques for replanting. By promoting agricultural practices that are both regenerative and profitable, this initiative aims to foster sustainable farming practices and enhance livelihoods in rural communities. [38:  Supporting Farmers to Accelerate Sustainable Production in Côte d’Ivoire. (2023, May 22). Global. https://www.ldc.com/stories-insights/supporting-farmers-to-accelerate-sustainable-production-in-cote-divoire/] 


[bookmark: _Toc164953391]Food Company Background
To gain insights into the factors influencing farmers' decisions regarding the allocation of crops to either food production or renewable energy, a comprehensive investigation is also conducted focused on four major downstream food companies: PepsiCo, General Mills, Unilever, and AB InBev. The objective was to scrutinize their focus crops, delve into supply chain intricacies, and examine sustainability initiatives and incentives provided to farmers, ensuring consistent and environmentally sustainable food production.

PepsiCo
PepsiCo, an American multinational conglomerate in food, snacks, and beverages, boasts a global presence spanning over 200 countries, relying on a secure supply chain across 60 countries and incorporating over 30 agricultural crops. The company aims to achieve 7 million acres under regenerative agriculture, concurrently working towards curtailing and eliminating a minimum of 10 million tons of greenhouse gas emissions by the conclusion of the decade[endnoteRef:39]. It also has set a SBTi goal of reducing 40% absolute GHG emissions across Scope 3 by 2030[endnoteRef:40]. [39:  PepsiCo ESG Summary. (2022). https://www.pepsico.com/docs/default-source/sustainability-and-esg-topics/2022-esg-summary/overview-of-pepsico's-2022-esg-summary.pdf?sfvrsn=4034ab02_3]  [40:  PepsiCo ESG Summary. (2022). https://www.pepsico.com/docs/default-source/sustainability-and-esg-topics/2022-esg-summary/overview-of-pepsico's-2022-esg-summary.pdf?sfvrsn=4034ab02_3] 


General Mills
Gneral Mills, another American multinational entity specializing in producing and marketing processed consumer foods, operates in over 100 countries with a specific focus on ten priority ingredients. The company is actively expanding its regenerative management program to increase cultivated acreage from the existing 200,000 acres to an impressive 1 million acres by 2030. It has also set a SBTi goal of reducing 30% absolute GHG emissions across Scope 1, 2, 3 by 2030[endnoteRef:41]. [41:  Climate policy - General Mills. (2024). Generalmills.com. https://www.generalmills.com/how-we-make-it/healthier-planet/environmental-impact/climate-change/climate-policy#:~:text=During%202020%2C%20we%20launched%20new,2030%20(compared%20to%202020] 


Unilever
Unilever, a British multinational fast-moving consumer goods company, has established a climate and nature fund dedicated to investing €1 billion by 2030 in climate, nature, and waste projects[endnoteRef:42]. Regenerative agriculture plays a significant role within this fund. Unilever has also implemented smallholder programs for priority crops such as cocoa, palm oil, coconut, and tea, underscoring its steadfast commitment to sustainable agricultural practices. Unilever also committed to reduce absolute Scope 3 forest, land and agriculture (FLAG) GHG emissions from purchased goods and services (associated with ingredients) by 30.3% by 2030[endnoteRef:43]. [42:  Unilever PLC. (2023, May 30). Unilever Climate & Nature Fund. Unilever; Unilever PLC. https://www.unilever.com/sustainability/nature/unilever-climate-nature-fund/]  [43:  Unilever PLC. (2024, February 22). Our Climate Transition Action Plan. Unilever; Unilever PLC. https://www.unilever.com/sustainability/climate/our-climate-transition-action-plan/] 


AB InBev
AB InBev, a Belgian multinational drink and brewing company with a presence in over 150 countries, adopts a more direct and hands-on approach to sustainable agriculture practices. The company actively supports farmers by facilitating access to diverse crop varieties, providing comprehensive training, timely insights for informed decision-making, and offering suitable financial instruments to fortify supply chains in their respective sourcing regions[endnoteRef:44]. Through these initiatives, AB InBev aims to reduce 25% GHG emissions across Scopes 1, 2 and 3 by 2025[endnoteRef:45]. [44:  AB InBev 2022 ESG Report. 2022. AB InBev. https://www.ab-inbev.com/assets/pressreleases/2023/AB%20InBev_2022%20ESG%20Report_FINAL.pdf]  [45:  Climate | AB InBev. (2021). Ab-Inbev.com. https://www.ab-inbev.com/climate] 


[bookmark: _Toc164953392]Focus Crops
Table 2 elucidates the distinctive focus crops adopted by each scrutinized company. There is a notable convergence on the critical crops among the four companies, notably corn and soy, which are also fundamental sources for biofuel production. Like what we’ve observed in the oil and seed trader section, this observation again underscores the emergence of direct competition between food and biofuel companies in their pursuit of sourcing these essential ingredients.

