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Seedling - A Circular Economic Agricultural & Hydrogen Utility 

Seedling LLC is happy to share our attached Business_Overview that highlights our 
efforts toward installing regional public-private partnerships that transition organic 

fractionated municipal solid waste (OFMSW, aka food-waste) into both agricultural and 
zero emissions transportation assets for use by regional municipalities, universities, and 
partners. In the attached document viewers will find an overview to the Seedling system 

of technologies, featuring three scaled installations that produce between ~50kg & 
1,270kg of hydrogen fuel per day. These installations rely on industry-available 

technologies and feature no technological barrier of entry beyond that of tailoring 
precision fertilizers to regional soils & crops (featured as an appendix to the document, 
coauthored grant materials for fertilizer development). Each installation aims to provide 

municipalities with a reliable source of hydrogen fuel for zero emissions fuel cell electric 
fleets (waste collection, mass-transit, governmental operations). In addition, Seedling's 

own distribution channel of hydrogen fuel cell electric mobile food solutions acts as a 
distributed generation microgrid for municipalities and partners during a crisis; each 
truck providing in excess of 60kwh in vehicle-to-grid support for the duration of 10-hours 

between fueling.  
To fund these installations, Seedling works with federal, state, county, and municipal 

funding sources to leverage economic development bonds; paired with investment from 
university partners and private industry. We are seeking a preliminary investment of 
$9M for a SEED-150 installation (or $15M for a SEED-270) in partnership with a leading 

agricultural university in California.  
 

Further inquiry into investment and technology partners can be sent to 
contact@seedling-PHL.com.  
 

Thank you,  
Travis Andren  

 
President | Seedling LLC.  
Chairman | D3 Designs Inc.  

Adjunct Professor | Thomas Jefferson University  
Palo Alto, CA 

Additional submitted attachment is included below. 



2019 BUSINESS OVERVIEW
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INSTALLATION SCALE MAY EXCEED 
MODELED INSTALLATION SIZES, BASED 
UPON POPULATION AND FOOD-WASTE 
COLLECTION OF OPERATIONAL RADIUS.
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SUBSEQUENT INFORMATION AVAILABLE UPON REQUEST.
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CONTACT@SEEDLING-PHL.COM

Q3 2019
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USDA AFRI Sustainable Agricultural Systems 
Coordinated Agricultural Projects (CAP)

Letter of Intent

Lead Project Director:  		  Rachel A. Brennan, Ph.D., P.E. 
					     Associate Professor of Environmental Engineering
					     Courtesy Assoc. Prof. of Agricultural and Biological Engr.
					     The Pennsylvania State University 
					     rbrennan@engr.psu.edu

Lead Collaborating Investigator: 	 Travis Andren
					     President
					     Seedling LLC.
					     travis.andren@seedling-phl.com

Program Area Priority:
Improve water and nitrogen and phosphorus nutrient use efficiency by 50 percent.
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IMPROVING THE CIRCULAR ECONOMY OF SUSTAINABLE AGRICULTURE THROUGH 
BLOCKCHAIN MODELING: FOOD WASTE AS A FEEDSTOCK FOR THE PRODUCTION OF 
TAILORED ORGANIC FERTILIZERS, BIOFUELS, AND FOOD.

Rationale
Exponential global population growth continues to place increasing pressure on agriculture 

and waste-management systems, with USDA figures identifying annual food-waste from retail 
and consumers at an estimated 133 billion pounds. As consumer confidence in agrochemical-
based farming shifts toward organic certification, controlled environment agriculture (CEA) 
and urban farming offer regional solutions and yet face a myriad of economic, scientific, and 
societal challenges. 

We propose a systematic solution that utilizes organic fractionated municipal solid waste 
(OFMSW) as a source of organic nutrients and embodied energy, both assets that support an 
integrated CEA system that operates carbon-negative, while also providing regional farmers 
transitioning to organic certification with a cost-effective source of organic fertilizer that is 
formulated specifically to their growing conditions.

