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Community BioRefineries: Transforming Potato Processing
Effluent Through Newton's Principle of Inertia

“Corpus omne perseverare in statu suo quiescendi vel movendi uniformiter in directum, nisi quatenus illud a viribus
impressis cogitur statum suum mutare”.
Everybody perseveres in its state of rest, or of uniform motion in a right line, unless it is compelled to change that state
by forces impressed thereon.
~ Sir Isaac Newton

By Scott Hewitt CEO and Vincent R. James Ph.D. (A.B.D.) CTO Community BioRefineries, LLC - 2025

In his 1687 masterpiece "Philosophize Naturalis Principia Mathematica," Sir Isaac Newton, the English physicist
whose laws of motion profoundly influenced American Enlightenment thinkers like Benjamin Franklin and
Thomas Jefferson—shaping the scientific ethos of the young United States—formulated his first law of inertia,
which established that matter maintains its state unless acted upon by an external force. This foundational
principle, implying the conservation of momentum and paving the way for later laws of energy and mass
conservation, revolutionized physics by demonstrating that natural states endure through transformation
rather than creation or destruction, enabling advancements in engineering, astronomy, and industrial
innovation. This law parallels the sustainable practices in biorefineries, where high BOD (Biochemical Oxygen
Demand, a measure of the amount of oxygen required by aerobic microorganisms to decompose organic matter
in wastewater) effluent from Idaho potato processing—laden with organic compounds including Cs, Cs, and Ci12
sugars—is not lost as waste but compelled into biofuels, bioplastics, and high-value products through microbial
forces, embodying efficient resource transformation in America's premier potato industry.

Newton’s law does more than frame the philosophical foundation of mechanics—it provides the conceptual
bridge into the modern biorefinery. If states of matter persist until externally transformed, then the task of the
21st-century environmental engineer is to apply precise forces to redirect that persistence with purpose and
sustainability. Nowhere is this more evident than in the valorization of high BOD effluent from potato
processing, where pentose (Cs), hexose (Ce), and disaccharide (Ci2) sugars—key drivers of the organic load—are
rechanneled from environmental hazards into economic assets. The ldaho potato industry, commanding 34%
of U.S. production with 13.3 billion pounds processed in 2024, yields billions of liters of this sugar-rich
wastewater annually from dominant Russet Burbank tubers. To grasp what Community BioRefineries (CBR)
accomplishes in valorizing these sugars via ABE fermentation, bioplastic production, and other processes, we
examine the effluent's profile, its pollution footprint, and its role as a pivotal feedstock in sustainable industrial
practices.

e Composition of High BOD Effluent: High BOD effluent from potato processing encompasses a complex
mix of organic compounds, including:
o Sugars: Primarily Cs hexoses like glucose and fructose from starch hydrolysis, Cs pentoses like
xylose from hemicellulose, and Ci, disaccharides like sucrose from tuber reserves.
o Proteins and Amino Acids: Soluble fractions contributing to nitrogen load.



o Phenolics and Fibers: From peels, adding to antioxidant potential but also inhibitory effects.
o Minerals: Such as potassium and phosphorus, enhancing nutrient density.
e CBR's Utilization Process: Community BioRefineries (CBR) harnesses this effluent through a unique zero-
waste biorefinery processes, transforming organic loads into valuable outputs suitable for:
o Biofuel production via ABE fermentation.
o Bioplastic production, including PLA and PHA.
o Nutrient recovery for fertilizers.
o High-value extracts like phenolics.
o Industrial solvents and chemicals.
e Sustainability Benefits: This approach addresses sustainability by:
o Mitigating nutrient runoff and eutrophication.
o Reducing environmental impact through BOD reduction.
o Complying with EPA standards for safe discharge and reuse.

Abstract

The imperative for sustainable wastewater management in agro-industries has led to innovative biorefinery
designs that prioritize resource recovery from high BOD effluents. This article highlights what the Community
BioRefinery (CBR) achieves in valorizing potato processing wastewater from Idaho's industry—rich in Cs, Cs, and
C12 sugars—into biofuels, bioplastics, and co-products. These sugars, contributing significantly to BOD levels of
2,000-10,000 mg/L, include pentoses like xylose, hexoses like glucose, and disaccharides like sucrose, offering
substrates for microbial fermentation and polymerization. The Idaho potato sector, generating billions of liters
of effluent annually, faces runoff challenges, but CBR's methods ensure efficient, scalable conversion for
environmental compliance. CBR transforms this wastewater into ABE products, bioplastics like PLA and PHA,
alongside nutrient recyclables, enhancing sustainability through zero-waste operations and bioenergy
integration. This approach offers economic benefits, pollution mitigation, and regulatory adherence, positioning
CBR to support Idaho's potato economy while advancing green technologies. Finally, this approach keeps the
EPA sated.

