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Abstract‌ ‌ 
Biogas‌ ‌production‌ ‌has‌ ‌the‌ ‌potential‌ ‌to‌ ‌evolve‌ ‌into‌ ‌an‌ ‌environmentally‌ ‌beneficial‌ ‌and‌ ‌economically‌ ‌viable‌‌                           
industry‌ ‌in‌ ‌New‌ ‌York‌ ‌State’s‌ ‌(NYS)‌ ‌lower‌ ‌Hudson‌ ‌Valley.‌ ‌This‌ ‌form‌ ‌of‌ ‌renewable‌ ‌energy‌ ‌infrastructure‌ ‌is‌‌                               
complementary‌ ‌to‌ ‌the‌ ‌state’s‌ ‌climate‌ ‌change‌ ‌mitigation‌ ‌goals,‌ ‌and‌ ‌new‌ ‌low‌ ‌carbon‌ ‌fuel‌ ‌standards‌ ‌(LCFS)‌‌                             
have‌‌created‌‌profitable‌‌incentives‌‌for‌‌the‌‌construction‌‌and‌‌operation‌‌of‌‌anaerobic‌‌digesters‌‌(AD).‌ ‌This‌‌study‌‌                             
aims‌‌to‌‌identify,‌‌collect‌‌and‌‌collate‌‌quantitative‌‌and‌‌qualitative‌‌data‌‌on‌‌available‌‌biogas‌‌feedstocks‌‌inclusive‌‌of‌‌                               
excess‌ ‌food‌ ‌waste,‌ ‌biosolids,‌ ‌animal‌ ‌manure,‌ ‌landfills,‌ ‌biocrops‌ ‌(crops‌ ‌grown‌ ‌specifically‌ ‌for‌‌AD),‌‌invasive‌‌                           
species,‌ ‌and‌ ‌compost.‌ ‌The‌ ‌area‌ ‌of‌ ‌focus‌ ‌spans‌ ‌10‌ ‌counties,‌ ‌between‌ ‌New‌ ‌York‌ ‌City‌ ‌and‌ ‌Albany,‌ ‌which‌‌                                 
covers‌ ‌approximately‌ ‌7,200‌ ‌mi²‌ ‌(18,650‌ ‌km²)‌ ‌and‌ ‌is‌ ‌home‌ ‌to‌ ‌over‌ ‌2.3‌‌million‌‌people;‌‌Columbia,‌‌Dutchess,‌‌                               
Delaware,‌ ‌Greene,‌ ‌Orange,‌ ‌Rockland,‌ ‌Putnam,‌ ‌Sullivan,‌ ‌Ulster,‌ ‌and‌ ‌Westchester.‌ ‌ 

Data‌‌and‌‌research‌‌from‌‌global,‌‌national,‌‌state,‌‌regional,‌‌and‌‌county‌‌publications‌‌have‌‌served‌‌as‌‌the‌‌basis‌‌for‌‌                                 
these‌ ‌concluded‌ ‌results.‌ ‌Sources‌ ‌include‌ ‌the‌ ‌US‌ ‌Environmental‌ ‌Protection‌ ‌Agency‌ ‌(US‌ ‌EPA),‌ ‌the‌ ‌US‌‌                           
Department‌ ‌of‌ ‌Agriculture‌ ‌(USDA),‌ ‌the‌ ‌US‌ ‌Department‌ ‌of‌ ‌Energy‌‌(US‌‌DOE),‌‌the‌‌NYS‌‌Pollution‌‌Prevention‌‌                             
Institute‌ ‌(NYS2PI),‌ ‌the‌ ‌NYS‌ ‌Department‌ ‌of‌ ‌Environmental‌ ‌Conservation‌ ‌(NYS‌ ‌DEC),‌ ‌the‌ ‌NYS‌ ‌Energy‌‌                         
Research‌ ‌and‌ ‌Development‌ ‌Authority‌ ‌(NYSERDA),‌ ‌the‌ ‌Cornell‌ ‌Waste‌ ‌Management‌ ‌Institute‌ ‌(CWMI),‌ ‌and‌‌                       
several‌ ‌county‌ ‌solid‌ ‌waste‌ ‌management‌ ‌plans‌ ‌(SWMPs).‌ ‌This‌ ‌analysis‌ ‌identifies‌ ‌roughly‌ ‌2,200‌ ‌tons‌ ‌of‌‌                           
excess‌‌food‌‌waste‌‌per‌‌week‌‌generated‌‌by‌‌the‌‌corporate‌‌sector‌‌and‌‌industry‌‌sources.‌ ‌It‌‌also‌‌examines‌‌food‌‌                                 
waste‌ ‌from‌ ‌an‌ ‌end-point‌ ‌perspective,‌‌inclusive‌‌of‌‌residential‌‌sources,‌‌that‌‌recognizes‌‌more‌‌than‌‌6,500‌‌tons‌‌                             
per‌ ‌week‌ ‌processed‌ ‌by‌ ‌waste‌ ‌management‌ ‌facilities.‌ ‌Of‌‌the‌‌165‌‌wastewater‌‌treatment‌‌plants‌‌(WWTPs)‌‌in‌‌                             
the‌‌region,‌‌only‌‌18,‌‌or‌‌11%‌‌utilize‌‌anaerobic‌‌digestion‌‌as‌‌a‌‌sewage‌‌sludge‌‌treatment‌‌method.‌ ‌This‌‌equates‌‌to‌‌                                   
about‌ ‌50%‌ ‌of‌ ‌flows,‌ ‌or‌‌109‌‌million‌‌gallons‌‌per‌‌day‌‌(MGD),‌‌that‌‌may‌‌be‌‌able‌‌to‌‌be‌‌upgraded‌‌with‌‌anaerobic‌‌                                       
treatment‌ ‌technologies.‌ ‌In‌ ‌addition,‌ ‌there‌ ‌are‌ ‌at‌ ‌least‌ ‌18‌ ‌concentrated‌ ‌livestock‌ ‌feeding‌ ‌facilities‌ ‌where‌‌                           
animal‌‌manure‌‌is‌‌collected‌‌in‌‌high‌‌quantities‌‌and‌‌could‌‌be‌‌applied‌‌to‌‌biogas‌‌production.‌ ‌The‌‌lower‌‌Hudson‌‌                                 
Valley‌‌has‌‌over‌‌300‌‌thousand‌‌acres‌‌of‌‌farmland,‌‌60‌‌thousand‌‌acres‌‌of‌‌land‌‌trust‌‌&‌‌conservancy‌‌groups,‌‌and‌‌                                   
884‌ ‌environmental‌ ‌clean-up‌ ‌sites‌ ‌that‌ ‌warrant‌ ‌further‌ ‌study‌ ‌for‌ ‌the‌ ‌implementation‌ ‌of‌ ‌biocrops.‌ ‌Also,‌ ‌the‌‌                             
water‌ ‌chestnut‌ ‌is‌ ‌an‌ ‌aquatic‌ ‌invasive‌ ‌plant‌ ‌prevalent‌ ‌in‌ ‌9‌ ‌of‌ ‌the‌ ‌10‌ ‌counties‌ ‌which‌ ‌can‌‌be‌‌harvested‌‌as‌‌a‌‌                                       
feedstock.‌ ‌Finally,‌ ‌there‌ ‌are‌ ‌19‌ ‌composting‌‌facilities‌‌with‌‌food‌‌waste‌‌as‌‌a‌‌primary‌‌source‌‌where‌‌anaerobic‌‌                               
digestion‌ ‌may‌ ‌be‌ ‌implemented‌ ‌as‌ ‌an‌ ‌intermediary‌ ‌process‌ ‌to‌ ‌effectively‌ ‌honor‌ ‌the‌ ‌food‌ ‌recovery‌ ‌hierarchy.‌ ‌ 

By‌‌mapping‌‌the‌‌availability‌‌of‌‌these‌‌bioresources,‌‌corporations‌‌and‌‌policy‌‌makers‌‌can‌‌now‌‌use‌‌this‌‌data‌‌as‌‌a‌‌                                   
foundation‌ ‌for‌ ‌designing‌ ‌and‌ ‌implementing‌ ‌an‌ ‌integrated‌ ‌bioenergy‌‌system‌‌throughout‌‌the‌‌region.‌ ‌Specific‌‌                         
legislation,‌ ‌financial‌ ‌incentives,‌ ‌and‌ ‌waste‌ ‌programs‌ ‌can‌ ‌be‌ ‌enacted‌‌to‌‌optimize‌‌local‌‌resource‌‌valorization‌‌                           
and‌‌guarantee‌‌consistent‌‌and‌‌predictable‌‌input‌‌and‌‌output‌‌flows.‌ ‌These‌‌efforts‌‌would‌‌aid‌‌the‌‌development‌‌of‌‌                               
a‌ ‌production‌ ‌cycle‌ ‌that‌ ‌is‌ ‌characteristic‌ ‌of‌ ‌a‌‌localized‌‌circular‌‌economy;‌‌a‌‌system‌‌aimed‌‌to‌‌eliminate‌‌waste‌‌                                 
and‌ ‌promote‌ ‌the‌ ‌continual‌ ‌use‌ ‌of‌ ‌resources.‌ ‌Additional‌‌benefits‌‌include‌‌the‌‌creation‌‌of‌‌green‌‌jobs‌‌and‌‌the‌‌                                 
empowerment‌ ‌of‌ ‌environmental‌ ‌justice‌ ‌initiatives.‌  ‌All‌ ‌of‌ ‌these‌ ‌elements‌ ‌help‌ ‌drive‌ ‌a‌ ‌sustainable‌ ‌community.‌ ‌ 

Ultimately,‌ ‌biogas‌ ‌can‌ ‌be‌‌upgraded‌‌to‌‌renewable‌‌natural‌‌gas‌‌(RNG)‌‌and‌‌offset‌‌NYS’s‌‌dependency‌‌on‌‌fossil‌‌                               
fuels.‌ ‌Specifically,‌‌this‌‌technology‌‌could‌‌be‌‌applied‌‌to‌‌the‌‌state’s‌‌transportation‌‌sector‌‌which‌‌is‌‌responsible‌‌for‌‌                               
emissions‌ ‌20%‌ ‌higher‌ ‌than‌ ‌1990‌ ‌levels‌ ‌and‌ ‌approximately‌ ‌40%‌ ‌of‌ ‌the‌ ‌total‌ ‌annual‌ ‌quantity.‌ ‌In‌ ‌this‌ ‌way,‌‌                                 
biogas‌‌production‌‌can‌‌complement‌‌the‌‌aggressive‌‌goals‌‌of‌‌the‌‌Climate‌‌Leadership‌‌and‌‌Community‌‌Protection‌‌                           
Act‌ ‌(CLCPA)‌ ‌which‌ ‌advocates‌ ‌an‌ ‌85%‌ ‌reduction‌ ‌in‌ ‌greenhouse‌ ‌gas‌ ‌(GHG)‌ ‌emissions‌ ‌by‌‌2050‌‌(relative‌‌to‌‌                               
1990‌‌levels),‌‌100%‌‌carbon-free‌‌electricity‌‌by‌‌2040,‌‌and‌‌70%‌‌renewable‌‌energy‌‌by‌‌2030.‌ ‌The‌‌lower‌‌Hudson‌‌                               
Valley‌ ‌is‌ ‌positioned‌ ‌for‌ ‌a‌ ‌leadership‌ ‌role‌ ‌in‌ ‌these‌‌efforts,‌‌and‌‌can‌‌take‌‌advantage‌‌of‌‌relevant‌‌feedstocks‌‌to‌‌                                   
become‌ ‌a‌ ‌model‌ ‌for‌ ‌this‌ ‌renewable‌ ‌energy‌ ‌technology‌ ‌and‌ ‌system‌ ‌design‌ ‌throughout‌ ‌the‌ ‌state‌ ‌and‌ ‌the‌ ‌nation.‌ ‌ 
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Table‌ ‌of‌ ‌abbreviations‌ ‌ 
ABC‌ |‌ American‌ ‌Biogas‌ ‌Council‌ ‌ 
AD‌ |‌ Anaerobic‌ ‌Digestion‌ ‌ 
CHP‌ |‌ Combined‌ ‌Heat‌ ‌&‌ ‌Power‌ ‌ 
CLCPA‌ |‌ Climate‌ ‌Leadership‌ ‌and‌ ‌Community‌ ‌Protection‌ ‌Act‌ ‌(Climate‌ ‌Act)‌ ‌ 
CNG‌ |‌ Compressed‌ ‌Natural‌ ‌Gas‌ ‌ 
CWMI‌ |‌ Cornell‌ ‌Waste‌ ‌Management‌ ‌Institute‌ ‌ 
EIA‌ |‌ Energy‌ ‌Information‌ ‌Administration‌ ‌ 
ESD‌ |‌ Empire‌ ‌State‌ ‌Development‌ ‌ 
FEWWN‌ |‌ Food-Energy-Water-Waste‌ ‌Nexus‌ ‌ 
GDP‌ |‌ Gross‌ ‌Domestic‌ ‌Product‌ ‌ 
GGDP‌ |‌ Green‌ ‌Gross‌ ‌Domestic‌ ‌Product‌ ‌ 
GHG‌ |‌ Greenhouse‌ ‌Gas‌ ‌Emissions‌ ‌ 
GIS‌ |‌ Golisano‌ ‌Institute‌ ‌of‌ ‌Sustainability‌ ‌ 
HTC‌ |‌ Hydrothermal‌ ‌Carbonization‌ ‌ 
HTL‌ |‌ Hydrothermal‌ ‌Liquefaction‌ ‌ 
IPCC‌ |‌ Intergovernmental‌ ‌Panel‌ ‌on‌ ‌Climate‌ ‌Change‌ ‌ 
ISWA‌ |‌ International‌ ‌Solid‌ ‌Waste‌ ‌Association‌ ‌ 
LCA‌ |‌ Life‌ ‌Cycle‌ ‌Assessment‌ 
LCFS‌ |‌ Low‌ ‌Carbon‌ ‌Fuel‌ ‌Standards‌ ‌ 
LNG‌ |‌ Liquified‌ ‌Natural‌ ‌Gas‌ ‌ 
MGD‌ |‌ Million‌ ‌Gallons‌ ‌per‌ ‌Day‌ ‌ 
MSW‌ |‌ Municipal‌ ‌Solid‌ ‌Waste‌ ‌ 
NOP‌ |‌ National‌ ‌Organics‌ ‌Program‌ ‌ 
NYC‌ |‌ New‌ ‌York‌ ‌City‌ ‌ 
NYCRR‌ |‌ New‌ ‌York‌ ‌State‌ ‌Codes,‌ ‌Rules,‌ ‌and‌ ‌Regulations‌ ‌ 
NYISO‌‌  |‌ New‌ ‌York‌ ‌Independent‌ ‌Systems‌ ‌Operator‌ ‌ 
NYS‌ |‌ New‌ ‌York‌ ‌State‌ ‌ 
NYSP2I‌ |‌ New‌ ‌York‌ ‌State‌ ‌Pollution‌ ‌Prevention‌ ‌Institute‌ ‌ 
NYS‌ ‌DEC‌ |‌ New‌ ‌York‌ ‌State‌ ‌Department‌ ‌of‌ ‌Environmental‌ ‌Conservation‌ ‌ 
NYS‌ ‌DOT‌ |‌ New‌ ‌York‌ ‌State‌ ‌Department‌ ‌of‌ ‌Transportation‌ ‌ 
NYSERDA‌ |‌ New‌ ‌York‌ ‌State‌ ‌Energy‌ ‌Research‌ ‌and‌ ‌Development‌ ‌Authority‌ ‌ 
POTW‌ |‌ Publicly‌ ‌Owned‌ ‌Treatment‌ ‌Work‌ ‌ 
RFS‌ |‌ Renewable‌ ‌Fuel‌ ‌Standard‌ ‌ 
RIT‌ |‌ Rochester‌ ‌Institute‌ ‌of‌ ‌Technology‌ ‌ 
RNG‌ |‌ Renewable‌ ‌Natural‌ ‌Gas‌ ‌ 
SWMP‌ |‌ Solid‌ ‌Waste‌ ‌Management‌ ‌Plan‌ ‌ 
UCRRA‌ |‌ Ulster‌ ‌County‌ ‌Resource‌ ‌Recovery‌ ‌Agency‌ ‌ 
USA‌ ‌(US)‌ |‌ United‌ ‌States‌ ‌of‌ ‌America‌ ‌ 
USDA‌ |‌ United‌ ‌States‌ ‌Department‌ ‌of‌ ‌Agriculture‌ ‌ 
US‌ ‌DOE‌ |‌ United‌ ‌States‌ ‌Department‌ ‌of‌ ‌Energy‌ ‌ 
US‌ ‌EIA‌ |‌ United‌ ‌States‌ ‌Energy‌ ‌Information‌ ‌Administration‌ ‌ 
US‌ ‌EPA‌ |‌ United‌ ‌States‌ ‌Environmental‌ ‌Protection‌ ‌Agency‌ ‌ 
WBA‌ |‌ World‌ ‌Biogas‌ ‌Association‌ ‌ 
WERF‌ |‌ Water‌ ‌Environment‌ ‌Research‌ ‌Foundation‌ ‌ 
WWRF‌ |‌ Wastewater‌ ‌Recovery‌ ‌Facility‌ ‌ 
WWTP‌ |‌ Wastewater‌ ‌Treatment‌ ‌Plant‌ ‌ 
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Introduction‌ ‌ 
Climate‌‌change‌‌mitigation‌‌strategies‌‌have‌‌become‌‌a‌‌focus‌‌of‌‌energy‌‌discussions‌‌in‌‌New‌‌York‌‌State‌‌(NYS)‌‌as‌‌                                 

representatives‌ ‌and‌ ‌activists‌‌make‌‌substantial‌‌efforts‌‌to‌‌reduce‌‌dependencies‌‌on‌‌fossil‌‌fuels‌‌and‌‌implement‌‌                           

new‌‌sources‌‌of‌‌green‌‌energy.‌ ‌In‌‌2019,‌‌the‌‌NYS‌‌Legislature‌‌passed‌‌the‌‌Climate‌‌Leadership‌‌and‌‌Community‌‌                               

Protection‌ ‌Act‌ ‌(CLCPA,‌ ‌or‌ ‌Climate‌ ‌Act)‌ ‌which‌ ‌introduced‌ ‌an‌ ‌aggressive‌‌climate‌‌change‌‌mitigation‌‌agenda.‌ ‌                           

The‌ ‌declared‌ ‌objectives‌ ‌include‌‌an‌‌85%‌‌reduction‌‌in‌‌greenhouse‌‌gas‌‌(GHG)‌‌emissions‌‌by‌‌2050‌‌(relative‌‌to‌‌                               

1990‌ ‌levels),‌ ‌100%‌ ‌carbon-free‌ ‌electricity‌ ‌by‌ ‌2040,‌ ‌70%‌ ‌renewable‌ ‌energy‌ ‌by‌‌2030,‌‌and‌‌a‌‌reduction‌‌in‌‌22‌‌                                 

million‌ ‌tons‌ ‌of‌ ‌carbon‌ ‌through‌ ‌energy‌ ‌efficiency‌ ‌and‌ ‌electrification.‌ ‌ ‌   

New‌ ‌York‌ ‌Independent‌ ‌System‌ ‌Operator‌ ‌(NYISO)‌ ‌reports‌ ‌that‌ ‌nearly‌ ‌90%‌ ‌of‌ ‌the‌ ‌energy‌ ‌produced‌ ‌in‌ ‌the‌‌                               

upstate‌‌region‌‌north‌‌and‌‌west‌‌of‌‌the‌‌capital‌‌is‌‌already‌‌derived‌‌from‌‌carbon-free‌‌resources‌‌while‌‌in‌‌downstate‌‌                                 

regions,‌‌this‌‌portion‌‌only‌‌represents‌‌about‌‌30%‌‌(NYISO,‌‌2019).‌ ‌The‌‌Hudson‌‌Valley‌‌is‌‌within‌‌this‌‌downstate‌‌                               

region‌‌and‌‌comprises‌‌a‌‌series‌‌of‌‌communities‌‌adjacent‌‌to‌‌the‌‌Hudson‌‌River‌‌that‌‌stretch‌‌over‌‌100‌‌miles‌‌(160‌‌                                   

km)‌ ‌from‌ ‌Manhattan‌ ‌to‌ ‌the‌ ‌Capital‌ ‌District.‌ ‌This‌ ‌area‌ ‌covers‌ ‌approximately‌ ‌7,200‌‌mi²‌‌(18,650‌‌km²)‌‌and‌‌is‌‌                                 

home‌ ‌to‌ ‌over‌ ‌2.3‌ ‌million‌ ‌people.‌ ‌In‌ ‌order‌ ‌to‌ ‌achieve‌ ‌the‌ ‌objectives‌ ‌set‌‌out‌‌by‌‌the‌‌CLCPA,‌‌innovation‌‌and‌‌                                     

investments‌ ‌are‌ ‌essential‌ ‌in‌ ‌this‌ ‌downstate‌ ‌region.‌ ‌Solutions‌ ‌must‌ ‌be‌ ‌scalable‌ ‌and‌ ‌well-integrated‌ ‌with‌ ‌                           

transportation‌ ‌and‌ ‌utility‌ ‌networks‌ ‌that‌ ‌connect‌ ‌populations‌ ‌between‌ ‌Albany‌ ‌and‌ ‌New‌ ‌York‌ ‌City‌ ‌(NYC).‌ ‌ 

The‌ ‌technologies‌ ‌identified‌ ‌with‌ ‌the‌ ‌CLCPA‌ ‌initiatives‌ ‌are‌‌wind-‌‌and‌‌solar-power‌‌along‌‌with‌‌energy‌‌storage‌‌                             

infrastructure.‌ ‌These‌‌policy‌‌declarations,‌‌however,‌‌make‌‌no‌‌mention‌‌nor‌‌inclusion‌‌of‌‌bioenergy‌‌even‌‌though‌‌                           

this‌‌renewable‌‌technology‌‌makes‌‌up‌‌a‌‌significant‌‌portion‌‌of‌‌the‌‌state’s‌‌power‌‌source‌‌and‌‌is‌‌recognized‌‌by‌‌the‌‌                                   

Intergovernmental‌ ‌Panel‌ ‌on‌ ‌Climate‌ ‌Change‌ ‌(IPCC)‌ ‌as‌ ‌a‌ ‌substantial‌ ‌component‌ ‌of‌ ‌the‌ ‌1.5°C‌ ‌mitigation‌‌                           

pathway‌‌(IPCC‌‌Chapter‌‌2,‌‌2018).‌ ‌Meanwhile,‌‌the‌‌US‌‌Energy‌‌Information‌‌Administration‌‌(US‌‌EIA)‌‌reports‌‌that‌‌                             

bioenergy‌ ‌consumption‌ ‌in‌ ‌NYS‌ ‌was‌ ‌estimated‌ ‌to‌ ‌be‌ ‌165.2‌ ‌Trillion‌ ‌Btu‌ ‌of‌ ‌biomass‌ ‌in‌ ‌2018.‌ ‌This‌ ‌figure‌‌                                 

represents‌‌about‌‌4%‌‌of‌‌the‌‌state’s‌‌total‌‌consumed‌‌energy‌‌and‌‌approximately‌‌34%‌‌of‌‌the‌‌energy‌‌produced‌‌by‌‌                                 

renewable‌ ‌sources‌ ‌(excluding‌ ‌nuclear).‌ ‌In‌ ‌comparison,‌ ‌that‌‌same‌‌year,‌‌energy‌‌consumption‌‌in‌‌the‌‌form‌‌of‌‌                             

natural‌ ‌gas‌ ‌was‌ ‌1393.7‌ ‌Trillion‌ ‌Btu,‌ ‌or‌ ‌36.08%‌ ‌of‌ ‌the‌ ‌total‌ ‌consumption,‌ ‌and‌‌as‌‌a‌‌result‌‌of‌‌the‌‌Governor’s‌‌                                     

fracking‌‌ban‌‌within‌‌NYS,‌‌it‌‌was‌‌mostly‌‌supplied‌‌by‌‌neighboring‌‌states‌‌and‌‌Canada.‌ ‌Due‌‌to‌‌the‌‌public’s‌‌large‌‌                                   

dependency‌‌on‌‌this‌‌particular‌‌fossil‌‌fuel,‌‌organizations‌‌such‌‌as‌‌the‌‌US‌‌Environmental‌‌Protection‌‌Agency‌‌(US‌‌                             

EPA)‌‌have‌‌encouraged‌‌the‌‌recovery‌‌and‌‌production‌‌of‌‌biogas,‌‌a‌‌type‌‌of‌‌bioenergy‌‌which‌‌can‌‌be‌‌upgraded‌‌to‌‌                                   

renewable‌ ‌natural‌ ‌gas‌ ‌(RNG)‌ ‌standards‌ ‌and‌ ‌replace‌ ‌compressed‌ ‌or‌ ‌liquified‌ ‌natural‌ ‌gas‌ ‌(CNG‌ ‌or‌ ‌LNG).‌ ‌ 

New‌ ‌York‌ ‌State‌ ‌Energy‌ ‌Research‌ ‌and‌ ‌Development‌ ‌Authority‌ ‌(NYSERDA)‌ ‌and‌ ‌the‌ ‌Water‌ ‌Environment‌‌                         

Research‌‌Foundation‌‌(WERF)‌‌have‌‌formerly‌‌categorized‌‌biogas‌‌production‌‌as‌‌a‌‌technology‌‌with‌‌inadequate‌‌                         

payback‌‌economics‌‌(NYSERDA‌‌Biogas‌‌Barriers,‌‌2012).‌ ‌However,‌‌today,‌‌there‌‌are‌‌new‌‌programs‌‌such‌‌as‌‌the‌‌                             

Federal‌ ‌Renewable‌ ‌Fuel‌ ‌Standard‌ ‌(RFS)‌ ‌and‌ ‌Low‌ ‌Carbon‌ ‌Fuel‌ ‌Standard‌ ‌(LCFS)‌ ‌from‌ ‌states‌ ‌such‌ ‌as‌‌                             

California‌‌and‌‌Oregon,‌‌which‌‌allow‌‌New‌‌Yorkers‌‌to‌‌capitalize‌‌on‌‌biogas‌‌production‌‌opportunities,‌‌and‌‌access‌                             

lucrative‌‌markets.‌ ‌According‌‌to‌‌the‌‌American‌‌Biogas‌‌Council‌‌(ABC),‌‌these‌‌programs‌‌can‌‌value‌‌RNG‌‌at‌‌3‌‌to‌‌                                 

30‌ ‌times‌ ‌more‌ ‌per‌ ‌MMBTU‌ ‌than‌ ‌natural‌ ‌gas‌ ‌produced‌ ‌from‌ ‌fossil‌ ‌fuels.‌ ‌By‌ ‌taking‌ ‌advantage‌ ‌of‌ ‌these‌‌                                 

alternative‌‌sources‌‌of‌‌funding‌‌and‌‌re-framed‌‌economics,‌‌these‌‌former‌‌barriers‌‌can‌‌be‌‌overcome‌‌to‌‌establish‌‌                             

and‌ ‌implement‌ ‌a‌ ‌widespread‌‌production‌‌network.‌ ‌(See‌‌APPENDIX‌‌1:‌‌Barriers‌‌and‌‌Mitigation‌‌Strategies‌‌for‌‌                           

additional‌ ‌barriers‌ ‌and‌ ‌mitigation‌ ‌strategies‌ ‌published‌ ‌by‌ ‌NYSERDA‌ ‌and‌ ‌WERF‌ ‌in‌ ‌Biogas‌ ‌Barriers‌ ‌2012.)‌ ‌ 
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The‌‌northeastern‌‌US‌‌has‌‌18%‌‌of‌‌the‌‌USA’s‌‌population‌‌in‌‌5%‌‌of‌‌the‌‌country’s‌‌land‌‌area.‌ ‌This‌‌fact,‌‌combined‌‌                                     

with‌ ‌cold‌ ‌winters‌ ‌and‌ ‌many‌ ‌poorly‌ ‌insulated‌ ‌homes‌ ‌make‌ ‌high‌ ‌energy‌ ‌demand‌ ‌a‌ ‌distinctive‌ ‌feature‌ ‌of‌‌the‌‌                                 

region‌ ‌‌(Untapped‌ ‌Potential,‌ ‌2014).‌ ‌‌The‌ ‌ABC‌ ‌estimates‌‌NYS‌‌production‌‌potential‌‌of‌‌biogas,‌‌also‌‌known‌‌as‌‌                             

renewable‌‌methane,‌‌to‌‌be‌‌52.3‌‌billion‌‌cubic‌‌feet;‌‌an‌‌amount‌‌which‌‌could‌‌significantly‌‌offset‌‌demands‌‌for‌‌fossil‌‌                                 

fuels.‌ ‌This‌ ‌is‌ ‌equivalent‌ ‌to‌ ‌a‌ ‌combined‌ ‌4,379‌ ‌million‌ ‌kWh‌ ‌electricity‌ ‌and‌ ‌2,706‌ ‌million‌‌TU/h‌‌heat‌‌or‌‌679.1‌‌                                   

million‌‌gasoline‌‌gallon‌‌equivalents‌‌(gge).‌ ‌They‌‌claim‌‌this‌‌energy‌‌is‌‌similar‌‌to‌‌removing‌‌5.16‌‌million‌‌cars‌‌from‌‌                                 

the‌‌road‌‌and‌‌would‌‌generate‌‌882‌‌permanent‌‌jobs‌‌(ABC‌‌NYS‌‌Profile).‌ ‌National‌‌Grid,‌‌a‌‌natural‌‌gas‌‌provider‌‌in‌‌                                   

NYS,‌ ‌has‌ ‌set‌ ‌a‌ ‌precedent‌ ‌for‌ ‌accepting‌ ‌renewable‌ ‌methane‌ ‌via‌ ‌injection‌ ‌into‌ ‌their‌ ‌transmission‌ ‌pipelines.‌ ‌                             

They‌‌have‌‌also‌‌published‌‌a‌‌report‌‌on‌‌the‌‌potential‌‌of‌‌RNG‌‌to‌‌be‌‌capable‌‌of‌‌providing‌‌17%‌‌of‌‌overall‌‌demand‌‌                                       

(National‌‌Grid,‌‌2010).‌ ‌Another‌‌NYS‌‌provider,‌‌Central‌‌Hudson‌‌Gas‌‌&‌‌Electric,‌‌may‌‌create‌‌a‌‌pilot‌‌program‌‌to‌‌                                 

offer‌ ‌customers‌ ‌the‌ ‌opportunity‌ ‌to‌ ‌buy‌ ‌RNG‌ ‌to‌ ‌help‌ ‌subsidize‌ ‌a‌ ‌transition.‌ ‌These‌ ‌are‌ ‌two‌ ‌corporations‌‌of‌‌                                 

many‌ ‌that‌ ‌recognize‌ ‌RNG‌ ‌as‌ ‌a‌ ‌viable‌ ‌alternative‌ ‌to‌ ‌natural‌ ‌gas‌ ‌that‌ ‌can‌ ‌aid‌ ‌decarbonization‌‌of‌‌the‌‌sector‌‌                                   

