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Summary: Idaho's Snake River Valley can transform rotation crops into sustainable biofuels and high-value bioproducts
through innovative biorefinery technology. Idaho's Snake River Valley is positioned to lead the global bioeconomy by
valorizing unused biomass and generating clean energy.

Abstract

Idaho's Snake River Valley is a globally significant agricultural region, producing a diverse array of rotation crops, including
barley (Hordeum vulgare L.), potatoes, sugar beets, wheat, alfalfa, onions, dry beans, peas, lentils, chickpeas, canola, mint,
and seed crops (e.g., sweet corn, carrot, lettuce) - and - easily capable of growing Community BioRefinery, LLC's (CBR)
licensed high-oleic, low-water non-GMO corn hybrid. In 2024, barley alone contributed 30.6 million bushels from 399,000
acres, with 30—40% of its biomass (183,600—244,800 tons of straw) typically unused.

CBR's biorefinery is capable of processing all major rotation crops in the valley, and employs several patented technologies,
owned by CBR and its technology partners. Finally, a novel acetone-butanol-ethanol (ABE) fermentation process using the
Zymobac™ strain, for which CBR is the trademark holder - to achieve 100% conversion of C5 (xylose, arabinose) and C6
(glucose, fructose, mannose, galactose) sugars from both grain and crop residues.

These technologies produce sustainable biofuels (ethanol, butanol, acetone), high-value phytochemicals (e.g., phenolic
acids, flavonoids, lignans, alkylresorcinols, tocopherols), proteins, and dietary fiber, creating a win-win economic model
that enhances grower profit margins through investment partnerships. The biofuels and biomass from CBR's process can
also power fuel cell electrical generation systems to drive water pumps and factory equipment in the Snake River
agricultural region, reducing reliance on fossil fuels and supporting energy independence. Fuel cells utilize ethanol,
butanol, hydrogen (derived from biomass), and residual biomass to generate electricity via electrochemical reactions,
offering a clean, efficient energy solution.

The Idaho Grain Producers Association (IGPA) supports research into crop quality, disease resistance (e.g., Barley Yellow
Dwarf Virus (BYDV), and market strategies, improving yield and sustainability. This brief evaluates the economic and
environmental potential of valorizing rotation crops, projecting a market value of $1.2—2.0 billion annually for bioproducts,
with an additional $50-100 million from fuel cell energy, and a weighted compound annual growth rate (CAGR) of 4.5—
6.5% through 2030. By integrating the CBR processes, fuel cell technology, and IGPA's research, Idaho can lead the global
circular bioeconomy while powering its agricultural infrastructure sustainably.

1. Introduction

Idaho's Snake River Valley, encompassing the Snake River Plain, is a premier agricultural region due to its nutrient-rich
volcanic soils, reliable irrigation from mountain streams, and favorable climate of warm days and cool nights. The region
supports a diverse crop rotation system, with barley, potatoes, sugar beets, wheat, alfalfa, onions, dry beans, peas, lentils,
chickpeas, canola, mint, and specialty seed crops forming the backbone of its agricultural economy. In 2024, Idaho's
agricultural output was valued at $11 billion, with barley contributing $168-184 million from 30.6 million bushels and
potatoes leading at $1.38 billion from 143 million hundredweight (cwt). Approximately 30-40% of barley biomass
(183,600-244,800 tons of straw) and significant residues from other crops (e.g., corn stover, potato vines, wheat straw)
remain underutilized, representing a substantial opportunity for biorefinery applications.



The Community BioRefineries, LLC (CBR), a leader in sustainable bioprocessing, has developed a versatile true biorefinery
capable of valorizing all major rotation crops in the Snake River Valley. Its patented technologies, including SFE, UAE, PEF,
and ABE fermentation with the trademarked Zymobac™ strain, enable complete utilization of crop biomass, converting C5
and C6 sugars into biofuels (acetone, butanol, ethanol) and extracting high-value phytochemicals such as phenolic acids
(ferulic, p-coumaric, caffeic, sinapic), flavonoids (catechins, proanthocyanidins, quercetin, kaempferol), lignans,
alkylresorcinols, and tocopherols. These products, used in nutraceuticals, cosmetics, and functional foods, create a win-
win economic model, with growers potentially* sharing up to 48% of the CBR facility’s net profits through investment
partnerships, increasing profit margins over traditional markets ($5.50-6.00/bushel for barley, $4.50-5.50/bushel for
corn). *Assuming the growers and/or their co-ops participate in all three investment phases.