Introduction

The bioeconomy is a transformative framework that leverages biological processes to produce goods from
renewable resources, addressing global sustainability challenges including climate change and resource scarcity.
Biorefineries are at the heart of this framework, converting biomass into fuels, chemicals, materials, and
bioplastics with environmental benefits. The Community BioRefinery (CBR) exemplifies this by valorizing high
BOD effluent from Idaho's potato processing, including sugars from tubers and peels. With Idaho's potato
industry processing over 13 billion pounds annually, CBR's system emphasizes zero-waste principles, projecting
significant revenue while producing biofuels, bioplastics, nutrient recyclables, and high-value compounds from
effluent streams.

Valorizing high BOD effluent offers a high-value opportunity for the potato industry. Cs sugars like xylose from
fibers, Cs sugars like glucose from starch, and Ci; sugars like sucrose from reserves confer potential for
fermentation, nutrient recovery, pollution control, and bioplastic synthesis. These components contribute to
environmental risks like eutrophication (Eutrophication is the process by which a body of water, such as a lake, river,
or coastal area, becomes overly enriched with nutrients—primarily nitrogen and phosphorus—Ileading to excessive growth
of algae and aquatic plants. This nutrient overload stimulates algal blooms, which can block sunlight, deplete oxygen levels
as they decompose, and create "dead zones" where aquatic life struggles to survive) but enables applications in
biofuels, fertilizers, bioplastics, and more. The market for wastewater-derived bioproducts is robust, with bio-
solvents alone valued at approximately USD 5 billion in 2025 and expected to grow to over USD 7 billion by 2031,




driven by demand for green alternatives. The bioplastics market, similarly, is projected to reach USD 25 billion
by 2030, with PLA and PHA leading in biodegradable applications. North America leads due to industrial scale,
with growth in Europe and Asia-Pacific. CBR produces compliant outputs, diversifying applications and
supporting sustainable practices.

Background on High BOD Effluent Safety and Biological Functions

Potato processing effluent is recognized for its potential in treated forms, as seen in recovered products used in
animal feed or fertilizers. Biologically, Cs sugars like glucose provide energy for microbial growth, contributing
to high BOD; Cs sugars like xylose from hemicellulose support diverse fermentations; C12 sugars like sucrose act
as quick substrates. These enhance microbial defense in treatment but pose runoff risks if unmanaged. Research
highlights the effluent's potential for valorization, with sugars comprising up to 20-30% of organics, enabling
biofuel and bioplastic yields while reducing pollution loads.

Market Dynamics and Sourcing Challenges

The recoverable nature of sugars in effluent fuels markets in biofuels, chemicals, feeds, and bioplastics.
Projections indicate growth to over USD 7 billion by 2031 at around 4% CAGR for bio-solvent segments, while
the bioplastics sector grows at 15% CAGR, driven by eco-friendly packaging and medical applications. Sourcing
from effluents faces challenges like variability in sugar profiles, high BOD instability, and regulatory hurdles, but
CBR addresses this by producing stable, recovered products through microbial engineering and green treatment.

What CBR Does in High BOD Effluent Valorization?

CBR can excel in valorizing potato processing effluent through sustainable methods, outperforming traditional
treatments in compliance and scalability for resource recovery. CBR's biorefinery transforms sugars and organics
into diverse products, ensuring environmental safety and enabling use in biofuels, bioplastics, fertilizers, and
extracts like bio-solvents.

Combination with Biomass Processing

CBR processes the effluent to create high-quality outputs, boosting recovery while converting organics into
biofuels and bioplastics. This creates additional bioproducts from the stream, including:

e CsSugars (e.g., Xylose, Arabinose): From hemicellulose; substrates for xylitol or furfural production, and
as co-feeds for PHA biosynthesis.

e Ce Sugars (e.g., Glucose, Fructose): From starch hydrolysis; key for ethanol fermentation and lactic acid
production for PLA.

e Ci1 Sugars (e.g., Sucrose): From tuber reserves; quick energy sources for microbial processes, including
PHA accumulation.

e Proteins and Amino Acids: Nitrogen-rich for feeds.

e Phenolics: Antioxidants for supplements.

e Minerals (e.g., Potassium, Phosphorus): Recycled as fertilizers. This expands the portfolio, creating
higher-value products from Idaho's potato effluent.