(NGA,‌ ‌2019).‌  ‌Both‌ ‌companies‌ ‌expect‌ ‌this‌ ‌renewable‌ ‌fuel‌ ‌to‌ ‌play‌ ‌a‌ ‌significant‌ ‌role‌ ‌in‌ ‌their‌ ‌future‌ ‌operations.‌ ‌ 

‌ 

This‌‌report‌‌seeks‌‌to‌‌assess‌‌the‌‌resource‌‌potential‌‌for‌‌                 

biogas‌ ‌feedstocks‌ ‌for‌ ‌10‌ ‌counties‌ ‌in‌ ‌NYS’s‌ ‌lower‌‌               

Hudson‌ ‌Valley;‌ ‌Columbia,‌ ‌Dutchess,‌ ‌Delaware,‌‌         

Greene,‌‌Orange,‌‌Rockland,‌‌Putnam,‌‌Sullivan,‌‌Ulster,‌‌           

and‌ ‌Westchester.‌ ‌By‌ ‌mapping‌ ‌the‌ ‌availability‌ ‌of‌‌             

these‌ ‌bioresources,‌ ‌corporations‌ ‌and‌ ‌policy‌ ‌makers‌‌           

can‌ ‌use‌ ‌this‌ ‌data‌ ‌as‌ ‌a‌ ‌foundation‌ ‌for‌‌designing‌‌and‌‌                   

implementing‌ ‌an‌ ‌integrated‌ ‌bioenergy‌ ‌system‌‌         

throughout‌ ‌the‌ ‌region.‌ ‌Specific‌ ‌legislation,‌ ‌financial‌‌           

incentives,‌‌and‌‌waste‌‌programs‌‌can‌‌also‌‌be‌‌enacted‌‌               

to‌‌optimize‌‌local‌‌resource‌‌valorization‌‌and‌‌guarantee‌‌             

consistent‌ ‌and‌ ‌predictable‌ ‌input‌ ‌and‌ ‌output‌ ‌flows.‌‌    ‌FIGURE‌ ‌1:‌ ‌‌The‌ ‌10‌ ‌assessed‌ ‌counties‌ ‌in‌ ‌NYS‌ ‌(yellow)‌ ‌ 
‌ ‌   

Previous‌‌biogas‌‌feedstock‌‌studies‌‌have‌‌been‌‌conducted‌‌with‌‌respect‌‌to‌‌the‌‌entire‌‌state‌‌or‌‌specific‌‌counties.‌ ‌                               

However,‌‌their‌‌scope‌‌of‌‌feedstocks‌‌was‌‌narrow.‌ ‌NYSERDA‌‌has‌‌produced‌‌several‌‌publications‌‌which‌‌mention‌‌                           

opportunities‌‌for‌‌biogas‌‌production‌‌throughout‌‌NYS,‌‌but‌‌the‌‌feedstocks‌‌are‌‌limited‌‌to‌‌sewage‌‌sludge,‌‌animal‌‌                             

manure,‌‌and‌‌sometimes‌‌food‌‌waste.‌ ‌Other‌‌reports,‌‌such‌‌as‌‌their‌‌“Biomass‌‌Power‌‌Guide,”‌‌make‌‌reference‌‌to‌‌                               

energy‌‌conversion‌‌potentials,‌‌yet,‌‌the‌‌majority‌‌of‌‌this‌‌content‌‌is‌‌focused‌‌on‌‌the‌‌implementation‌‌and‌‌scaling‌‌of‌‌                                 

bioenergy‌ ‌opportunities‌ ‌related‌ ‌to‌ ‌combustion‌ ‌for‌ ‌heat‌‌and‌‌power‌‌(CHP).‌ ‌In‌‌2017,‌‌the‌‌Cornell‌‌Cooperative‌‌                             

Extension‌ ‌prepared‌ ‌an‌ ‌“Organics‌ ‌Recycling‌ ‌Study‌ ‌for‌ ‌Dutchess‌ ‌County”‌ ‌(sponsored‌ ‌by‌ ‌NYSERDA)‌ ‌that‌‌                         

examined‌‌related‌‌potential‌‌recycling‌‌technologies,‌‌locations‌‌for‌‌resource‌‌recovery,‌‌and‌‌waste-stream‌‌analysis.‌ ‌                       

These‌ ‌feedstocks‌ ‌were‌ ‌also‌ ‌limited‌ ‌to‌ ‌sludge‌ ‌from‌‌wastewater‌‌treatment‌‌plants‌‌(WWTPs)‌‌and‌‌excess‌‌food‌‌                             

waste.‌‌The‌‌project‌‌leaders‌‌determined‌‌that‌‌energy‌‌markets‌‌at‌‌that‌‌time‌‌were‌‌non-conducive‌‌for‌‌AD‌‌(Dutchess‌‌                               

Organics,‌‌2017)‌‌and‌‌there‌‌has‌‌been‌‌no‌‌further‌‌work.‌ ‌More‌‌recently,‌‌Westchester‌‌commissioned‌‌a‌‌food‌‌waste‌‌                               

study‌‌which‌‌prescribed‌‌mid-term‌‌and‌‌long-term‌‌recommendations‌‌for‌‌co-digestion‌‌of‌‌food‌‌waste‌‌at‌‌an‌‌existing‌‌                             

county‌ ‌wastewater‌ ‌recovery‌ ‌facility‌ ‌(WWRF)‌ ‌and/or‌ ‌their‌ ‌Wheelabrator‌ ‌waste-to-energy‌‌facility‌‌in‌‌Peekskill.‌ ‌                       

Similar‌ ‌to‌ ‌studies‌ ‌before‌ ‌them,‌‌this‌‌analysis‌‌was‌‌also‌‌limited‌‌to‌‌excess‌‌food‌‌waste‌‌and‌‌biosolid‌‌feedstocks,‌‌                                 

yet‌ ‌a‌ ‌public-private‌ ‌partnership‌ ‌was‌ ‌suggested‌ ‌as‌ ‌a‌ ‌go-to-market‌ ‌strategy‌ ‌(Westchester‌ ‌Food‌ ‌Waste,‌ ‌2020).‌ ‌ 
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This‌ ‌independent‌ ‌assessment‌ ‌of‌ ‌resource‌ ‌potential‌ ‌for‌ ‌biogas‌ ‌feedstocks‌ ‌for‌ ‌the‌ ‌lower‌ ‌Hudson‌ ‌Valley,‌‌                           

presented‌ ‌herein,‌ ‌goes‌ ‌beyond‌ ‌the‌ ‌work‌ ‌of‌ ‌these‌ ‌previous‌ ‌studies‌ ‌by‌ ‌widening‌ ‌the‌ ‌scope‌ ‌of‌ ‌biomass‌‌                               

harvesting‌ ‌possibilities‌ ‌and‌ ‌examining‌ ‌the‌ ‌production‌ ‌components‌ ‌from‌ ‌a‌ ‌systems‌ ‌perspective.‌ ‌Data‌ ‌and‌‌                         

research‌‌from‌‌global,‌‌national,‌‌state,‌‌regional,‌‌and‌‌county‌‌publications‌‌are‌‌used‌‌to‌‌extend‌‌these‌‌opportunities‌‌                             

from‌‌excess‌‌food‌‌waste‌‌and‌‌biosolids‌‌to‌‌animal‌‌manure,‌‌biocrops,‌‌invasive‌‌species,‌‌landfills,‌‌and‌‌composting.‌ ‌                             

The‌ ‌information‌ ‌is‌ ‌sourced‌ ‌from‌ ‌organizations‌ ‌inclusive‌ ‌of‌ ‌the‌ ‌US‌ ‌Environmental‌ ‌Protection‌ ‌Agency‌ ‌(US‌‌                           

EPA),‌‌the‌‌U.S.‌‌Department‌‌of‌‌Agriculture‌‌(USDA),‌‌the‌‌US‌‌Department‌‌of‌‌Energy‌‌(US‌‌DOE),‌‌the‌‌NYS‌‌Pollution‌‌                                 

Prevention‌ ‌Institute‌ ‌(NYS2PI),‌ ‌the‌ ‌NYS‌ ‌Department‌ ‌of‌ ‌Environmental‌ ‌Conservation‌ ‌(NYS‌ ‌DEC),‌ ‌the‌ ‌NYS‌‌                         

Energy‌ ‌Research‌ ‌and‌ ‌Development‌ ‌Board‌ ‌(NYSERDA),‌ ‌the‌ ‌Cornell‌ ‌Waste‌ ‌Management‌ ‌Institute‌ ‌(CWMI),‌‌                       

and‌ ‌several‌ ‌county‌ ‌solid‌ ‌waste‌ ‌management‌ ‌plans‌‌(SWMPs).‌ ‌Through‌‌these‌‌elaborative‌‌efforts,‌‌additional‌‌                         

benefits‌ ‌of‌ ‌biogas‌ ‌production‌ ‌are‌‌revealed‌‌that‌‌have‌‌a‌‌greater‌‌adherence‌‌to‌‌a‌‌production‌‌cycle‌‌that‌‌models‌‌                                 

that‌ ‌of‌ ‌a‌ ‌circular‌ ‌economy;‌‌a‌‌system‌‌aimed‌‌to‌‌eliminate‌‌waste‌‌and‌‌promote‌‌the‌‌continual‌‌use‌‌of‌‌resources.‌ ‌                                   

These‌ ‌qualities‌ ‌are‌ ‌best‌ ‌suited‌ ‌for‌ ‌a‌ ‌community‌ ‌that‌ ‌upholds‌ ‌a‌ ‌high‌ ‌commitment‌ ‌to‌ ‌sustainability.‌ ‌ 

A‌ ‌food-energy-water-waste‌ ‌nexus‌ ‌(FEWWN)‌ ‌is‌ ‌analogous‌ ‌to‌ ‌the‌ ‌interconnectedness‌ ‌of‌ ‌these‌ ‌sectors.‌ ‌                       

Individual‌ ‌inputs‌ ‌and‌ ‌outputs‌ ‌should‌ ‌be‌ ‌viewed‌ ‌as‌ ‌cogs‌ ‌in‌ ‌a‌‌larger‌‌cycle‌‌where‌‌waste‌‌from‌‌one‌‌process‌‌is‌‌                                     

used‌‌by‌‌the‌‌following‌‌process.‌ ‌Segregation‌‌of‌‌these‌‌industries‌‌would‌‌otherwise‌‌result‌‌in‌‌enormous‌‌quantities‌‌                             

of‌‌agricultural‌‌and‌‌organic‌‌waste‌‌which‌‌are‌‌not‌‌optimized‌‌and‌‌discarded.‌ ‌When‌‌these‌‌material‌‌flows‌‌are‌‌not‌‌                                 

assigned‌‌a‌‌future‌‌value,‌‌there‌‌are‌‌inherent‌‌ramifications‌‌to‌‌the‌‌environment‌‌-‌‌even‌‌when‌‌profit‌‌margins‌‌are‌‌not‌‌                                   

a‌‌driving‌‌force.‌ ‌The‌‌additional‌‌feedstocks‌‌presented‌‌in‌‌this‌‌work‌‌can‌‌help‌‌to‌‌overcome‌‌these‌‌shortcomings‌‌by‌‌                                 

reimagining‌ ‌an‌ ‌integrated‌ ‌system‌ ‌where‌ ‌opportunities‌ ‌for‌ ‌reuse‌‌and‌‌recycling‌‌are‌‌designed‌‌to‌‌mitigate‌‌true‌‌                             

costs‌‌to‌‌the‌‌environment‌‌while‌‌benefiting‌‌the‌‌local‌‌economy.‌ ‌Green‌‌gross‌‌domestic‌‌product‌‌(GGDP),‌‌or‌‌the‌‌                               

sum‌ ‌of‌ ‌nominal‌ ‌GDP‌ ‌and‌ ‌the‌ ‌value‌ ‌of‌ ‌all‌ ‌relevant‌ ‌ecosystem‌ ‌services‌ ‌(FEWWN,‌ ‌2019)‌ ‌is‌ ‌the‌ ‌form‌ ‌of‌‌                                   

accounting‌‌that‌‌a‌‌multilayered‌‌biogas‌‌production‌‌system‌‌can‌‌offer‌‌the‌‌community.‌ ‌This‌‌perspective‌‌provides‌‌                           

a‌ ‌foundation‌ ‌for‌ ‌more‌ ‌in-depth‌ ‌studies‌‌which‌‌focus‌‌on‌‌the‌‌aggregated‌‌benefits,‌‌avoided‌‌costs,‌‌and‌‌hedonic‌‌                               

values.‌ ‌Thinking‌ ‌in‌ ‌this‌ ‌manner‌ ‌invokes‌ ‌a‌ ‌mindset‌ ‌for‌ ‌building‌ ‌with‌‌a‌‌long‌‌and‌‌lasting‌‌time‌‌horizon,‌‌and‌‌it‌‌                                     

inspires‌ ‌a‌ ‌holistic‌ ‌framework‌ ‌to‌ ‌conserve‌ ‌and‌ ‌maximize‌ ‌the‌ ‌region’s‌ ‌resources.‌ ‌It‌ ‌is‌ ‌a‌ ‌form‌ ‌of‌ ‌operation‌‌                                 

which‌ ‌can‌ ‌best‌ ‌valorize‌ ‌the‌ ‌local‌ ‌resources‌ ‌of‌ ‌the‌ ‌Hudson‌ ‌Valley‌ ‌and‌ ‌positively‌ ‌influence‌ ‌the‌ ‌energy‌ ‌and‌‌                                 

environmental‌ ‌goals‌ ‌envisioned‌ ‌by‌ ‌the‌ ‌state,‌ ‌the‌ ‌country,‌ ‌and‌ ‌the‌ ‌world.‌ ‌ 

‌ 

‌ 

‌ 

‌ 

‌ 

‌ 

‌ 

‌ 
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Background‌‌ 

Anaerobic‌‌digestion‌‌(AD)‌‌is‌‌the‌‌biological‌‌decomposition‌‌of‌‌organic‌‌materials‌‌in‌‌the‌‌absence‌‌of‌‌oxygen.‌‌The‌‌                               

process‌ ‌is‌ ‌carried‌ ‌out‌ ‌by‌ ‌microorganisms‌ ‌that‌ ‌convert‌ ‌carbohydrates‌ ‌(glucose,‌ ‌fructose,‌ ‌and‌ ‌sucrose)‌ ‌to‌‌                           

biogas.‌ ‌This‌ ‌gas‌ ‌product‌ ‌consists‌ ‌of‌ ‌approximately‌ ‌55%‌ ‌methane‌ ‌(CH4),‌ ‌45%‌ ‌carbon‌‌dioxide‌‌(CO2),‌‌and‌‌                             

trace‌‌amounts‌‌of‌‌other‌‌gases‌‌like‌‌hydrogen‌‌sulfide‌‌(H2S)‌‌(Ulster‌‌SWMP,‌‌2020).‌ ‌AD‌‌is‌‌typically‌‌implemented‌‌                               

at‌‌organic‌‌waste‌‌management‌‌facilities,‌‌municipal‌‌solid‌‌waste‌‌(MSW)‌‌facilities,‌‌wastewater‌‌WWTPs,‌‌livestock‌‌                         

farms,‌ ‌and‌ ‌landfills.‌ ‌Different‌ ‌feedstocks‌ ‌can‌ ‌be‌ ‌combined‌ ‌and‌ ‌processed‌ ‌simultaneously‌ ‌to‌ ‌enhance‌‌this‌‌                           

process‌ ‌and‌ ‌help‌ ‌to‌ ‌maintain‌ ‌an‌ ‌internal‌ ‌environment‌ ‌conducive‌ ‌for‌ ‌microbial‌ ‌decomposition‌‌(EPA‌‌Wasted‌‌                           

Food‌ ‌Report,‌ ‌2018).‌ ‌ 

‌ 

A‌ ‌variety‌ ‌of‌ ‌pre-treatment‌ ‌methods‌ ‌are‌ ‌necessary‌ ‌for‌ ‌efficient‌ ‌digestion.‌ ‌First,‌ ‌the‌ ‌feedstock‌ ‌must‌ ‌be‌‌                             

separated‌‌from‌‌any‌‌inorganic‌‌fractions‌‌and‌‌undergo‌‌a‌‌mechanical‌‌shredding‌‌and‌‌mixing‌‌process.‌ ‌In‌‌wet‌‌AD‌‌                               

systems,‌ ‌water‌ ‌is‌ ‌the‌ ‌primary‌ ‌input‌ ‌as‌ ‌the‌ ‌actual‌ ‌feedstock‌ ‌only‌ ‌accounts‌ ‌for‌ ‌about‌ ‌15%‌ ‌of‌ ‌the‌ ‌input‌‌                                   

composition.‌ ‌After‌‌the‌‌biological‌‌process‌‌is‌‌complete,‌‌the‌‌extracted‌‌biogas‌‌can‌‌be‌‌combusted‌‌for‌‌electricity‌‌                             

and‌‌heat‌‌cogeneration.‌ ‌For‌‌small‌‌operations,‌‌the‌‌biogas‌‌typically‌‌meets‌‌the‌‌power‌‌and‌‌heating‌‌demands‌‌of‌‌                               

the‌ ‌facility.‌  ‌This‌ ‌onsite‌ ‌use‌ ‌is‌ ‌generally‌ ‌the‌ ‌most‌ ‌economical‌ ‌because‌ ‌the‌ ‌biogas‌ ‌achieves‌ ‌full‌ ‌market‌ ‌value.‌ ‌ ‌   

‌ 

The‌‌remaining‌‌slurry‌‌is‌‌separated‌‌into‌‌solid‌‌and‌‌liquids,‌‌usually‌‌with‌‌a‌‌screw‌‌press.‌ ‌In‌‌most‌‌cases,‌‌the‌‌liquid‌‌                                     

portion‌‌is‌‌neutralized‌‌and‌‌discharged‌‌to‌‌a‌‌nearby‌‌watershed,‌‌but‌‌it‌‌can‌‌also‌‌be‌‌used‌‌as‌‌fertilizer‌‌and‌‌refined‌‌to‌‌                                       

commercial‌ ‌standards‌ ‌for‌ ‌agriculture.‌ ‌The‌ ‌solids‌ ‌are‌ ‌preferably‌ ‌destined‌ ‌for‌ ‌beneficial‌ ‌use‌ ‌through‌‌                         

composting‌‌and‌‌soil‌‌application.‌ ‌Otherwise,‌‌they‌‌are‌‌incinerated‌‌or‌‌landfilled.‌ ‌Additional‌‌advantages‌‌of‌‌this‌‌                           

process‌ ‌include‌ ‌reductions‌ ‌in‌ ‌odor,‌ ‌pathogen‌ ‌content,‌ ‌and‌ ‌solid‌ ‌mass‌ ‌reduction‌ ‌(DEC‌ ‌Beyond‌ ‌Waste,‌ ‌2010).‌ ‌ 

Excess‌ ‌food‌ ‌waste‌ ‌ 
Organic‌ ‌food‌ ‌waste‌ ‌is‌ ‌characterized‌ ‌by‌ ‌food‌ ‌scraps‌‌               

from‌ ‌households,‌ ‌restaurants,‌ ‌caterers,‌ ‌retail‌‌         

premises,‌ ‌and‌ ‌comparable‌ ‌waste‌ ‌from‌ ‌food‌‌           

processing‌ ‌plants.‌ ‌It‌ ‌excludes‌ ‌by-products‌ ‌of‌ ‌food‌‌             

production‌ ‌that‌ ‌never‌ ‌become‌ ‌waste‌ ‌(ISWA‌ ‌Global‌‌             

Assessment,‌‌2020).‌ ‌The‌‌EPA‌‌has‌‌published‌‌a‌‌“Food‌‌               

Recovery‌ ‌Hierarchy,”‌ ‌displayed‌ ‌in‌ ‌FIGURE‌ ‌2,‌ ‌which‌‌             

conveys‌ ‌how‌ ‌this‌ ‌waste‌ ‌should‌ ‌be‌ ‌reutilized‌ ‌and‌‌               

prioritized‌ ‌to‌ ‌improve‌ ‌consumption‌ ‌efficiency‌ ‌and‌‌           

mitigate‌ ‌losses.‌ ‌After‌ ‌source‌‌reduction,‌‌food‌‌banks,‌‌             

and‌ ‌animal‌ ‌feed,‌ ‌excess‌ ‌food‌ ‌waste‌ ‌should‌ ‌be‌‌               

allocated‌ ‌to‌ ‌industrial‌ ‌uses.‌ ‌This‌ ‌includes‌ ‌fuel‌‌             

conversion‌ ‌technologies,‌ ‌such‌ ‌as‌ ‌AD,‌ ‌to‌ ‌recover‌‌             

useful‌ ‌energy.‌ ‌ 

   ‌‌FIGURE‌ ‌2:‌ ‌‌The‌ ‌US‌ ‌EPA’s‌ ‌food‌ ‌recovery‌ ‌hierarchy‌ ‌ 

‌ 
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Food‌ ‌waste‌ ‌that‌ ‌is‌ ‌not‌‌diverted‌‌at‌‌the‌‌source‌‌of‌‌generation‌‌is‌‌combined‌‌with‌‌all‌‌other‌‌municipal‌‌solid‌‌waste‌‌                                     

(MSW).‌ ‌This‌‌collective‌‌waste‌‌stream‌‌includes‌‌many‌‌other‌‌non-organic‌‌materials‌‌generated‌‌by‌‌the‌‌residential,‌‌                           

commercial,‌ ‌and‌ ‌institutional‌ ‌sectors.‌ ‌It‌‌excludes‌‌construction‌‌and‌‌demolition‌‌debris‌‌and‌‌biosolids‌‌except‌‌if‌‌                           

they‌ ‌are‌ ‌commingled,‌ ‌according‌ ‌to‌ ‌NYS‌ ‌Codes,‌ ‌Rules,‌ ‌and‌ ‌Regulations‌‌(NYCRR)‌‌Part‌‌360.‌ ‌Unless‌‌MSW‌‌                             

waste‌ ‌is‌ ‌sorted‌ ‌by‌ ‌a‌ ‌specialized‌ ‌waste‌ ‌management‌ ‌facility,‌ ‌all‌ ‌of‌ ‌this‌ ‌material‌ ‌is‌ ‌landfilled‌ ‌or‌ ‌incinerated.‌ ‌                                 

These‌ ‌end‌ ‌uses‌ ‌are‌ ‌at‌ ‌the‌ ‌bottom‌ ‌of‌ ‌the‌ ‌hierarchy‌ ‌and‌ ‌therefore‌ ‌of‌ ‌last‌ ‌resort.‌ ‌According‌‌to‌‌county‌‌solid‌‌                                     

waste‌‌management‌‌plans‌‌(SWMPs),‌‌most‌‌of‌‌the‌‌waste‌‌that‌‌is‌‌generated‌‌in‌‌the‌‌lower‌‌Hudson‌‌Valley‌‌ends‌‌up‌‌                                   

in‌‌landfills‌‌located‌‌in‌‌the‌‌northwestern‌‌and‌‌western‌‌regions‌‌of‌‌the‌‌state.‌ ‌This‌‌implies‌‌several‌‌hours‌‌of‌‌hauling‌‌                                   

for‌ ‌loads‌ ‌to‌ ‌reach‌ ‌these‌ ‌destinations‌ ‌and‌ ‌a‌ ‌plethora‌ ‌of‌ ‌additional‌ ‌anthropogenic‌ ‌impacts‌ ‌to‌ ‌the‌ ‌environment.‌ ‌ 

‌ 

Localized‌ ‌biogas‌ ‌production‌ ‌would‌ ‌eliminate‌ ‌a‌ ‌significant‌ ‌portion‌ ‌of‌ ‌this‌‌transport‌‌activity‌‌and‌‌conserve‌‌the‌‌                             

food’s‌ ‌inherent‌ ‌energy‌ ‌content‌ ‌and‌ ‌nutrients‌ ‌within‌ ‌our‌ ‌local‌ ‌economy‌ ‌and‌ ‌ecosystem.‌ ‌Many‌ ‌operations‌‌                           

throughout‌ ‌the‌ ‌country‌ ‌are‌ ‌already‌ ‌diverting‌ ‌this‌ ‌valuable‌‌waste‌‌stream‌‌to‌‌capture‌‌its‌‌available‌‌energy.‌ ‌An‌‌                               

EPA‌ ‌nationwide‌ ‌survey‌ ‌of‌ ‌126‌‌food‌‌waste-accepting‌‌AD‌‌estimated‌‌a‌‌total‌‌of‌‌10.7‌‌million‌‌tons‌‌of‌‌food‌‌waste‌‌                                   

were‌‌collected‌‌and‌‌processed‌‌through‌‌recovery‌‌facilities‌‌during‌‌2016‌‌(EPA‌‌Wasted‌‌Food‌‌Report,‌‌2018).‌ ‌The‌‌                             

Hudson‌‌Valley‌‌is‌‌well-positioned‌‌to‌‌contribute‌‌to‌‌these‌‌recovery‌‌efforts‌‌and‌‌implement‌‌relevant‌‌technologies‌‌at‌‌                             

a‌ ‌variety‌ ‌of‌ ‌locations‌ ‌throughout‌ ‌the‌ ‌10‌ ‌counties.‌ ‌ 

Biosolids‌ ‌ 
Biosolids‌‌are‌‌the‌‌organic‌‌material‌‌byproduct‌‌of‌‌WWTPs.‌ ‌Their‌‌characteristics‌‌vary‌‌depending‌‌on‌‌the‌‌sources‌‌                             

of‌‌wastewater‌‌and‌‌can‌‌be‌‌in‌‌solid‌‌or‌‌semi-solid‌‌form.‌ ‌AD‌‌is‌‌a‌‌widely‌‌utilized‌‌and‌‌accepted‌‌way‌‌of‌‌stabilizing‌‌                                       

this‌ ‌sludge‌ ‌material.‌ ‌The‌ ‌resulting‌ ‌biogas‌ ‌is‌ ‌attractive‌ ‌for‌ ‌RNG‌ ‌projects‌ ‌due‌ ‌to‌ ‌its‌ ‌high‌ ‌CH4‌ ‌content‌ ‌and‌‌                                   

extremely‌‌low‌‌N2‌‌and‌‌O2‌‌contents‌‌(EPA‌‌RNG,‌‌2020).‌ ‌WWTPs‌‌tend‌‌to‌‌be‌‌publicly‌‌owned,‌‌and‌‌offer‌‌a‌‌prime‌‌                                     

opportunity‌ ‌for‌ ‌resource‌ ‌valorization‌ ‌where‌ ‌AD‌ ‌technology‌ ‌is‌ ‌not‌ ‌already‌ ‌implemented.‌ ‌ ‌   

‌ 

Biosolids‌ ‌may‌ ‌contain‌ ‌contaminants‌ ‌such‌ ‌as‌ ‌heavy‌ ‌metals‌ ‌and‌ ‌pathogens‌ ‌that‌ ‌may‌ ‌be‌ ‌detrimental‌ ‌to‌ ‌the‌‌                               

environment‌ ‌if‌ ‌not‌ ‌properly‌ ‌controlled.‌ ‌In‌ ‌NYS,‌ ‌regulations‌ ‌with‌ ‌respect‌ ‌to‌ ‌the‌ ‌recycling‌ ‌of‌ ‌biosolids‌ ‌are‌‌                               

currently‌ ‌defined‌ ‌and‌ ‌managed‌ ‌by‌ ‌both‌ ‌state‌ ‌and‌‌federal‌‌agencies‌‌(DEC‌‌Biosolid‌‌Facts).‌ ‌According‌‌to‌‌the‌‌                               

2018‌‌Biosolids‌‌Report‌‌produced‌‌by‌‌the‌‌NYS‌‌DEC,‌‌about‌‌16%‌‌of‌‌dry‌‌weight‌‌biosolids,‌‌or‌‌roughly‌‌60,999‌‌dry‌‌                                   

tons‌ ‌from‌ ‌publicly-owned‌ ‌treatment‌ ‌works‌ ‌(POTWs),‌ ‌or‌ ‌WWTPs,‌ ‌were‌ ‌directed‌ ‌to‌ ‌beneficial‌ ‌use‌ ‌in‌ ‌2015;‌‌                             

composting,‌ ‌land‌ ‌application,‌ ‌mine‌ ‌reclamation,‌ ‌and‌ ‌heat‌ ‌drying‌ ‌(NYS‌ ‌DEC‌ ‌Biosolids‌ ‌2018).‌ ‌FIGURE‌ ‌3‌‌                           

displays‌‌the‌‌beneficial‌‌use‌‌allocation‌‌for‌‌that‌‌year.‌ ‌Meanwhile,‌‌that‌‌same‌‌year,‌‌about‌‌16%‌‌of‌‌biosolids‌‌were‌‌                                 

directed‌ ‌to‌ ‌incineration,‌ ‌and‌ ‌68%‌ ‌were‌ ‌disposed‌ ‌of‌ ‌in‌ ‌landfills.‌ ‌FIGURE‌ ‌4‌ ‌shows‌ ‌the‌ ‌change‌ ‌in‌ ‌these‌‌                                 

proportions‌‌since‌‌1988.‌ ‌Note‌‌that‌‌a‌‌significant‌‌decrease‌‌in‌‌beneficial‌‌uses‌‌occurred‌‌around‌‌2010‌‌due‌‌to‌‌the‌‌                                 

closure‌‌of‌‌over‌‌15‌‌facilities.‌ ‌A‌‌biogas‌‌network‌‌with‌‌a‌‌variety‌‌of‌‌feedstocks‌‌may‌‌offer‌‌additional‌‌opportunities‌‌to‌‌                                   

apply‌ ‌a‌ ‌larger‌ ‌portion‌ ‌of‌ ‌this‌ ‌nutrient‌ ‌rich‌ ‌material‌ ‌to‌‌beneficial‌‌uses‌‌and‌‌repair‌‌the‌‌positive‌‌trend‌‌that‌‌NYS‌‌                                     

used‌ ‌to‌ ‌be‌ ‌on‌ ‌track‌ ‌with.‌ ‌ 
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FIGURE‌ ‌3:‌ ‌‌NYS‌‌ ‌‌beneficial‌ ‌use‌ ‌of‌ ‌biosolids‌‌           ‌FIGURE‌ ‌4:‌ ‌‌NYS‌‌ ‌‌beneficial‌ ‌use‌ ‌of‌ ‌biosolids‌ ‌over‌ ‌time‌ ‌ 