Beyond bioproducts, CBR's biofuels and residual biomass power fuel cell electrical generation systems, providing clean
(green) energy to operate water pumps and factory equipment critical to the Snake River Valley's agricultural
infrastructure. Fuel cells, using ethanol, bio-butanol, hydrogen (derived from biomass gasification), and residual biomass,
generate electricity through electrochemical reactions, offering high efficiency (40-60% vs. 30-35% for combustion
engines) and low emissions. This energy solution supports irrigation systems, processing facilities, and CBR operations,
reducing the region's carbon footprint and enhancing energy independence.

The Idaho Grain Producers Association (IGPA) plays a pivotal role in advancing crop production through research into
disease resistance, variety development, and market strategies. For example, IGPA supports efforts to combat BYDV in
barley and improve falling numbers, enhancing marketability. This comprehensive business brief provides an in-depth
analysis of the nutritional and phytochemical composition of barley and other rotation crops, details their fermentable
sugars, evaluates CBR's ABE fermentation process, explains the role of fuel cell technology, and integrates IGPA's research
to assess the economic and environmental potential of a circular bioeconomy in the Snake River Valley. The focus is on
transforming Idaho's agricultural output into high-value bioproducts and sustainable energy, leveraging unused biomass
to foster economic growth and environmental stewardship.

2. Rotation Crops in Idaho's Snake River Valley
The Snake River Valley's diverse climate, volcanic soils, and extensive irrigation infrastructure (covering 3.4 million acres)
support a robust crop rotation system that enhances soil health, reduces pest pressure, and optimizes yields. The following
crops are commonly grown in rotation, with their production data and economic contributions based on 2023-2024
estimates from the USDA National Agricultural Statistics Service (NASS), Idaho Farm Bureau, and other sources.
2.1. Barley
e Acreage and Yield: 570,000 acres planted in 2024, with 399,000 acres in the Snake River Valley, producing 30.6
million bushels (612,000 tons at 48 Ib/bushel) at 76.8 bushels/acre.
¢ Economic Value: $168-184 million at $5.50-6.00/bushel.
e Unused Biomass: 183,600-244,800 tons of straw (30—40% of total biomass), typically left in fields or used for low-
value purposes like bedding.
¢ Rotation Role: Improves soil structure, reduces disease carryover for potatoes and sugar beets, and is often
followed by alfalfa or wheat.

2.2. Potatoes
Acreage and Yield: 330,000 acres planted in 2023, producing 143 million cwt (7.15 million tons) at 433 cwt/acre,
accounting for ~30% of U.S. potato production.

e Economic Value: $1.38 billion in 2023.

¢ Unused Biomass: Potato vines and culls (~1-2 million tons), often discarded or used minimally for feed.

e Rotation Role: High-value crop rotated with wheat, barley, or alfalfa to manage soil-borne diseases like
Rhizoctonia.

2.3. Sugar Beets
Acreage and Yield: 175,000 acres planted, producing 7 million tons in 2023.
¢ Economic Value: ~$350-400 million at S50-60/ton.
¢ Unused Biomass: Beet tops and pulp (~1.4-2.1 million tons), partially used for feed but largely underutilized.
¢ Rotation Role: Enhances soil fertility, rotated with potatoes or corn.

2.4. Wheat



Acreage and Yield: 1.17 million acres planted in 2023, with ~800,000 acres in the Snake River Valley, producing
~80 million bushels at 68 bushels/acre.

Economic Value: ~$600-700 million at $7.50-8.50/bushel.

Unused Biomass: Wheat straw (~1.5—-2 million tons), often baled for feed or bedding but with biorefinery potential.
Rotation Role: Improves soil organic matter, rotated with potatoes, barley, or legumes.

. Alfalfa

Acreage and Yield: 1.44 million acres of hay (primarily alfalfa) harvested in 2023, yielding ~6 million tons at 4.2
tons/acre.

