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Golisano Institute for Sustainability (GIS)

Inter-disciplinary graduate 
program:
• M.S. Sustainable Systems
• Master of Architecture
• Ph.D. Sustainability
• System-level research: 

Ø Sustainable energy
Ø Sustainable mobility
Ø Sustainable manufacturing

Focusing on alternative food waste management 
technologies combined with sustainable energy 
systems (e.g., hydrogen fuel cells)



Food waste: a national and global problem

Increasing heterogeneity and dispersion

ReFED, Rethink Food Waste through Economics and Data, 2016. A Roadmap to Reduce U.S. Food Waste by 
20 Percent.



Shifting the paradigm in New York State
To make food “waste” a “resource”, we first need to know where waste is 

generated, how much is available, and its physical and chemical properties

Data from Organic Resource Locator, https://www.rit.edu/affiliate/nysp2i/food/organic-resource-locator

https://www.rit.edu/affiliate/nysp2i/food/organic-resource-locator


Alternatives to landfills



Is thermochemical conversion an option?

Advantages
• Unlike biological processes, residence time is short and thus the 

physical size of a commercial-scale system can be relatively small
• Process stability much less dependent on feedstock characteristics, 

and co-processing with other materials (e.g., packaging) is possible   
• Significant volume/mass reduction of solid product simplifies post-

processing and transportation logistics
• Biochar and other co-products have many potential uses
• Carbon sequestration 

Disadvantages
• May not be suitable for high moisture content wastes
• Relative value of different co-products (biochar, syngas, bio-oil, heat) 

is not well understood and their market potential is unclear
• Policymakers often confuse with combustion/incineration and thus in 

many regions has not been given serious consideration as a 
technology option



Research approach

1. Conduct lab-scale (batch) experiments in an oxygen-free 
environment to produce biochar from a wide array of food 
waste feedstocks, under different temperature and residence 
time conditions.

2. Conduct commercial-scale (continuous) experiments to 
produce biochar from mixed food waste under different 
temperature, residence time, oxygen concentration conditions.

3. Assess options for integrating thermochemical technology with 
other food waste valorization methods in different biorefinery
architectures. 

4. Conduct greenhouse plant trials to quantify the benefits of raw 
and “enriched” biochar as soil amendments.

5. Identify potential non-agricultural applications of biochar not 
suitable for soil amendment.



Lab-scale: biochar from cafeteria food waste

Partnered with local school district to monitor cafeteria waste over 
~ 2 months. Material not recycled was comprised of 87% food and 
13% plastic film, foam and food-soiled paper plates, plastic 
utensils, etc. 

What happens if food waste only and mixed waste are pyrolyzed
in an N2 environment at 1000oC for 30 minutes?



Lab-scale: biochar results

Pure 
food 
waste

Mixed 
waste



Lab-scale: biochar results

Pure food waste Mixed waste

• Both pure food and mixed wastes had high organic carbon, low 
H:C, pH > 10 and [Na] > 5600 ppm

• Significant differences were observed in chlorine (501 vs. 3855 
ppm) and iron (54 vs. 250 ppm)

• Need simultaneous syngas analysis to determine fate of non-
food constituents in co-pyrolysis of “real” post-consumer waste



Commercial-scale: biochar from mixed food waste

Biomass Controls (Putnam, CT) – June 2017 

• Initial trials with Tavg = 797oC, feed flow rate up to 10 kg/hr and 

average biochar yield = 7.8%

• Relatively low organic carbon (60-70%) and high H:C (0.3-0.5) 

compared to lab experiments → need T and O2 profiles 



Commercial-scale: balancing yield & efficiency

Greenhouse gas emissions can be competitive with other 
technologies, but may not be achieved at conditions that 

maximize biochar yield → need modeling of biochar benefits from 
soil health, carbon sequestration, minimizing eutrophication, etc.

S. Hegde, Evaluation of Alternative Valorization Options for Institutional and Industrial Food Wastes, Ph.D. 
dissertation, Rochester Institute of Technology (2018).



Biorefinery - Concept #1

Use biochar to return nutrients in food waste to the farm



Potential benefits of “enriched” biochar

Raw maple wood biochar, and 
“enriched” with tofu wastewater

S. Barber, J. Yin, K. Draper and T.A. Trabold, “Closing nutrient cycles with biochar - from filtration to fertilizer,” 
Journal of Cleaner Production, Vol. 197, 1597-1606 (2018).



Biorefinery – Concept #2

Use biochar to minimize 
environmental impact of effluent 

from anaerobic digestion



Non-agricultural applications: magnetic biochar

D. Rodriguez Alberto, K.S. Repa , S. Hegde, C.W. Miller and T.A. Trabold, “Novel production of magnetite particles 
via thermochemical processing of digestate from manure and food waste,” submitted for publication in Proceeding 
of Joint MMM-Intermag Conference, Washington, D.C., January 2019. 

Unintended outcome resulted from two factors: high concentration 
of iron in digestate and Biomass Controls system architecture that 
enables controlled air flow  

No need for precursor such as 
FeCl3 to achieve formation of 

magnetite (Fe3O4) 

Applications in wastewater 
treatment & supercapacitors



Non-agricultural applications: printing ink

S. Barber, S. Williams, T. Trabold, S. Lauro and Y. Goh, “Novel pigment replacement for commercial printing inks,” 
Provisional U.S. Patent Application, filed April 12, 2018.



Conclusions and path forward

• Biochar is a potential valorization pathway for some types of 
food waste and is worthy of focused R&D

• Best opportunities are in mixed pre- and post-consumer wastes 
where limited valorization options exist (“free” feedstock!)

• Need demonstrations at scale, with optimized thermal 
integration to minimize impact of drying energy

• Must identify and develop non-agricultural applications to grow 
the biochar market 

• Seek out opportunities for biorefinery deployment with other 
technologies like anaerobic digestion

• Consider all available biomass feedstocks, especially those 
where constraints to conventional disposal practices are on the 
horizon (e.g., WWTP biosolids, packaged food) 

• Economic viability will be achievable only through consideration 
of all co-products 
Think waste management + bio-products + sustainable energy 



Integrating thermochemical & electrochemical systems
Solid oxide fuel cell test stand

Biogenic Refinery from Biomass Controls 
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