Livestock‌ ‌ 
Over‌ ‌the‌ ‌past‌ ‌several‌ ‌decades,‌ ‌the‌ ‌number‌ ‌of‌ ‌livestock‌ ‌operations‌ ‌in‌ ‌NYS‌ ‌have‌ ‌tended‌ ‌to‌ ‌decrease‌ ‌and‌‌                                 

become‌‌more‌‌concentrated.‌ ‌A‌‌consequence‌‌of‌‌these‌‌high‌‌animal‌‌density‌‌areas‌‌is‌‌the‌‌mass‌‌accumulation‌‌of‌‌                               

manure.‌ ‌While‌‌this‌‌organic‌‌substance‌‌has‌‌traditionally‌‌been‌‌composted‌‌or‌‌combined‌‌with‌‌crop‌‌residues‌‌and‌‌                             

applied‌ ‌to‌ ‌the‌ ‌land,‌ ‌the‌ ‌overabundance‌ ‌can‌‌become‌‌so‌‌great‌‌that‌‌farmers‌‌are‌‌incapable‌‌of‌‌distributing‌‌it‌‌to‌‌                                   

local‌‌crops‌‌and‌‌pastures.‌ ‌Alternatively,‌‌it‌‌is‌‌stockpiled,‌‌but‌‌this‌‌poses‌‌a‌‌pathogen‌‌risk‌‌to‌‌nearby‌‌watersheds‌‌                                 

and‌‌a‌‌nutrient‌‌concentration‌‌that‌‌exceeds‌‌the‌‌carrying‌‌capacity‌‌of‌‌the‌‌land‌‌(DOE‌‌Billion-Ton,‌‌2016).‌ ‌To‌‌solve‌                                 

this‌ ‌problem,‌ ‌many‌ ‌farmers‌ ‌seek‌ ‌to‌ ‌decompose‌ ‌and‌ ‌stabilize‌ ‌this‌ ‌material‌ ‌through‌ ‌AD.‌ ‌ 

‌ 

According‌ ‌to‌ ‌the‌ ‌USDA’s‌ ‌National‌ ‌Agricultural‌ ‌Statistics‌ ‌Service,‌ ‌in‌ ‌2012,‌ ‌NYS‌ ‌had‌ ‌approximately‌‌625,000‌‌                           

dairy‌ ‌cows‌ ‌making‌ ‌it‌ ‌one‌ ‌of‌‌the‌‌nation's‌‌leading‌‌producer‌‌states.‌ ‌These‌‌animals‌‌generate‌‌an‌‌estimated‌‌12‌‌                                 

million‌‌tons‌‌of‌‌manure‌‌each‌‌year‌‌(NYS‌‌DEC‌‌Beyond‌‌Waste,‌‌2010).‌ ‌Every‌‌day,‌‌a‌‌dairy‌‌cow‌‌can‌‌be‌‌expected‌‌                                     

to‌‌produce‌‌an‌‌average‌‌of‌‌82‌‌lbs‌‌of‌‌manure‌‌for‌‌every‌‌1000‌‌pounds‌‌lightweight‌‌(Midwest‌‌Plan‌‌Service,‌‌1993).‌ ‌                                   

This‌ ‌equates‌ ‌to‌ ‌approximately‌ ‌0.25‌ ‌tons‌ ‌per‌ ‌week‌ ‌and‌ ‌15‌ ‌tons‌ ‌per‌ ‌year‌ ‌per‌ ‌animal.‌ ‌(Specific‌ ‌quantity‌‌                                 

estimates‌‌per‌‌animal‌‌weight‌‌are‌‌displayed‌‌in‌‌FIGURE‌‌5‌‌along‌‌with‌‌nutrient‌‌contents.)‌ ‌The‌‌Energy‌‌Information‌‌                               

Administration‌‌(EIA)‌‌(a‌‌branch‌‌of‌‌the‌‌USDA)‌‌currently‌‌lists‌‌26‌‌ADs‌‌installed‌‌for‌‌these‌‌operations‌‌across‌‌NYS.‌ ‌                                 

FIGURE‌ ‌6‌ ‌displays‌ ‌the‌ ‌location‌ ‌of‌ ‌these‌ ‌facilities‌ ‌by‌ ‌county‌ ‌with‌ ‌the‌ ‌most‌ ‌being‌ ‌located‌ ‌in‌ ‌Cayuga‌ ‌and‌‌                                   

Wyoming.‌ ‌The‌‌oldest‌‌system‌‌was‌‌built‌‌in‌‌Tioga‌‌County‌‌in‌‌1998‌‌and‌‌the‌‌newest‌‌system‌‌was‌‌built‌‌in‌‌2012‌‌in‌‌                                       

Washington‌‌County.‌ ‌There‌‌are‌‌several‌‌digester‌‌types‌‌installed‌‌that‌‌include‌‌covered‌‌lagoons,‌‌horizontal‌‌plug‌‌                           

flow,‌ ‌and‌ ‌mixed‌ ‌plug‌‌flow.‌ ‌All‌‌together,‌‌this‌‌services‌‌the‌‌manure‌‌from‌‌over‌‌33,400‌‌dairy‌‌animals‌‌with‌‌some‌‌                                   

systems‌ ‌incorporating‌ ‌co-digestion‌ ‌of‌ ‌other‌ ‌organic‌ ‌waste‌ ‌streams‌ ‌from‌ ‌various‌ ‌food‌ ‌processing‌ ‌industries.‌ ‌ 

‌ 
FIGURE‌ ‌5:‌ ‌‌Manure‌ ‌averages‌ ‌(Manure‌ ‌1984)‌      ‌FIGURE‌ ‌6:‌ ‌‌NYS‌ ‌agriculture‌ ‌biogas‌ ‌systems‌ ‌ 

‌ 
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According‌‌to‌‌the‌‌EIA,‌‌these‌‌operations‌‌produce‌‌approximately‌‌2.45‌‌million‌‌cubic‌‌feet‌‌of‌‌biogas‌‌every‌‌day.‌ ‌If‌‌                                 

only‌‌the‌‌animal‌‌population‌‌is‌‌considered‌‌for‌‌determining‌‌end‌‌use‌‌proportions‌‌of‌‌this‌‌renewable‌‌methane,‌‌this‌‌                               

would‌ ‌equate‌‌to‌‌approximately‌‌50%‌‌that‌‌is‌‌used‌‌for‌‌cogeneration‌‌and‌‌35%‌‌used‌‌for‌‌electricity.‌ ‌FIGURES‌‌7‌‌                                 

and‌ ‌8‌ ‌depict‌ ‌the‌ ‌animal‌ ‌populations‌‌that‌‌are‌‌responsible‌‌for‌‌producing‌‌this‌‌biogas‌‌and‌‌the‌‌proportional‌‌end‌‌                                 

use‌ ‌allocation.‌ ‌About‌‌14%‌‌of‌‌this‌‌total‌‌is‌‌not‌‌valorized‌‌and‌‌flared‌‌full‌‌time.‌ ‌This‌‌may‌‌be‌‌due‌‌to‌‌inadequate‌‌                                       

financing‌ ‌opportunities‌ ‌to‌ ‌invest‌ ‌the‌ ‌resources‌ ‌to‌ ‌upgrade‌ ‌these‌ ‌facilities‌ ‌(AD‌ ‌Funding,‌ ‌2018).‌ ‌In‌ ‌many‌‌                             

instances,‌‌the‌‌labor‌‌and‌‌maintenance‌‌resources‌‌are‌‌not‌‌available‌‌to‌‌justify‌‌on‌‌site‌‌energy‌‌capture.‌ ‌This‌‌is‌‌not‌‌                                   

uncommon‌‌to‌‌farmers‌‌throughout‌‌the‌‌country‌‌as‌‌the‌‌US‌‌DOE‌‌estimates‌‌nearly‌‌1.5‌‌billion‌‌cubic‌‌feet‌‌of‌‌digester‌‌                                   

gas‌ ‌from‌ ‌livestock‌ ‌farms‌ ‌are‌ ‌flared‌ ‌each‌ ‌year‌ ‌that‌‌could‌‌be‌‌recovered‌‌for‌‌energy.‌ ‌However,‌‌new‌‌financing‌‌                                 

initiatives‌ ‌and‌ ‌legislative‌ ‌mandates‌ ‌for‌ ‌renewable‌ ‌fuels‌ ‌are‌ ‌changing‌ ‌this‌ ‌perception‌ ‌and‌ ‌creating‌ ‌new‌‌                           

opportunities‌ ‌for‌ ‌sustainable‌ ‌business‌ ‌models‌ ‌that‌ ‌include‌ ‌carbon‌ ‌credits‌ ‌and‌ ‌distribution‌ ‌to‌ ‌virtual‌ ‌utility‌ ‌grids.‌ ‌ 

‌ 
FIGURE‌ ‌7:‌ ‌‌Biogas‌ ‌end‌ ‌us‌ ‌in‌ ‌NYS‌ ‌by‌ ‌population‌      ‌FIGURE‌ ‌8:‌ ‌‌Biogas‌ ‌end‌ ‌use‌ ‌in‌ ‌NYS‌ ‌by‌ ‌proportion‌ ‌ 

Biocrops‌ ‌ 
In‌‌a‌‌2016‌‌report,‌‌the‌‌US‌‌Department‌‌of‌‌Energy‌‌(US‌‌DOE)‌‌estimated‌‌that‌‌the‌‌USA‌‌has‌‌the‌‌potential‌‌to‌‌produce‌‌                                       

at‌‌least‌‌1‌‌billion‌‌dry‌‌tons‌‌of‌‌biomass‌‌resources‌‌annually‌‌by‌‌the‌‌year‌‌2040.‌ ‌This‌‌is‌‌more‌‌than‌‌2.5‌‌times‌‌the‌‌365‌‌                                           

million‌‌dry‌‌tons‌‌that‌‌are‌‌currently‌‌being‌‌produced.‌ ‌Untapped‌‌resources‌‌are‌‌suspected‌‌to‌‌emerge‌‌in‌‌the‌‌form‌‌                                 

of‌‌agricultural‌‌residues,‌‌waste,‌‌and‌‌forests‌‌that‌‌will‌‌complement‌‌energy‌‌crops,‌‌algae,‌‌and‌‌other‌‌feedstocks‌‌in‌‌                               

this‌ ‌sector.‌ ‌This‌ ‌proposal‌ ‌is‌‌garnered‌‌by‌‌the‌‌premise‌‌that‌‌the‌‌bioeconomy‌‌can‌‌be‌‌designed‌‌in‌‌a‌‌way‌‌to‌‌be‌‌                                       

productive,‌‌profitable,‌‌and‌‌environmentally‌‌beneficial‌‌so‌‌that‌‌it‌‌can‌‌meet‌‌the‌‌growing‌‌demands‌‌for‌‌food,‌‌feed,‌‌                               

fiber,‌‌and‌‌fuel‌‌(DOE‌‌Billion-Ton,‌‌2016).‌ ‌Local‌‌production‌‌of‌‌these‌‌crops‌‌would‌‌also‌‌reduce‌‌reliance‌‌on‌‌fossil‌‌                                 

fuels‌ ‌and‌ ‌benefit‌ ‌the‌ ‌local‌ ‌economy‌ ‌through‌ ‌a‌ ‌new‌ ‌revenue‌ ‌stream‌ ‌(Untapped‌ ‌Potential,‌ ‌2014).‌ ‌ 

‌ 

Germany‌ ‌is‌ ‌one‌ ‌country‌ ‌with‌ ‌a‌ ‌well-developed‌ ‌bioeconomy‌ ‌that‌ ‌is‌‌                   

allocating‌ ‌a‌ ‌significant‌ ‌portion‌ ‌of‌ ‌their‌ ‌biomass‌ ‌to‌ ‌the‌ ‌production‌ ‌of‌‌                     

biogas.‌ ‌These‌ ‌developments‌ ‌were,‌ ‌in‌ ‌part,‌ ‌fostered‌ ‌by‌ ‌legislation‌‌                 

through‌ ‌their‌ ‌Renewable‌ ‌Energy‌ ‌Act‌ ‌(EEG).‌ ‌In‌ ‌2016,‌ ‌they‌ ‌had‌‌                   

approximately‌ ‌8,075‌ ‌biogas‌ ‌plants‌ ‌in‌ ‌operation‌ ‌with‌ ‌a‌ ‌total‌ ‌installed‌‌                   

capacity‌ ‌of‌ ‌4.1‌ ‌GW.‌ ‌At‌‌that‌‌time,‌‌182‌‌of‌‌these‌‌facilities‌‌were‌‌injecting‌‌                         

their‌ ‌refined‌ ‌biomethane‌ ‌into‌ ‌the‌ ‌natural‌ ‌gas‌ ‌grid.‌ ‌The‌ ‌country‌‌                   

continues‌‌to‌‌modernize‌‌more‌‌of‌‌their‌‌network‌‌to‌‌include‌‌this‌‌infrastructure.‌ ‌Maize‌‌is‌‌the‌‌primary‌‌biocrop‌‌used‌‌                                 

in‌‌their‌‌system‌‌due‌‌to‌‌a‌‌variety‌‌of‌‌advantageous‌‌qualities;‌‌high‌‌methane‌‌yield,‌‌digestibility,‌‌optimized‌‌growth,‌‌                               

harvest‌ ‌logistics,‌ ‌and‌ ‌silage‌ ‌(Sustainable‌ ‌Biocrops,‌ ‌2016),‌ ‌but‌ ‌there‌ ‌are‌ ‌potentially‌ ‌better‌ ‌alternatives.‌ ‌ 
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Perennial‌ ‌grasses‌ ‌ 
The‌ ‌northeastern‌ ‌US‌ ‌has‌ ‌a‌ ‌climate‌ ‌with‌ ‌abundant‌ ‌rainfall‌ ‌and‌ ‌mild‌ ‌seasons.‌ ‌Precipitation‌ ‌tends‌ ‌to‌ ‌vary‌‌                               

between‌ ‌30‌ ‌and‌ ‌60‌ ‌inches‌ ‌(760‌ ‌and‌ ‌1,520‌ ‌mm)‌ ‌and‌ ‌temperatures‌ ‌typically‌ ‌range‌ ‌from‌ ‌35‌ ‌to‌ ‌60°F‌ ‌(1.7‌‌to‌‌                                     

15.6°C).‌ ‌These‌‌qualities‌‌are‌‌comparable‌‌to‌‌the‌‌corn-‌‌and‌‌wheat-producing‌‌regions‌‌of‌‌the‌‌Midwestern‌‌US‌‌and‌‌                               

conducive‌ ‌to‌ ‌growing‌ ‌bioenergy‌ ‌crops‌ ‌(Untapped‌ ‌Potential,‌ ‌2014).‌ ‌While‌ ‌NYS‌ ‌is‌‌capable‌‌of‌‌expanding‌‌its‌                             

corn‌‌production‌‌to‌‌provide‌‌biomass‌‌for‌‌biogas‌‌production,‌‌developing‌‌a‌‌strong‌‌reliance‌‌on‌‌this‌‌crop‌‌could‌‌lead‌‌                                 

to‌‌environmental‌‌problems‌‌and‌‌a‌‌low‌‌acceptance‌‌in‌‌public‌‌opinion.‌ ‌Annual‌‌cultivation‌‌is‌‌associated‌‌with‌‌high‌‌                               

risk‌‌of‌‌erosion‌‌along‌‌with‌‌many‌‌negative‌‌impacts‌‌to‌‌biodiversity.‌ ‌In‌‌addition,‌‌high‌‌nitrogen‌‌fertilizer‌‌input‌‌can‌‌                                 

lead‌‌to‌‌groundwater‌‌pollution‌‌and‌‌deterioration‌‌of‌‌soil‌‌organic‌‌matter‌‌(Sustainable‌‌Biocrops,‌‌2016).‌ ‌However,‌‌                           

perennial‌ ‌grases‌ ‌offer‌ ‌some‌ ‌significant‌ ‌opportunities‌ ‌for‌ ‌this‌ ‌sector‌ ‌.‌ ‌ 

‌ 

There‌ ‌are‌‌two‌‌species‌‌of‌‌perennial‌‌grasses‌‌which‌‌have‌‌characteristics‌‌                   

that‌‌are‌‌desirable‌‌for‌‌the‌‌Hudson‌‌Valley‌‌and‌‌contrast‌‌the‌‌disadvantages‌‌                     

of‌ ‌corn‌ ‌and‌ ‌maize‌ ‌varieties.‌ ‌The‌ ‌US‌ ‌DOE‌ ‌has‌‌identified‌‌switchgrass‌‌                     

(Panicum‌ ‌virgatum)‌ ‌as‌ ‌one‌ ‌of‌ ‌the‌ ‌most‌‌promising‌‌species‌‌suitable‌‌for‌‌                     

the‌‌USA,‌‌and‌‌it‌‌is‌‌very‌‌capable‌‌of‌‌thriving‌‌in‌‌NYS.‌ ‌This‌‌plant‌‌contains‌‌a‌‌                             
low‌‌ash‌‌content‌‌and‌‌has‌‌the‌‌best‌‌production‌‌on‌‌well-drained‌‌and‌‌sandy‌‌                       

loam‌ ‌soils‌ ‌(Penn‌ ‌State‌ ‌Switchgrass).‌ ‌ 

‌ 

Miscanthus‌ ‌is‌ ‌another‌ ‌perennial‌ ‌grass‌ ‌that‌ ‌shows‌ ‌promising‌ ‌biofuel‌‌                 

feedstock‌‌properties‌‌for‌‌NYS.‌ ‌It‌‌is‌‌a‌‌tall‌‌reed‌‌that‌‌is‌‌a‌‌close‌‌relative‌‌of‌‌                             

sugarcane.‌ ‌It‌‌is‌‌capable‌‌of‌‌withstanding‌‌cold‌‌conditions‌‌and‌‌poor‌‌soils.‌ ‌                     

Some‌‌varieties‌‌can‌‌reach‌‌heights‌‌of‌‌up‌‌to‌‌12‌‌ft‌‌and‌‌have‌‌been‌‌shown‌‌to‌‌                             

produce‌ ‌an‌ ‌annual‌ ‌average‌ ‌of‌‌up‌‌to‌‌8‌‌to‌‌12‌‌tons‌‌per‌‌acre.‌ ‌While‌‌this‌‌                             

plant‌ ‌is‌ ‌a‌ ‌non-native‌ ‌species‌ ‌from‌ ‌Asia,‌ ‌there‌ ‌is‌ ‌a‌ ‌hybridized‌ ‌strain‌                       

available‌ ‌that‌ ‌is‌ ‌sterile‌ ‌(Penn‌ ‌State‌ ‌Miscanthus).‌ ‌Miscanthus‌ ‌‌x‌‌                 

giganteus‌‌is‌‌a‌‌variety‌‌observed‌‌for‌‌over‌‌two‌‌decades‌‌in‌‌Europe‌‌that‌‌did‌‌                         

not‌ ‌produce‌ ‌any‌ ‌fertile‌ ‌seeds‌ ‌or‌ ‌escapes‌ ‌(Sustainable‌ ‌Biocrops,‌ ‌2016).‌ ‌ 

‌ 

Both‌ ‌species‌ ‌have‌ ‌relatively‌ ‌low‌ ‌establishment‌ ‌and‌ ‌maintenance‌ ‌costs‌ ‌compared‌ ‌to‌ ‌other‌ ‌energy‌ ‌crops.‌ ‌                           

There‌‌are‌‌also‌‌USDA‌‌programs‌‌available‌‌to‌‌support‌‌farmers‌‌with‌‌these‌‌perennial‌‌options.‌ ‌In‌‌contrast‌‌to‌‌corn,‌‌                                 

these‌‌species‌‌reduce‌‌soil‌‌and‌‌water‌‌erosion‌‌and‌‌provide‌‌an‌‌improved‌‌wildlife‌‌habitat‌‌for‌‌what‌‌otherwise‌‌may‌‌                                 

be‌‌idle‌‌farmland‌‌or‌‌marginal‌‌lands.‌ ‌One‌‌study‌‌conducted‌‌with‌‌miscanthus‌‌demonstrated‌‌a‌‌higher‌‌abundance‌‌                             

of‌‌insects,‌‌spiders‌‌and‌‌earthworms‌‌than‌‌in‌‌arable‌‌land.‌ ‌It‌‌also‌‌offers‌ ‌niche‌‌environments‌‌for‌‌birds‌‌and‌‌other‌‌                                   

fauna.‌ ‌Similar‌‌effects‌‌can‌‌also‌‌be‌‌expected‌‌for‌‌Switchgrass,‌‌which‌‌suggests‌‌that‌‌these‌‌crops‌‌would‌‌increase‌‌                               

the‌‌biodiversity‌‌of‌‌agricultural‌‌landscapes‌‌(Sustainable‌‌Biocrops,‌‌2016).‌ ‌In‌‌addition,‌‌their‌‌deep‌‌root‌‌structures‌‌                           

can‌ ‌extend‌ ‌down‌ ‌to‌ ‌8‌ ‌feet‌ ‌into‌‌the‌‌soil.‌ ‌This‌‌improves‌‌drainage‌‌and‌‌facilitates‌‌carbon‌‌restoration.‌ ‌Carbon‌‌                                 

sequestration‌ ‌in‌ ‌this‌ ‌form‌ ‌may‌ ‌be‌ ‌eligible‌ ‌for‌ ‌carbon‌ ‌credits‌ ‌in‌‌the‌‌future‌‌(Penn‌‌State‌‌Switchgrass‌‌Budget)‌‌                                 

which‌‌would‌‌further‌‌promote‌‌investing‌‌in‌‌this‌‌source‌‌of‌‌biomass.‌ ‌In‌‌the‌‌event‌‌that‌‌the‌‌crop‌‌is‌‌not‌‌harvested‌‌                                     

for‌‌bioenergy,‌‌farmers‌‌can‌‌have‌‌the‌‌security‌‌of‌‌a‌‌livestock‌‌grazing‌‌area‌‌that‌‌will‌‌outlast‌‌and‌‌outperform‌‌other‌‌                                   

grasses‌ ‌during‌ ‌hot,‌ ‌dry‌ ‌summers‌ ‌(Sustainable‌ ‌Biocrops,‌ ‌2016).‌ ‌ 

‌ 
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Available‌ ‌lands‌ ‌ 

Sustainable‌ ‌production‌ ‌of‌ ‌biomass‌ ‌makes‌ ‌use‌ ‌of‌ ‌multi-functional‌ ‌landscapes‌ ‌that,‌ ‌in‌ ‌some‌ ‌cases,‌ ‌may‌ ‌be‌‌                             

unusable‌‌for‌‌the‌‌production‌‌of‌‌food.‌ ‌Over‌‌two‌‌million‌‌hectares‌‌of‌‌marginal‌‌land‌‌in‌‌the‌‌northeastern‌‌US‌‌are‌‌no‌‌                                     

longer‌ ‌used‌ ‌for‌ ‌agriculture.‌ ‌Second‌‌generation‌‌cellulosic‌‌biocrops‌‌could‌‌take‌‌advantage‌‌of‌‌these‌‌idle‌‌lands‌‌                             

and‌ ‌avoid‌ ‌competition‌ ‌with‌ ‌other‌ ‌crops.‌ ‌A‌ ‌significant‌ ‌amount‌ ‌of‌ ‌this‌ ‌area‌ ‌in‌ ‌NYS‌ ‌is‌ ‌due‌ ‌to‌ ‌degraded‌‌soil‌‌                                     

quality‌‌that‌‌resulted‌‌from‌‌poor‌‌farming‌‌practices‌‌in‌‌the‌‌1800s.‌ ‌During‌‌that‌‌time,‌‌topsoil‌‌was‌‌lost‌‌to‌‌erosion‌‌and‌‌                                     

fertilizers‌ ‌were‌ ‌no‌ ‌longer‌ ‌effective.‌ ‌Abandonment‌‌ensued‌‌and‌‌was‌‌accelerated‌‌with‌‌the‌‌availability‌‌of‌‌more‌‌                             

fertile‌ ‌lands‌ ‌to‌ ‌the‌ ‌west‌ ‌(Untapped‌ ‌Potential,‌ ‌2014).‌ ‌The‌ ‌introduction‌ ‌of‌ ‌biocops‌ ‌to‌ ‌these‌ ‌areas‌ ‌would‌‌                               

generate‌ ‌a‌ ‌valuable‌ ‌feedstock‌ ‌while‌ ‌simultaneously‌ ‌repairing‌ ‌soil‌ ‌health,‌ ‌improving‌ ‌water‌ ‌retention,‌ ‌and‌‌                         

restoring‌ ‌carbon‌ ‌content‌ ‌(BR&D‌ ‌Bioeconomy,‌ ‌2016).‌ ‌It‌ ‌would‌ ‌also‌ ‌offer‌ ‌an‌ ‌end-point‌ ‌destination‌ ‌where‌‌                           

digestate‌‌can‌‌be‌‌deposited‌‌to‌‌the‌‌land‌‌and‌‌nutrient‌‌byproducts‌‌can‌‌be‌‌recycled.‌ ‌Any‌‌potential‌‌contaminants‌‌                               

would‌ ‌be‌ ‌subject‌ ‌to‌ ‌a‌ ‌closed‌ ‌production‌ ‌loop‌ ‌and‌ ‌segregated‌ ‌from‌ ‌other‌ ‌farming‌ ‌activities.‌ ‌ 

Landfills‌ ‌ 
The‌ ‌EPA‌ ‌estimated‌ ‌that,‌ ‌in‌ ‌2018,‌ ‌24%‌ ‌of‌‌landfilled‌‌material‌‌was‌‌due‌‌to‌‌organic‌‌food‌‌waste;‌‌more‌‌than‌‌any‌‌                                     

other‌‌material‌‌in‌‌everyday‌‌refuse.‌ ‌Methane‌‌gas‌‌results‌‌as‌‌this‌‌matter‌‌undergoes‌‌AD‌‌within‌‌the‌‌landfill.‌ ‌The‌‌                                 

process‌ ‌occurs‌ ‌on‌ ‌a‌ ‌much‌ ‌longer‌ ‌timeline‌ ‌than‌ ‌industrially‌ ‌controlled‌ ‌AD‌ ‌because‌ ‌of‌ ‌absent‌ ‌mechanical‌‌                             

mixing‌ ‌and‌ ‌decreased‌ ‌moisture‌ ‌composition.‌ ‌First,‌ ‌aerobic‌ ‌bacteria‌ ‌consume‌ ‌the‌ ‌oxygen‌ ‌and‌ ‌begin‌ ‌the‌‌                           

breakdown‌ ‌of‌ ‌the‌ ‌organics.‌ ‌This‌ ‌can‌ ‌last‌ ‌for‌ ‌days‌ ‌or‌ ‌months‌ ‌depending‌ ‌on‌ ‌parameters‌ ‌such‌ ‌as‌ ‌oxygen‌‌                                 

content‌‌and‌‌temperature.‌ ‌Once‌‌the‌‌oxygen‌‌is‌‌depleted,‌‌AD‌‌ensues‌‌and‌‌creates‌‌a‌‌more‌‌acidic‌‌environment.‌ ‌                               

As‌ ‌methane-producing‌ ‌bacteria‌ ‌begin‌ ‌to‌ ‌establish‌‌themselves,‌‌the‌‌pH‌‌becomes‌‌more‌‌neutral.‌ ‌Ultimately,‌‌a‌‌                           

fourth‌‌phase‌‌will‌‌be‌‌reached‌‌in‌‌which‌‌decomposition‌‌becomes‌‌                 

more‌ ‌constant‌ ‌and‌ ‌the‌ ‌gas‌ ‌byproduct‌ ‌reaches‌ ‌a‌ ‌more‌‌static‌                   

composition.‌ ‌This‌ ‌final,‌ ‌methanogenesis‌ ‌stage,‌ ‌begins‌ ‌after‌‌             

approximately‌‌two‌‌years‌‌and‌‌will‌‌produce‌‌45‌‌to‌‌60%‌‌methane,‌‌                   

40‌ ‌to‌ ‌60%‌ ‌carbon‌ ‌dioxide,‌ ‌and‌ ‌2-9%‌ ‌other‌ ‌gases‌ ‌such‌ ‌as‌‌                     

sulfides.‌ ‌FIGURE‌‌9‌‌provides‌‌a‌‌graphical‌‌representation‌‌of‌‌the‌‌                 

gas‌‌composition‌‌and‌‌its‌‌variation‌‌over‌‌the‌‌four‌‌aforementioned‌‌                 

phases.‌ ‌This‌ ‌production‌ ‌will‌ ‌typically‌ ‌continue‌ ‌for‌ ‌about‌ ‌20‌‌                 

years,‌‌however,‌‌it‌‌is‌‌different‌‌for‌‌every‌‌landfill.‌ ‌In‌‌some‌‌cases,‌‌                     

the‌ ‌gas‌ ‌will‌ ‌continue‌ ‌to‌ ‌be‌ ‌emitted‌ ‌for‌ ‌over‌ ‌50‌ ‌years‌ ‌(NYS‌‌                       

DEC‌ ‌Beyond‌ ‌Waste,‌ ‌2010).‌        ‌‌FIGURE‌ ‌9:‌ ‌‌Landfill‌ ‌off-gas‌ ‌concentrations‌ ‌ 

‌ 

The‌ ‌EPA‌ ‌estimates‌ ‌that‌ ‌20%‌‌of‌‌U.S.‌‌methane‌‌emissions‌‌emanate‌‌from‌‌landfills‌‌(EPA‌‌Wasted‌‌Food‌‌Report,‌‌                               

2018).‌ ‌Diverting‌ ‌organic‌ ‌matter‌ ‌prior‌ ‌to‌ ‌landfilling‌ ‌is‌ ‌the‌ ‌preferable‌ ‌action‌ ‌according‌ ‌to‌ ‌the‌ ‌food‌ ‌pyramid‌‌                               

hierarchy,‌ ‌however,‌ ‌valorizing‌ ‌these‌ ‌materials‌ ‌after‌ ‌they‌ ‌have‌ ‌been‌ ‌landfilled‌ ‌offers‌ ‌an‌ ‌opportunity‌ ‌to‌ ‌take‌‌                             

advantage‌ ‌of‌ ‌this‌ ‌naturally‌ ‌occurring‌ ‌AD‌ ‌and‌ ‌collect‌ ‌the‌ ‌biogas‌ ‌for‌ ‌industrial‌ ‌application.‌ ‌NYS‌ ‌DEC‌‌                             

regulations‌‌require‌‌this‌‌gas‌‌to‌‌be‌‌combusted‌‌to‌‌convert‌‌the‌‌methane‌‌into‌‌carbon‌‌dioxide‌‌(which‌‌has‌‌a‌‌lower‌‌                                   

short-term‌ ‌GHG‌ ‌impact).‌ ‌In‌ ‌many‌ ‌cases,‌ ‌this‌ ‌requirement‌ ‌is‌ ‌met‌ ‌through‌ ‌flaring,‌ ‌however,‌ ‌it’s‌ ‌more‌‌                             

advantageous‌ ‌to‌ ‌combust‌ ‌the‌ ‌methane‌ ‌to‌ ‌generate‌ ‌electricity‌ ‌or‌ ‌power‌ ‌an‌ ‌engine.‌ ‌Application‌ ‌further‌‌                           

mitigates‌ ‌GHG‌ ‌emission‌ ‌by‌ ‌reducing‌ ‌the‌ ‌need‌ ‌for‌ ‌this‌ ‌power‌ ‌generated‌ ‌by‌ ‌alternative‌ ‌sources.‌ ‌ 
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Invasive‌ ‌species‌ ‌ 
NYS‌‌has‌‌been‌‌exposed‌‌to‌‌a‌‌large‌‌variety‌‌of‌‌invasive‌‌plant‌‌species‌‌which‌‌have‌‌negatively‌‌impacted‌‌land‌‌and‌‌                                   

water‌‌ecosystems‌‌in‌‌addition‌‌to‌‌recreation‌‌and‌‌tourism.‌ ‌Each‌‌year,‌‌public‌‌taxes‌‌help‌‌fund‌‌management‌‌and‌‌                               

removal‌ ‌efforts‌ ‌throughout‌ ‌the‌ ‌state.‌ ‌Unfortunately,‌ ‌these‌ ‌actions‌ ‌have‌ ‌not‌ ‌been‌ ‌able‌ ‌to‌ ‌mitigate‌ ‌the‌‌                             

prevalence‌ ‌of‌ ‌these‌ ‌plants.‌ ‌Current‌ ‌management‌ ‌of‌ ‌select‌ ‌species‌ ‌includes‌ ‌manual‌ ‌and‌ ‌mechanical‌‌                         

harvesting‌ ‌as‌ ‌well‌ ‌as‌ ‌chemical‌ ‌methods,‌ ‌or‌ ‌herbicides.‌ ‌There‌ ‌are‌ ‌several‌ ‌aquatic‌ ‌infestations‌ ‌which‌ ‌are‌ ‌                             

highlighted‌ ‌for‌‌their‌‌severe‌‌impacts‌ ‌(DEC‌‌Invasive,‌‌2018).‌ ‌Utilizing‌‌these‌‌select‌‌species‌‌as‌‌a‌‌feedstock‌‌for‌‌                               