Background on Biofuel Production

CBR produces biofuels like bio-acetone, bio-butanol, bio-ethanol, and bio-hydrogen from effluent sugars,
yielding renewable energy sources that power operations and support sustainability.



Background on Bioplastics Production: PLA and PHA from Potato Waste BOD

In alignment with Newton's principle of transforming persistent states, CBR extends effluent valorization to
bioplastics, utilizing the high BOD organic load—primarily Cs, Cs, and C12 sugars—as carbon sources for microbial
synthesis. This zero-waste approach converts what would be environmental pollutants into biodegradable
materials, reducing plastic pollution and fossil fuel dependency.

e Polylactic Acid (PLA): PLA is a thermoplastic biopolymer produced via the fermentation of Ce sugars like
glucose into lactic acid, followed by polymerization. In CBR's process, potato effluent sugars are
hydrolyzed and fermented using lactic acid bacteria (e.g., Lactobacillus species) under anaerobic
conditions, yielding high-purity lactic acid. This is then chemically polymerized into PLA, suitable for
packaging, 3D printing filaments, and medical devices. Potato waste, rich in starch-derived glucose,
provides an ideal feedstock; studies show vyields of up to 0.9 g lactic acid per g sugar, making it
economically viable. PLA from potato BOD not only diverts waste but also offers a carbon-neutral
alternative to petroleum-based plastics, with global production exceeding 300,000 tons annually in 2025.

e Polyhydroxyalkanoates (PHA): PHA encompasses a family of biodegradable polyesters produced
intracellularly by bacteria as energy storage granules. CBR employs stains of the Zymobac
SpectrumXT™:species feeding them mixed Cs and Cs sugars from the effluent under nutrient-limited
conditions to promote PHA accumulation (up to 80% of cell dry weight). The process involves aerobic
fermentation, extraction via solvent or enzymatic methods, and purification. Potato waste BOD, with its
diverse sugar profile, supports tailored PHA variants like PHB (polyhydroxybutyrate) for rigid packaging
or PHBV (polyhydroxybutyrate-valerate) for flexible films. Research indicates PHA yields of 0.3-0.5 g per
g sugar from agro-waste, positioning CBR to meet growing demand in agriculture (e.g., mulch films) and
biomedicine. Unlike PLA, PHA requires no chemical polymerization, enhancing energy efficiency in CBR's
modular setup.

By integrating PLA and PHA production, CBR achieves synergistic benefits: residual streams from ABE
fermentation serve as inputs for bioplastics, closing the loop and exemplifying inertia redirected for
sustainability.

Feasibility of Operations

CBR's modular design allows for diversified production, creating complementary outputs like biofuels,
bioplastics, and recyclables from effluent streams.

Potential Benefits

Economic: Revenue from recovered products, biofuels, and bioplastics. Sustainability: Reduced runoff, waste,
and plastic pollution. Scalability: Supports industry expansion. Innovation: Leadership in effluent management
and green materials.

Key Challenges and Mitigations

CBR mitigates challenges like sugar variability through optimized strains, ensuring efficiency and resource
recovery. The CBR process creates zero waste from beginning to end, also using no heat or chemicals. For

bioplastics, challenges such as inhibitory phenolics are addressed via pretreatment and strain engineering.

Implementation Overview



CBR plans, sets up, engineers, operates, and budgets for sustainable treatment, achieving compliance and
efficiency across effluent components, including bioplastic lines.

Case Studies

Precedents from industry leaders demonstrate integrated treatment for potato effluent, yielding sugars,
biofuels, and bioplastics. Notably, research at Boise State University (BSU) provides academic insights that align
with CBR's approach, focusing on potato waste valorization in ldaho. Under Dr. Owen McDougal, projects
emphasize sustainable processing. For instance, collaborations can explore PEF to reduce sugars in effluents,
minimizing BOD while aiding recovery—outcomes that enhance efficiency without additional waste. Building on
this, upcycling initiatives optimize starch and protein from low-value tubers, demonstrating economic potential
for bioplastics. BSU's work also addresses environmental factors like smoke impacts on sugar profiles, informing
resilient practices amid climate change. Additionally, extraction methods for byproducts align with sugar
recovery for PLA and PHA. These BSU initiatives underscore practical outcomes like reduced BOD and enhanced
functionality, directly supporting CBR's model.