Economic Value: ~$900-1,200 million at $150-200/ton.

Unused Biomass: Minimal, but older stands (3—4 years) can be processed for fiber and phytochemicals.

Rotation Role: Fixes nitrogen, improves soil health, rotated with potatoes, corn, or barley.

. Onions

Acreage and Yield: ~20,000 acres in the Snake River Valley, producing ~25% of U.S. yellow onions (1.2 million tons
in 2023).

Economic Value: ~$150-200 million at $10-15/cwt.

Unused Biomass: Onion skins and tops (~200,000-300,000 tons), largely discarded.

Rotation Role: Breaks pest cycles, rotated with potatoes or sugar beets.

. Dry Beans, Peas, Lentils, and Chickpeas

Acreage and Yield: Dry beans (~30,000 acres), peas (14,000 acres), lentils (13,000 acres), and chickpeas (variable,
mostly North Idaho) produced ~200,000 tons combined in 2023.

Economic Value: ~$80-120 million (dry beans: $400-500/ton, pulses: $300—-400/ton).

Unused Biomass: Stems and pods (~50,000-80,000 tons), underutilized.

Rotation Role: Nitrogen-fixing legumes, rotated with barley, wheat, or potatoes.

. Canola

Acreage and Yield: ~10,000-20,000 acres in 2023, yielding ~40,000-80,000 tons.

Economic Value: ~$20—-40 million at $500-600/ton.

Unused Biomass: Canola straw (~20,000-40,000 tons), plus seed head slash, with biorefinery potential.
Rotation Role: Improves soil structure, rotated with wheat or barley.

. Mint

Acreage and Yield: ~20,000 acres, producing 1.2 million pounds of peppermint and spearmint oil in 2023.
Economic Value: ~$30-50 million at $25-40/Ib.

Unused Biomass: Distillation residues (~50,000-100,000 tons), composted but suitable for phytochemical
extraction.

Rotation Role: High-value crop, rotated with potatoes or alfalfa.

2.10. Seed Crops

Acreage and Yield: Idaho produces 70% of global hybrid temperate sweet corn seed (~5,000 acres), plus carrot,
lettuce, and alfalfa seeds, valued at $100-150 million.

Unused Biomass: Seed crop residues (~20,000-50,000 tons), underutilized.

Rotation Role: High-value, low-acreage crops rotated with wheat or barley.

2.11. CBR's Licensed non-GMO Corn Hybrid

Acreage and Yield: ~50,000—-100,000 acres in the Snake River Valley, yielding ~200,000-400,000 tons at 150-200
bushels/acre.

Economic Value: $90-180 million at $4.50-5.50/bushel.

Unused Biomass: Corn stover (~100,000-200,000 tons), largely underutilized.

Rotation Role: High-oleic, low-water varieties complement barley and potatoes, enhancing soil health.

NOTE: This is a USDA patented, non-GMO hybrid, exclusively licensed to Community BioRefineries, LLC. It was derived from
crossing an ancient heritage strain of maize (corn), used extensively by the Mayan culture, but lost until recently. This maize was
naturally crossed with Tripsacum (prairie grass) to enable the new corn to be cultivated with existing farming equipment while



retaining its natural benefits, but also took on some of the prairie grass features, such as requiring less water and less fertilizer to
flourish. The nutritive features of the corn* are astonishing — essentially a “whole food”, similar to Mother’s Milk, as well as
naturally resistant starch and high oleic oil. CBR’s nomination for its license with the USDA was placed by the USDA on the floor
of Congress for 30 days to allow for any comment or challenge; there we no objections or challenges. CBR was chosen due to the
efficiency of its process and its ability to retain all the corn’s characteristics without damage or alteration. Referred to by the USDA
as “Heart Healthy” corn.

*The prevalent #2 dent corn, currently cultivated throughout the U.S., has lost many of its original nutritional traits over the past 100+ years due
to repeated genetic engineering.

3. Nutritional and Phytochemical Composition

3.1.

3.8.