[bookmark: _Toc164953393]Supply Chain for Food Companies
Following a comprehensive analysis of the four companies under consideration, a distinct articulation of six fundamental steps, shown in Graph B[endnoteRef:46], within their respective supply chains has come to the fore. The initial step involves the production phase, encompassing the intricacies of crop cultivation, harvesting, and procuring raw materials from upstream sources. Subsequently, the transformative phase unfolds, wherein crops are converted into essential food ingredients through a series of meticulous processes, including cleaning, milling, and preparation. The ensuing phase, denoted as converting, is marked by the actual production of consumable products, achieved through the amalgamation and cooking of the food ingredients. The fourth step pertains to the packaging stage, entailing the acquisition of packaging materials and the final product packing. The final steps center around the logistical and distribution facets of the supply chain, including the transportation of food items to retail stores and the ultimate provisioning of these products to end consumers. [46:  The Food Supply Chain - Americold. (2021, October 22). Americold. https://www.americold.com/who-we-serve/the-food-supply-chain/] 


[bookmark: _Toc164953394]Sustainability Projects & Farmer Incentives
As of the current date, approximately 65% of food companies have established goals aligned with the Science Based Targets initiative (SBTi)[endnoteRef:47], with many aiming to achieve these objectives by 2030. Motivated by these ambitious targets, these corporations are initiating sustainability projects designed to encourage and support farmers. Concurrently, there will be an escalating demand for crops with low carbon footprints from these companies, as they strive to fulfill their environmental commitments. [47:  Marston, J. (2023, July 20). New climate commitments from food & agriculture corporates have ballooned. Here’s an updated list. AgFunderNews. https://agfundernews.com/an-updated-list-of-climate-commitments-from-corporate-food-and-agriculture#:~:text=At%20the%20start%20of%202022,the%20feasibility%20of%20these%20commitments.] 

Table 3 delineates a comprehensive list of sustainability projects within the agricultural domain for the four prominent companies under consideration. These initiatives have been categorized into five classifications to facilitate a nuanced comparison. Within this report, a more detailed exploration will be undertaken, focusing on the most pertinent initiatives.
Pepsi - Positive Agriculture Supplier Playbook[endnoteRef:48]: guides key ingredient suppliers and buyers in assessing the impact of regenerative farming practices (the playbook is not mandatory for the suppliers). The tools recommended for measuring greenhouse gas emissions are of particular interest, including the Cool Farm Tool, Fieldprint Calculator, and ISCC Greenhouse Gas Module (Table 4). The Cool Farm Tool and Fieldprint Calculator are tailored to measure the agricultural sector's GHG emissions, considering crop types, livestock, land use, and management practices. While both tools generate results on carbon emissions, the Fieldprint Calculator, with its broader functionality, incurs a higher cost, catering not only to farmers but also to supply chain stakeholders. It enables users to compare sustainability performance against regional and national benchmarks, facilitating the identification of areas for improvement. In contrast, the ISCC Module focuses solely on carbon emissions and guides users through each calculation method along the supply chain, encompassing soil, watershed, and biodiversity considerations. [48:  PepsiCo Positive Ag Supplier Playbook. (n.d.). https://www.pepsico.com/docs/default-source/sustainability-and-esg-topics/positive-agriculture-playbook/positive-agriculture-supplier-playbook---english.pdf] 

Soil and Water Outcomes Fund (SWOF)[endnoteRef:49]: awarded by the USDA with an additional $60 million from PepsiCo, aims to assist farmers in transitioning to climate-smart practices on nearly one million acres by 2030. [49:  SWOF. (2014). Soil and Water Outcomes Fund. Soil and Water Outcomes Fund. https://theoutcomesfund.com/pepsico-walmart-support-regenerative-ag-through-swof] 