Side Note: Other Universities Researching Valorization of Potato BOD into Biofuels and
Bioplastics

Several universities and research institutions worldwide are actively exploring the valorization of potato
processing waste, including high BOD (biochemical oxygen demand) effluent or wastewater, into biofuels (such
as bioethanol, biogas, and biohydrogen) and bioplastics (like polyhydroxyalkanoates or PHA). This often involves
microbial fermentation, anaerobic digestion, or pretreatment methods to convert sugars and organics in the
waste. Below is a list of notable ones (excluding Boise State University, as referenced in related contexts), based
on recent studies and reviews:

e Penn State University (USA): Researchers in the College of Agricultural Sciences have developed efficient
methods to convert potato processing waste, including mash from peels and wastewater, into
bioethanol. This approach enhances food waste conversion, reduces production costs for biofuels, and
addresses high BOD by transforming organic loads into renewable energy.

e University of Johannesburg (South Africa): Focuses on converting potato peel waste (PPW) into biofuels
like bioethanol, biogas, and biohydrogen through anaerobic digestion and fermentation. Their work
highlights BOD reduction in potato processing wastewater contexts, using PPW's high carbohydrate
content for sustainable energy production and as low-cost biocatalysts.

e University of KwaZulu-Natal (South Africa): Collaborates on reviews and studies valorizing PPW for
biogas and bioethanol, emphasizing co-digestion techniques (e.g., with cow dung) to optimize methane
yields and pH, which aids in managing high BOD effluent from potato processing.

e Isfahan University of Technology (Iran): Investigates sustainable bioconversion of PPW into bioethanol
and biogas using organosolv pretreatment, achieving high glucose and ethanol yields. Additional work
includes biorefineries producing biofuels (biobutanol, biohydrogen) and bioplastics (PHA), with indirect
BOD reduction via anaerobic digestion.

e University of Saida - Dr Moulay Tahar (Algeria): Conducts research on bio converting potato peel waste
into starch and bioplastics, focusing on resource recovery from agro-industrial waste to create
biodegradable materials.

e Mersin University (Turkey): Explores the production of bioplastics from potato peel waste, investigating
mechanical properties and biodegradation as eco-friendly alternatives to traditional plastics.

e Vrije Universiteit Brussel (Belgium): Develops biorefinery approaches for potato peel waste, producing
biofuels (ethanol, biogas, biobutanol, biohydrogen) and bioplastics (PHA). The processes facilitate lignin




removal and cellulose accessibility, supporting environmental sustainability and BOD minimization
through waste transformation.

e Central Potato Research Institute (India): As a specialized institute (affiliated with the Indian Council of
Agricultural Research), it conducts potato-related research, including waste valorization from pulp,
peels, and processed water into potential biofuels or other products, addressing wastewater challenges
in industrial settings.

These efforts contribute to circular economy principles by turning environmental liabilities into valuable
products. Research often overlaps between solid peels and liquid effluent, as both contribute to high BOD in
potato processing. For the latest developments, checking academic databases like PubMed or Scopus is
recommended.

Conclusion

CBR's valorization of high BOD effluent transforms potato processing, setting a benchmark for sustainable
management through biofuels, bioplastics, and beyond. By applying "forces" of microbial engineering, CBR
redirects waste inertia into valuable, eco-friendly products, fostering a circular bioeconomy.

Explanation of Biofuel Production and GRAS Status of Its Bio-Based Products

Biofuel production at CBR yields bio-acetone, bio-butanol, bio-ethanol, and bio-hydrogen from effluent sugars.
These purified products achieve GRAS status for food uses:

e Bio-Ethanol: Used in beverages and extracts.

e Bio-Acetone: As a solvent in processing.

e Bio-Butanol: In flavors.

e Bio-Hydrogen: In food processing. These versatile, bio-based products reduce carbon footprints and
enable sustainable integration. For bioplastics, PLA and PHA are FDA-approved for food contact,
extending GRAS-like safety to packaging.
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