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A. Description of work: 
Rapid urbanization and population growth have increased food waste generation and 

disposal problems. Roughly a third of the edible food produced for human consumption, valued at 
1 trillion USD, is wasted (FAO, 2013 & 2022). Food wastage across the supply chain is 38% from 
manufacturers, 24% from residential, 17% from restaurants and food services, and 9% from 
supermarkets (Biocycle, 2020). Although household food waste is a massive problem, it is 
challenging to valorize and recycle because it is frequently collected as bulk waste mixed with 
plastic, paper, and metal waste. Bulk waste is complicated to sort for downstream processing. The 
food industry, however, 
produces large quantities of 
waste in both solid and liquid 
forms localized to factories, 
which are both readily 
accessible and quite uniform. 
Almost 40% of global food 
loss is in industrialized 
countries (Monier et al., 2010; 
Barrera et al., 2021), 
generating 149 kg/year/person 
(US EPA, 2021a).  

About 24.1% of US 
municipal solid waste (55 
million metric tons) was food 
waste (US EPA, 2018) (Fig. 
1), and the US Environmental 
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Figure 1: Food waste generation (Biocycle, 2020) 
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Protection Agency (EPA) estimated that more food waste is buried in landfills than any other waste 
component (US EPA, 2021b). Transportation of food waste to landfill is an energy-intensive 
process. Sustainable Development Goals (SDGs) aim to halve food waste production at the retail 
and consumer level and reduce food losses during post-harvest processing, production, and supply 
chains (Target 12.3) (FAO, 2022). The United States committed to halving personal food waste 
by 2030 (US EPA, 2021a). European Nations have also developed waste policies regarding 
environmental action plans and legislative frameworks (Marseglia et al., 2022). The anaerobic 
degradation of food waste in landfills generates greenhouse gases and leachates that pollute 
groundwater. Fruit processing generates 16% of waste, contributing 6% of greenhouse gas 
emissions from landfills (Banerjee et al., 2017). Incineration disposal methods require expensive 
systems to prevent air pollution, increasing capital and processing cost (Esparza et al., 2020). 
Production of energy-rich biofuels, like butanol and 2,3-butanediol from food processing wastes, 
could be a cost-effective way to utilize these wastes (Qureshi et al., 2005; Hang, 2006; Galicia et 
al., 2008; Foda et al., 2010; Ujor et al., 2014a & b; Finley, 2020; Poe et al., 2020). The proposed 
project will characterize the industrial processing food waste from different steps of the production 
process and will ferment it into valuable products in lab scale bioreactor. Based on their, 
characteristics, specific processing food wastes will be supplemented with other categories of food 
waste, such as starch-based, fat-rich or fiber-based food waste, to enhance the yield of fermentation 
products. Dollar value savings will be calculated including the amount saved from not transporting 
waste to landfill and the market value of fermentation product obtained through bioprocessing.  

B. Related Work Elsewhere: 

Our lab group’s recent effort to 
produce platform chemicals by 
fermenting starchy waste at the lab scale 
was successful (Fig. 2) (Saba et al., 
2023). We propose to use fermentation 
to produce value-added butanol and 2,3-
butanediol from food waste. This process 
utilizes food waste and waste carbon 
dioxide gas to generate platform 
chemicals with the help of microbial 
consortia such as Paenibacillus 
polymyxa, Clostridium carboxidivorans, 
and Clostridium beijerinckii. For this 
investigation, we will start with 
industrial food waste because it is the most uniform, and the valorization system we develop can 
be applied to food waste from farms and, if sufficiently profitable, can encourage the sorting and 
utilization of consumer wastes. Optimized lab-based protocols, modeling, impact assessment, and 
techno-economic analysis will support a commercial-scale process. As it moves through Phase II 
and III, this project will substantially increase municipality job opportunities and income 
generation. Production of platform chemicals and biofuels from processing food waste will provide 
additional business opportunities to manufacturers and farmers, lower disposal costs, and reduce 
greenhouse gas impacts. 
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Food processing waste conversion to valuable products can follow different routes. 
Thermochemical conversion requires intense heat and generates greenhouse gasses (Lanjekar et 
al., 2023). Heat sources are based on fossil fuels, either natural gas or electricity and their 
production generates greenhouse gases.  Chemical conversion methods need extraction and 
purification with the help of additional chemicals (Banerjee et al., 2017). Biological conversion 
methods are relatively easy to manage, cost-effective, and environmentally sustainable. Anaerobic 
digestion (AD) and fermentation are the most employed biological methods (Esparza et al., 2020). 
AD generates biogas and left-over solids (digestate), while fermentation products are platform 
chemicals and biofuels (Saba, et al., 2023). The market value of the fermentation products ranges 
from $1000-3800 t-1 (Chu et al., 2022). Industrial processing food waste will be subject to 
fermentation   and co-fermentation in a bioreactor, and the products will be extracted and purified. 
The proposed project will incorporate interdisciplinary approaches of electrochemistry, 
biotechnology, and microbiology to develop a novel technology for valuable product synthesis by 
modifying the conventional fermentation process. 

C. How is the proposed work different?  
 

Food processing companies are paying for waste management, primarily disposal; the proposed 
work will research valorization options of the generated waste streams. The focus of the study will 
be the various waste streams such as coffee chaff, cherry pulp and fruit waste from jelly process 
of the JM Smucker company. After waste stream characterization, lab-scale fermentation of single-
category waste (mono-fermentation) and combinations of waste types (co-fermentation) will be 
optimized for valorizable products synthesis. Quantitative evaluation of the waste produced from 
different processing steps and product yield of batch fermentations will allow us to develop a 
model to predict the best valorization pathway.  

