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Outline 

§ Types of waste 
§ Types of digesters 
§ Resulting end uses 



Food processing residuals 

§ Some of which goes into some digesters now 
§ E.g. creameries, breweries, byproducts of 

cooked products 
§ Supposedly homogeneous and not loaded with 

pathogens 
§ What about FPR as feed?  Yes, but not 

happening yet in Vermont.   
§ Limited usefulness in animal diets?  Putrescible? 



Source-separated organics 

§ Solid waste 
§ Pre-consumer 
§ “back of the house” (restaurant kitchen, supermarket, 

or similar) 

§ Post-consumer 
§ Sometimes mixed with pre-consumer 



 Another point of reference 



Pathways for SSO 

§ Many pathways and feedstocks. 
§ Needing a home might amount to only 40,000 tpy  
§ §  non-compliance (landfilling) 
§ §  feeding swine illegally 
§ §  other animal feeding (chickens!) 
§ §  processing for digesters 
§ §  food-waste digesters (with maybe some manure) 
§ §  expansion of composting infrastructure 



Composting pathways and trends 

§ First big test: Chittenden Solid Waste District 
and Green Mountain Compost 
§ Reaching capacity for SSO within a year or two 
§ All options on the table 

§ Two composters with no solid waste permit 
§ Raising chickens in conjunction with composting 
§ Best practices in the works… becomes something like 

a regulator condition under which a farmer operates. 



SSOs to WWRF 

§ Yes, it can be done 
§ One of three EPA ways of thinking. 
§ AgSTAR (Ag methane destruction) 
§ Solid waste (food recovery, waste reduction) 
§ Water quality (point source) 
§ Lessen energy usage 

§ More later, including from you! 



Other wastes that go to digesters 

§ Glycerin (high-energy byproduct of biodiesel 
production); hors catégorie. 
§ In more than one way! 

§ Grease-trap waste 
§ Handled under rules for sewage or septic waste 

§ Both to have a clear path to digesters. 
§ Draft SW rule 





Types of digesters 

§ Why “waste” in title of presentation? 
§ Akin to WWRF versus WWTP 





Basics 

§ Schematics 
§ Mass flow and system boundary and Sankey 

diagram 
§ Nutrients  
§ Nutrient management – manure is not a waste 



Overall function 
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Sankey Diagram 



Make me a Sankey 
diagram with lb per lb 
of nutrient mass flow!! 



Technologies 

§ Solid (Bioferm, etc.) 
§ Liquid 
§ 7-9% solids -- non-Newtonian (blood, ketchup) 
§ Complete-mix or plug-flow 
§ Liquid-fraction-only systems 

§ Mesophilic (100° F) or  
§ Thermophilic (135° F) 



US EPA AgSTAR 

§ https://www.epa.gov/agstar 
§ Biogas Recovery in the Agriculture Sector 
§ VT a state partner 
§ Maintain database of projects 



Vermont Snapshot 

§ 18 digesters operating 
§ 2nd generation projects, 2005-2013 
§ 17 for electricity 
§ Valuable byproducts: heat, animal bedding, better agronomic 

availability 
§ 16 on farms with 700+ cows 
§ $2-4 million installed cost 

§ 2 on farms with 200-500 cows 
§ 1 on small cheese operation, heat only, post-separated 

manure. 



Non-manure inputs in VT farm 
digesters 

§ Low usage of pre-consumer waste (“food processing residuals” 
– FPR) from beverage and food industry production. 

§ 8 digesters use 4% of their aggregate digester capacity for FPR.   
§ 1 – 9% at individual digesters, with one exception   
§ As a percentage of capacity of the 18 digesters, the FPR is about 

2%. 
§ Exception: Vermont Technical College 

§  13% from off the farm  (1/2 brewery, ½ grease-trap waste) 
§ Also glycerin 
§ Has solid waste permit 
§ … and lots of operational issues 



Liquid systems 

§ Complete mix very common in Europe 
§ Four in Vermont 

§ US animal-manure market dominated by 
“modified plug flow” 

§ Usually all of the 7% solids manure slurry is 
digested – some systems only use the liquid 
fraction (Digested Organics, Biobolsa) 













VTC digester 



SSOs in digesters 

§ Two pilot projects to process off-farm and 
deliver pulped waste 

§ Revenue from waste fees or sale of beneficial 
products?? 
§ Waste business model, or resource business model 



Large-scale digesters and the waste 
model 

§ Very large CAFOs, and/or… 
§ The waste paradigm 
§ Food and beverage manufacturing wastes, with 

manure 
§ Agri-Energy in Maine: one cow per kW instead of 

five because more than ½ of volume is food waste. 
§ AGreen and BGreen in MA – partnership with 

Casella. 
§ “Depackaging” 















WRRF digesters 

§ Three EPA touch points 
§ AgSTAR (Ag methane destruction) 
§ Solid waste (food recovery, waste reduction) 
§ Water quality (point source) 
§ Lessen energy usage 

§ VT Comprehensive Energy Plan 
§ “Brattleboro, Montpelier, Essex Junction, and other 

municipalities have anaerobic digesters that are part 
of their municipal waste systems and provide those 
facilities with heat and power.” 



More CEP… 

§ “…10 wastewater treatment facilities. The 
responses indicated that, among the 23 digesters at 
these facilities, only a minority of the digesters are 
sending the biogas to be burned for energy.” 

§ “…90 municipally operated wastewater treatment 
facilities. Thirty are above the permitting threshold 
of processing one million gallons per day or serving 
a population of at least 10,000. There are also about 
60 private or institutionally operated systems.” 



…the upshot.  True?? 

§ “Good operators, whether they operate a dairy 
farm or a wastewater treatment facility, are 
justifiably wary of putting a known and good 
outcome at risk by adding complexity to their 
operation. Although the probability of a failure 
may be low, the consequences can be dire — 
fish kills, public health problems, and fines.” 



End uses 

§ WWRFs 
§ Manure digesters 



2002 -- http://www.prwatch.org/files/pdfs/
tsigfy_chap8.pdf 



Farm digester end uses 

§ In: 7-10% solids slurry 
§ Out #1: 35% moisture content, peat-moss-like 

solids 
§ 2.0x what is needed as bedding for cows 
§ Excess is sold to other farmers or composters 
§ Savings in bedding costs and/or revenue can be 30% of 

overall project revenue 
§ Contains about 30% of the phosphorus 

§ Out #2: 1-2% solids manure liquid – to manure pit 
§ Out #3: Potentially… a phosphorus-rich product 



Potential of digesters to improve water 
quality 

§ DAF, centrifuge 
§ Cost to operate versus savings in purchase of 

commodity phosphorus 
§ … or cost to solve a complicated compliance 

problem, versus other solutions? 
§ Phosphorus trading!! 



TMDL 





Suggestions and questions 

§ Bring ‘em on! 
§ Plato’s Republic – what is justice?   

“There will be no end to the troubles of states until 
philosophers become rulers in this world, or until rulers 
become philosophers.” 



Suggestions, mine 

§ GHG in CA market 
§ Geotargeting and matchmaking 
§ Good food waste brokers or “ORFs” 
§ Composters/haulers 
§ Deliver qualified, tested material to digesters.  

§ Good solid-waste rules (duck test) 