AD‌ ‌in‌ ‌the‌ ‌Hudson‌ ‌Valley‌ ‌is‌ ‌an‌ ‌alternative‌ ‌management‌ ‌option‌ ‌that‌ ‌would‌ ‌serve‌ ‌as‌ ‌an‌ ‌economic‌ ‌driver‌‌for‌‌                                   

ecosystem‌ ‌restoration‌ ‌efforts‌ ‌throughout‌ ‌the‌ ‌Hudson‌ ‌River‌ ‌watershed.‌ ‌ 

‌ 

Water‌ ‌chestnut,‌ ‌or‌ ‌‌Trapa‌ ‌natans‌,‌ ‌is‌ ‌native‌ ‌to‌ ‌Eurasia‌ ‌and‌ ‌Africa‌ ‌and‌‌                       

was‌ ‌introduced‌ ‌into‌ ‌the‌ ‌US‌ ‌in‌ ‌the‌ ‌mid-1800s‌ ‌as‌ ‌an‌‌ornamental‌‌plant.‌ ‌                       

Today,‌‌the‌‌NYS‌‌DEC‌‌has‌‌recorded‌‌its‌‌presence‌‌in‌‌42‌‌out‌‌of‌‌62‌‌counties‌‌                           

throughout‌ ‌the‌‌state.‌ ‌The‌‌plant‌‌thrives‌‌in‌‌freshwater‌‌lakes,‌‌ponds‌‌and‌‌                     

slow-moving‌‌streams‌‌and‌‌rivers.‌ ‌It‌‌establishes‌‌a‌‌long‌‌root‌‌network‌‌that‌‌                     

anchors‌ ‌to‌ ‌the‌ ‌bottom‌‌of‌‌the‌‌waterbody‌‌(DEC,‌‌Water‌‌Chestnut).‌ ‌NYS‌‌                     

DEC‌‌is‌‌currently‌‌funding‌‌research‌‌on‌‌biocontrol‌‌which‌‌is‌‌examining‌‌the‌‌                     

effectiveness‌‌of‌‌predator‌‌insects‌‌(DEC‌‌Invasive,‌‌2018).‌ ‌AD‌‌offers‌‌a‌‌treatment‌‌methodology‌‌that‌‌wouldn’t‌‌risk‌‌                             

the‌ ‌introduction‌ ‌of‌ ‌a‌ ‌foreign‌ ‌insect‌ ‌into‌ ‌our‌ ‌local‌ ‌environment‌ ‌and‌ ‌mitigate‌ ‌the‌ ‌use‌ ‌of‌ ‌herbicide‌ ‌applications.‌ ‌   

‌ 

Hydrilla‌ ‌‌verticillata‌,‌ ‌or‌ ‌more‌ ‌commonly‌ ‌known‌ ‌as‌ ‌"water‌ ‌thyme,"‌ ‌is‌‌                   

another‌‌invasive‌‌aquatic‌‌plant‌‌species‌‌from‌‌Asia.‌ ‌This‌‌plant‌‌grows‌‌up‌‌                     

to‌ ‌an‌ ‌inch‌ ‌a‌ ‌day‌ ‌establishing‌ ‌itself‌ ‌along‌ ‌lake‌ ‌and‌ ‌river‌ ‌beds‌ ‌and‌‌                         

extends‌ ‌a‌ ‌series‌ ‌of‌ ‌intertwined‌ ‌stems‌ ‌and‌ ‌leaf‌ ‌structures‌ ‌up‌ ‌to‌ ‌the‌‌                       

surface.‌ ‌Waterfowl‌ ‌feeding‌ ‌areas‌ ‌and‌ ‌fish‌ ‌spawning‌ ‌are‌ ‌adversely‌‌                 

affected‌ ‌as‌ ‌a‌ ‌result.‌ ‌In‌ ‌addition‌ ‌to‌ ‌disrupting‌ ‌the‌ ‌water‌ ‌flow,‌ ‌hydrilla‌                       

also‌ ‌decreases‌ ‌the‌ ‌amount‌ ‌of‌ ‌dissolved‌ ‌oxygen‌ ‌in‌ ‌the‌ ‌water.‌ ‌It‌ ‌is‌‌                       

identified‌‌by‌‌the‌‌USDA‌‌as‌‌a‌‌federally‌‌noxious‌‌weed‌‌and‌‌the‌‌NYS‌‌DEC‌‌has‌‌reported‌‌that‌‌it‌‌is‌‌one‌‌of‌‌the‌‌most‌‌                                           

difficult‌‌aquatic‌‌invasive‌‌species‌‌to‌‌control‌‌and‌‌eradicate‌‌in‌‌the‌‌US.‌ ‌It‌‌was‌‌once‌‌a‌‌popular‌‌aquarium‌‌plant,‌‌but‌‌                                     

it‌‌was‌‌recently‌‌prohibited‌‌from‌‌sale‌‌or‌‌possession‌‌in‌‌NYS‌‌(DEC‌‌Hydrilla,‌‌2020)‌‌due‌‌to‌‌its‌‌escape‌‌to‌‌the‌‌local‌‌                                       

environment.‌  ‌Harvesting‌ ‌for‌ ‌use‌ ‌with‌ ‌biogas‌ ‌production‌ ‌could‌ ‌serve‌ ‌as‌ ‌an‌ ‌eco-friendly‌ ‌removal‌ ‌process.‌ ‌ ‌   

‌ 

There‌‌are‌‌at‌‌least‌‌three‌‌strains‌‌of‌‌common‌‌reed‌‌in‌‌the‌‌US.‌‌Phragmites‌‌                         

australis‌‌subsp.‌‌‌americanus‌‌is‌‌one‌‌which‌‌is‌‌native‌‌to‌‌North‌‌America‌‌and‌‌                       

is‌ ‌found‌ ‌throughout‌ ‌NYS.‌ ‌Another‌ ‌strain‌ ‌is‌ ‌non-native‌ ‌and‌ ‌was‌‌                   

accidentally‌ ‌introduced‌ ‌from‌ ‌Europe‌ ‌in‌ ‌the‌ ‌late‌ ‌18th‌ ‌or‌ ‌early‌ ‌19th‌‌                     

century‌ ‌in‌ ‌ship‌ ‌ballast.‌ ‌This‌ ‌invasive‌ ‌plant‌ ‌is‌ ‌now‌ ‌the‌ ‌most‌ ‌common‌‌                       

phragmites‌ ‌found‌ ‌in‌ ‌NYS‌ ‌as‌ ‌well‌ ‌as‌ ‌the‌ ‌Northeast,‌ ‌and‌ ‌it‌ ‌has‌ ‌been‌‌                         

identified‌ ‌in‌ ‌marsh‌ ‌lands‌ ‌throughout‌ ‌the‌ ‌lower‌ ‌Hudson‌ ‌Valley.‌ ‌It‌ ‌is‌ ‌a‌‌                       

perennial‌‌that‌‌can‌‌reach‌‌over‌‌15‌‌feet‌‌in‌‌height‌‌and‌‌is‌‌often‌‌found‌‌in‌‌dense‌‌clonal‌‌stands‌‌made‌‌up‌‌of‌‌living‌‌and‌‌                                           

dead‌‌stems‌‌(Cornell‌‌Phragmites).‌ ‌This‌‌invasive‌‌has‌‌qualities‌‌similar‌‌to‌‌switchgrass‌‌and‌‌could‌‌be‌‌destroyed‌‌                             

through‌ ‌AD.‌  ‌At‌ ‌this‌ ‌time,‌ ‌there‌ ‌is‌ ‌no‌ ‌field‌ ‌evidence‌ ‌of‌ ‌hybridization‌ ‌with‌ ‌the‌ ‌native‌ ‌phragmites.‌ ‌ 
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Composting‌ ‌ 

There‌ ‌are‌ ‌many‌ ‌institutions‌ ‌that‌ ‌currently‌ ‌separate‌ ‌their‌ ‌excess‌ ‌food‌ ‌waste‌ ‌from‌ ‌their‌ ‌MSW.‌ ‌If‌ ‌it‌ ‌is‌ ‌not‌‌                                   

suitable‌‌for‌‌food‌‌banks,‌‌the‌‌waste‌‌is‌‌provided‌‌to‌‌local‌‌farms‌‌for‌‌animal‌‌feed.‌ ‌If‌‌this‌‌is‌‌not‌‌a‌‌viable‌‌option,‌‌it‌‌is‌‌                                             

composted.‌ ‌Herein‌ ‌lies‌ ‌an‌ ‌opportunity‌ ‌to‌ ‌introduce‌ ‌AD‌ ‌as‌ ‌an‌ ‌intermediary‌ ‌process.‌ ‌Composting‌ ‌is‌ ‌the‌‌                             

aerobic‌ ‌biological‌ ‌degradation‌ ‌of‌ ‌solid‌ ‌organic‌ ‌wastes‌ ‌maintained‌ ‌with‌ ‌controlled‌ ‌conditions‌ ‌such‌ ‌as‌‌                         

temperature‌‌and‌‌moisture‌‌content‌‌(Ulster‌‌SWMP,‌‌2020).‌ ‌Diverting‌‌this‌‌organic‌‌waste‌‌stream‌‌for‌‌the‌‌industrial‌‌                             

process‌ ‌of‌ ‌biogas‌ ‌production‌ ‌offers‌ ‌an‌ ‌opportunity‌ ‌for‌ ‌additional‌ ‌resource‌ ‌valorization‌ ‌and‌ ‌it‌‌abides‌‌by‌‌the‌‌                               

food‌ ‌waste‌ ‌hierarchy.‌ ‌The‌ ‌resulting‌ ‌digestate‌ ‌would‌ ‌undergo‌ ‌subsequent‌ ‌aerobic‌ ‌stabilisation‌ ‌at‌ ‌the‌‌                         

composting‌ ‌facility‌ ‌and‌ ‌rejoin‌ ‌established‌ ‌distribution‌ ‌markets.‌ ‌There‌ ‌is‌ ‌precedent‌ ‌for‌ ‌combining‌ ‌these‌‌                         

processes‌‌and‌‌related‌‌infrastructures‌‌throughout‌‌the‌‌world‌‌(ISWA‌‌Global‌‌Assessment,‌‌2020).‌ ‌AD‌‌can‌‌shorten‌‌                           

the‌ ‌time‌ ‌necessary‌ ‌for‌ ‌complete‌ ‌decomposition‌ ‌of‌ ‌the‌ ‌organics‌ ‌and‌ ‌provide‌ ‌an‌ ‌additional‌ ‌revenue‌ ‌stream.‌ ‌ 
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Methods‌ ‌ 
The‌‌following‌‌analysis‌‌of‌‌available‌‌biogas‌‌feedstocks‌‌reflects‌‌a‌‌compilation‌‌of‌‌data‌‌from‌‌a‌‌variety‌‌of‌‌national,‌‌                                 

state,‌‌regional,‌‌and‌‌institutional‌‌sources.‌ ‌There‌‌are‌‌a‌‌total‌‌of‌‌7‌‌categories‌‌investigated;‌‌food‌‌waste,‌‌biosolids,‌‌                               

livestock,‌ ‌biocrops‌ ‌(with‌ ‌respect‌ ‌to‌ ‌land‌ ‌availability),‌‌landfills,‌‌invasive‌‌species,‌‌and‌‌compost.‌ ‌Each‌‌section‌‌                           

provides‌ ‌a‌ ‌detailed‌ ‌investigation‌ ‌of‌ ‌these‌ ‌resources‌ ‌in‌ ‌the‌ ‌10‌ ‌identified‌ ‌counties‌ ‌located‌ ‌within‌ ‌the‌ ‌lower‌‌                               

Hudson‌‌Valley‌‌of‌‌NYS;‌‌Columbia,‌‌Delaware,‌‌Dutchess,‌‌Greene,‌‌Orange,‌‌Putnam,‌‌Rockland,‌‌Sullivan,‌‌Ulster,‌‌                         

and‌ ‌Westchester.‌ ‌Quantitative‌ ‌analysis‌ ‌has‌ ‌been‌ ‌conducted‌ ‌with‌ ‌respect‌ ‌to‌ ‌studies‌ ‌that‌ ‌have‌ ‌available‌‌                           

numeric‌ ‌measurements‌ ‌or‌ ‌estimates‌ ‌of‌ ‌the‌ ‌feedstock‌ ‌category.‌ ‌If‌ ‌this‌ ‌data‌ ‌is‌ ‌not‌ ‌available,‌ ‌a‌ ‌qualitative‌‌                               

approach‌‌is‌‌presented.‌ ‌Each‌‌category‌‌represents‌‌a‌‌potential‌‌component‌‌of‌‌an‌‌integrated‌‌AD‌‌system‌‌that‌‌can‌‌                               

be‌ ‌designed‌ ‌to‌ ‌maximize‌ ‌resource‌ ‌valorization‌ ‌and‌ ‌facilitate‌ ‌the‌ ‌energy‌ ‌goals‌ ‌of‌ ‌the‌ ‌CLCPA.‌ ‌ 

Excess‌ ‌food‌ ‌waste‌ ‌ 
The‌‌quantity‌‌of‌‌food‌‌waste‌‌has‌‌been‌‌estimated‌‌from‌‌two‌‌perspectives;‌‌the‌‌generation‌‌source‌‌at‌‌the‌‌entity‌‌and‌‌                                   

the‌ ‌end‌ ‌point‌ ‌at‌ ‌the‌ ‌waste‌ ‌management‌ ‌facility.‌ ‌Conducting‌ ‌an‌ ‌analysis‌ ‌with‌ ‌respect‌ ‌to‌ ‌each‌ ‌of‌ ‌these‌‌                                 

measurement‌‌methods‌‌provides‌‌an‌‌opportunity‌‌to‌‌compare‌‌output‌‌and‌‌input‌‌flows‌‌and‌‌develop‌‌an‌‌improved‌‌                             

estimation‌ ‌that‌ ‌is‌ ‌more‌ ‌likely‌ ‌to‌‌reflect‌‌the‌‌real‌‌amounts.‌ ‌The‌‌source‌‌analysis‌‌only‌‌includes‌‌food‌‌data‌‌from‌‌                                   

commercial‌‌entities‌‌while‌‌the‌‌end‌‌point‌‌analysis‌‌represents‌‌a‌‌collection‌‌of‌‌complete‌‌MSW‌‌waste‌‌streams‌‌that‌‌                               

includes‌ ‌both‌‌residential‌‌and‌‌commercial‌‌sources.‌ ‌Therefore,‌‌food‌‌waste‌‌estimations‌‌at‌‌the‌‌end‌‌source‌‌are‌‌                             

expected‌‌to‌‌be‌‌much‌‌higher‌‌than‌‌the‌‌estimations‌‌which‌‌represent‌‌the‌‌generation‌‌source‌‌due‌‌to‌‌the‌‌residential‌‌                                 

component.‌  ‌A‌ ‌data‌ ‌extrapolation‌ ‌is‌ ‌done‌ ‌at‌ ‌the‌ ‌end‌ ‌of‌ ‌each‌ ‌analysis‌ ‌to‌ ‌attempt‌ ‌a‌ ‌complete‌ ‌comparison.‌ ‌ 

Source‌ ‌analysis‌ ‌ 
New‌ ‌York‌ ‌State‌ ‌Pollution‌ ‌Prevention‌ ‌Institute‌ ‌(NYS2PI)‌ ‌is‌ ‌an‌ ‌organization‌ ‌funded‌ ‌by‌ ‌Empire‌ ‌State‌‌                           

Development‌ ‌(ESD)‌ ‌that‌ ‌offers‌ ‌services‌ ‌related‌ ‌to‌ ‌food‌ ‌waste‌ ‌management,‌‌technology‌‌commercialization,‌‌                       

supply‌‌chain‌‌analysis,‌‌and‌‌life‌‌cycle‌‌assessment‌‌(LCA).‌ ‌They‌‌are‌‌sponsored‌‌by‌‌the‌‌NYS‌‌DEC‌‌and‌‌led‌‌by‌‌the‌‌                                     

Golisano‌ ‌Institute‌ ‌of‌ ‌Sustainability‌ ‌(GIS)‌ ‌at‌ ‌Rochester‌ ‌Institute‌ ‌of‌ ‌Technology‌ ‌(RIT).‌ ‌Their‌ ‌website‌ ‌has‌‌an‌‌                             

organic‌ ‌locator‌ ‌tool‌ ‌for‌ ‌NYS‌ ‌with‌ ‌estimations‌ ‌of‌ ‌generated‌ ‌excess‌‌food‌‌waste‌‌for‌‌thousands‌‌of‌‌commercial‌‌                               

entities‌‌throughout‌‌the‌‌state.‌ ‌Data‌‌from‌‌2018‌‌was‌‌downloaded‌‌and‌‌filtered‌‌to‌‌aggregate‌‌food‌‌waste‌‌estimates‌‌                               

for‌ ‌each‌ ‌of‌ ‌the‌ ‌10‌‌selected‌‌counties.‌ ‌Each‌‌entry‌‌is‌‌assigned‌‌to‌‌1‌‌of‌‌5‌‌sectors;‌‌food‌‌processors,‌‌hospitality,‌‌                                     

institutions,‌‌restaurants,‌‌and‌‌retail.‌‌For‌‌this‌‌study,‌‌each‌‌of‌‌these‌‌categories‌‌were‌‌aggregated,‌‌compared‌‌in‌‌two‌‌                               

different‌‌ways,‌‌and‌‌presented‌‌in‌‌graphical‌‌form;‌‌first,‌‌with‌‌respect‌‌to‌‌each‌‌other‌‌and‌‌second,‌‌with‌‌respect‌‌to‌‌                                   

each‌‌county.‌ ‌This‌‌strategy‌‌is‌‌used‌‌to‌‌determine‌‌the‌‌sectors‌‌which‌‌are‌‌the‌‌highest‌‌generators‌‌of‌‌waste.‌ ‌The‌‌                                   

results‌ ‌are‌ ‌presented‌ ‌either‌ ‌with‌ ‌respect‌ ‌to‌ ‌total‌ ‌mass‌ ‌or‌ ‌in‌ ‌terms‌ ‌of‌ ‌proportional‌ ‌amounts.‌ ‌In‌ ‌this‌ ‌way,‌‌                                   

sectors‌ ‌responsible‌ ‌for‌ ‌significant‌ ‌amounts‌ ‌of‌ ‌excess‌ ‌food‌ ‌waste‌ ‌in‌ ‌the‌ ‌less‌ ‌populated‌ ‌counties‌ ‌are‌‌                             

normalized‌‌with‌‌respect‌‌to‌‌overall‌‌proportions‌‌of‌‌excess‌‌food‌‌waste‌‌in‌‌sectors‌‌within‌‌counties‌‌that‌‌have‌‌higher‌‌                                 

generation‌ ‌rates.‌ ‌NYS2PI‌ ‌has‌ ‌also‌ ‌labeled‌‌each‌‌entity‌‌with‌‌a‌‌respective‌‌industry‌‌sub-category‌‌within‌‌each‌‌                             

sector.‌ ‌For‌ ‌example,‌ ‌there‌ ‌are‌ ‌4‌ ‌different‌ ‌industries‌ ‌in‌ ‌the‌ ‌institutions‌ ‌sector;‌ ‌colleges‌ ‌&‌ ‌universities,‌‌                             

commercial‌ ‌facilities,‌ ‌hospitals,‌ ‌and‌ ‌nursing‌ ‌homes.‌ ‌In‌ ‌comparison,‌ ‌there‌‌are‌‌13‌‌industries‌‌within‌‌the‌‌food‌‌                             

processors‌ ‌sector.‌ ‌Following‌ ‌the‌ ‌initial‌ ‌sector‌ ‌analysis,‌ ‌this‌ ‌study‌ ‌proceeds‌ ‌with‌ ‌a‌ ‌similar‌ ‌investigation‌ ‌of‌‌                             

excess‌ ‌food‌ ‌waste‌ ‌by‌ ‌industry‌ ‌to‌ ‌further‌ ‌refine‌ ‌the‌ ‌identification‌ ‌of‌ ‌primary‌ ‌generators‌ ‌of‌ ‌excess‌ ‌food‌ ‌waste.‌ ‌ 
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The‌ ‌US‌ ‌EPA‌ ‌also‌ ‌has‌ ‌a‌ ‌published‌ ‌data‌ ‌set‌ ‌of‌ ‌estimated‌ ‌excess‌ ‌food‌‌waste‌‌generated‌‌per‌‌entity‌‌for‌‌2018.‌ ‌                                     

These‌‌metrics‌‌are‌‌also‌‌considered‌‌in‌‌this‌‌analysis‌‌in‌‌order‌‌to‌‌provide‌‌a‌‌comparative‌‌source‌‌of‌‌information‌‌to‌‌                                   

weigh‌ ‌against‌ ‌the‌ ‌estimates‌ ‌inferred‌ ‌from‌ ‌NYS2PI.‌ ‌The‌ ‌categorization‌ ‌wording‌ ‌of‌ ‌the‌ ‌US‌ ‌EPA’s‌ ‌data‌ ‌is‌‌                               

slightly‌ ‌different‌ ‌than‌ ‌that‌ ‌of‌ ‌NYS2PI’s,‌ ‌so‌ ‌an‌ ‌effort‌‌has‌‌been‌‌made‌‌to‌‌reconfigure‌‌the‌‌identifier‌‌names‌‌and‌‌                                   

categories‌‌of‌‌the‌‌US‌‌EPA‌‌data‌‌to‌‌align‌‌with‌‌those‌‌of‌‌NYS2PI.‌ ‌Specifically,‌‌the‌‌US‌‌EPA‌‌assigns‌‌each‌‌entity‌‌to‌‌                                       

1‌‌of‌‌7‌‌sectors;‌‌correctional‌‌institutions,‌‌educational‌‌institutions,‌ ‌healthcare‌‌&‌‌facilities,‌‌food‌‌manufacturers‌‌&‌                           

processors,‌‌food‌‌wholesale‌‌&‌‌retail,‌‌hospitality,‌‌and‌‌restaurant‌‌&‌‌food‌‌services.‌ ‌The‌‌data‌‌has‌‌been‌‌combined‌‌                               

to‌ ‌reduce‌ ‌the‌ ‌number‌ ‌of‌ ‌categories‌‌to‌‌5.‌‌This‌‌was‌‌done‌‌by‌‌summing‌‌the‌‌data‌‌from‌‌correctional‌‌institutions,‌‌                                   

educational‌ ‌institutions,‌ ‌and‌ ‌healthcare‌ ‌&‌ ‌facilities‌ ‌into‌ ‌a‌ ‌single‌ ‌‘institutions’‌ ‌sector.‌ ‌This‌ ‌strategy‌ ‌is‌‌                           

appropriate‌ ‌because‌ ‌each‌ ‌of‌ ‌these‌‌institution‌‌types‌‌are‌‌also‌‌classified‌‌as‌‌industries‌‌within‌‌this‌‌sector‌‌of‌‌the‌‌                                 

NYS2PI‌‌data.‌ ‌The‌‌specific‌‌names‌‌of‌‌these‌‌US‌‌EPA‌‌sectors‌‌have‌‌also‌‌been‌‌modified‌‌in‌‌this‌‌report‌‌to‌‌visually‌‌                                     

align‌ ‌with‌ ‌the‌ ‌NYS2PI‌ ‌sector‌ ‌names.‌ ‌ 

‌ 

The‌‌US‌‌EPA’s‌‌metrics‌‌present‌‌two‌‌estimates‌‌of‌‌how‌‌much‌‌excess‌‌food‌‌waste‌‌each‌‌entity‌‌generates;‌‌one‌‌low‌‌                                   

estimate‌ ‌and‌ ‌one‌ ‌high‌ ‌estimate.‌ ‌When‌ ‌the‌ ‌data‌ ‌is‌ ‌aggregated‌ ‌for‌ ‌all‌ ‌entities‌ ‌within‌ ‌each‌ ‌sector,‌ ‌the‌‌                                 

differences‌ ‌in‌ ‌these‌ ‌two‌ ‌values‌ ‌can‌ ‌be‌ ‌substantial‌‌and‌‌have‌‌significant‌‌variations‌‌relative‌‌to‌‌each‌‌category.‌ ‌                               

For‌ ‌example,‌ ‌on‌ ‌a‌ ‌per‌ ‌county‌ ‌basis,‌ ‌the‌ ‌smallest‌ ‌difference‌ ‌between‌ ‌high‌ ‌and‌ ‌low‌ ‌estimates‌ ‌was‌ ‌with‌‌                                 

correctional‌‌institutions‌‌where‌‌the‌‌high‌‌estimate‌‌amount‌‌is‌‌approximately‌‌1.8‌‌times‌‌the‌‌low‌‌estimate‌‌amount.‌ ‌                             

Meanwhile,‌ ‌the‌ ‌remaining‌ ‌sectors‌ ‌have‌ ‌high‌ ‌estimates‌‌that‌‌are‌‌approximately‌‌3‌‌to‌‌5‌‌times‌‌greater‌‌than‌‌the‌‌                                 

low‌ ‌estimates.‌ ‌An‌‌extreme‌‌exception‌‌far‌‌outside‌‌these‌‌bounds‌‌is‌‌exhibited‌‌with‌‌the‌‌food‌‌wholesale‌‌&‌‌retail‌‌                                 

sector.‌ ‌In‌‌this‌‌category,‌‌the‌‌high‌‌estimate‌‌is‌‌approximately‌‌50‌‌times‌‌greater‌‌than‌‌the‌‌low‌‌estimate.‌ ‌In‌‌lieu‌‌of‌‌                                     

these‌ ‌variances,‌ ‌a‌‌conservative‌‌approach‌‌has‌‌been‌‌taken‌‌by‌‌only‌‌analyzing‌‌the‌‌low‌‌estimates.‌ ‌In‌‌this‌‌way,‌‌                                 

there‌‌can‌‌be‌‌greater‌‌certainty‌‌that‌‌the‌‌conclusions‌‌formed‌‌by‌‌this‌‌study‌‌represent‌‌quantities‌‌of‌‌food‌‌waste‌‌that‌‌                                   

can‌ ‌be‌ ‌guaranteed‌ ‌to‌ ‌be‌ ‌generated‌ ‌with‌ ‌a‌ ‌high‌ ‌degree‌ ‌of‌ ‌confidence.‌ ‌Therefore‌‌a‌‌system‌‌of‌‌ADs‌‌can‌‌be‌‌                                     

designed‌ ‌with‌ ‌this‌ ‌capacity‌ ‌and‌ ‌ultimately‌ ‌expanded‌ ‌to‌ ‌accommodate‌ ‌additional‌ ‌higher‌ ‌volumes‌ ‌and‌‌                         

additional‌ ‌flows.‌ ‌One‌ ‌more‌ ‌note‌ ‌is‌‌that‌‌the‌‌US‌‌EPA’s‌‌data‌‌is‌‌provided‌‌as‌‌annual‌‌estimates,‌‌so‌‌it‌‌has‌‌been‌‌                                       

divided‌ ‌by‌ ‌52‌ ‌to‌ ‌allude‌ ‌to‌ ‌total‌ ‌weekly‌ ‌tonnages‌ ‌that‌ ‌can‌ ‌be‌ ‌compared‌ ‌to‌ ‌the‌ ‌weekly‌ ‌tonnage‌ ‌estimates‌‌                                   

provided‌ ‌by‌ ‌NYS2PI.‌‌ ‌  

‌ 

One‌‌entity,‌‌‌Pepsico‌‌Inc,‌‌has‌‌been‌‌removed‌‌from‌‌the‌‌EPA‌‌data‌‌analysis‌‌because‌‌it‌‌is‌‌an‌‌obvious‌‌outlier.‌ ‌This‌‌                                     

company‌ ‌‌is‌ ‌categorized‌ ‌in‌ ‌the‌ ‌soft‌ ‌drink‌ ‌industry‌ ‌of‌ ‌the‌ ‌food‌‌processing‌‌sector‌‌in‌‌Westchester‌‌County‌‌and‌‌                                 

skews‌‌the‌‌entire‌‌data‌‌set.‌ ‌‌It‌‌is‌‌estimated‌‌to‌‌produce‌‌350‌‌tons‌‌of‌‌excess‌‌food‌‌waste‌‌each‌‌week,‌‌on‌‌its‌‌own,‌‌                                         

which‌ ‌is‌ ‌almost‌ ‌equal‌ ‌to‌ ‌all‌ ‌of‌ ‌the‌ ‌other‌ ‌excess‌ ‌food‌ ‌waste‌ ‌produced‌ ‌by‌ ‌all‌ ‌of‌ ‌the‌ ‌other‌ ‌food‌ ‌processors‌‌                                       

throughout‌ ‌the‌ ‌county.‌ ‌Further‌ ‌investigation‌ ‌into‌‌this‌‌company‌‌should‌‌therefore‌‌be‌‌conducted‌‌to‌‌determine‌‌                           

the‌ ‌accuracy‌ ‌of‌ ‌this‌ ‌figure‌ ‌and‌ ‌assess‌‌the‌‌viability‌‌of‌‌capturing‌‌this‌‌waste‌‌stream‌‌for‌‌the‌‌purpose‌‌of‌‌biogas‌‌                                     

production.‌  ‌No‌ ‌other‌ ‌anomalies‌ ‌were‌ ‌removed‌ ‌or‌ ‌discarded‌ ‌from‌ ‌the‌ ‌data‌ ‌representation.‌ ‌ 