Hypothesis
The proposed work supports the installation of a scaled demonstration facility at a land-

grant institution in collaboration with industrial partners and local farmers. Through blockchain 
decision modeling, food-waste will be systematically converted into organic fertilizers, 
crops, and biogas. Through sensor-driven analytics, the nutrient composition of fertilizers 
will be formulated and tracked to support both hydroponic growing systems as well as soil-
responsive liquid and solid organic fertilizers. The use of blockchain will enable the collection 
of unprecedented data on fertilizer composition and efficacy for both hydroponics and 
geoponics. The biogas derived from food waste processing will be processed into heat, carbon 
dioxide, and hydrogen gas by an on-site energy system to support the formulation of fertilizers, 
the growth of CEA crops, and the distribution of these to regional customers through zero-
emissions vehicles.  By integrating with regional agricultural systems, this process will support 
both rural farmers and urban agricultural centers, thereby producing organic food at a greater 
economic advantage than existing vertical farms and greenhouses.

Objectives
Short-term goals to achieve operational stability and efficiency within the proposed 

integrated systems begins with: (1) the intake and processing of reoccurring volumes of OFMSW 
food waste into an onsite anaerobic digestion (AD) system to produce biogas; (2) utilization of 
AD biogas within stationary fuel cell technology to produce electricity for powering facility 
operations; and (3) the production of hydrogen gas for fuel cell electric vehicle delivery of 
products to customers.

Mid-term goals for the advancement of performance agriculture begins with (4) formulation 
of AD digestate into organic-certified fertilizers and grow mediums for geoponic and hydroponic 
agriculture. Aiding in this process will be the (5) documentation of sensor-driven analytics 
within a blockchain data encryption format, forming a database of fertilizer nutrient content, 
AD composition, and system performance metrics. This database of fertilizer formulations will 
enable (6) precision growth of an expansive portfolio of organic-certified hydroponic vegetation 
within an onsite CEA vertical farming system. 
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Long-term goals for the evaluation of installation performance and assessment of 
environmental impacts and scalability include: (7) quantifying environmental carbon reductions, 
improved nitrogen and water use efficiencies, and food system distribution reductions 
resulting from the installation’s operations and diversion of OFMSW from landfills; (8) providing 
educational opportunities for community, K-12, and collegiate students through operation of 
the facility as a living lab at the campus Sustainability Experience Center and Student Farm; and 
(9) integration of lessons learned into regional large-format commercial installations.

Approach
Research collaborators in Agricultural and Biological Engineering will evaluate how seasonal 

fluctuations in OFMSW affect biogas production and energy system performance. Plant scientists 
will evaluate how macronutrient and micronutrient compositions of AD digestate materials 
can be strategically blended to promote hydroponic growth efficiencies within CEA systems. 
Together with Computer Scientists, participants from Ecosystem Science and Management will 
develop geoponic fertilizer formulations from AD digestate materials that are responsive to the 
soil microbiology and geochemistry at the Student Farm and regional farms through extension 
services. Operational performance of AD, CEA, energy production, and fertilizer formulation will 
be quantified by integrated sensors on a blockchain encryption network, providing precision 
data-tracking for responsive adjustments within the systems. By demonstrating this integrated 
systems approach to sustainable agriculture within a campus facility, variations in inputs 
(food waste) and outputs (energy, fertilizers, and food) can be thoroughly quantified to better 
understand the operational mechanisms which are critical to future full-scale implementation.

Outcomes
Diversion of food-waste from landfills into the agricultural value-chains provided by this 

approach will not only improve environmental sustainability, but also provide rural farmers with 
precision formulations of organic fertilizers to enable them to transition to organic certification. 
Fertilizer production volumes will scale in response to the food-waste processing capacity of the 
installation as well as the on-site utilization of nutrient streams for CEA production. Ultimately, 
food grown through CEA in this approach will replicate multi-acreage production rates at the 
commercial scale, without the use of pesticides, herbicides, and fungicides. It is envisioned that 
large-scale installations will offer organic hydroponic produce to urban consumers, increasing 
food-security and reducing food-desertification within densely populated urban centers. 
Through comprehensive precision analytics of CEA performance, opportunities to automate 
growth processes will provide lower cost food production.

Subsequent installations will further improve energy independence through onsite 
microgrid power generation. Production of renewable hydrogen for integration into regional 
transportation markets further reduces greenhouse gas emissions otherwise associated with 
global distribution. This comprehensive approach to regional improvements in agricultural 
throughput strengthens the nation’s ability to fight hunger and ensure global food security 
while also reducing environmental impacts currently associated with food-waste.  
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