Barley

Grain: 60-65% starch (glucose, maltose), 8-12% protein (leucine, valine, isoleucine, methionine, phenylalanine,
threonine, histidine, lysine, arginine), 15-20% dietary fiber (3—7% B-glucans), phenolic acids (ferulic: 0.2-0.4
mg/100 g, p-coumaric: 0.1-0.2 mg/100 g, caffeic: 0.05—0.1 mg/100 g, sinapic: 0.05-0.15 mg/100 g), flavonoids
(catechins: 0.1-0.3 mg/100 g, proanthocyanidins: 0.2—0.5 mg/100 g, quercetin: 0.05-0.15 mg/100 g, kaempferol:
0.05-0.1 mg/100 g), lignans, alkylresorcinols (0.1-0.3 mg/100 g).

Straw: 35-40% cellulose (glucose), 20—-25% hemicellulose (xylose, arabinose, mannose, galactose), 5-10% -
glucans, trace phenolic acids, lignans.

Health Benefits: Reduces LDL cholesterol, supports gut health, provides antioxidant/anti-inflammatory effects.

. Potatoes

Tuber: 70-80% starch (glucose), 2-3% protein, 1-2% fiber, phenolic acids (chlorogenic: 10-50 mg/100 g),
flavonoids (catechins, anthocyanins in colored varieties), vitamin C (10-30 mg/100 g).

Vines/Culls: Cellulose (30-35%), hemicellulose (15-20%), trace phytochemicals.

Health Benefits: Energy source, antioxidants, vitamin C support immune function.

. Sugar Beets

Root: 15-20% sucrose (glucose, fructose), 5-7% fiber, phenolic acids (ferulic, caffeic), betaine (1-2%).
Tops/Pulp: Cellulose (25-30%), hemicellulose (15-20%), pectin (10-15%).
Health Benefits: Betaine supports cardiovascular health; fiber aids digestion.

. Wheat

Grain: 65—-70% starch (glucose), 10-14% protein (glutenins, gliadins), 10-12% fiber, phenolic acids (ferulic: 0.5-1
mg/100 g), flavonoids (luteolin, apigenin).

Straw: 35-40% cellulose, 20—25% hemicellulose, trace phenolic acids.

Health Benefits: Fiber and phenolics support gut and cardiovascular health.

. Alfalfa

Forage: 15-20% protein, 25—-30% fiber (cellulose, hemicellulose), flavonoids (apigenin, luteolin), saponins (0.5—
2%).
Health Benefits: Protein for feed, saponins for cholesterol reduction.

. Onions

Bulb: 8-10% sugars (fructose, glucose, sucrose), 1-2% fiber, flavonoids (quercetin: 20-50 mg/100 g), sulfur
compounds (allicin).

Skins/Tops: Cellulose (20-25%), hemicellulose (15—-20%), high quercetin content.

Health Benefits: Antioxidants and sulfur compounds support cardiovascular and anticancer effects.

. Dry Beans, Peas, Lentils, Chickpeas

Seed: 20-25% protein, 50-60% starch, 15-25% fiber, phenolic acids (ferulic, p-coumaric), flavonoids
(anthocyanins, kaempferol).

Residues: Cellulose (30-35%), hemicellulose (20-25%).

Health Benefits: Protein and fiber support metabolic health; phenolics provide antioxidant benefits.

Canola
Seed: 40-45% oil (high in oleic acid), 20-25% protein, 5—7% fiber, tocopherols (vitamin E), phenolic acids.



3.9.

Straw: Cellulose (35-40%), hemicellulose (20-25%).
Health Benefits: High-oleic oils reduce cardiovascular risk; protein for feed.

Mint

Leaves: Essential oils (menthol: 30-50%, menthone), flavonoids (luteolin), phenolic acids.

Residues: Cellulose (25-30%), hemicellulose (15-20%).

Health Benefits: Menthol for respiratory and digestive health; antioxidants for anti-inflammatory effects.

3.10. Seed Crops

Seeds: Vary by crop (e.g., sweet corn: 70—75% starch; carrot: terpenoids; lettuce: phenolic acids).
Residues: Cellulose (30-35%), hemicellulose (15-20%).
Health Benefits: Vary by crop, generally nutrient-dense.

3.11. CBR's Licensed Hybrid Corn

Grain: 70-75% starch (glucose), 8-10% protein, 50-60% high-oleic oil, phenolic acids (ferulic, caffeic), flavonoids
(quercetin), tocopherols.