General Mills - Pilot Studies[endnoteRef:50]: have explored the effectiveness of deep training, 1:1 coaching, peer-to-peer learning networks, and research to advance the implementation of regenerative systems. The primary results have been positive, prompting further exploration of financial assistance mechanisms to expedite progress. Table C delineates these pilot programs' locations and primary ingredients, revealing a notable emphasis on grains and oilseeds in the southern plains and Great Lakes regions within the U.S. [50:  General Mills, Inc. 2024 Global Responsibility Report. (2024). Generalmills.com. https://globalresponsibility.generalmills.com/HTML1/tiles.htm] 

[bookmark: _Toc164953395]Partnership with ESMC (nonprofit Ecosystem Services Market)[endnoteRef:51]: leverages market-based incentive mechanisms for farmers who reduce their environmental impacts, compensating them for soil carbon sequestration, reduced greenhouse gases, and improved water quality. Specific details of the market mechanism are not very clear at this stage.

Ab Inbev - Smart Agriculture Initiative[endnoteRef:52]: offers farmers access to crop varieties, training, timely insights, and financial tools to fortify supply chains in sourcing regions. The initiative supports commercial farmers through cost-sharing and risk mitigation tools, while small farmers benefit from risk mitigation training and tailored tools. However, there is details of these tools are not available to the public.

Unilever - Smallholder Programs[endnoteRef:53]: Integrates social elements such as health, hygiene, and financial management training programs. Collaborating with NGOs, Unilever seeks to professionalize smallholder farming operations, improve yields, diversify crops, and assist farmers in achieving a living income. [51:  General Mills invests $3 million to scale Eco-Harvest by Ecosystem Services Market Consortium - General Mills. (2022). Generalmills.com. https://www.generalmills.com/news/press-releases/general-mills-invests-3-million-to-scale-eco-harvest-by-ecosystem-services-market-consortium]  [52:  Anheuser-Busch InBev. (2021, March 9). A secure and sustainable future: helping farmers overcome pandemic uncertainty through innovation - AB InBev. AB InBev. https://ab-inbev.eu/news/a-secure-and-sustainable-future-helping-farmers-overcome-pandemic-uncertainty-through-innovation/]  [53:  Unilever PLC. (2021, April 20). Empowering smallholder farmers. Unilever; Unilever PLC. https://www.unilever.com/sustainability/livelihoods/empowering-smallholder-farmers/#:~:text=Now%2C%20our%20smallholder%20programmes%20will,water%20conservation%20and%20improving%20biodiversity.] 


Analysis
[bookmark: _Toc164953396]Challenges around IRA
The Inflation Reduction Act (IRA) has encouraged ethanol producers to shift towards prioritizing clean transportation fuel production, necessitating a focus on reducing carbon intensity (CI) scores to qualify for tax credits. Consequently, ethanol producers incentivize farmers to cultivate low-CI crops, particularly low-CI corn for ethanol. Companies such as Poet, Valero, and Green Plains are developing sustainability initiatives by collaborating closely with farmers to adopt practices that lower CI scores. This alignment between economic incentives and environmental imperatives benefits ethanol producers and presents opportunities for farmers to increase their profits, enhance their practices, and contribute to a more sustainable future.

However, despite these strides, farmers who already implemented cover crops or sustainable practices ahead of the current planting season are grappling with uncertainties. They are uncertain about the extent of financial support they will receive, especially with regards to the tax credit of up to $1.75 per gallon. The lack of clarity on the percentage of this credit they will receive creates hesitancy. For instance, if only a fraction, such as 10 cents out of $1.75, is provided, it may not be sufficient to incentivize them to adopt new, potentially costly practices. 

Additionally, there are also several outstanding questions remaining regarding the implementation and effectiveness of this provision. Firstly, uncertainty surrounds the timing of premium payments to farmers. It is unclear whether farmers will receive the premium immediately after selling their corn or if it will be contingent on the ethanol industry obtaining the tax credit. Secondly, the mechanism for disbursing funds to farmers raises concerns. Farmers require assurance of receiving a fair price premium and transparency from ethanol companies in passing on the agreed-upon percentage. Lastly, the impact of weather on corn yields adds complexity. Given the significant investment required for regenerative agriculture practices and the vulnerability of yields to weather fluctuations, farmers seek assurances from the fuel industry regarding stability and support in adverse conditions.
These uncertainties pose a significant barrier, particularly considering the initial investment required for some of these practices. Thus, addressing these uncertainties is crucial in ensuring widespread adoption of sustainable agricultural practices among farmers.