‌ 
‌ 
‌ 
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End‌ ‌point‌ ‌analysis‌ ‌ 
Of‌‌the‌‌10‌‌counties‌‌examined,‌‌only‌‌7‌‌have‌‌published‌‌and‌‌available‌‌solid‌‌waste‌‌management‌‌plans‌‌(SWMPs);‌‌                               

Delaware,‌ ‌Dutchess,‌ ‌Orange,‌ ‌Putnam,‌ ‌Rockland,‌‌and‌‌Ulster.‌ ‌Some‌‌of‌‌the‌‌publications‌‌are‌‌as‌‌old‌‌as‌‌2010.‌ ‌                               

Columbia,‌‌Greene,‌‌and‌‌Sullivan‌‌do‌‌not‌‌have‌‌any‌‌published‌‌materials‌‌with‌‌MSW‌‌estimates‌‌and‌‌therefore‌‌are‌‌                               

not‌‌included‌‌in‌‌the‌‌results.‌ ‌For‌‌Westchester,‌‌a‌‌food‌‌waste‌‌study‌‌published‌‌in‌‌2020‌‌for‌‌the‌‌county‌‌has‌‌some‌‌                                     

end‌ ‌point‌ ‌analysis‌ ‌data‌ ‌that‌ ‌was‌ ‌used‌ ‌for‌ ‌this‌ ‌study.‌  ‌It‌ ‌has‌ ‌estimates‌ ‌for‌ ‌the‌ ‌total‌ ‌amount‌ ‌of‌ ‌processed‌ ‌MSW.‌ ‌ 

‌ 

In‌‌2010,‌‌the‌‌NYS‌‌DEC,‌‌in‌‌their‌‌Beyond‌‌Waste‌‌report,‌‌estimated‌‌that‌‌food‌‌scraps‌‌make‌‌up‌‌a‌‌concentration‌‌of‌‌                                     

17.65%‌ ‌of‌ ‌the‌ ‌state’s‌ ‌MSW‌ ‌waste‌ ‌stream.‌ ‌There‌‌have‌‌since‌‌been‌‌many‌‌awareness‌‌campaigns‌‌and‌‌public‌‌                               

efforts‌ ‌throughout‌ ‌various‌ ‌NYS‌ ‌counties‌ ‌to‌ ‌divert‌ ‌food‌ ‌waste‌ ‌and‌ ‌attempt‌ ‌to‌ ‌mitigate‌ ‌this‌ ‌percentage.‌ ‌                             

However,‌‌this‌‌proportion‌‌will‌‌be‌‌used‌‌for‌‌this‌‌analysis‌‌to‌‌compare‌‌with‌‌estimations‌‌calculated‌‌by‌‌means‌‌of‌‌the‌‌                                   

other‌ ‌aforementioned‌ ‌methods.‌ ‌The‌ ‌total‌ ‌quantity‌ ‌of‌ ‌MSW‌ ‌generated‌ ‌on‌ ‌an‌ ‌annual‌ ‌basis‌ ‌has‌ ‌tended‌ ‌to‌‌                               

increase‌ ‌over‌ ‌the‌ ‌past‌ ‌10‌ ‌years‌ ‌as‌ ‌is‌ ‌apparent‌ ‌from‌ ‌the‌ ‌data‌ ‌available‌ ‌in‌ ‌recently‌ ‌published‌ ‌SWMPs.‌ ‌                                 

Therefore,‌ ‌this‌ ‌NYS‌ ‌DEC’s‌ ‌estimate,‌ ‌when‌ ‌applied‌ ‌to‌ ‌these‌‌outdated‌‌estimates,‌‌likely‌‌represents‌‌a‌‌smaller‌‌                             

fraction‌‌of‌‌mass‌‌than‌‌the‌‌same‌‌metric‌‌applied‌‌to‌‌today’s‌‌actual‌‌values.‌ ‌NYS‌‌DEC‌‌also‌‌estimates‌‌that‌‌54%‌‌of‌‌                                     

the‌‌MSW‌‌generated‌‌statewide‌‌is‌‌residential‌‌and‌‌46%‌‌is‌‌commercial/institutional.‌ ‌Since‌‌the‌‌data‌‌from‌‌NYS2PI‌‌                             
and‌‌the‌‌US‌‌EPA‌‌only‌‌represent‌‌excess‌‌food‌‌waste‌‌generated‌‌from‌‌commercial‌‌entities,‌‌these‌‌proportions‌‌are‌‌                               

applied‌ ‌to‌ ‌the‌ ‌end‌ ‌point‌ ‌estimates‌ ‌to‌ ‌aggregate‌ ‌and‌ ‌compare‌ ‌the‌ ‌different‌ ‌quantification‌ ‌approaches.‌ ‌ 

Biosolids‌ ‌ 
The‌ ‌NYS‌ ‌DEC‌ ‌surveys‌ ‌all‌ ‌publicly-owned‌ ‌treatment‌ ‌works‌ ‌(POTWs),‌ ‌or‌ ‌WWTPs,‌ ‌in‌ ‌NYS‌ ‌concerning‌‌their‌‌                             

biosolids‌‌management‌‌practices‌‌about‌‌every‌‌5‌‌years.‌‌The‌‌latest‌‌survey‌‌completed‌‌by‌‌these‌‌facilities‌‌reflects‌‌                             

data‌ ‌from‌ ‌the‌ ‌2015‌ ‌calendar‌ ‌year.‌ ‌A‌ ‌total‌ ‌of‌ ‌580‌ ‌POTWs‌ ‌completed‌ ‌the‌ ‌survey‌ ‌(95%‌ ‌of‌ ‌those‌‌surveyed)‌‌                                   

throughout‌‌NYS.‌ ‌This‌‌represents‌‌99.7%‌‌of‌‌the‌‌total‌‌design‌‌flow‌‌rates‌‌and‌‌approximately‌‌2,400‌‌MGD‌‌(million‌‌                               

gallons‌‌per‌‌day).‌ ‌The‌‌flow‌‌rate‌‌for‌‌the‌‌entire‌‌state‌‌is‌‌approximately‌‌2,400‌‌MGD‌‌with‌‌most‌‌facilities‌‌averaging‌‌                                   

less‌ ‌than‌ ‌1‌ ‌MGD‌ ‌(DEC‌ ‌Biosolids,‌ ‌2018).‌ ‌ ‌   

‌ 

The‌ ‌survey‌ ‌requested‌ ‌information‌ ‌concerning‌ ‌the‌ ‌wastewater‌ ‌treatment‌ ‌process,‌ ‌the‌ ‌quantity‌ ‌of‌ ‌flows,‌‌                         

treatment‌ ‌methods‌ ‌employed,‌ ‌management‌ ‌of‌ ‌the‌ ‌generated‌ ‌biosolids,‌ ‌and‌‌other‌‌general‌‌topics.‌ ‌Facilities‌‌                         

were‌‌also‌‌able‌‌to‌‌list‌‌questions‌‌and‌‌concerns‌‌surrounding‌‌biosolids‌‌management,‌‌as‌‌well‌‌as‌‌inform‌‌the‌‌NYS‌‌                                 

DEC‌ ‌of‌ ‌any‌ ‌upcoming‌ ‌changes‌ ‌to‌ ‌their‌ ‌treatment‌ ‌processes.‌ ‌Due‌ ‌to‌ ‌the‌ ‌state’s‌ ‌interest‌ ‌in‌ ‌reducing‌ ‌the‌‌                                 

amount‌‌of‌‌food‌‌scraps‌‌sent‌‌to‌‌landfills‌‌and‌‌incinerated,‌‌the‌‌survey‌‌also‌‌asked‌‌if‌‌they‌‌were‌‌considering‌‌adding‌‌                                   

this‌ ‌waste‌ ‌stream‌ ‌to‌ ‌their‌ ‌treatment‌ ‌systems‌ ‌in‌ ‌the‌ ‌future.‌  ‌A‌ ‌copy‌ ‌of‌ ‌the‌ ‌survey‌ ‌is‌ ‌included‌ ‌in‌ ‌APPENDIX‌ ‌2.‌ ‌ 

‌ 

One‌ ‌entry‌ ‌error‌ ‌was‌ ‌realized‌ ‌in‌ ‌the‌ ‌Delaware‌ ‌County‌ ‌data‌ ‌because‌ ‌it‌ ‌is‌ ‌recorded‌ ‌as‌ ‌an‌ ‌extreme‌ ‌outlier.‌‌                                   

Specifically,‌ ‌the‌ ‌Delhi‌ ‌POTW‌ ‌is‌ ‌noted‌ ‌as‌ ‌having‌ ‌generated‌ ‌25,300‌‌dry‌‌tons‌‌of‌‌biosolids‌‌in‌‌2015.‌ ‌This‌‌was‌‌                                   

calculated‌‌as‌‌the‌‌11%‌‌portion‌‌of‌‌the‌‌230,000‌‌wet‌‌tons‌‌value‌‌provided‌‌in‌‌the‌‌survey‌‌response.‌ ‌However,‌‌the‌‌                                   

Walton‌ ‌POTW‌ ‌manages‌‌about‌‌50%‌‌more‌‌flows‌‌than‌‌Delhi‌‌and‌‌generated‌‌only‌‌388‌‌dry‌‌tons‌‌that‌‌same‌‌year‌‌                                   

which‌ ‌is‌ ‌an‌ ‌amount‌ ‌more‌ ‌fitting‌‌with‌‌the‌‌rest‌‌of‌‌the‌‌data.‌ ‌Therefore,‌‌it‌‌seems‌‌reasonable‌‌to‌‌assume‌‌that‌‌a‌‌                                       

decimal‌‌point‌‌error‌‌was‌‌made‌‌and‌‌the‌‌actual‌‌amounts‌‌are‌‌2,300‌‌wet‌‌tons‌‌and‌‌253‌‌dry‌‌tons.‌ ‌Corresponding‌‌                                   

landfilled‌ ‌and‌ ‌composted‌ ‌values‌ ‌are‌ ‌therefore‌ ‌10%‌ ‌and‌ ‌90%‌ ‌of‌ ‌this‌ ‌dry‌ ‌ton‌ ‌amount,‌ ‌respectively.‌ ‌ 
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Animal‌ ‌manure‌ ‌ 
When‌‌selecting‌‌which‌‌farms‌‌to‌‌build‌‌an‌‌AD,‌‌primary‌‌candidates‌‌are‌‌generally‌‌considered‌‌to‌‌be‌‌dairies‌‌with‌‌at‌‌                                   

least‌ ‌500‌ ‌cows.‌ ‌However,‌ ‌this‌ ‌is‌ ‌a‌ ‌rough‌‌estimate‌‌that‌‌accounts‌‌for‌‌general‌‌manure‌‌production‌‌rates,‌‌and‌‌                                 

smaller‌ ‌operations‌ ‌have‌ ‌also‌ ‌been‌ ‌successfully‌ ‌developed‌ ‌into‌ ‌beneficial‌ ‌use‌‌applications.‌ ‌Swine‌‌facilities‌‌                         

with‌‌at‌‌least‌‌2,000‌‌sows‌‌or‌‌feeder‌‌pigs‌‌should‌‌also‌‌be‌‌considered‌‌as‌‌primary‌‌candidates‌‌for‌‌AD‌‌(EPA‌‌RNG,‌‌                                     

2020).‌ ‌The‌‌US‌‌EPA‌‌does‌‌not‌‌identify‌‌any‌‌thresholds‌‌for‌‌concentrated‌‌horse‌‌and‌‌poultry‌‌feeding‌‌operations,‌‌                               

so‌ ‌they‌ ‌will‌ ‌also‌ ‌be‌ ‌mentioned‌ ‌in‌ ‌this‌ ‌study‌ ‌and‌ ‌identified‌ ‌as‌ ‌operations‌ ‌that‌ ‌require‌‌their‌‌own‌‌AD‌‌viability‌‌                                     

assessments.‌ ‌Data‌ ‌from‌ ‌NYS2PI‌ ‌on‌ ‌concentrated‌ ‌feeding‌ ‌operations‌ ‌and‌ ‌number‌ ‌of‌ ‌animals‌ ‌is‌ ‌used‌ ‌to‌‌                             

identify‌ ‌which‌ ‌counties‌ ‌have‌ ‌these‌ ‌resources‌ ‌potentially‌ ‌available‌ ‌for‌ ‌energy‌ ‌capture.‌ ‌ 

Biocrop‌ ‌land‌ ‌availability‌ ‌ 
Farms‌ ‌are‌ ‌the‌ ‌first‌ ‌category‌ ‌of‌ ‌land‌ ‌type‌ ‌considered‌ ‌for‌ ‌this‌ ‌study.‌ ‌The‌ ‌USDA‌ ‌contains‌ ‌a‌ ‌data‌ ‌set‌‌of‌‌the‌‌                                       

number‌ ‌of‌ ‌acres‌ ‌of‌ ‌farmland‌ ‌in‌ ‌each‌ ‌state‌ ‌by‌ ‌county.‌ ‌This‌ ‌information‌ ‌is‌ ‌updated‌ ‌about‌ ‌every‌ ‌10‌ ‌years,‌‌                                   

however,‌‌the‌‌most‌‌recent‌‌available‌‌data‌‌is‌‌from‌‌2007.‌ ‌Farming‌‌should‌‌be‌‌prioritized‌‌for‌‌food‌‌production,‌‌but‌‌                                 

land‌ ‌that‌ ‌is‌ ‌not‌ ‌in‌ ‌use‌ ‌could‌ ‌be‌ ‌considered‌ ‌for‌ ‌growing‌ ‌secondary‌ ‌biocrops‌‌in‌‌a‌‌biogas‌‌production‌‌market.‌ ‌                                   

Only‌ ‌a‌‌small‌‌fraction‌‌of‌‌the‌‌total‌‌may‌‌be‌‌available‌‌for‌‌crops‌‌such‌‌as‌‌miscanthus‌‌and‌‌switchgrass,‌‌therefore,‌‌                                   

this‌ ‌amount‌ ‌provides‌ ‌a‌ ‌metric‌ ‌of‌ ‌comparison‌ ‌and‌ ‌total‌ ‌market‌ ‌size‌ ‌for‌ ‌future‌ ‌investigations.‌ ‌ 

‌ 
Land‌‌Trusts‌‌&‌‌Conservancies‌‌also‌‌present‌‌viable‌‌land‌‌opportunities‌‌to‌‌establish‌‌biocrops.‌ ‌Whether‌‌their‌‌land‌‌                             

has‌ ‌been‌‌purchased‌‌or‌‌remains‌‌under‌‌private‌‌ownership,‌‌these‌‌designated‌‌spaces‌‌will‌‌remain‌‌undeveloped‌‌                           

for‌‌the‌‌purpose‌‌of‌‌environmental‌‌preservation.‌ ‌Metrics‌‌for‌‌the‌‌total‌‌amount‌‌of‌‌land‌‌that‌‌is‌‌overseen‌‌by‌‌these‌‌                                   

organizations‌‌was‌‌gathered‌‌from‌‌their‌‌individual‌‌websites.‌ ‌Sometimes‌‌there‌‌are‌‌several‌‌different‌‌land‌‌parcels‌‌                           

listed.‌ ‌These‌ ‌were‌ ‌combined‌ ‌to‌ ‌produce‌ ‌an‌ ‌aggregate‌ ‌figure‌ ‌for‌ ‌each‌ ‌organization.‌ ‌Much‌ ‌of‌ ‌this‌ ‌land‌ ‌is‌‌                                 

forested‌ ‌and‌ ‌thus‌ ‌not‌ ‌available‌ ‌for‌ ‌biocrops,‌ ‌however‌ ‌a‌ ‌significant‌ ‌portion‌ ‌is‌ ‌dedicated‌ ‌farmland‌ ‌or‌ ‌idle.‌ ‌                               

These‌ ‌organizations‌ ‌were‌ ‌individually‌ ‌contacted‌ ‌to‌ ‌gain‌ ‌insight‌ ‌on‌ ‌the‌ ‌proportions‌ ‌of‌ ‌land‌ ‌types‌ ‌in‌ ‌their‌                               

respective‌ ‌portfolios.‌ ‌However,‌ ‌this‌ ‌level‌ ‌of‌ ‌detail‌ ‌is‌ ‌not‌ ‌available‌ ‌at‌ ‌this‌ ‌time‌ ‌and‌ ‌would‌ ‌be‌ ‌valuable‌ ‌to‌‌                                   

investigate‌ ‌in‌ ‌the‌ ‌future.‌ ‌ 

‌ 

Idle‌‌&‌‌marginal‌‌lands‌‌have‌‌also‌‌been‌‌investigated.‌ ‌The‌‌USDA‌‌has‌‌estimates‌‌in‌‌regards‌‌to‌‌the‌‌quantity‌‌of‌‌idle‌‌                                     

land‌ ‌throughout‌ ‌the‌ ‌state‌ ‌and‌ ‌how‌ ‌it‌ ‌has‌ ‌changed‌ ‌over‌ ‌several‌ ‌decades.‌ ‌However,‌‌they‌‌do‌‌not‌‌make‌‌any‌‌                                   

distinctions‌ ‌as‌ ‌to‌ ‌how‌ ‌much‌ ‌of‌ ‌this‌ ‌land‌ ‌may‌ ‌be‌‌of‌‌marginal‌‌quality.‌ ‌Therefore,‌‌a‌‌qualitative‌‌approach‌‌has‌‌                                   

been‌‌taken‌‌for‌‌this‌‌category.‌ ‌Information‌‌about‌‌the‌‌potential‌‌for‌‌these‌‌areas,‌‌which‌‌are‌‌prevalent‌‌throughout‌‌                               

the‌ ‌state‌ ‌and‌ ‌available‌ ‌for‌ ‌bioenergy‌ ‌crops,‌ ‌has‌ ‌been‌ ‌extracted‌ ‌from‌ ‌a‌ ‌variety‌ ‌of‌ ‌publications‌ ‌and‌ ‌mentioned.‌ ‌ 

‌ 

Environmental‌ ‌remediation‌ ‌sites‌ ‌and‌ ‌brownfields‌ ‌may‌ ‌also‌ ‌qualify‌ ‌as‌ ‌available‌ ‌land‌‌to‌‌introduce‌‌to‌‌biocrop‌‌                             

production.‌ ‌The‌‌NYS‌‌DEC‌‌maintains‌‌a‌‌database‌‌of‌‌these‌‌site‌‌classifications‌‌and‌‌locations.‌ ‌This‌‌study‌‌limits‌‌                               

the‌‌investigation‌‌of‌‌these‌‌areas‌‌to‌‌the‌‌quantity‌‌of‌‌sites‌‌in‌‌each‌‌county‌‌as‌‌well‌‌as‌‌the‌‌specific‌ ‌assignment‌‌of‌‌                                       

contamination‌‌type.‌ ‌Additional‌‌research‌‌will‌‌be‌‌required‌‌to‌‌determine‌‌the‌‌feasibility‌‌of‌‌these‌‌opportunities‌‌and‌‌                             

the‌ ‌specific‌ ‌classifications‌ ‌that‌ ‌would‌ ‌be‌ ‌acceptable‌ ‌for‌ ‌secondary‌ ‌biocrops‌ ‌and‌ ‌relevant‌ ‌studies.‌ ‌ 

‌ 

‌ 
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Landfills‌ ‌ 
Information‌ ‌about‌ ‌landfills‌ ‌within‌ ‌the‌ ‌Hudson‌ ‌Valley‌ ‌has‌ ‌been‌ ‌gathered‌‌through‌‌county‌‌SWMPs.‌ ‌However,‌‌                           

there‌ ‌are‌ ‌likely‌ ‌many‌ ‌which‌ ‌are‌ ‌no‌ ‌longer‌ ‌mentioned‌ ‌because‌ ‌operation‌ ‌ceased‌ ‌many‌ ‌years‌ ‌before‌ ‌the‌‌                               

documents‌‌were‌‌published.‌ ‌The‌‌US‌‌EPA‌‌has‌‌published‌‌information‌‌about‌‌local‌‌landfills‌‌in‌‌the‌‌Hudson‌‌Valley‌‌                               

that‌ ‌was‌ ‌also‌ ‌used‌ ‌for‌ ‌this‌ ‌analysis.‌ ‌The‌ ‌data‌ ‌includes‌ ‌details‌ ‌regarding‌‌locations‌‌and‌‌how‌‌their‌‌methane‌‌                                 

emissions‌‌are‌‌being‌‌managed.‌ ‌Additional‌‌investigation‌‌is‌‌necessary‌‌to‌‌confirm‌‌the‌‌complete‌‌number‌‌of‌‌sites‌‌                             

and‌‌their‌‌locations,‌‌many‌‌of‌‌which‌‌may‌‌be‌‌privately‌‌owned‌‌and‌‌managed.‌ ‌There‌‌are‌‌likely‌‌many‌‌landfills‌‌not‌‌                                   

listed‌ ‌with‌ ‌data‌ ‌that‌ ‌may‌ ‌be‌ ‌available‌ ‌for‌ ‌energy‌ ‌recovery.‌ ‌ 

Invasive‌ ‌Species‌ ‌ 
The‌‌NYS‌‌DEC‌‌provides‌‌information‌‌about‌‌invasive‌‌species‌‌which‌‌have‌‌infested‌‌NYS.‌ ‌They‌‌have‌‌a‌‌published‌‌                               

a‌ ‌series‌ ‌of‌ ‌reports‌ ‌and‌ ‌management‌ ‌plans‌ ‌which‌ ‌have‌ ‌served‌ ‌as‌ ‌a‌ ‌foundation‌ ‌for‌ ‌assembling‌ ‌relevant‌‌                               

information‌‌on‌‌this‌‌topic;‌‌NYS‌‌Prohibited‌‌and‌‌Regulated‌‌Invasive‌‌Plants‌‌(September‌‌2014),‌‌Aquatic‌‌Invasive‌‌                           

Species‌ ‌Management‌ ‌Plan‌ ‌(July‌ ‌2015),‌ ‌and‌ ‌NYS‌ ‌Invasive‌ ‌Species‌ ‌Comprehensive‌ ‌Management‌ ‌plan‌‌                       

(November‌ ‌2018).‌ ‌Their‌ ‌website‌ ‌also‌ ‌provides‌ ‌general‌ ‌information‌ ‌about‌ ‌where‌ ‌these‌ ‌species‌ ‌have‌‌been‌‌                           

reported‌ ‌and‌ ‌efforts‌ ‌that‌ ‌are‌ ‌currently‌ ‌being‌ ‌implemented‌ ‌to‌ ‌mitigate‌ ‌their‌ ‌spread.‌ ‌ 

‌ 

Hudsonia‌ ‌is‌ ‌a‌ ‌not-for-profit‌ ‌organization‌ ‌that‌ ‌shares‌ ‌facilities‌ ‌at‌ ‌the‌ ‌Bard‌ ‌College‌ ‌field‌ ‌station;‌ ‌laboratory,‌‌                             

library,‌ ‌boats,‌ ‌field‌ ‌equipment,‌ ‌etc.‌ ‌They‌ ‌have‌ ‌conducted‌ ‌environmental‌ ‌research,‌‌education,‌‌training,‌‌and‌‌                         

technical‌‌assistance‌‌to‌‌protect‌‌the‌‌natural‌‌heritage‌‌of‌‌the‌‌Hudson‌‌Valley‌‌and‌‌neighboring‌‌regions‌‌since‌‌1981.‌‌                               

Their‌ ‌projects‌ ‌are‌ ‌funded‌ ‌by‌ ‌a‌ ‌variety‌ ‌of‌ ‌public‌ ‌and‌ ‌private‌ ‌sources.‌ ‌Members‌ ‌of‌ ‌their‌ ‌organization‌ ‌have‌‌                                 

authored‌‌many‌‌science‌‌journal‌‌publications‌‌on‌‌invasive‌‌species.‌ ‌This‌‌report‌‌specifically‌‌references‌‌several‌‌of‌‌                           

their‌ ‌publications‌ ‌on‌ ‌water‌ ‌chestnut‌ ‌and‌ ‌phragmites.‌ ‌One‌ ‌paper‌ ‌also‌ ‌examines‌ ‌the‌ ‌potential‌ ‌of‌ ‌utilizing‌‌                             

phragmites‌ ‌for‌ ‌the‌ ‌production‌ ‌of‌ ‌biogas‌ ‌(Phragmites‌ ‌Bioenergy,‌‌2014).‌ ‌Satellite‌‌imagery‌‌has‌‌been‌‌used‌‌to‌‌                             

provide‌‌a‌‌pictorial‌‌representation‌‌of‌‌the‌‌size‌‌of‌‌marshlands‌‌where‌‌infestations‌‌have‌‌been‌‌observed‌‌according‌‌                             

to‌ ‌these‌ ‌research‌ ‌papers.‌ ‌Additional‌ ‌investigation‌ ‌and‌ ‌study‌‌will‌‌be‌‌necessary‌‌to‌‌determine‌‌the‌‌amount‌‌of‌‌                               

available‌ ‌biomass.‌ ‌ 

‌ 
The‌ ‌Beacon‌ ‌Institute‌ ‌for‌ ‌Rivers‌ ‌and‌ ‌Estuaries,‌ ‌which‌ ‌is‌ ‌the‌ ‌Hudson‌‌                     

Valley‌ ‌campus‌ ‌of‌ ‌Clarkson‌ ‌University,‌ ‌is‌ ‌currently‌ ‌conducting‌ ‌a‌‌                 

viability-based‌ ‌control‌ ‌method‌ ‌of‌‌invasive‌‌water‌‌chestnut‌‌by‌‌means‌‌of‌‌                   

AD.‌ ‌This‌ ‌study‌ ‌involves‌ ‌mapping‌ ‌various‌ ‌infestation‌ ‌locations‌‌               

throughout‌‌NYS‌‌and‌‌estimating‌‌the‌‌total‌‌amount‌‌of‌‌biomass‌‌infiltrating‌‌                   

waterways.‌ ‌They‌ ‌are‌ ‌using‌ ‌aerial‌ ‌and‌ ‌underwater‌ ‌photography‌ ‌to‌‌                 

establish‌ ‌metrics‌ ‌for‌ ‌growth‌ ‌rates,‌ ‌nutrient‌ ‌uptake‌ ‌dynamics,‌ ‌and‌‌life‌‌                   

cycle.‌ ‌Communication‌‌with‌‌the‌‌project’s‌‌leader‌‌has‌‌aided‌‌the‌‌content‌‌                   

and‌‌idea‌‌formulation‌‌for‌‌this‌‌study‌‌in‌‌regards‌‌to‌‌the‌‌inclusion‌‌of‌‌this‌‌species‌‌as‌‌potential‌‌biogas‌‌feedstock‌‌for‌‌                                     

the‌‌Hudson‌‌Valley.‌ ‌They‌‌plan‌‌to‌‌publish‌‌a‌‌paper‌‌on‌‌their‌‌findings‌‌which‌‌can‌‌be‌‌referred‌‌to‌‌once‌‌it‌‌is‌‌released.‌ ‌                                         

In‌ ‌the‌ ‌meantime,‌ ‌satellite‌ ‌imagery‌ ‌has‌ ‌been‌ ‌used‌ ‌for‌ ‌this‌ ‌report‌‌to‌‌specify‌‌large‌‌infestation‌‌patches‌‌on‌‌the‌‌                                   

Hudson‌ ‌River.‌ ‌They‌ ‌are‌ ‌easily‌ ‌identifiable‌ ‌due‌‌to‌‌their‌‌color‌‌and‌‌coastal‌‌locations.‌ ‌FIGURE‌‌10‌‌shows‌‌the‌‌                                 

counties‌ ‌throughout‌ ‌NYS‌ ‌where‌ ‌the‌ ‌presence‌ ‌of‌ ‌water‌ ‌chestnut‌ ‌has‌ ‌been‌ ‌recorded.‌ ‌ 
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Composting‌ ‌ 
Cornell‌ ‌Waste‌ ‌Management‌ ‌Institute‌ ‌(CWMI)‌ ‌is‌ ‌a‌‌             

public‌ ‌service‌ ‌program‌ ‌hosted‌ ‌by‌ ‌the‌ ‌College‌ ‌of‌‌               

Agriculture‌ ‌and‌ ‌Life‌ ‌Sciences‌ ‌at‌ ‌Cornell‌ ‌University.‌ ‌             

More‌ ‌specifically,‌ ‌they‌ ‌are‌ ‌in‌ ‌the‌ ‌Soil‌ ‌and‌ ‌Crop‌‌                 

Sciences‌ ‌Section‌ ‌of‌ ‌the‌ ‌School‌ ‌of‌ ‌Integrative‌ ‌Plant‌‌               

Science.‌ ‌Their‌ ‌NYS‌ ‌Compost‌ ‌Facilities‌ ‌Map‌ ‌is‌‌             

hosted‌ ‌on‌ ‌their‌ ‌website‌ ‌and‌ ‌is‌‌displayed‌‌in‌‌FIGURE‌‌                 

11.‌ ‌This‌ ‌tool‌‌provides‌‌a‌‌variety‌‌of‌‌information‌‌about‌‌                 

compost‌ ‌facilities‌ ‌throughout‌‌the‌‌state‌‌including‌‌their‌‌             

ownership,‌‌primary‌‌feedstocks,‌‌permitting,‌‌and‌‌many‌‌           

more‌‌specifics.‌ ‌The‌‌corresponding‌‌survey,‌‌however,‌‌did‌‌not‌‌investigate‌‌the‌‌quantity‌‌of‌‌material‌‌flows‌‌that‌‌are‌‌                               

imported‌ ‌and‌ ‌exported‌ ‌from‌ ‌each‌ ‌facility.‌ ‌Therefore,‌ ‌no‌ ‌information‌ ‌has‌ ‌been‌ ‌included‌ ‌in‌ ‌this‌ ‌study‌ ‌with‌‌                               

respect‌ ‌to‌‌potential‌‌feedstock‌‌quantities.‌ ‌The‌‌source‌‌data‌‌for‌‌this‌‌map‌‌was‌‌used‌‌to‌‌determine‌‌the‌‌locations‌‌                                 

and‌‌types‌‌of‌‌compost‌‌facilities‌‌that‌‌are‌‌operating‌‌throughout‌‌the‌‌10‌‌counties.‌ ‌This‌‌information‌‌can‌‌provide‌‌the‌‌                                 

foundation‌ ‌for‌ ‌future‌ ‌biomass‌ ‌transportation‌ ‌and‌ ‌logistics‌ ‌research‌ ‌that‌ ‌would‌‌accompany‌‌the‌‌design‌‌of‌‌an‌‌                             

integrated‌ ‌system‌ ‌of‌ ‌biogas‌ ‌production.‌ ‌ 
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Results‌ ‌ 
The‌ ‌following‌ ‌results‌ ‌represent‌ ‌a‌ ‌compilation‌ ‌of‌ ‌quantitative‌ ‌and‌ ‌qualitative‌ ‌analyses‌ ‌derived‌ ‌for‌ ‌the‌ ‌following‌‌ 

biogas‌ ‌feedstocks‌ ‌in‌ ‌the‌ ‌lower‌ ‌Hudson‌ ‌Valley.‌  ‌An‌ ‌assessment‌ ‌is‌ ‌presented‌ ‌from‌ ‌gathered‌ ‌data‌ ‌with‌ ‌respect‌‌ 

to‌ ‌excess‌ ‌food‌ ‌waste,‌ ‌biosolids,‌ ‌livestock,‌ ‌biocrop‌ ‌land‌ ‌availability,‌ ‌landfills,‌ ‌and‌ ‌compost‌ ‌facilities.‌  ‌Complete‌‌ 

tables‌ ‌conveying‌ ‌the‌ ‌concluded‌ ‌data‌ ‌are‌ ‌available‌ ‌in‌ ‌APPENDIX‌ ‌3.‌ ‌ 