Stover: Cellulose (35-40%), hemicellulose (20-25%).

Health Benefits: High-oleic oils for cardiovascular health; protein and phytochemicals for nutrition.

4. Fermentable Sugars and ABE Fermentation

CBR's biorefinery processes all rotation crops, converting their sugars into ABE products using the trademarked Zymobac™
strain, achieving 100% C5/C6 sugar conversion. Residues not used for cattle feed or bioremediation (e.g., soil amendments,
phytoremediation) are prioritized for biofuel and fuel cell applications.

4.1.

Fermentable Sugars

Barley Grain: Glucose (367,000—398,000 tons), maltose (40-50%), fructose (<1%), sucrose (1-2%).

Barley Straw: Glucose (36,000-48,000 tons from 183,600-244,800 tons), xylose (24,000—-30,000 tons), arabinose
(2-5%), mannose (<1%), galactose (<1%).

Potatoes: Glucose (5-5.7 million tons from tubers), cellulose/hemicellulose from vines (300,000-400,000 tons).
Sugar Beets: Sucrose (1-1.4 million tons), glucose/fructose from hydrolysis, cellulose/hemicellulose from
tops/pulp (200,000-300,000 tons).

Wheat Grain: Glucose (3.2—-3.8 million tons), maltose, sucrose.

Wheat Straw: Glucose (600,000—800,000 tons), xylose, arabinose.

Alfalfa: Limited sugars (cellulose/hemicellulose: 1.5-1.8 million tons), primarily for fiber/protein.

Onions: Fructose/glucose/sucrose (100,000—120,000 tons), cellulose/hemicellulose from skins/tops (50,000—
75,000 tons).

Dry Beans/Pulses: Glucose (100,000-120,000 tons), cellulose/hemicellulose from residues (15,000-24,000 tons).
Canola: Glucose from straw (8,000—16,000 tons), oil as biofuel feedstock.

Mint: Cellulose/hemicellulose from residues (12,500-25,000 tons).

Seed Crops: Glucose from residues (6,000—-15,000 tons).

Hybrid Corn: Glucose (140,000-300,000 tons from grain), cellulose/hemicellulose from stover (40,000-80,000
tons).

. ABE Fermentation Process

Pretreatment: Microwave hydrothermal processing and PEF achieve 90-95% sugar recovery from crop residues
not used for feed or bioremediation.
Saccharification: Cellulases and hemicellulases convert starch, cellulose, and hemicellulose into fermentable
sugars.
Fermentation: Zymobac™ ferments C5/C6 sugars into acetone (20—-30%), butanol (60-70%), and ethanol (10-20%)
at 0.35-0.40 g ABE/g sugar.
Yields:

o Barley: 128,000-159,000 tons ABE from grain, 21,000-31,000 tons from straw.

o Potatoes: 1.7-2.3 million tons ABE from tubers, 90,000-120,000 tons from vines.

o Sugar Beets: 300,000-400,000 tons ABE from sucrose, 60,000-90,000 tons from tops/pulp.

o Wheat: 960,000-1.1 million tons ABE from grain, 180,000-240,000 tons from straw.



o Hybrid Corn: 100,000-150,000 tons ABE from grain, 30,000—-60,000 tons from stover.

o Other Crops: 30,000-50,000 tons ABE from pulses, canola, mint residues.
Advantages: Butanol's high energy density (29.2 MJ/L vs. 19.6 MJ/L for ethanol) and versatility drive economic
value. Complete biomass utilization increases feedstock by 30-40%.

5. Fuel Cell Electrical Generation
CBR's biofuels (ethanol, butanol) and biomass residues power fuel cell systems to generate electricity for water pumps and

factory

equipment in the Snake River Valley. Fuel cells convert chemical energy from fuels into electricity via

electrochemical reactions, offering higher efficiency (40-60%) and lower emissions than combustion engines. Below is an
explanation of how fuel cells operate using ethanol, butanol, hydrogen, and biomass from CBR's process.