This project will develop a characterization and valorization methodology for food processing 
waste streams and reduce or eliminate waste disposal costs. The proposed project is aligned with 
Ohio State’s sustainability goals. Developing a waste management model will help predict 
products that can be produced from waste based on specific characteristics. Furthermore, the 
development of the co-fermentation process will provide industry stakeholders with a waste 
management option and create more jobs. Valorizable products will earn extra money.   

The first phase of the project research outcomes will be published in peer-reviewed journals, 
registered patents of the optimized process, and shared with the industry. Results will be 
disseminated through guest lectures in waste management teaching classes, training seminars, and 
outreach activities. 

D. Objectives/Milestones – Schedule and Time Frame: 
 
Objectives 

1. Food processing waste production inventory and characterization from industry for 
modeling purposes. 

2. Lab-scale fermentation in the bioreactors with different varieties of food waste such as 
coffee chaff, cherry pulp and other fruit wastes. 

3. Evaluation, quantification, and purification of products and by-products such as acetone, 
butanol etc. 
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4. Environmental impact assessment and analysis of technology of XX production based on 
experimental data. 

Milestones and Time Frame 

Milestones Aug-
Oct 
2023 

Nov-
Jan 

2024 

Feb-
Apr 

2024 

May-
Aug 
2024 

Sample collection and characterization Obj.1    
Fermentation in bioreactors  Obj.2 Obj.2 Obj.2 
Evaluation and quantification of synthesized products  Obj.3 Obj.3 Obj.3 
Data analysis and modeling  Obj.4 Obj.4 Obj.4 
Manuscript, news report, and patent writing     

 
E. Project Design and experimental plan: 

 
The proposed project is an effort to valorize industrial food processing waste. Lab-scale 
bioreactors will be designed to conduct mono-fermentation and co-fermentation experiments. 
Fig. 3 represents the schema of the project design and sub task under each objective outlines 
the experimental plan. 

 
Objective 1: Food processing waste production inventory and characterization from industry 
for modeling purposes. 
Task 1: Food waste sample collection from different food processing steps. Samples will be 

Figure 3: Schema of the single waste type (mono fermentation) and combination of waste 
types co-fermentation experiments  
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categorized, and physicochemical characteristics will be evaluated. 
Task 2: Samples will be divided into sub-categories based on similar characteristics. Quantitative 
waste generation inventory will be created from different food processing steps, and data will be 
processed for modeling. 
Objective 2: Lab-scale fermentation of different varieties of food waste in bioreactors. 
Task 1: Lab-scale fermentation reactors will be designed with inlets for food waste and outlets for 
products and gasses. 
Task 2: Batch-scale fermentation reactions will be conducted in the lab (5-10 Kg). Mono-
fermentation of each waste stream and co-fermentation with additional food waste types, such as 
vegetable and starch waste, will be conducted in triplicate. Mixed consortia of anaerobic digester 
bacteria and pure cultures of Paenibacillus polymyxa, Clostridium carboxidivorans or Clostridium 
beijerinckii will be inoculated.    
Task 3: Better butanol, 2,3-butanediol, and acetone-yielding combinations of waste will be 
selected for large-scale experiments (50-100 Kg). 
Objective 3: Evaluation, quantification, and purification of products and by-products. 
Task 1: Fermentation products will be quantified and identified using gas chromatography.  
Objective 4: Environmental impact assessment and analysis of technology. 
Task 1: Based on data collected from experiments, environmental impact, and life cycle 
assessment will be conducted using appropriate software. 
Task 2: A model based on the characteristics of waste, the fermentation process, and the products 
will be developed that can be applied to a variety of waste streams. 
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G. Proposal Budget 
 

 Dollar Amount 
PI salary --- 
Graduate student salary $25,000 
Postdoc salary --- 
Undergrad salary ---- 
Research Technician salary --- 
Fringe benefits --- 
Supplies $13,000 
Equipment $20,000 
Travel – (to CAPPS 
meetings only, not to 
outside conferences to 
present CAPPS work) 

$2,000 

Overhead (per university)  
Other – provide details  
Total $60,000 
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• I agree to accept responsibility for the scientific conduct of the project and to provide the 

required progress reports if a grant is awarded as a result of this application. 
• All faculty involved in the proposal have agreed to participate. 
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A. Patent Policy 
1. Title. All patents derived from inventions conceived and first actually reduced to practice in 

the course of research conducted hereunder by project managers of the Center shall belong 
to the institution of research where the work was performed. 

3.  Member Company Rights - For Internal Use Only. The idea of an invention is first disclosed 
to the appropriate Patent Official at the respective Center site. To the extent, the Center site 
institution is legally able to do so, participating Center member companies will have the first 
option to receive a royalty-free, non-exclusive, non-commercial license for internal use only 
by paying associated patent costs. 

C. Publication Policy 
Publication of research in scientific journals is encouraged. A copy of materials intended for 
disclosure by Center sites shall be submitted to each IAB member not less than thirty (30) 
days prior to the Center site release for publication or other dissemination, for the purpose of 
IAB member review for patentable subject matter and proprietary information. Any member 
of the IAB can request up to a maximum six-month delay in publication, if it is determined 
that patentable, material is contained in the publication. 

E. Software Copyright Policy 
At the request of member company(ies), software developed by the Center will be 
copyrighted. Such copyrights will belong to the Center site where the software was developed. 
Member companies will have the right of first refusal to a license to such copyrights. 
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