Excess‌ ‌food‌ ‌waste‌ ‌ 
First,‌ ‌the‌ ‌source‌ ‌analysis‌ ‌is‌ ‌presented‌ ‌with‌ ‌the‌ ‌data‌ ‌from‌ ‌NYS2PI‌ ‌followed‌ ‌by‌ ‌the‌ ‌data‌ ‌from‌ ‌the‌ ‌EPA.‌  ‌Then,‌‌ 

the‌ ‌end‌ ‌point‌ ‌analysis‌ ‌is‌ ‌conducted‌ ‌for‌ ‌the‌ ‌counties‌ ‌which‌ ‌have‌ ‌published‌ ‌data‌ ‌.‌  ‌Finally,‌ ‌these‌ ‌perspectives‌‌ 

are‌ ‌aggregated‌ ‌and‌ ‌compared‌ ‌to‌ ‌each‌ ‌other‌ ‌to‌ ‌reveal‌ ‌differences‌ ‌in‌ ‌the‌ ‌estimation‌ ‌methods.‌ ‌ 

Source‌ ‌analysis‌ ‌ 
Westchester‌‌is‌‌the‌‌most‌‌populated‌‌of‌‌the‌‌10‌‌examined‌‌counties,‌‌and‌‌FIGURE‌‌12‌‌reflects‌‌that‌‌it‌‌generates‌‌the‌‌                                   

greatest‌‌amount‌‌of‌‌excess‌‌food‌‌waste.‌ ‌Orange‌‌is‌‌also‌‌a‌‌densely‌‌populated‌‌area‌‌and‌‌produces‌‌about‌‌half‌‌as‌‌                                   

much‌‌excess‌‌food‌‌waste‌‌as‌‌Westchester.‌ ‌Columbia‌‌and‌‌Delaware‌‌are‌‌very‌‌rural‌‌environments,‌‌by‌‌contrast,‌‌                             

and‌ ‌produce‌ ‌a‌ ‌much‌ ‌smaller‌ ‌fraction‌ ‌of‌ ‌the‌ ‌total‌ ‌excess‌ ‌food‌ ‌waste.‌ ‌Important‌ ‌insights‌‌can‌‌be‌‌gained‌‌by‌‌                                   

investigating‌ ‌the‌ ‌specific‌ ‌industries‌ ‌which‌ ‌generate‌ ‌food‌ ‌waste‌ ‌within‌ ‌each‌ ‌county.‌ ‌Columbia,‌ ‌Dutchess,‌‌                         

Greene,‌‌Orange,‌‌Rockland,‌‌Sullivan,‌‌and‌‌Westchester‌‌(7‌‌out‌‌of‌‌10‌‌counties)‌‌each‌‌generate‌‌25‌‌to‌‌70%‌‌of‌‌their‌‌                                   

food‌‌waste‌‌from‌‌the‌‌‌food‌‌processors‌‌sector‌‌as‌‌can‌‌be‌‌seen‌‌by‌‌FIGURE‌‌13.‌ ‌This‌‌source‌‌of‌‌organics‌‌equates‌‌                                     

to‌ ‌approximately‌ ‌1000‌ ‌tons‌ ‌per‌ ‌week‌ ‌or‌ ‌about‌ ‌38%‌ ‌of‌ ‌the‌ ‌total‌ ‌estimated‌ ‌available.‌ ‌Delaware,‌‌Dutchess,‌‌                               

Greene‌ ‌Orange,‌ ‌Putnam,‌ ‌Ulster,‌ ‌and‌ ‌Westchester‌ ‌produce‌ ‌25‌ ‌to‌ ‌60%‌ ‌of‌ ‌their‌ ‌excess‌‌food‌‌waste‌‌from‌‌the‌‌                                 

retail‌‌sector‌‌or‌‌24%‌‌of‌‌the‌‌total‌‌estimated‌‌available.‌ ‌The‌‌combination‌‌of‌‌these‌‌two‌‌NYS2PI‌‌sectors‌‌culminates‌‌                                 

to‌ ‌1,640‌ ‌tons,‌ ‌or‌ ‌62%‌ ‌of‌ ‌the‌ ‌total‌ ‌generated‌ ‌excess‌ ‌food‌ ‌waste‌ ‌estimate.‌ ‌ 

‌ 
FIGURE‌ ‌12:‌ ‌‌County‌ ‌food‌ ‌waste‌ ‌(NYS2PI)‌      ‌FIGURE‌ ‌13:‌ ‌‌County‌ ‌food‌ ‌waste‌ ‌%‌ ‌(NYS2PI)‌ ‌ 

‌ 
According‌ ‌to‌ ‌the‌‌US‌‌EPA’s‌‌low‌‌estimates,‌‌all‌‌10‌‌counties‌‌produce‌‌about‌‌1,400‌‌tons‌‌of‌‌food‌‌waste‌‌per‌‌week‌‌                                     

(FIGURE‌ ‌14).‌ ‌This‌ ‌is‌ ‌53%‌ ‌of‌ ‌the‌ ‌NYS2PI‌ ‌estimate.‌ ‌Columbia,‌ ‌Delaware,‌ ‌Dutchess,‌ ‌Putnam,‌ ‌Rockland,‌‌                           

Sullivan,‌‌and‌‌Westchester‌‌(7‌‌of‌‌10‌‌counties)‌‌each‌‌generate‌‌40‌‌to‌‌65%‌‌of‌‌their‌‌food‌‌waste‌‌from‌‌the‌‌restaurant‌                                     

&‌‌food‌‌services‌‌sector‌‌which‌‌equates‌‌to‌‌approximately‌‌450‌‌tons‌‌per‌‌week‌‌or‌‌about‌‌32%‌‌of‌‌the‌‌total.‌ ‌Orange,‌‌                                     

Rockland,‌ ‌Ulster,‌ ‌and‌‌Westchester‌‌(4‌‌of‌‌the‌‌10‌‌counties)‌‌each‌‌generate‌‌25‌‌to‌‌50%‌‌of‌‌their‌‌food‌‌waste‌‌from‌‌                                     

the‌‌food‌‌manufacturers‌‌&‌‌processors‌‌sector‌‌which‌‌equates‌‌to‌‌approximately‌‌425‌‌tons‌‌per‌‌week‌‌or‌‌about‌‌30%‌‌                                 

of‌ ‌the‌ ‌total‌ ‌(FIGURE‌ ‌15).‌  ‌These‌ ‌aggregate‌ ‌to‌ ‌875‌ ‌tons‌ ‌per‌ ‌week‌ ‌or‌ ‌62%‌ ‌of‌ ‌the‌ ‌total‌ ‌excess‌ ‌food‌ ‌waste.‌ ‌ 
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‌ 
FIGURE‌ ‌14:‌ ‌‌County‌ ‌food‌ ‌waste‌ ‌(US‌ ‌EPA)‌      ‌FIGURE‌ ‌15:‌ ‌‌County‌ ‌food‌ ‌waste‌ ‌%‌ ‌(US‌ ‌EPA)‌ ‌ 

‌ 
Each‌ ‌data‌ ‌set‌ ‌identifies‌ ‌the‌ ‌food‌ ‌processing‌ ‌sector‌ ‌as‌ ‌a‌ ‌primary‌ ‌generator‌ ‌of‌ ‌excess‌‌food‌‌waste,‌‌but‌‌they‌‌                                   

differ‌ ‌with‌ ‌their‌ ‌estimations‌ ‌of‌ ‌the‌ ‌restaurants‌ ‌and‌ ‌retail‌ ‌industries.‌ ‌The‌‌remaining‌‌investigations‌‌of‌‌excess‌‌                             

food‌‌waste‌‌will‌‌only‌‌include‌‌data‌‌from‌‌NYS2PI,‌‌however,‌‌the‌‌restaurant‌‌sector‌‌will‌‌also‌‌be‌‌explored‌‌as‌‌a‌‌result‌‌                                     

of‌ ‌this‌ ‌finding‌ ‌with‌ ‌the‌ ‌US‌ ‌EPA‌ ‌(FIGURES‌ ‌16‌ ‌and‌ ‌17).‌ ‌The‌ ‌institution‌ ‌sector,‌ ‌from‌ ‌NYS2PI,‌ ‌is‌ ‌also‌‌                                   

investigated‌ ‌because‌ ‌it‌ ‌generates‌ ‌an‌ ‌amount‌ ‌of‌ ‌food‌ ‌waste‌ ‌relative‌ ‌to‌ ‌the‌ ‌restaurant‌ ‌sector.‌ ‌ 

‌ 
FIGURE‌ ‌16:‌ ‌‌Sector‌ ‌food‌ ‌waste‌ ‌(NYS2PI)‌      ‌FIGURE‌ ‌17:‌ ‌‌Sector‌ ‌food‌ ‌waste‌ ‌%‌ ‌(NYS2PI)‌ ‌ 

‌ 
Food‌‌Processing‌‌‌(FIGURES‌‌18‌‌and‌‌19)‌:‌‌According‌‌to‌‌NYS2PI,‌‌bakeries‌‌and‌‌the‌‌aggregated‌‌miscellaneous‌‌                           

category‌ ‌make‌ ‌up‌ ‌the‌ ‌largest‌ ‌portion‌ ‌of‌ ‌this‌ ‌sector‌ ‌each‌ ‌representing‌ ‌about‌ ‌25%‌ ‌of‌ ‌the‌ ‌total‌ ‌excess‌ ‌food‌‌                                   

waste.‌ ‌However,‌ ‌for‌ ‌a‌‌practical‌‌implementation‌‌of‌‌a‌‌food‌‌waste‌‌diversion‌‌plan,‌‌it‌‌may‌‌be‌‌difficult‌‌to‌‌identify‌‌                                   

and‌‌coordinate‌‌a‌‌miscellaneous‌‌grouping‌‌of‌‌businesses.‌ ‌Therefore,‌‌this‌‌category‌‌will‌‌not‌‌be‌‌considered‌‌to‌‌be‌‌                               

a‌ ‌high‌ ‌priority‌ ‌market.‌ ‌Of‌ ‌the‌ ‌bakeries‌ ‌in‌ ‌each‌ ‌county,‌ ‌Dutchess,‌ ‌Orange,‌ ‌Rockland‌ ‌and‌ ‌Westchester,‌‌                             

represent‌‌the‌‌largest‌‌producers‌‌at‌‌250‌‌tons‌‌per‌‌week‌‌which‌‌is‌‌24%‌‌of‌‌the‌‌total‌‌1,024‌‌tons‌‌produced.‌ ‌Sullivan‌‌                                     

County‌ ‌has‌ ‌the‌ ‌greatest‌ ‌amount‌‌of‌‌waste‌‌produced‌‌from‌‌meat‌‌processing‌‌and‌‌represents‌‌90‌‌tons‌‌or‌‌9%‌‌of‌‌                                   

the‌ ‌total.‌ ‌Wineries‌‌in‌‌Orange,‌‌Ulster,‌‌and‌‌Westchester‌‌counties‌‌represent‌‌about‌‌70‌‌tons‌‌or‌‌7%‌‌of‌‌the‌‌total.‌ ‌                                   

Breweries‌ ‌in‌ ‌Dutchess,‌ ‌Greene,‌ ‌Orange,‌‌and‌‌Westchester‌‌represent‌‌about‌‌50‌‌tons‌‌or‌‌5%‌‌of‌‌the‌‌total.‌ ‌Soft‌‌                                 

drink‌ ‌businesses‌ ‌in‌ ‌Columbia,‌ ‌Orange,‌ ‌and‌ ‌Westchester‌ ‌Counties‌ ‌represent‌ ‌about‌ ‌110‌ ‌tons‌ ‌or‌‌11%‌‌of‌‌the‌‌                               

total.‌ ‌Also,‌ ‌canning‌ ‌and‌ ‌specialty‌ ‌facilities‌ ‌in‌ ‌Westchester‌ ‌generate‌ ‌about‌ ‌50‌ ‌tons‌ ‌or‌ ‌5%‌ ‌of‌ ‌the‌ ‌total.‌ ‌                                 

Combined,‌ ‌these‌ ‌sub-sectors‌ ‌represent‌ ‌approximately‌ ‌620‌ ‌tons‌ ‌or‌ ‌62%‌ ‌of‌ ‌the‌ ‌total‌ ‌available‌ ‌excess‌ ‌food‌‌                             

waste‌ ‌estimate.‌ ‌ 
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‌ 
FIGURE‌ ‌18:‌ ‌‌County‌ ‌food‌ ‌processor‌ ‌waste‌      ‌FIGURE‌ ‌19:‌ ‌‌Food‌ ‌processor‌ ‌waste‌ ‌by‌ ‌industry‌ ‌ 

‌ 
Institutions‌ ‌‌(FIGURES‌ ‌20‌ ‌and‌‌21)‌:‌‌Together,‌‌Dutchess‌‌and‌‌Westchester‌‌Counties‌‌produce‌‌about‌‌375‌‌tons‌‌                           

which‌ ‌is‌ ‌approximately‌ ‌60%‌ ‌of‌ ‌this‌ ‌sector‌ ‌or‌‌10%‌‌of‌‌the‌‌total.‌ ‌Each‌‌of‌‌the‌‌4‌‌sectors‌‌make‌‌up‌‌a‌‌significant‌‌                                         

proportion‌ ‌of‌ ‌the‌ ‌overall‌ ‌amount‌ ‌estimates,‌ ‌so‌ ‌the‌ ‌data‌ ‌has‌‌been‌‌investigated‌‌with‌‌respect‌‌to‌‌each‌‌county.‌ ‌                                 

Colleges‌ ‌and‌ ‌universities‌ ‌in‌ ‌Delaware,‌ ‌Dutchess,‌ ‌Rockland,‌‌Ulster,‌‌and‌‌Westchester‌‌generate‌‌over‌‌85‌‌tons‌‌                           

per‌ ‌week‌ ‌which‌ ‌represents‌ ‌about‌ ‌23%‌ ‌of‌ ‌the‌ ‌total‌ ‌institutions‌ ‌sector.‌ ‌Correctional‌ ‌facilities‌ ‌in‌ ‌Dutchess,‌‌                             

Greene,‌ ‌Ulster,‌ ‌and‌ ‌Westchester‌ ‌are‌ ‌responsible‌ ‌for‌ ‌about‌ ‌20%‌ ‌of‌ ‌the‌ ‌waste‌ ‌generated‌‌by‌‌all‌‌correctional‌‌                               

facilities‌ ‌which‌ ‌is‌ ‌over‌ ‌15%‌ ‌of‌ ‌the‌ ‌institutions‌ ‌sector.‌ ‌Hospitals‌ ‌in‌ ‌Dutchess,‌ ‌Orange,‌ ‌Rockland,‌ ‌and‌‌                             

Westchester‌ ‌generate‌ ‌almost‌ ‌100‌ ‌tons‌ ‌of‌ ‌excess‌ ‌waste‌ ‌which‌ ‌is‌ ‌about‌ ‌25%‌ ‌of‌ ‌the‌ ‌total‌ ‌produced‌ ‌in‌ ‌the‌‌                                   

institutions‌ ‌sector.‌ ‌In‌ ‌all‌‌counties‌‌except‌‌for‌‌Greene,‌‌Nursing‌‌Homes‌‌are‌‌responsible‌‌for‌‌more‌‌than‌‌20%‌‌of‌‌                                 

the‌ ‌respective‌ ‌food‌ ‌waste.‌ ‌However,‌‌Delaware,‌‌Putnam,‌‌and‌‌Sullivan‌‌Counties‌‌each‌‌produce‌‌under‌‌3‌‌tons‌‌                             

per‌ ‌week‌ ‌representing‌ ‌a‌ ‌small‌ ‌fraction‌ ‌of‌ ‌the‌‌total‌‌waste.‌ ‌The‌‌remaining‌‌amount‌‌is‌‌92%‌‌of‌‌nursing‌‌homes‌‌                                   

and‌ ‌represents‌ ‌almost‌ ‌25%‌ ‌of‌ ‌the‌ ‌total‌ ‌institutions‌ ‌sector.‌‌ ‌  

‌ 
FIGURE‌ ‌20:‌ ‌‌Institution‌ ‌food‌ ‌waste‌ ‌       ‌FIGURE‌ ‌21:‌ ‌‌Institution‌ ‌food‌ ‌waste‌ ‌%‌‌ ‌  

‌ 
Restaurants:‌‌The‌‌restaurant‌‌sector,‌‌according‌‌to‌‌NYS2PI,‌‌shows‌‌that‌‌each‌‌county‌‌produces‌‌5‌‌to‌‌20%‌‌of‌‌its‌‌                                 

excess‌‌food‌‌waste‌‌from‌‌these‌‌businesses.‌ ‌All‌‌together,‌‌this‌‌sector‌‌generates‌‌about‌‌400‌‌tons‌‌per‌‌week‌‌which‌‌                                 

is‌ ‌about‌ ‌15%‌ ‌of‌ ‌the‌ ‌total‌ ‌amount‌ ‌estimated.‌ ‌However,‌ ‌there‌ ‌are‌ ‌vast‌ ‌differences‌ ‌in‌ ‌the‌ ‌total‌ ‌quantities‌‌                                 

produced‌ ‌between‌ ‌counties‌ ‌with‌ ‌low‌ ‌density‌ ‌populations‌ ‌like‌ ‌Greene‌ ‌and‌ ‌counties‌ ‌with‌ ‌high‌ ‌density‌‌                           

populations‌‌like‌‌Rockland,‌‌which‌‌generate‌‌approximately‌‌5‌‌and‌‌60‌‌tons‌‌of‌‌food‌‌waste‌‌per‌‌week,‌‌respectively.‌ ‌                               

Therefore‌ ‌an‌ ‌intra-county‌ ‌sector‌ ‌analysis‌ ‌reveals‌ ‌that‌ ‌Dutchess,‌ ‌Orange,‌ ‌Rockland,‌ ‌and‌ ‌Westchester‌ ‌are‌‌                         

responsible‌ ‌for‌ ‌over‌ ‌80%‌ ‌of‌ ‌the‌ ‌restaurant‌ ‌food‌ ‌waste‌ ‌or‌ ‌15%‌ ‌of‌ ‌the‌ ‌total.‌ ‌ 

‌ 

‌ 
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Retail‌ ‌‌(FIGURES‌ ‌22‌ ‌and‌ ‌23)‌:‌ ‌Over‌ ‌93%‌ ‌of‌ ‌the‌ ‌retail‌ ‌sector‌ ‌consists‌ ‌of‌ ‌supermarkets‌ ‌while‌ ‌the‌‌remaining‌‌                                 

percentage‌ ‌represents‌ ‌convenience‌ ‌stores.‌ ‌According‌ ‌to‌ ‌NYS2PI,‌ ‌the‌ ‌majority‌ ‌of‌ ‌this‌ ‌excess‌ ‌food‌ ‌waste‌                           

comes‌ ‌from‌ ‌supermarkets‌ ‌in‌ ‌Westchester‌ ‌County‌ ‌which‌ ‌produce‌ ‌about‌ ‌285‌ ‌tons‌ ‌of‌ ‌excess‌ ‌per‌ ‌week.‌ ‌                             

Meanwhile,‌ ‌a‌ ‌collection‌ ‌of‌ ‌all‌ ‌the‌ ‌supermarkets‌ ‌in‌ ‌the‌ ‌7‌ ‌counties‌ ‌highlighted‌ ‌earlier‌ ‌(Delaware,‌ ‌Dutchess,‌‌                             

Greene‌ ‌Orange,‌ ‌Putnam,‌‌Ulster,‌‌and‌‌Westchester)‌‌produce‌‌a‌‌total‌‌estimated‌‌amount‌‌of‌‌600‌‌tons‌‌per‌‌week.‌ ‌                               

Proportionally,‌ ‌this‌ ‌represents‌ ‌approximately‌ ‌23%‌ ‌of‌ ‌the‌ ‌total‌ ‌available‌ ‌food‌ ‌waste‌ ‌across‌ ‌all‌ ‌sectors‌ ‌and‌‌                             

counties.‌ ‌This‌‌sector‌‌should‌‌undergo‌‌additional‌‌investigation‌‌in‌‌future‌‌studies‌‌because‌‌these‌‌numbers‌‌are‌‌a‌‌                             

very‌‌low‌‌estimate‌‌relative‌‌to‌‌the‌‌US‌‌EPA’s‌‌high‌‌estimate‌‌which‌‌in‌‌some‌‌instances‌‌is‌‌50‌‌times‌‌greater‌‌than‌‌the‌‌                                       

estimates‌‌generated‌‌by‌‌NYS2PI.‌ ‌Therefore,‌‌this‌‌sector,‌‌and‌‌specifically‌‌supermarkets,‌‌could‌‌serve‌‌a‌‌critical‌‌                           

role‌ ‌in‌ ‌providing‌ ‌high‌ ‌quantities‌ ‌of‌ ‌feedstock‌ ‌necessary‌ ‌for‌ ‌a‌ ‌large‌ ‌integrated‌ ‌network‌ ‌of‌ ‌biogas‌ ‌production.‌ ‌ 

‌ 
FIGURE‌ ‌22:‌ ‌‌County‌ ‌retail‌ ‌food‌ ‌waste‌ ‌       ‌FIGURE‌ ‌23:‌ ‌‌Industry‌ ‌retail‌ ‌food‌ ‌waste‌ ‌ 

End‌ ‌point‌ ‌analysis‌ ‌ 
Delaware:‌‌‌In‌‌2016,‌‌Delaware‌‌County‌‌generated‌‌52,424‌‌tons‌‌of‌‌waste‌‌according‌‌to‌‌their‌‌2017‌‌SWMP.‌ ‌38,824‌‌                               

tons‌ ‌or‌ ‌74%‌ ‌was‌ ‌classified‌ ‌as‌ ‌MSW.‌ ‌They‌‌claim‌‌to‌‌divert‌‌100%‌‌of‌‌the‌‌organic‌‌waste‌‌contained‌‌within‌‌this‌‌                                     

amount‌ ‌via‌ ‌their‌ ‌material‌ ‌recovery‌ ‌facility.‌ ‌In‌‌2016,‌‌this‌‌resulted‌‌in‌‌an‌‌MSW‌‌composition‌‌that‌‌contained‌‌an‌‌                                 

estimated‌ ‌18.0%‌ ‌organics‌ ‌with‌ ‌13.3%‌ ‌or‌ ‌5,163‌ ‌tons‌ ‌of‌ ‌food‌ ‌scraps‌ ‌and‌ ‌4.7%‌‌or‌‌1,843‌‌tons‌‌as‌‌yard‌‌waste‌‌                                     

(leaves‌ ‌and‌ ‌grass‌ ‌/‌ ‌pruning‌ ‌and‌ ‌trimmings).‌ ‌Wood‌ ‌represented‌‌5.3%‌‌or‌‌about‌‌2,000‌‌tons‌‌of‌‌the‌‌municipal‌‌                                 

waste,‌‌but‌‌only‌‌90%‌‌was‌‌diverted.‌ ‌The‌‌measured‌‌food‌‌scraps,‌‌which‌‌includes‌‌residential,‌‌was‌‌over‌‌3.5‌‌times‌‌                                 

greater‌ ‌than‌ ‌NYS2PI’s‌ ‌commercial‌ ‌source‌ ‌estimate‌‌at‌‌a‌‌total‌‌of‌‌1,940‌‌tons‌‌of‌‌estimated‌‌excess‌‌food‌‌waste‌‌                                 

from‌ ‌the‌ ‌county’s‌ ‌commercial‌ ‌operations‌ ‌(Delaware‌ ‌SWMP,‌ ‌2017).‌ ‌ 

‌ 

Dutchess:‌‌The‌‌2013‌‌Dutchess‌‌County‌‌Local‌‌SWMP‌‌indicated‌‌that‌‌in‌‌2010,‌‌there‌‌were‌‌255,678‌‌tons‌‌of‌‌waste‌‌                                 

generated‌‌by‌‌the‌‌county.‌ ‌Of‌‌this,‌‌196,963‌‌tons‌‌or‌‌77.04%‌‌consisted‌‌of‌‌MSW.‌ ‌No‌‌food‌‌waste‌‌streams‌‌were‌‌                                   

identified‌ ‌in‌ ‌the‌ ‌study,‌ ‌therefore‌ ‌the‌ ‌NYS‌ ‌DEC’s‌ ‌17.65%‌‌food‌‌scraps‌‌estimate‌‌yields‌‌an‌‌estimate‌‌of‌‌34,764‌‌                                 

tons‌ ‌of‌ ‌food‌ ‌scrap‌ ‌in‌ ‌the‌ ‌MSW‌‌that‌‌is‌‌inclusive‌‌of‌‌the‌‌residential‌‌sector.‌ ‌This‌‌amount‌‌is‌‌more‌‌than‌‌2‌‌times‌‌                                         

greater‌‌than‌‌NYS2PI’s‌‌estimated‌‌16,754‌‌tons‌‌of‌‌excess‌‌food‌‌waste‌‌from‌‌the‌‌county’s‌‌commercial‌‌operations‌‌                             

(Dutchess‌ ‌SWMP,‌ ‌2013).‌ ‌ 

‌ 
Orange:‌‌‌In‌‌2009,‌‌a‌‌total‌‌of‌‌494,800‌‌tons‌‌of‌‌waste‌‌was‌‌generated‌‌in‌‌Orange‌‌County‌‌according‌‌to‌‌their‌‌2010‌‌                                     

SWMP.‌ ‌296,880‌‌tons‌‌or‌‌60%‌‌came‌‌from‌‌residential‌‌sources‌‌while‌‌the‌‌remaining‌‌197,920‌‌tons‌‌or‌‌40%‌‌came‌‌                                 

from‌ ‌commercial‌ ‌sources.‌ ‌MSW‌ ‌represented‌ ‌268,760‌ ‌tons‌ ‌or‌ ‌54%‌ ‌of‌ ‌the‌ ‌total‌ ‌amount‌ ‌and‌ ‌all‌ ‌of‌ ‌it‌ ‌was‌‌                                   

transported‌‌out‌‌of‌‌the‌‌county‌‌for‌‌disposal.‌ ‌County‌‌law‌‌requires‌‌all‌‌waste‌‌generators‌‌to‌‌separate‌‌certain‌‌waste‌‌                                 
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for‌ ‌recycling.‌ ‌All‌ ‌waste‌ ‌transporters‌ ‌operating‌ ‌in‌ ‌the‌ ‌county‌ ‌are‌ ‌required‌ ‌to‌ ‌collect‌ ‌this‌ ‌source‌ ‌separated‌‌                               

material‌ ‌from‌ ‌their‌ ‌accounts‌ ‌and‌ ‌keep‌ ‌recyclable‌ ‌materials‌ ‌separate‌ ‌from‌ ‌other‌ ‌solid‌‌waste.‌ ‌This‌‌includes‌‌                             

pickup‌ ‌of‌ ‌plastic,‌ ‌glass,‌ ‌metal‌ ‌containers,‌ ‌paper‌ ‌and‌ ‌cardboard,‌ ‌however,‌ ‌food‌ ‌waste‌ ‌is‌ ‌not‌ ‌one‌ ‌of‌ ‌the‌‌                                 

required‌ ‌source‌ ‌separations.‌ ‌Applying‌‌NYS‌‌DEC’s‌‌17.65%‌‌food‌‌scraps‌‌estimate‌‌yields‌‌47,436‌‌tons‌‌of‌‌food‌‌                             

scrap‌‌potentially‌‌in‌‌the‌‌MSW.‌ ‌This‌‌amount‌‌is‌‌also‌‌more‌‌than‌‌2‌‌times‌‌greater‌‌than‌‌NYS2PI’s‌‌estimated‌‌22,942‌‌                                   

tons‌ ‌of‌ ‌excess‌ ‌food‌ ‌waste‌ ‌from‌ ‌the‌ ‌county’s‌ ‌commercial‌ ‌operations‌ ‌(Orange‌ ‌SWMP,‌ ‌2010).‌ ‌ 

‌ 
Putnam:‌ ‌‌In‌ ‌2010,‌ ‌Putnam‌ ‌County‌ ‌collected‌ ‌a‌ ‌total‌‌of‌‌161,355‌‌tons‌‌of‌‌waste.‌ ‌This‌‌included‌‌89,713‌‌tons‌‌of‌‌                                   

MSW‌ ‌or‌ ‌55.6%‌ ‌of‌‌the‌‌total.‌ ‌Of‌‌this‌‌amount,‌‌16,261‌‌tons‌‌were‌‌organics‌‌or‌‌18.12%‌‌of‌‌the‌‌total‌‌MSW.‌ ‌More‌‌                                       

specifically,‌‌9,933‌‌tons‌‌or‌‌11.07%‌‌of‌‌the‌‌MSW‌‌consisted‌‌of‌‌food‌‌scraps‌‌and‌‌6,329‌‌tons‌‌or‌‌7.05%‌‌consisted‌‌of‌‌                                     

yard‌‌trimmings.‌ ‌Out‌‌of‌‌66‌‌haulers,‌‌7‌‌handled‌‌yard‌‌waste,‌‌but‌‌none‌‌handled‌‌food‌‌waste.‌ ‌The‌‌next‌‌solid‌‌waste‌‌                                     

management‌ ‌report‌ ‌should‌ ‌be‌ ‌produced‌ ‌for‌ ‌2020‌‌which‌‌should‌‌provide‌‌updated‌‌information‌‌with‌‌respect‌‌to‌‌                             

current‌‌tonnage‌‌and‌‌percentages.‌ ‌The‌‌NYS‌‌DEC’s‌‌17.65%‌‌food‌‌scraps‌‌estimate‌‌yields‌‌15,834‌‌tons‌‌of‌‌food‌‌                               

scrap‌ ‌in‌ ‌the‌ ‌MSW.‌ ‌This‌ ‌amount‌ ‌is‌ ‌1.5‌ ‌times‌ ‌greater‌‌than‌‌the‌‌measured‌‌amount.‌ ‌However,‌‌the‌‌measured‌‌                                 

amount‌ ‌is‌ ‌more‌ ‌than‌ ‌3.5‌ ‌times‌ ‌greater‌ ‌than‌ ‌NYS2PI’s‌‌estimated‌‌2,792‌‌tons‌‌of‌‌excess‌‌food‌‌waste‌‌from‌‌the‌‌                                   

county’s‌ ‌commercial‌ ‌operations‌ ‌(Putnam‌ ‌SWMP,‌ ‌2010).‌ ‌ 

‌ 
Rockland:‌ ‌The‌ ‌2020‌ ‌Rockland‌ ‌County‌ ‌SWMP‌ ‌reported‌ ‌that‌ ‌in‌ ‌2019‌ ‌the‌ ‌county‌ ‌accounted‌ ‌for‌ ‌115,407‌‌                             

inbound‌ ‌tons‌ ‌of‌ ‌MSW‌ ‌to‌ ‌the‌ ‌Hillburn‌ ‌transfer‌ ‌station,‌ ‌191,748‌ ‌to‌‌Clarkstown,‌‌and‌‌46,249‌‌to‌‌Bowline‌‌which‌‌                                 

yielded‌‌an‌‌annual‌‌total‌‌of‌‌353,404‌‌tons.‌ ‌This‌‌solid‌‌waste‌‌is‌‌currently‌‌being‌‌long-hauled‌‌to‌‌landfills‌‌in‌‌upstate‌‌                                   