5.1. Fuel Cell Technology Overview

Fuel cells generate electricity through an electrochemical reaction between a fuel (e.g., ethanol, butanol,
hydrogen) and an oxidant (oxygen from air). The reaction occurs in a cell with an anode, cathode, and electrolyte,
producing electricity, water, and minimal CO2 (for alcohol fuels) or no CO2 (for hydrogen). Key types include:
Proton Exchange Membrane Fuel Cells (PEMFCs): Use hydrogen or alcohols, ideal for portable and stationary
applications.

Solid Oxide Fuel Cells (SOFCs): Operate at high temperatures, suitable for biomass-derived syngas or direct
biomass use.

Direct Alcohol Fuel Cells (DAFCs): Optimized for ethanol and butanol, with simpler infrastructure needs.

. Fuels from CBR's Process

Ethanol: Produced from ABE fermentation (10—-20% of output), ethanol is used in DAFCs, particularly direct ethanol
fuel cells (DEFCs). Ethanol is oxidized at the anode, producing electrons for electricity, CO2, and water.

Butanol: The primary ABE product (60-70%), butanol has a higher energy density (29.2 MJ/L vs. 19.6 MJ/L for
ethanol) and is used in direct butanol fuel cells (DBFCs) or blended with ethanol in DAFCs. Its lower volatility and
higher energy content make it ideal for fuel cells.

Hydrogen: Derived from biomass gasification of crop residues (e.g., barley straw, corn stover, potato vines).
Gasification converts biomass into syngas (CO, H2), which is purified to produce hydrogen for PEMFCs.
Approximately 50-70 kg of hydrogen can be produced per ton of dry biomass.

Biomass: Residual lignocellulosic material (after sugar extraction) is used in SOFCs or gasified for syngas, which
powers SOFCs or PEMFCs after hydrogen purification.

. Fuel Cell Operation

Ethanol/Butanol in DAFCs:

o Reaction: At the anode, ethanol (C2H50H + 3H20 - 2C02 + 12H+ + 12e-) or butanol (C4H90H + 6H20 -
4CO02 + 20H+ + 20e-) is oxidized, releasing electrons. At the cathode, oxygen (02 + 4H+ + 4e— > 2H20) is
reduced, completing the circuit.

Efficiency: 40-50%, with power outputs of 0.5-1 kW/kg of fuel.

o Applications: Powers irrigation pumps (10—-100 kW) and factory equipment (e.g., conveyors, processing

lines).
Hydrogen in PEMFCs:

o Reaction: Hydrogen (H2 = 2H+ + 2e-) is oxidized at the anode, with oxygen reduced at the cathode (02 +
4H+ + 4e— - 2H20).

o Efficiency: 50-60%, with power outputs of 1-2 kW/kg of hydrogen.

o Applications: High-efficiency power for large irrigation systems and biorefinery operations.

Biomass/Syngas in SOFCs:

o Reaction: Syngas (CO + H2) or direct biomass is oxidized at the anode, with oxygen reduced at the cathode,
producing electricity and minimal emissions.

o Efficiency: 45-55%, suitable for stationary power (100 kW—1 MW).

o Applications: Powers large-scale factory equipment and grid support.

5.4. Energy Output and Impact
Available Fuel:



o Barley: 21,000-31,000 tons ABE from straw, 128,000—-159,000 tons from grain (10—20% ethanol, 60—-70%

butanol).

Potatoes: 90,000-120,000 tons ABE from vines, 1.7-2.3 million tons from tubers.

Hybrid Corn: 30,000-60,000 tons ABE from stover, 100,000-150,000 tons from grain.

Other Crops: 30,000-50,000 tons ABE from residues.

Hydrogen: 10,000—-20,000 tons from 183,600-244,800 tons of barley straw and other residues (50-70

kg/ton).

o Biomass: 500,000—-1 million tons of lignocellulosic residues post-extraction.

e Energy Generation: Assuming 50% fuel cell efficiency, 1 ton of ABE (70% butanol, 20% ethanol) generates ~5-7
MWh, and 1 ton of hydrogen generates ~15-20 MWh. Total energy potential: 100,000-150,000 MWh annually,
sufficient to power 10,000—15,000 irrigation pumps (10 kW each) or 50—100 processing facilities (1 MW each).

e Economic Value: At $0.10-0.15/kWh, fuel cell energy adds $50-100 million in value, offsetting energy costs for
growers and CBR.

e Environmental Impact: Reduces CO2 emissions by 80-90% compared to fossil fuel-based power, supporting
Idaho's sustainability goals.