[bookmark: _Toc164953397]Disparities in Incentives: Biofuel vs. Food Industry
In contrast, according to our research, the approach of food companies in incentivizing low-carbon crop cultivation seems limited. While food companies offer some financial incentives to farmers, the extent of these incentives falls short compared to those provided by biofuel companies. The financial support offered by food companies is generally limited to educational training programs and the provision of specific tools or playbooks aimed at providing technical support. In contrast to the robust financial incentives commonly extended by biofuel companies, the emphasis within the food industry tends to lean towards educational initiatives and support mechanisms geared towards enhancing farmers' technical knowledge and capabilities. This discrepancy underscores a notable comparative advantage of biofuel companies in incentivizing agricultural practices. Furthermore, transparency regarding the financial benefits for farmers is lacking in many cases. The ambiguity and inconsistency surrounding the dollar amounts offered by companies further complicate matters, as many have not disclosed their figures. This lack of transparency poses challenges for farmers seeking to adopt sustainable practices, emphasizing the need for clearer and more consistent incentives within the agricultural sector.

If crop demand continues to increase, the food industry may need to reevaluate its approach and consider adopting more robust financial incentives similar to those biofuel companies offer. By providing greater financial support and aligning incentives with environmental objectives, food companies can better incentivize farmers to adopt sustainable agricultural practices to reduce carbon intensity. Moreover, developing closer collaborations with farmers and investing in initiatives directly contributing to lowering CI scores will help the food industry reduce emissions in their value chain. This strategic shift not only aligns with environmental imperatives but also ensures their supply chain's long-term sustainability and resilience.
According to WRI, a mere 2% of the corn grown in the US is allocated to the food industry. However, with the incentives provided by the Inflation Reduction Act (IRA), there's a potential for farmers to shift towards the biofuel industry, possibly intensifying competition for the food industry, although this impact would likely be minimal. While this might lead to heightened competition and possibly higher premiums for certain specialty products, the overall impact on the food industry is expected to be negligible. Furthermore, the US still exports a significant portion, ranging from 7 to 20%[endnoteRef:54], of its corn crop (Purdue University). If demand for corn rises due to the biofuel industry, there's the option to redirect that surplus domestically, thereby supporting the local economy and generating additional jobs. Even in an extreme scenario, the US could resort to importing corn if needed, considering countries like Brazil are increasing their corn and soybean production, ensuring global supply remains stable. [54:  Center. (2011). U.S. Corn Exports to Key Customers Have Been Weak - Center for Commercial Agriculture. Center for Commercial Agriculture. https://ag.purdue.edu/commercialag/home/resource/2023/04/u-s-corn-exports-to-key-customers-have-been-weak/#:~:text=Over%20the%20last%20decade%20corn,about%2013%25%20of%20U.S.%20production.] 


[bookmark: _Toc164953398]Shifting Dynamics in Renewable Fuels
However, as we delved deeper into our research on assessing how the food industry can compete with renewable fuels in sourcing low-carbon crops, we realized that the landscape of alternative fuels is undergoing a significant transformation.  Ethanol is popular but faces constraints due to its chemical properties that limit it to being an additive to gasoline rather than a substitute. Newer alternatives, such as renewable diesel, offer better versatility and broader prospects, predicting a new era of innovation in the fuel market. Anticipated to surpass ethanol in demand, renewable diesel is poised to reshape the fuel market, heralding a new era of sustainable energy solutions.

Biodiesel also releases fewer air pollutants per net energy gain than ethanol. These advantages of biodiesel over ethanol come from lower agricultural inputs and more efficient conversion of feedstocks to fuel. Neither biofuel can replace much petroleum without impacting food supplies. Dedicating all U.S. corn and soybean production to biofuel would meet only 12% of gasoline and 6% of diesel demand[endnoteRef:55]. ​​Renewable diesel, positioned as a next-generation fuel, holds immense promise in reshaping the energy sector due to its seamless integration into existing infrastructure and engines, contrasting with ethanol's limitations. Moreover, biodiesel emerges as a viable alternative with lower air pollutants per net energy gain emissions, presenting compelling options in the transition towards cleaner energy sources.  [55:  Hill, J. D., Nelson, E., Tilman, D., Polasky, S., & Tiffany, D. G. (2006). Environmental, economic, and energetic costs and benefits of biodiesel and ethanol biofuels. Proceedings of the National Academy of Sciences of the United States of America, 103(30), 11206–11210. https://doi.org/10.1073/pnas.0604600103
‌
] 


If biodiesel emerges as the future of renewable fuels, the competition between the food and ethanol industries regarding corn sourcing might be reduced. Unlike ethanol, biodiesel production doesn't solely rely on raw agricultural inputs, offering a different avenue for renewable fuel production.