NY;‌‌the‌‌Ontario‌‌County‌‌Landfill‌‌in‌‌Stanley,‌‌NY‌‌and‌‌the‌‌Hyland‌‌Landfill‌‌in‌‌Angelica,‌‌NY‌‌and‌‌on‌‌occasion‌‌to‌‌the‌‌                                       

Chemung‌‌Landfill‌‌in‌‌Elmira,‌‌NY.‌ ‌Each‌‌of‌‌these‌‌landfills‌‌takes‌‌more‌‌than‌‌five‌‌hours‌‌to‌‌drive‌‌to,‌‌one-way,‌‌from‌‌                                     

each‌‌of‌‌the‌‌Authority’s‌‌transfer‌‌stations.‌ ‌Applying‌‌the‌‌NYS‌‌DEC’s‌‌17.65%‌‌food‌‌scraps‌‌estimate‌‌yields‌‌62,376‌‌                               

tons‌‌of‌‌food‌‌scrap‌‌in‌‌the‌‌MSW.‌ ‌This‌‌amount‌‌is‌‌more‌‌than‌‌3.75‌‌times‌‌greater‌‌than‌‌NYS2PI’s‌‌estimated‌‌16,442‌‌                                     

tons‌ ‌of‌ ‌excess‌ ‌food‌ ‌waste‌ ‌from‌ ‌the‌ ‌county’s‌ ‌commercial‌ ‌operations‌ ‌(Rockland‌ ‌SWMP,‌ ‌2020).‌ ‌ 

‌ 
Ulster:‌ ‌Ulster‌ ‌County‌ ‌Resource‌ ‌Recovery‌ ‌Agency‌ ‌(UCRRA)‌ ‌is‌ ‌responsible‌ ‌for‌ ‌processing‌ ‌all‌ ‌of‌ ‌Ulster‌‌                           

County’s‌ ‌MSW.‌ ‌In‌ ‌addition,‌ ‌they‌ ‌offer‌ ‌waste‌ ‌separation‌ ‌into‌‌a‌‌variety‌‌of‌‌waste‌‌streams‌‌including‌‌food‌‌and‌‌                                 

yard‌‌waste‌‌for‌‌suppliers‌‌or‌‌individuals‌‌who‌‌drop‌‌off‌‌waste‌‌that‌‌is‌‌pre-sorted.‌ ‌In‌‌2018,‌‌they‌‌processed‌‌152,553‌‌                                   

tons‌‌of‌‌waste‌‌and‌‌this‌‌total‌‌included‌‌3,537‌‌tons,‌‌or‌‌2.32%,‌‌which‌‌was‌‌already‌‌diverted‌‌food‌‌waste.‌ ‌66.45%‌‌or‌‌                                     

101,379‌‌tons‌‌was‌‌classified‌‌as‌‌MSW‌‌and‌‌therefore‌‌the‌‌NYDEC’s‌‌17.65%‌‌food‌‌scraps‌‌estimate‌‌yields‌‌17,893‌‌                               

tons.‌ ‌This‌‌amount‌‌is‌‌1.92‌‌times‌‌greater‌‌than‌‌NYS2PI’s‌‌estimated‌‌9,339‌‌tons‌‌of‌‌excess‌‌food‌‌waste‌‌from‌‌the‌‌                                   

county’s‌ ‌commercial‌ ‌operations‌ ‌(Ulster‌ ‌SWMP,‌ ‌2020).‌ ‌ 

‌ 
Westchester:‌ ‌According‌ ‌to‌ ‌the‌ ‌2020‌ ‌Westchester‌ ‌County‌ ‌Food‌ ‌Waste‌ ‌Study,‌ ‌there‌ ‌is‌ ‌a‌ ‌total‌ ‌amount‌ ‌of‌‌                               

188,500‌‌tons‌‌of‌‌excess‌‌food‌‌waste‌‌in‌‌the‌‌county’s‌‌MSW‌‌which‌‌represents‌‌21%‌‌of‌‌the‌‌total‌‌MSW‌‌generated‌‌in‌‌                                     

2018.‌ ‌This‌‌equates‌‌the‌‌total‌‌MSW‌‌for‌‌that‌‌year‌‌to‌‌be‌‌897,619‌‌tons.‌ ‌Using‌‌the‌‌NYDEC’s‌‌17.65%‌‌food‌‌scraps‌‌                                     

estimate‌ ‌yields‌ ‌158,430‌ ‌tons‌ ‌of‌ ‌food‌ ‌scrap‌ ‌which‌ ‌is‌ ‌about‌ ‌30,000‌ ‌tons‌ ‌less‌ ‌than‌ ‌the‌ ‌study‌ ‌suggests.‌ ‌                                 

Meanwhile,‌ ‌NYS2PI‌ ‌estimates‌ ‌that‌‌there‌‌is‌‌51,579‌‌tons‌‌of‌‌excess‌‌food‌‌waste‌‌from‌‌the‌‌county’s‌‌commercial‌‌                               

operations‌ ‌which‌ ‌is‌ ‌73%‌ ‌less‌ ‌than‌ ‌the‌ ‌county’s‌ ‌study‌ ‌estimate,‌ ‌and‌ ‌67%‌ ‌less‌ ‌than‌ ‌the‌ ‌NYDEC’s‌ ‌estimate.‌ ‌ 

‌ 

RESOURCE‌ ‌POTENTIAL‌ ‌FOR‌ ‌BIOGAS‌ ‌FEEDSTOCKS‌ ‌IN‌ ‌THE‌ ‌HUDSON‌ ‌VALLEY‌ ‌|‌ ‌AUTUMN‌ ‌2020‌ ‌|‌ ‌Version‌ ‌4.2‌ 29‌ ‌ 



Aggregated‌ ‌estimates‌ ‌ 
FIGURES‌‌24‌‌and‌‌25‌‌display‌‌the‌‌results‌‌of‌‌total‌‌excess‌‌food‌‌waste‌‌estimates‌‌calculated‌‌through‌‌the‌‌3‌‌different‌‌                                   

methodologies.‌ ‌In‌‌FIGURE‌‌24,‌‌the‌‌total‌‌MSW‌‌generated‌‌per‌‌week‌‌was‌‌multiplied‌‌by‌‌17.65%‌‌to‌‌estimate‌‌the‌‌                                 

total‌ ‌food‌‌waste‌‌and‌‌then‌‌multiplied‌‌by‌‌46%‌‌to‌‌estimate‌‌the‌‌portion‌‌generated‌‌by‌‌the‌‌commercial‌‌sector.‌ ‌In‌‌                                   

FIGURE‌‌25,‌‌the‌‌NYS2PPI‌‌and‌‌US‌‌EPA‌‌commercial‌‌sector‌‌estimates‌‌were‌‌divided‌‌by‌‌46%‌‌to‌‌extrapolate‌‌and‌‌                                 

estimate‌‌the‌‌total‌‌food‌‌waste‌‌estimates‌‌inclusive‌‌of‌‌residential‌‌sources.‌ ‌Dutchess,‌‌Orange,‌‌and‌‌Ulster‌‌have‌‌                             

the‌ ‌most‌ ‌consistent‌ ‌results‌ ‌with‌ ‌respect‌ ‌to‌ ‌MSW‌ ‌and‌ ‌NYS2PI.‌  ‌(Data‌ ‌tables‌ ‌are‌ ‌available‌ ‌in‌ ‌APPENDIX‌ ‌3.)‌ ‌ 

‌ 

FIGURE‌ ‌24:‌ ‌‌Commercial‌ ‌food‌ ‌waste‌ ‌Estimates‌      ‌‌FIGURE‌ ‌25:‌ ‌‌Total‌ ‌food‌ ‌waste‌ ‌estimates‌ ‌ 

Biosolids‌ ‌ 
FIGURE‌‌26‌‌shows‌‌a‌‌total‌‌of‌‌165‌‌WWTPs‌‌located‌‌in‌‌the‌‌10‌‌counties.‌ ‌133‌‌of‌‌these‌‌facilities‌‌are‌‌located‌‌within‌‌                                       

Region‌ ‌3‌ ‌of‌ ‌the‌ ‌NYS‌ ‌DEC‌ ‌and‌ ‌the‌ ‌remaining‌ ‌32‌ ‌are‌‌located‌‌in‌‌Region‌‌4.‌ ‌Orange‌‌and‌‌Dutchess‌‌Counties‌‌                                     

have‌‌the‌‌greatest‌‌number‌‌of‌‌WWTPs‌‌with‌‌33‌‌and‌‌26,‌‌respectively.‌ ‌Flows‌‌in‌‌2015‌‌summed‌‌to‌‌over‌‌220‌‌million‌‌                                     

gallons‌‌per‌‌day‌‌(MGD)‌‌for‌‌all‌‌of‌‌these‌‌facilities‌‌(FIGRUE‌‌27).‌ ‌Westchester‌‌is‌‌responsible‌‌for‌‌the‌‌majority‌‌of‌‌                                   

this‌‌flow‌‌with‌‌120‌‌MGD‌‌or‌‌55%‌‌of‌‌the‌‌total.‌ ‌Rockland‌‌and‌‌Orange‌‌Counties‌‌have‌‌the‌‌next‌‌largest‌‌flows‌‌at‌‌30‌‌                                         

and‌ ‌27‌ ‌MGD,‌ ‌respectively.‌  ‌Dutchess‌ ‌processes‌ ‌about‌ ‌16‌ ‌MGD,‌ ‌and‌ ‌the‌ ‌other‌ ‌facilities‌ ‌are‌ ‌under‌ ‌10‌ ‌MGD.‌ ‌ 

‌ 
FIGURE‌ ‌26:‌ ‌‌WWTPs‌ ‌per‌ ‌county‌      ‌FIGURE‌ ‌27:‌ ‌‌WWTP‌ ‌flows‌ ‌per‌ ‌county‌ ‌ 

‌ 
There‌‌are‌‌a‌‌variety‌‌of‌‌technologies‌‌implemented‌‌within‌‌and‌‌among‌‌these‌‌treatment‌‌plants‌‌for‌‌managing‌‌their‌‌                               

inflow‌‌volumes.‌ ‌The‌‌most‌‌prevalent‌‌method‌‌is‌‌aerobic‌‌digestion‌‌which‌‌is‌‌conducted‌‌at‌‌77‌‌WWTPs‌‌or‌‌almost‌‌                                 

50%‌‌of‌‌the‌‌total‌‌(FIGURE‌‌28).‌ ‌Meanwhile,‌‌anaerobic‌‌digestion‌‌is‌‌only‌‌conducted‌‌at‌‌18‌‌of‌‌them,‌‌or‌‌11%‌‌of‌‌the‌‌                                       

total.‌ ‌However,‌ ‌these‌ ‌numbers‌ ‌can‌ ‌be‌ ‌misleading‌‌because‌‌a‌‌flow‌‌analysis‌‌reveals‌‌that‌‌110‌‌MGD‌‌or‌‌about‌‌                                 

50%‌‌are‌‌currently‌‌being‌‌treated‌‌via‌‌AD.‌ ‌Therefore,‌‌110‌‌MGD‌‌are‌‌treated‌‌by‌‌other‌‌processes‌‌that‌‌may‌‌be‌‌able‌‌                                     

to‌ ‌be‌ ‌upgraded‌ ‌to‌ ‌AD‌ ‌and‌ ‌become‌ ‌an‌ ‌available‌ ‌biogas‌ ‌feedstock‌ ‌(FIGURE‌ ‌29).‌ ‌ 
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‌ 
FIGURE‌ ‌28:‌ ‌‌WWTP‌ ‌treatment‌ ‌methods‌      ‌FIGURE‌ ‌29:‌ ‌‌County‌ ‌WWTP‌ ‌treatment‌ ‌methods‌ ‌ 

‌ 
Westchester‌‌thas‌‌the‌‌greatest‌‌flow‌‌volume‌‌that‌‌is‌‌not‌‌treated‌‌by‌‌AD‌‌(FIGURE‌‌30).‌ ‌This‌‌44‌‌MGD‌‌represents‌‌                                   

37%‌ ‌of‌‌the‌‌county’s‌‌biosolids‌‌waste‌‌stream‌‌and‌‌20%‌‌of‌‌the‌‌total‌‌biosolids‌‌waste‌‌stream.‌ ‌Rockland‌‌has‌‌the‌‌                                   

second‌‌highest‌‌flow‌‌at‌‌30‌‌MGD‌‌with‌‌17‌‌MGD‌‌or‌‌44%‌‌of‌‌the‌‌county’s‌‌biosolids‌‌which‌‌are‌‌not‌‌treated‌‌by‌‌AD.‌ ‌                                         

Orange‌‌has‌‌the‌‌third‌‌highest‌‌flow‌‌rate‌‌with‌‌22‌‌MGD‌‌not‌‌treated‌‌by‌‌AD.‌ ‌The‌‌flow‌‌in‌‌Dutchess‌‌is‌‌16‌‌MGD‌‌and‌‌                                           

essentially‌‌none‌‌of‌‌this‌‌waste‌‌stream‌‌is‌‌treated‌‌with‌‌AD.‌ ‌Ulster‌‌has‌‌the‌‌greatest‌‌percentage‌‌of‌‌flows‌‌treated‌‌                                   

with‌ ‌AD‌ ‌equating‌ ‌to‌ ‌only‌ ‌2‌ ‌MGD‌ ‌which‌ ‌are‌ ‌not‌ ‌treated‌ ‌with‌ ‌this‌ ‌method‌ ‌(FIGURE‌ ‌31).‌ ‌ 

‌ 
FIGURE‌ ‌30:‌ ‌‌WWTP‌ ‌anaerobic‌ ‌digestion‌ ‌flows‌      ‌FIGURE‌ ‌31:‌ ‌‌WWTP‌ ‌anaerobic‌ ‌treatment‌ ‌%‌ ‌flows‌ ‌ 

‌ 
Even‌‌though‌‌these‌‌identified‌‌quantities‌‌in‌‌each‌‌county‌‌are‌‌not‌‌treated‌‌with‌‌anaerobic‌‌digestion,‌‌there‌‌are,‌‌in‌‌                                 

most‌‌cases,‌‌other‌‌treatment‌‌methods‌‌implemented‌‌with‌‌the‌‌exception‌‌of‌‌62‌‌MGD‌‌or‌‌29%‌‌of‌‌the‌‌daily‌‌flow‌‌that‌‌                                     

is‌‌identified‌‌as‌‌not‌‌receiving‌‌any‌‌treatment.‌ ‌Ultimately,‌‌further‌‌investigation‌‌of‌‌each‌‌facility‌‌would‌‌have‌‌to‌‌be‌‌                                 

conducted‌‌in‌‌order‌‌to‌‌determine‌‌the‌‌viable‌‌amount‌‌of‌‌biosolids‌‌which‌‌could‌‌be‌‌used‌‌to‌‌create‌‌biogas‌‌via‌‌the‌‌                                     

anaerobic‌ ‌digestion‌ ‌process.‌ ‌ 

‌ 
FIGURE‌ ‌32:‌ ‌‌WWTP‌ ‌biogas‌ ‌technologies‌      ‌FIGURE‌ ‌33:‌ ‌‌WWTP‌ ‌biogas‌ ‌end‌ ‌use‌ ‌ 

‌ 
‌ 
‌ 
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The‌ ‌USDA‌ ‌provides‌ ‌some‌ ‌additional‌ ‌information‌ ‌about‌ ‌15‌ ‌of‌ ‌the‌ ‌WWTPs‌ ‌using‌ ‌anaerobic‌ ‌digestion‌‌                           

technologies‌ ‌(FIGURE‌ ‌32).‌ ‌The‌ ‌data‌ ‌reveals‌ ‌that‌ ‌at‌ ‌least‌ ‌6‌ ‌facilities‌ ‌flare‌ ‌the‌ ‌resulting‌ ‌biogas‌ ‌that‌ ‌is‌‌                                 

generated.‌ ‌Specifically,‌‌1‌‌in‌‌Orange,‌‌2‌‌in‌‌Rockland,‌‌1‌‌in‌‌Sullivan,‌‌and‌‌2‌‌in‌‌Westchester‌‌(FIGURE‌‌33).‌ ‌These‌‌                                   

facilities‌ ‌should‌ ‌undergo‌ ‌an‌ ‌additional‌ ‌study‌ ‌to‌ ‌discover‌ ‌if‌ ‌this‌ ‌biogas‌ ‌is‌ ‌viable‌ ‌for‌ ‌resource‌ ‌valorization.‌ ‌                               

These‌ ‌statistics‌ ‌may‌ ‌be‌ ‌included‌ ‌in‌ ‌the‌ ‌NYDEC’s‌ ‌next‌ ‌WWTP‌ ‌survey‌ ‌that‌ ‌will‌ ‌be‌ ‌conducted‌ ‌for‌ ‌the‌ ‌year‌ ‌2020.‌ 

Animal‌ ‌manure‌ ‌ 
A‌ ‌cow‌ ‌will‌ ‌produce‌ ‌an‌ ‌average‌ ‌of‌ ‌100‌ ‌pounds‌ ‌of‌ ‌manure‌ ‌per‌ ‌day‌ ‌(NYS‌ ‌DEC‌‌Beyond‌‌Waste,‌‌2010).‌ ‌This‌‌                                     

estimate‌ ‌can‌ ‌be‌ ‌extrapolated‌ ‌to‌ ‌approximately‌ ‌0.25‌ ‌tons‌ ‌per‌ ‌week‌ ‌and‌ ‌15‌ ‌tons‌‌per‌‌year.‌ ‌The‌‌USDA‌‌data‌‌                                   

reveals‌‌that‌‌there‌‌are‌‌over‌‌22,000‌‌milk‌‌cows‌‌in‌‌the‌‌lower‌‌Hudson‌‌Valley.‌ ‌Multiplying‌‌this‌‌figure‌‌by‌‌the‌‌weekly‌‌                                     

and‌ ‌annual‌ ‌manure‌ ‌production‌ ‌estimates‌‌yields‌‌5,500‌‌tons‌‌per‌‌week‌‌and‌‌330,000‌‌tons‌‌on‌‌an‌‌annual‌‌basis.‌‌                                 

However,‌ ‌many‌ ‌of‌ ‌these‌ ‌animals‌ ‌spend‌ ‌a‌ ‌significant‌ ‌portion‌ ‌of‌ ‌their‌‌life‌‌out‌‌to‌‌pastures‌‌and‌‌thus‌‌it‌‌is‌‌likely‌‌                                       

unfeasible‌ ‌and‌ ‌inefficient‌ ‌to‌ ‌collect‌ ‌this‌ ‌material‌‌as‌‌a‌‌feedstock.‌ ‌However,‌‌concentrated‌‌feeding‌‌operations‌‌                           

offer‌ ‌a‌‌centralized‌‌location‌‌where‌‌large‌‌quantities‌‌of‌‌manure‌‌are‌‌aggregated‌‌and‌‌must‌‌be‌‌managed.‌ ‌These‌‌                               

locations‌ ‌therefore‌ ‌offer‌ ‌a‌ ‌significant‌ ‌opportunity‌ ‌to‌ ‌implement‌ ‌a‌ ‌system‌ ‌of‌ ‌ADs‌ ‌to‌ ‌generate‌ ‌biogas.‌ ‌ 

‌ 
FIGURE‌ ‌34:‌ ‌‌Feeding‌ ‌operations‌ ‌by‌ ‌county‌ ‌   ‌FIGURE‌ ‌35:‌ ‌‌Concentrated‌ ‌feeding‌ ‌operations‌ ‌ 

‌ 
NYSP2I‌‌has‌‌data‌‌on‌‌18‌‌concentrated‌‌feeding‌‌areas‌‌that‌‌reside‌‌in‌‌the‌‌lower‌‌Hudson‌‌Valley;‌‌9‌‌for‌‌cows,‌‌6‌‌for‌‌                                       

poultry,‌‌and‌‌3‌‌for‌‌horses.‌ ‌Columbia‌‌County‌‌has‌‌5‌‌operations‌‌that‌‌feed‌‌a‌‌collective‌‌8,000+‌‌cattle.‌ ‌4‌‌out‌‌of‌‌the‌‌                                       

5‌ ‌of‌ ‌these‌ ‌facilities‌ ‌have‌ ‌over‌ ‌500‌ ‌cows‌ ‌and‌ ‌therefore‌ ‌should‌ ‌be‌ ‌classified‌ ‌as‌ ‌primary‌ ‌candidates‌ ‌for‌ ‌AD‌‌                                   

infrastructure‌‌according‌‌to‌‌the‌‌EPA.‌ ‌The‌‌remaining‌‌feeding‌‌sites‌‌located‌‌in‌‌Delaware,‌‌Dutchess,‌‌and‌‌Orange‌‌                             

Counties‌‌have‌‌between‌‌300‌‌and‌‌500‌‌cows,‌‌but‌‌even‌‌though‌‌they‌‌are‌‌smaller‌‌operations,‌‌their‌‌viability‌‌for‌‌AD‌‌                                   

warrants‌‌an‌‌investigation.‌ ‌In‌‌addition‌‌to‌‌these‌‌concentrated‌‌feeding‌‌centers‌‌for‌‌cows,‌‌there‌‌are‌‌also‌‌facilities‌‌                               

for‌ ‌poultry‌ ‌and‌ ‌horses.‌  ‌Sullivan‌ ‌County‌ ‌has‌ ‌5‌ ‌operations‌ ‌responsible‌ ‌for‌ ‌feeding‌ ‌a‌ ‌collective‌ ‌550,000+‌ ‌poultry.‌ ‌ 

‌ 
FIGURE‌ ‌36:‌ ‌‌Number‌ ‌of‌ ‌feed‌ ‌center‌ ‌cattle‌ ‌by‌ ‌county‌‌       ‌FIGURE‌ ‌37:‌ ‌‌Number‌ ‌of‌ ‌feed‌ ‌center‌ ‌poultry‌ ‌by‌ ‌county‌‌ ‌  
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Biocrop‌ ‌land‌ ‌availability‌‌ ‌  
A‌‌qualitative‌‌assessment‌‌of‌‌available‌‌lands‌‌has‌‌been‌‌conducted‌‌to‌‌identify‌‌opportunities‌‌where‌‌biocrops‌‌can‌‌                             

be‌ ‌grown.‌ ‌Any‌ ‌potential‌ ‌land‌ ‌should‌ ‌not‌ ‌compete‌ ‌with‌ ‌agriculture‌ ‌production‌ ‌for‌ ‌food‌ ‌and‌ ‌should‌ ‌have‌ ‌a‌‌                                 

planned‌ ‌crop‌ ‌establishment‌ ‌for‌ ‌approximately‌ ‌10‌ ‌years.‌ ‌ 

‌ 
Farms:‌‌The‌‌most‌‌recent‌‌farm‌‌data‌‌available‌‌through‌‌the‌‌USDA‌‌is‌‌from‌‌2007.‌ ‌At‌‌that‌‌time,‌‌there‌‌were‌‌a‌‌total‌‌                                       

of‌ ‌3,908‌ ‌farms‌ ‌in‌ ‌the‌ ‌lower‌ ‌Hudson‌ ‌Valley‌ ‌region.‌ ‌The‌ ‌majority‌ ‌of‌ ‌these‌ ‌were‌ ‌in‌ ‌Columbia,‌ ‌Delaware,‌‌                                 

Dutchess,‌ ‌Orange,‌ ‌and‌ ‌Ulster‌ ‌counties,‌ ‌with‌ ‌each‌ ‌having‌ ‌over‌‌500‌‌farms‌‌(FIGURE‌‌38).‌ ‌All‌‌of‌‌these‌‌farms‌‌                                 

represent‌ ‌308,326‌ ‌acres‌ ‌(FIGURE‌ ‌39)‌ ‌with‌ ‌the‌ ‌aforementioned‌ ‌counties‌ ‌containing‌ ‌over‌ ‌80%‌ ‌of‌‌this‌‌area.‌ ‌                             

The‌‌number‌‌of‌‌farms‌‌has‌‌changed‌‌over‌‌the‌‌past‌‌decade‌‌and‌‌in‌‌some‌‌cases‌‌has‌‌increased.‌ ‌For‌‌instance,‌‌in‌‌                                     

2019,‌‌there‌‌were‌‌approximately‌‌421‌‌registered‌‌farms‌‌in‌‌Ulster‌‌County‌‌covering‌‌an‌‌area‌‌of‌‌58,932‌‌acres.‌ ‌This‌‌                                 

represents‌ ‌an‌ ‌increase‌ ‌in‌ ‌acreage‌ ‌of‌ ‌86%‌ ‌relative‌ ‌to‌ ‌the‌ ‌USDA’s‌ ‌reported‌ ‌number‌ ‌in‌ ‌2007.‌ ‌ 

‌ 
FIGURE‌ ‌38:‌ ‌‌Number‌ ‌of‌ ‌farms‌ ‌by‌ ‌county‌      ‌FIGURE‌ ‌39:‌ ‌‌Farm‌ ‌acreage‌ ‌by‌ ‌county‌ ‌ 

‌ 
These‌ ‌aggregates‌ ‌do‌ ‌not‌ ‌represent‌ ‌the‌ ‌amount‌ ‌of‌ ‌land‌ ‌available‌ ‌for‌ ‌secondary‌ ‌biocrops.‌  ‌They‌ ‌merely‌ ‌provide‌‌ 

a‌ ‌metric‌ ‌as‌ ‌a‌ ‌point‌ ‌of‌ ‌reference‌ ‌for‌ ‌establishing‌ ‌the‌ ‌percentage‌ ‌of‌ ‌farmland‌ ‌that‌ ‌can‌ ‌justifiably‌ ‌be‌ ‌assigned‌ ‌to‌‌ 

agriculture‌ ‌for‌ ‌biogas‌ ‌production.‌  ‌More‌ ‌research‌ ‌is‌ ‌necessary‌ ‌to‌ ‌asses‌ ‌farm‌ ‌and‌ ‌land‌ ‌viability.‌ ‌ 

‌ 

Land‌ ‌Trusts‌‌&‌‌Conservancies:‌‌‌The‌‌Hudson‌‌Valley‌‌is‌‌home‌‌to‌‌several‌‌land‌‌trusts‌‌and‌‌conservancy‌‌groups‌‌                               

including‌ ‌Columbia‌ ‌Land‌ ‌Conservancy‌ ‌(4,500‌ ‌acres),‌ ‌Dutchess‌ ‌Land‌ ‌Conservancy‌ ‌(43,500‌‌acres),‌‌Esopus‌‌                       

Creek‌ ‌Conservancy‌ ‌(353‌ ‌acres),‌ ‌Hudson‌ ‌Highlands‌ ‌Land‌ ‌Trust‌‌(2,866‌‌acres),‌‌Stony‌‌Kill‌‌Foundation‌‌(1,000‌‌                           

acres),‌ ‌Wallkill‌ ‌Valley‌ ‌Land‌ ‌Trust‌ ‌(255‌ ‌acres),‌ ‌and‌ ‌Westchester‌ ‌Land‌ ‌Trust‌ ‌(9,000‌ ‌acres).‌ ‌While‌ ‌each‌‌                             

organization’s‌ ‌mission‌ ‌is‌ ‌slightly‌ ‌different‌ ‌and‌ ‌focused‌ ‌to‌ ‌a‌ ‌specific‌ ‌region,‌ ‌they‌ ‌offer‌ ‌a‌ ‌collective‌ ‌vision‌ ‌of‌‌                                 

conserving‌‌natural‌‌landscapes‌‌and‌‌protecting‌‌the‌‌rural‌‌character‌‌of‌‌the‌‌environment.‌ ‌Several‌‌of‌‌these‌‌entities‌‌                             

have‌‌dedicated‌‌farmland‌‌as‌‌well‌‌as‌‌idle‌‌lands‌‌within‌‌their‌‌portfolios.‌ ‌These‌‌areas‌‌should‌‌be‌‌investigated‌‌for‌‌                                 

their‌ ‌potential‌ ‌to‌ ‌support‌‌the‌‌production‌‌of‌‌biocrops‌‌and/or‌‌or‌‌provide‌‌another‌‌stream‌‌of‌‌biomass‌‌feedstock.‌ ‌                               

This‌ ‌type‌ ‌of‌ ‌implementation‌ ‌would‌ ‌aid‌ ‌the‌ ‌protection‌ ‌of‌ ‌natural‌ ‌habitats,‌ ‌promote‌ ‌biodiversity,‌ ‌and‌ ‌share‌‌                             

natural‌‌resources‌‌with‌‌the‌‌community‌‌all‌‌of‌‌which‌‌could‌‌be‌‌facilitated‌‌through‌‌public‌‌outreach,‌‌education‌‌and‌‌                               

advocacy.‌ ‌Several‌ ‌of‌ ‌these‌ ‌organizations‌ ‌also‌ ‌offer‌ ‌educational‌ ‌programs‌ ‌for‌ ‌both‌ ‌adults‌ ‌and‌ ‌children.‌ ‌                           

Facilitating‌ ‌the‌ ‌production‌ ‌of‌ ‌biogas‌ ‌feedstock‌ ‌on‌ ‌these‌ ‌lands‌ ‌would‌ ‌therefore‌ ‌establish‌ ‌a‌ ‌positive‌ ‌public‌‌                             

awareness‌ ‌and‌ ‌outreach‌ ‌to‌ ‌a‌ ‌wide-scale‌ ‌and‌ ‌integrated‌ ‌production‌ ‌system.‌ ‌ ‌   

‌ 

‌ 
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Idle‌‌&‌‌marginal‌‌lands:‌‌The‌‌USDA‌‌reported‌‌that‌‌NYS‌‌had‌‌over‌‌318,000‌‌acres‌‌of‌‌completely‌‌idle‌‌land‌‌in‌‌2012‌‌                                     

which‌ ‌represents‌ ‌lands‌ ‌seeded‌ ‌to‌ ‌soil‌ ‌improvement‌ ‌crops‌ ‌but‌ ‌not‌ ‌harvested‌ ‌or‌ ‌pastured.‌ ‌Herein‌ ‌lies‌ ‌the‌‌                               

potential‌‌to‌‌utilize‌‌a‌‌portion‌‌of‌‌this‌‌area‌‌for‌‌biocrop‌‌production‌‌as‌‌well‌‌as‌‌an‌‌endpoint‌‌for‌‌anaerobic‌‌digestate.‌ ‌                                     