O O O O

6. Idaho Grain Producers Association Research Initiatives
IGPA's research, supported by the University of Idaho and Idaho Barley Commission, enhances crop productivity and
sustainability:

o Disease Resistance: Studies on BYDV and other pathogens improve barley and wheat varieties.

¢ Variety Development: Semidwarf barley genes and drought-tolerant corn hybrids increase yields by 5-10%.

¢ Quality Metrics: Research into falling numbers and protein content improves marketability.

e Market Strategies: USDA-funded projects provide risk management tools like crop insurance.

e Funding Advocacy: IGPA secured $1.5 million in 2015 for research, with ongoing efforts to expand funding.

7. Market Analysis
7.1. Barley
e Malted Barley: $170-210 million, CAGR 3-4%.
e ABE Products: $230-330 million (grain: $200-280M, straw: $30-50M), CAGR 5.5-6.5%.
e Proteins: $60-90 million, CAGR 9-11%.
e Phytochemicals: $5-10 million, CAGR 6—8%.
¢ Fiber: $30-60 million, CAGR 7—8%.
o Fuel Cell Energy: $10-20 million, CAGR 5-7%.

7.2. Potatoes
e Fresh/Processed: $1.38 billion, CAGR 3-4%.
e ABE Products: $500-700 million, CAGR 5.5-6.5%.
e Phytochemicals: $10-20 million, CAGR 6—8%.
o Fuel Cell Energy: $15-25 million, CAGR 5-7%.

7.3. Sugar Beets

e Sugar: $350-400 million, CAGR 2-3%.

e ABE Products: $150-200 million, CAGR 5.5—6.5%.
e Fiber/Betaine: $50-80 million, CAGR 6-7%.

o Fuel Cell Energy: $5—10 million, CAGR 5-7%.

7.4. Wheat
Grain: $600—700 million, CAGR 3-4%.
e ABE Products: $300—400 million, CAGR 5.5—6.5%.
e Proteins/Fiber: $100-150 million, CAGR 7-9%.
e Fuel Cell Energy: $10-20 million, CAGR 5-7%.

7.5. Other Crops
e Alfalfa: $900-1,200 million, CAGR 3-4%.
e Onions: $150-200 million, CAGR 4-5%.



e Pulses: $80-120 million, CAGR 5-6%.

e Canola: $20-40 million, CAGR 6-7%.

¢ Mint: $30-50 million, CAGR 4-5%.

e Seed Crops: $100-150 million, CAGR 5-6%.

e Hybrid Corn: $130-260 million (ABE: $80—130M, oils: $20—-30M, phytochemicals: $10-20M, fuel cell energy: $5—
10M), CAGR 5-7%.

8. Economic Projections
o Total Market Value: $1.2-2.0 billion annually for bioproducts (barley: $400-700M, potatoes: $500-700M, others:
$300-600M), plus $50-100 million from fuel cell energy.
e Unused Biomass Impact: Valorizing residues adds $200-300 million, boosting grower margins.
e CAGR: 4.5-6.5% through 2030.
¢ Investment Needs: $150-250 million for biorefinery and fuel cell infrastructure, ideally with growers and co-ops
contributing up to $150M is so motivated.

9. Discussion

CBR's biorefinery, leveraging Zymobac™ fermentation and fuel cell technology, transforms Idaho's rotation crops into high-
value bioproducts and clean energy, utilizing all biomass not used for feed or bioremediation. Fuel cells provide a
sustainable energy source for agricultural operations, reducing costs and emissions. IGPA's research enhances crop
resilience and marketability, supporting a circular bioeconomy. Challenges include infrastructure scaling and water
management, which collaborations with the University of Idaho and Idaho Barley Commission can address.

10. Conclusion

Idaho's Snake River Valley, with its diverse rotation crops, CBR's innovative biorefinery, and fuel cell technology, is poised
to lead the global bioeconomy. Valorizing unused biomass and generating clean energy can produce $1.25-2.1 billion
annually, with increasing grower margins, fostering sustainable agricultural and energy growth.
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