[bookmark: _Toc164953399]Navigating the Complex Landscape: Stakeholder Perspectives
To gain a deeper understanding of these dynamics, we conducted interviews with stakeholders from various sectors, including farmers, and professionals from the food and agriculture industry. These interviews provided invaluable insights into various aspects such as farmers' considerations regarding costs, transportation, and crop rotation. Additionally, we delved into the intricacies of incentives for farmers, exploring how they are incentivized and informed about new opportunities and trends. Moreover, discussions covered topics such as regenerative agriculture, obstacles posed by the IRA, and opportunities for the food industry to effectively compete with renewable fuels in sourcing low-carbon crops. Also, how the food industry can effectively compete with renewable fuels in sourcing low-carbon crops, thus informing future strategies and policies.

[bookmark: _Toc164953400]Conclusion
In conclusion, the Inflation Reduction Act (IRA) has brought both opportunities and challenges for the ethanol and food industries, particularly regarding the production of low-carbon crops. Ethanol producers have made progress in balancing economic goals with environmental concerns, but farmers still have concerns about financial support and premium payments. Additionally, the differing incentives between the biofuel and food sectors highlight the need for clearer and more consistent approaches to promoting sustainable farming practices.

For ethanol producers, the IRA is expected to increase demand for corn. However, as alternative renewable fuels like renewable diesel become more popular, the demand for low-carbon corn may change.

On the other hand, the food industry currently has enough corn to meet demand, both domestically and internationally. With companies adopting Sustainable Business Targets (SBTs), there could be a growing demand for low-carbon corn to reduce emissions throughout the supply chain.

In summary, while competition for corn between industries is currently low, there may be an increased demand for low-carbon corn in the future. This emphasizes the importance of both sectors adapting to changing market demands and ensuring sustainability in their supply chains.

[bookmark: _Toc164953401]Recommendations
Our recommendations consist of proactive measures to address the evolving policy landscape and foster sustainable agricultural practices.

1. Watch for Updates: Given the evolving nature of the policy landscape, we recommend Rabobank to keep an eye out for any updates or amendments related to section 45Z. Continued monitoring of policy developments will be crucial to adapting strategies and optimizing opportunities for clients.
2. Client Engagement: Proactive engagement with food companies is essential to understand the implications of 45Z on the low-carbon intensity corn market and demand. Rabobank should initiate conversations with clients to understand their challenges in reducing CI scores, whether it pertains to baseline carbon footprints, sourcing lower carbon input products, or addressing concerns regarding regenerative agriculture practices.
3. Product Development: We suggest Rabobank develops financial products tailored to support the transition towards regenerative agriculture and low-CI crops. 
· CI-linked insurance- can mitigate risks associated with potential productivity fluctuations during the transition period.  
· CI-linked loans- can alleviate concerns about profitability by providing financial support for adopting sustainable practices. 
· Partnership with CI Service Firm- To ensure consistency and reliability in CI assessments, Rabobank should collaborate with a CI Service Firm to certify and rate the CI scores of farms, thereby establishing transparent and predictable terms for loan and insurance products.

By proactively addressing these recommendations, Rabobank can position itself as a leader in supporting the transition to sustainable agriculture practices and facilitating the adoption of low-CI crops, thereby aligning with the evolving sustainability goals of both agricultural and corporate sectors.
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Graph A: Supply Chain of Oil and Seeds Traders
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Table 1: Focus Crop of Oil and Seeds Traders
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Graph B: Supply Chain of Food Companies 
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Table 2: Focus Crop of the Four Food Companies 
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Table 3: Food Company Sustainability Projects & Farmer Incentives 
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Table 4: GHG Accounting Tool Recommended by Pepsi’s Positive Agriculture Supplier Playbook 
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Graph C: Pilot Programs and Key Ingredients [image: 地图
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Graph D: Ethanol Supply Chain
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Table 5: Ethanol Corn Procurement and Pricing
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