This‌‌information‌‌is‌‌only‌‌presented‌‌at‌‌the‌‌state‌‌level‌‌and‌‌does‌‌not‌‌provide‌‌information‌‌in‌‌regard‌‌to‌‌each‌‌county.‌ ‌                                     

Therefore,‌ ‌investigation‌ ‌at‌ ‌the‌ ‌county‌ ‌level‌ ‌along‌ ‌with‌ ‌an‌ ‌assessment‌ ‌of‌ ‌marginal‌ ‌lands‌ ‌is‌ ‌necessary‌ ‌to‌‌                               

determine‌ ‌the‌ ‌potential‌ ‌for‌ ‌use‌ ‌with‌ ‌biocrops‌ ‌in‌ ‌a‌ ‌network‌ ‌of‌ ‌ADs‌ ‌throughout‌ ‌the‌ ‌Hudson‌ ‌Valley.‌ ‌ 

‌ 

Environmental‌ ‌remediation‌ ‌sites‌ ‌and‌ ‌brownfields:‌ ‌The‌ ‌NYS‌ ‌DEC‌ ‌currently‌ ‌has‌ ‌884‌ ‌environmental‌‌                       

clean-up‌‌&‌‌brownfield‌‌sites‌‌registered‌‌within‌‌the‌‌10-county‌‌scope‌‌of‌‌this‌‌study‌‌(FIGURE‌‌40).‌ ‌Many‌‌of‌‌these‌‌                                 

are‌ ‌no‌ ‌longer‌ ‌classified‌ ‌as‌ ‌contaminated‌ ‌and‌ ‌have‌ ‌been‌ ‌remediated,‌ ‌some‌ ‌sites‌ ‌are‌ ‌undergoing‌ ‌active‌‌                             

cleanup,‌‌while‌‌other‌‌sites‌‌have‌‌been‌‌identified‌‌as‌‌future‌‌sites‌‌for‌‌remediation‌‌projects.‌ ‌These‌‌land‌‌areas‌‌have‌‌                                 

the‌‌potential‌‌to‌‌serve‌‌as‌‌agricultural‌‌land‌‌for‌‌the‌‌purpose‌‌of‌‌growing‌‌biocrops.‌ ‌Introducing‌‌this‌‌type‌‌of‌‌growth‌‌                                   

may‌ ‌offer‌ ‌additional‌ ‌benefits‌ ‌for‌ ‌the‌ ‌soil‌ ‌that‌ ‌are‌‌characteristic‌‌of‌‌the‌‌aforementioned‌‌biocrops;‌‌a‌‌deep‌‌root‌‌                                 

structure‌‌that‌‌restores‌‌carbon‌‌content‌‌in‌‌the‌‌ground.‌ ‌Digestate‌‌created‌‌from‌‌these‌‌crops‌‌would‌‌be‌‌returned‌‌to‌‌                                 

this‌ ‌specific‌ ‌land‌ ‌to‌ ‌recycle‌ ‌nutrients‌ ‌and‌ ‌maintain‌ ‌any‌ ‌contaminants‌ ‌in‌ ‌closed‌ ‌system‌ ‌loop.‌ ‌This‌ ‌type‌ ‌of‌‌                                 

system‌‌design‌‌could‌‌also‌‌serve‌‌as‌‌a‌‌research‌‌opportunity‌‌to‌‌assess‌‌any‌‌additional‌‌remediation‌‌characteristics‌‌                             

that‌ ‌may‌ ‌take‌ ‌place‌ ‌as‌ ‌a‌ ‌result‌ ‌of‌ ‌this‌ ‌floral‌ ‌introduction.‌ ‌ 

‌ 
FIGURE‌ ‌40:‌ ‌‌Environmental‌ ‌clean-up‌ ‌sites‌     ‌FIGURE‌ ‌41:‌ ‌‌Environmental‌ ‌clean-up‌ ‌site‌ ‌classifications‌ ‌ 

‌ 

348‌‌or‌‌40%‌‌sites‌‌have‌‌been‌‌assigned‌‌an‌‌‘N’‌‌classification‌‌(FIGURE‌‌41).‌ ‌This‌‌could‌‌mean‌‌several‌‌that‌‌there‌‌                                   

was‌‌a‌‌determination‌‌that‌‌contamination‌‌at‌‌the‌‌site‌‌does‌‌not‌‌warrant‌‌placing‌‌the‌‌site‌‌on‌‌the‌‌registry,‌‌the‌‌site‌‌is‌‌                                       

being‌‌addressed‌‌under‌‌a‌‌brownfield‌‌program,‌‌it‌‌was‌‌the‌‌location‌‌where‌‌a‌‌drum(s)‌‌or‌‌other‌‌discrete‌‌waste‌‌was‌‌                                   

at‌‌one‌‌time‌‌present‌‌and‌‌subsequently‌‌removed‌‌by‌‌the‌‌NYS‌‌DEC‌‌or‌‌others,‌‌or‌‌an‌‌application‌‌to‌‌the‌‌BCP,‌‌ERP‌‌                                       

or‌‌VCP‌‌was‌‌submitted,‌‌and‌‌was‌‌then‌‌withdrawn‌‌or‌‌terminated‌‌before‌‌any‌‌actions‌‌were‌‌taken‌‌to‌‌investigate‌‌or‌‌                                   

remediate‌ ‌the‌ ‌site.‌ ‌210‌ ‌or‌ ‌24%‌‌of‌‌the‌‌sites‌‌have‌‌been‌‌assigned‌‌a‌‌‘C’‌‌classification.‌ ‌In‌‌this‌‌case,‌‌the‌‌NYS‌‌                                       

DEC‌ ‌determined‌ ‌that‌ ‌remediation‌ ‌has‌ ‌been‌ ‌satisfactorily‌ ‌completed‌ ‌under‌ ‌a‌ ‌remedial‌ ‌program‌‌(i.‌‌e.,‌‌State‌‌                             

Superfund,‌ ‌Brownfield‌ ‌Cleanup‌ ‌Program,‌ ‌Environmental‌ ‌Restoration‌ ‌Program,‌‌Voluntary‌‌Cleanup‌‌Program,‌‌                   

and‌ ‌RCRA‌ ‌Corrective‌ ‌Action‌ ‌Program).‌ ‌136‌ ‌or‌ ‌15%‌ ‌of‌ ‌the‌ ‌sites‌ ‌have‌ ‌been‌ ‌assigned‌‌an‌‌‘A’‌‌classification.‌ ‌                                 

This‌ ‌means‌ ‌that‌ ‌it‌ ‌is‌ ‌a‌ ‌non-registry‌ ‌site‌ ‌in‌ ‌any‌ ‌remedial‌ ‌program‌ ‌where‌ ‌work‌ ‌is‌ ‌underway‌ ‌and‌ ‌not‌ ‌yet‌‌                                     

complete‌‌(i.e.,‌‌Brownfield‌‌Cleanup‌‌Program,‌‌Environmental‌‌Restoration‌‌Program,‌‌Voluntary‌‌Cleanup‌‌Program‌‌                     

and‌ ‌RCRA‌ ‌Corrective‌ ‌action‌ ‌Program‌ ‌sites)‌ ‌and‌ ‌it‌ ‌may‌ ‌be‌ ‌used‌ ‌for‌ ‌manufactured‌‌gas‌‌plant‌‌sites‌‌or‌‌those‌‌                                   

being‌ ‌remediated‌ ‌under‌ ‌an‌ ‌EPA‌ ‌cooperative‌ ‌agreement‌ ‌(NYS‌ ‌DEC‌ ‌Website).‌ ‌ 
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Landfills‌ ‌ 
While‌‌there‌‌are‌‌many‌‌closed‌‌landfills‌‌throughout‌‌the‌‌Hudson‌‌Valley,‌‌their‌‌potential‌‌for‌‌biogas‌‌production‌‌may‌‌                               

have‌ ‌declined‌ ‌just‌ ‌as‌ ‌the‌ ‌aforementioned‌ ‌landfill‌ ‌in‌ ‌Delaware‌ ‌County.‌ ‌However,‌‌these‌‌sites‌‌could‌‌become‌‌                             

ideal‌ ‌locations‌ ‌for‌ ‌ADs.‌ ‌They‌ ‌are,‌ ‌after‌ ‌all,‌ ‌centralized‌ ‌and‌ ‌were‌ ‌designed‌ ‌to‌ ‌accommodate‌‌heavy-weight‌                             

vehicles‌ ‌and‌ ‌high‌ ‌hauler‌ ‌volumes.‌ ‌Implementing‌ ‌biogas‌ ‌production‌ ‌at‌ ‌these‌ ‌locations,‌ ‌which‌ ‌are‌ ‌already‌‌                           

classified‌ ‌as‌ ‌commercial‌ ‌properties,‌ ‌may‌ ‌therefore‌ ‌be‌ ‌a‌ ‌viable‌ ‌and‌ ‌efficient‌ ‌option.‌ ‌ 

‌ 

Orange‌‌County‌‌has‌‌a‌‌total‌‌of‌‌24‌‌publicly‌‌and‌‌privately‌‌owned‌‌landfills‌‌and‌‌a‌‌number‌‌of‌‌smaller‌‌‘town‌‌dumps.’‌ ‌                                     

All‌‌of‌‌them‌‌are‌‌inactive‌‌or‌‌closed‌‌with‌‌the‌‌exception‌‌of‌‌the‌‌coal‌‌ash‌‌landfill‌‌operated‌‌by‌‌Dynegy‌‌in‌‌the‌‌Town‌‌of‌‌                                           

Newburgh‌‌which‌‌only‌‌serves‌‌the‌‌needs‌‌of‌‌the‌‌Danskammer‌‌Point‌‌Electric‌‌Generating‌‌Facility‌‌(Orange‌‌County‌‌                             

2010‌‌SWMP).‌ ‌The‌‌Ameresco,‌‌Inc‌‌Al‌‌Turi‌‌landfill‌‌located‌‌in‌‌Goshen,‌‌which‌‌operated‌‌from‌‌1968‌‌to‌‌1995,‌‌has‌‌                                   

in‌‌place‌‌two‌‌LFGE‌‌systems‌‌that‌‌valorize‌‌the‌‌methane‌‌off-gas.‌ ‌The‌‌first‌‌was‌‌installed‌‌in‌‌2007‌‌and‌‌the‌‌second‌‌                                     

in‌‌2011.‌ ‌They‌‌are‌‌two‌‌reciprocating‌‌engines‌‌with‌‌capacities‌‌of‌‌0.8‌‌and‌‌1.6‌‌MW,‌‌respectively.‌ ‌This‌‌is‌‌the‌‌only‌‌                                     

landfill‌ ‌in‌ ‌the‌ ‌lower‌ ‌Hudson‌ ‌Valley,‌ ‌according‌ ‌to‌ ‌the‌ ‌EPA,‌ ‌that‌ ‌is‌ ‌utilizing‌ ‌the‌ ‌methane‌ ‌that‌ ‌is‌ ‌produced.‌ ‌ 

‌ 

Delaware‌‌County‌‌once‌‌worked‌‌with‌‌the‌‌Delaware‌‌County‌‌Electric‌‌Cooperative,‌‌Inc.‌‌(DCEC)‌‌in‌‌the‌‌operation‌‌                             

of‌ ‌a‌ ‌landfill‌ ‌gas‌ ‌to‌ ‌electricity‌ ‌(LFGE)‌ ‌project‌ ‌located‌ ‌at‌ ‌the‌ ‌county’s‌ ‌solid‌ ‌waste‌ ‌management‌ ‌center.‌ ‌A‌‌                                 

distribution‌ ‌line‌ ‌connects‌ ‌to‌ ‌the‌ ‌transmission‌ ‌system‌ ‌of‌ ‌the‌ ‌local‌ ‌utility‌ ‌(NYSEG)‌ ‌serviced‌ ‌by‌ ‌the‌ ‌Delhi‌‌                               

substation.‌ ‌This‌‌project‌‌operated‌‌successfully‌‌from‌‌2008‌‌to‌‌2012‌‌when‌‌the‌‌system‌‌was‌‌decommissioned‌‌due‌‌                             

to‌ ‌eventual‌ ‌insufficient‌ ‌quantities‌ ‌of‌ ‌methane.‌ ‌Since‌ ‌then,‌ ‌the‌ ‌DCEC‌ ‌assets‌‌have‌‌been‌‌liquidated‌‌and‌‌the‌‌                               

remaining‌ ‌infrastructure‌ ‌was‌ ‌turned‌ ‌over‌ ‌to‌ ‌the‌ ‌county‌ ‌which‌ ‌retains‌ ‌ownership‌ ‌of‌‌the‌‌landfill‌‌gas‌‌recovery‌‌                               

network‌ ‌and‌ ‌stationary‌ ‌utility‌ ‌flare‌ ‌that‌ ‌is‌ ‌still‌ ‌active‌ ‌(Delaware‌ ‌SWMP).‌ ‌ 

Invasive‌ ‌species‌ ‌ 
This‌ ‌study‌ ‌has‌ ‌selected‌ ‌three‌ ‌site‌ ‌locations‌ ‌of‌ ‌water‌ ‌chestnut‌ ‌infestations.‌ ‌They‌‌are‌‌on‌‌the‌‌Hudson‌‌River‌‌                                 

along‌‌the‌‌coast‌‌of‌‌Dutchess‌‌County.‌ ‌Satellite‌‌imagery‌‌displays‌‌the‌‌plant’s‌‌green‌‌hue‌‌where‌‌it‌‌has‌‌established‌‌                                 

itself‌‌in‌‌shallow‌‌water.‌ ‌Its‌‌pervasiveness‌‌in‌‌local‌‌ecosystems‌‌is‌‌quite‌‌clear.‌ ‌IMAGES‌‌7‌‌and‌‌8‌‌depict‌‌a‌‌lateral‌‌                                     

distance‌‌across‌‌their‌‌entire‌‌width‌‌of‌‌approximately‌‌3‌‌miles‌‌(~5‌‌km).‌ ‌IMAGE‌‌7‌‌is‌‌centered‌‌over‌‌Denning‌‌Point‌‌                                   

which‌‌is‌‌south‌‌of‌‌the‌‌Newburgh-Beacon‌‌bridge.‌ ‌There‌‌are‌‌large‌‌patches‌‌of‌‌water‌‌chestnut‌‌to‌‌the‌‌north‌‌of‌‌this‌‌                                     

peninsula‌‌and‌‌to‌‌the‌‌south‌‌extending‌‌up‌‌the‌‌mouth‌‌of‌‌the‌‌Fishkill‌‌Creek.‌ ‌IMAGE‌‌8‌‌is‌‌centered‌‌over‌‌Bowdoin‌‌                                     

Park‌ ‌where‌ ‌there‌ ‌is‌ ‌a‌ ‌large‌ ‌patch‌ ‌of‌ ‌this‌ ‌plant‌ ‌along‌ ‌the‌ ‌eastern‌ ‌coast.‌ ‌A‌‌severe‌‌infestation‌‌can‌‌be‌‌seen‌‌                                       

extending‌ ‌up‌ ‌Wappinger‌ ‌Creek‌ ‌and‌ ‌into‌ ‌Wappinger‌ ‌Lake.‌ ‌IMAGE‌ ‌9‌ ‌is‌ ‌centered‌ ‌over‌ ‌Esopus‌ ‌Island‌ ‌and‌‌                               

spans‌ ‌a‌ ‌lateral‌ ‌width‌ ‌of‌ ‌approximately‌ ‌1.75‌ ‌mi‌ ‌(~3‌ ‌km).‌  ‌(Larger‌ ‌aerial‌ ‌photos‌ ‌are‌ ‌available‌ ‌in‌ ‌APPENDIX‌ ‌3.)‌ ‌ 

‌ 
    ‌ ‌IMAGE‌ ‌7:‌‌ ‌‌Denning‌ ‌Point‌               ‌‌IMAGE‌ ‌8:‌‌ ‌‌Wappinger‌ ‌Creek‌‌         ‌‌IMAGE‌ ‌9:‌‌ ‌‌Norrie‌ ‌Point‌ ‌ 
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Water‌‌Chestnut‌‌has‌‌a‌‌high‌‌density‌‌growth‌‌rate‌‌and‌‌is‌‌capable‌‌of‌‌covering‌‌nearly‌‌100%‌‌of‌‌the‌‌water‌‌surface‌‌in‌‌                                       

an‌ ‌infested‌ ‌area.‌ ‌This‌ ‌results‌ ‌in‌ ‌the‌ ‌interception‌ ‌of‌ ‌95%‌ ‌of‌ ‌incident‌ ‌sunlight‌ ‌and‌ ‌effectively‌ ‌destroys‌‌                               

opportunities‌ ‌for‌ ‌other‌ ‌aquatic‌ ‌plant‌ ‌life‌ ‌below‌ ‌the‌ ‌water‌ ‌chestnut‌‌canopy.‌ ‌Submerged‌‌vascular‌‌plants‌‌and‌‌                             

their‌ ‌symbiotic‌ ‌microscopic‌ ‌flora‌ ‌and‌ ‌fauna‌ ‌become‌ ‌shaded‌ ‌and‌ ‌hypoxiated.‌ ‌The‌ ‌plant‌ ‌may‌ ‌remove‌ ‌a‌‌                             

significant‌‌amount‌‌of‌‌nitrogen‌‌from‌‌runoff‌‌waters‌‌that‌‌is‌‌seasonally‌‌released‌‌downstream‌‌as‌‌the‌‌plants‌‌decay‌‌                               

in‌ ‌the‌ ‌fall.‌ ‌Thus,‌‌removal‌‌could‌‌have‌‌an‌‌additional‌‌benefit‌‌of‌‌reducing‌‌eutrophication‌‌impact‌‌throughout‌‌the‌‌                               

watershed.‌ ‌Successful‌‌eradication‌‌depends‌‌on‌‌removal‌‌of‌‌rosettes‌‌before‌‌mature‌‌fruits,‌‌colloquially‌‌known‌‌as‌‌                           

“buffalo‌‌heads,”‌‌detach‌‌and‌‌migrate‌‌downstream.‌ ‌There‌‌is‌‌precedent‌‌for‌‌harvesting‌‌the‌‌plant‌‌by‌‌hand-pulling‌‌                             

smaller‌ ‌colonies‌ ‌or‌ ‌via‌ ‌machines‌ ‌that‌ ‌have‌‌underwater‌‌cutters.‌ ‌Specifically,‌‌physical‌‌control‌‌methods‌‌have‌‌                           

been‌ ‌employed‌ ‌in‌ ‌the‌ ‌Potomac‌ ‌River,‌ ‌Lake‌ ‌Champlain,‌ ‌Chesapeake‌ ‌Bay,‌ ‌the‌ ‌Sudbury‌ ‌River,‌‌the‌‌Concord‌‌                             

River,‌ ‌and‌ ‌the‌ ‌Hudson‌ ‌River‌ ‌(Water‌ ‌Chestnut,‌ ‌2004).‌ ‌APPENDIX‌ ‌3‌ ‌also‌ ‌includes‌ ‌satellite‌ ‌imagery‌ ‌of‌ ‌two‌‌                               

ponds‌‌in‌‌Orange‌‌County’s‌‌Algonquin‌‌Park‌‌that‌‌are‌‌infested.‌ ‌There‌‌are‌‌also‌‌some‌‌pictures‌‌of‌‌manual‌‌removal‌‌                                 

efforts‌ ‌at‌‌that‌‌location.‌ ‌Publications‌‌are‌‌anticipated‌‌from‌‌Clarkson‌‌University‌‌which‌‌will‌‌provide‌‌estimates‌‌of‌‌                             

the‌‌amount‌‌of‌‌biomass‌‌present‌‌in‌‌each‌‌of‌‌these‌‌images‌‌as‌‌well‌‌as‌‌many‌‌other‌‌locations.‌ ‌Their‌‌research‌‌will‌‌                                     

also‌ ‌include‌ ‌the‌ ‌effectiveness‌ ‌of‌ ‌AD‌ ‌efforts‌ ‌in‌ ‌terms‌ ‌of‌ ‌biogas‌ ‌production‌ ‌quantities‌ ‌and‌ ‌seed‌ ‌destruction.‌ ‌                               

These‌ ‌efforts‌ ‌are‌ ‌essential‌ ‌for‌ ‌determining‌ ‌resource‌ ‌recovery‌ ‌potential‌ ‌for‌ ‌the‌ ‌local‌ ‌economy.‌ ‌ 

‌ 

Hydrilla‌ ‌was‌ ‌first‌‌discovered‌‌in‌‌2008‌‌in‌‌a‌‌small‌‌pond‌‌                   

in‌ ‌Orange‌ ‌County‌ ‌and‌‌has‌‌since‌‌been‌‌discovered‌‌in‌‌                 

2013‌ ‌in‌ ‌the‌ ‌Croton‌ ‌River‌ ‌in‌ ‌Westchester‌ ‌County‌‌               

(IMAGE‌‌10).‌ ‌For‌‌several‌‌years,‌‌a‌‌fluridone‌‌treatment‌‌               

was‌ ‌applied‌ ‌to‌ ‌the‌ ‌waterway‌ ‌to‌ ‌diminish‌ ‌the‌‌               

pervasiveness‌ ‌of‌ ‌this‌ ‌plant.‌ ‌Its‌‌presence‌‌decreased‌‌             

significantly‌ ‌between‌ ‌2017‌ ‌and‌ ‌2018‌ ‌as‌ ‌a‌ ‌result.‌ ‌               

Only‌ ‌moderately‌ ‌dense‌ ‌sites‌ ‌were‌ ‌observed‌ ‌the‌‌             

following‌ ‌year‌ ‌which‌ ‌exhibited‌ ‌signs‌ ‌of‌ ‌herbicide‌‌             

injury.‌ ‌Regular‌ ‌field‌ ‌testing‌ ‌is‌ ‌done‌ ‌to‌ ‌monitor‌ ‌the‌‌                 

spread‌‌of‌‌this‌‌plant,‌‌however,‌‌there‌‌are‌‌no‌‌estimates‌‌                 

of‌ ‌total‌ ‌biomass‌ ‌at‌ ‌this‌ ‌time‌ ‌(Hydrilla‌ ‌Control,‌ ‌2019).‌     ‌‌IMAGE‌ ‌10:‌‌ ‌‌Hydrilla‌ ‌sampling‌ ‌(Hydrilla‌ ‌Control,‌ ‌2019)‌‌ ‌  

‌ 

Phragmites‌ ‌populate‌ ‌many‌ ‌marshes‌ ‌throughout‌ ‌the‌ ‌Hudson‌ ‌River‌ ‌Valley.‌ ‌Laboratory‌ ‌evaluations‌ ‌have‌‌                       

revealed‌‌that‌‌the‌‌composition‌‌of‌‌phragmites‌‌is‌‌very‌‌similar‌‌to‌‌that‌‌of‌‌switchgrass.‌ ‌There‌‌are‌‌two‌‌exceptions;‌‌                                 

crop‌‌biomass‌‌is‌‌higher‌‌in‌‌reeds‌‌and‌‌they‌‌sometimes‌‌contain‌‌more‌‌chloride.‌ ‌The‌‌invasive‌‌variety,‌‌while‌‌difficult‌‌                                 

to‌‌identify,‌‌has‌‌been‌‌spotted‌‌in‌‌several‌‌locations,‌‌and‌‌is‌‌often‌‌sharing‌‌the‌‌same‌‌area‌‌as‌‌native‌‌varieties.‌ ‌The‌‌                                     

following‌‌satellite‌‌images‌‌convey‌‌the‌‌size‌‌of‌‌some‌‌of‌‌these‌‌local‌‌habitats.‌ ‌The‌‌plants‌‌have‌‌a‌‌mixed‌‌brown‌‌and‌‌                                     

green‌‌color‌‌in‌‌imagery‌‌taken‌‌in‌‌the‌‌summer‌‌months.‌ ‌The‌‌color‌‌changes‌‌to‌‌a‌‌light‌‌brown‌‌once‌‌the‌‌leaves‌‌die‌‌                                       

with‌‌the‌‌seasonal‌‌change‌‌to‌‌winter.‌ ‌IMAGE‌‌11‌‌spans‌‌a‌‌width‌‌of‌‌almost‌‌2‌‌mi‌‌(~3‌‌km)‌‌and‌‌is‌‌centered‌‌around‌‌                                         

Iona‌ ‌Island‌ ‌in‌ ‌Rockland‌ ‌County.‌ ‌The‌ ‌marsh‌ ‌is‌ ‌visible‌ ‌to‌ ‌the‌ ‌southwest‌ ‌of‌ ‌this‌ ‌landmass.‌ ‌IMAGE‌ ‌12‌ ‌is‌‌                                   

centered‌ ‌around‌ ‌Constitution‌ ‌Island‌ ‌in‌ ‌Putnam‌ ‌County‌ ‌and‌ ‌spans‌ ‌a‌ ‌width‌ ‌of‌ ‌about‌‌1.5‌‌miles‌‌(~2km).‌ ‌The‌‌                                 

Constitution‌ ‌Marsh‌ ‌constitutes‌ ‌the‌ ‌brown‌ ‌area‌ ‌on‌ ‌the‌ ‌right‌ ‌side.‌ ‌IMAGE‌ ‌13‌ ‌is‌ ‌of‌ ‌the‌ ‌Tivoli‌ ‌North‌ ‌Bay‌ ‌in‌‌                                     

Dutchess‌ ‌County.‌  ‌This‌ ‌image‌ ‌spans‌ ‌a‌ ‌width‌ ‌of‌ ‌about‌ ‌2.5‌ ‌mi‌ ‌(~4km)‌ ‌and‌ ‌is‌ ‌centered‌ ‌around‌ ‌the‌ ‌marsh.‌ ‌ 
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   ‌  ‌IMAGE‌ ‌11:‌‌ ‌‌Iona‌ ‌Island‌ IMAGE‌ ‌12:‌‌ ‌‌Constitution‌ ‌Island‌‌          ‌‌IMAGE‌ ‌13:‌‌ ‌‌Tivoli‌ ‌North‌ ‌Bay‌ ‌ 
‌ 

While‌‌it‌‌is‌‌tough‌‌to‌‌assess‌‌the‌‌impacts‌‌of‌‌this‌‌plant,‌‌the‌‌Hudsonia‌‌publications‌‌portray‌‌that‌‌there‌‌are‌‌probably‌‌                                     

more‌‌adverse‌‌effects‌‌than‌‌positive‌‌ones.‌ ‌One‌‌option‌‌is‌‌to‌‌prioritize‌‌harvesting‌‌of‌‌invasive‌‌phragmites‌‌stands‌‌                               

that‌ ‌are‌ ‌clearly‌ ‌a‌ ‌threat‌ ‌to‌ ‌delicate‌ ‌ecosystems‌ ‌and‌ ‌monitor‌ ‌them‌‌over‌‌time‌‌to‌‌assess‌‌longer-term‌‌impacts‌‌                                 

(Phragmites,‌‌2010).‌ ‌The‌‌plant‌‌can‌‌be‌‌harvested‌‌by‌‌hand‌‌cutting‌‌or‌‌with‌‌a‌‌variety‌‌of‌‌light‌‌or‌‌heavy‌‌machinery.‌ ‌                                     

Locally‌ ‌available‌ ‌farm‌ ‌equipment‌ ‌may‌ ‌also‌ ‌be‌‌an‌‌option‌‌for‌‌winter‌‌harvesting.‌ ‌While‌‌this‌‌could‌‌have‌‌some‌‌                                 

risk‌ ‌to‌ ‌the‌ ‌local‌ ‌biodiversity,‌ ‌harvesting‌ ‌can‌ ‌be‌ ‌less‌ ‌threatening‌ ‌than‌ ‌the‌ ‌chemical‌ ‌applications‌ ‌that‌ ‌are‌‌                               

typically‌ ‌used‌ ‌(Phragmites‌ ‌Bioenergy,‌ ‌2014).‌ ‌Further‌ ‌investigation‌ ‌is‌ ‌necessary‌ ‌to‌ ‌determine‌ ‌quantities‌ ‌of‌‌                         

biomass‌ ‌and‌ ‌to‌ ‌create‌ ‌catalogue‌ ‌of‌ ‌locations‌ ‌which‌ ‌have‌ ‌high‌ ‌densities‌ ‌of‌ ‌the‌ ‌invasive‌ ‌variety.‌ ‌ 

Compost‌ ‌ 

The‌ ‌Cornell‌ ‌Waste‌ ‌Management‌ ‌Institute‌‌has‌‌surveyed‌‌and‌‌reported‌‌on‌‌56‌‌compost‌‌facilities‌‌located‌‌within‌‌                             

the‌ ‌10‌ ‌New‌ ‌York‌ ‌counties‌ ‌of‌ ‌focus.‌ ‌FIGURES‌ ‌42‌ ‌and‌ ‌43‌ ‌depict‌ ‌the‌ ‌number‌ ‌of‌ ‌compost‌ ‌centers‌ ‌in‌ ‌each‌‌                                     

county‌ ‌and‌ ‌what‌‌type‌‌of‌‌ownership‌‌they‌‌are‌‌operated‌‌under.‌ ‌Westchester‌‌has‌‌the‌‌greatest‌‌number‌‌with‌‌15‌‌                                 

facilities‌‌and‌‌Dutchess‌‌and‌‌Ulster‌‌each‌‌have‌‌9.‌ ‌All‌‌together,‌‌15‌‌facilities‌‌are‌‌government,‌‌11‌‌are‌‌private,‌‌9‌‌are‌‌                                     

NYS‌ ‌Department‌ ‌of‌ ‌Corrections,‌ ‌7‌ ‌are‌ ‌farm,‌ ‌5‌ ‌are‌ ‌non-profit,‌ ‌and‌ ‌3‌ ‌are‌ ‌Cornell‌ ‌Cooperative‌ ‌Extension.‌ ‌ 

‌ 
FIGURE‌ ‌42:‌ ‌‌County‌ ‌compost‌ ‌facility‌ ‌ownership‌      ‌FIGURE‌ ‌43:‌ ‌‌Compost‌ ‌facility‌ ‌ownership‌ ‌ 

‌ 
Compost‌ ‌centers‌ ‌can‌ ‌accept‌‌different‌‌waste‌‌streams‌‌according‌‌to‌‌specific‌‌NYS‌‌DEC‌‌permitting‌‌regulations.‌ ‌                           

Overall,‌ ‌there‌ ‌are‌ ‌19‌ ‌facilities‌ ‌that‌ ‌accept‌ ‌food‌ ‌waste;‌ ‌this‌ ‌includes‌ ‌all‌ ‌counties‌ ‌except‌ ‌for‌ ‌Delaware‌ ‌and‌‌                                 

Rockland.‌ ‌Rockland‌‌is‌‌the‌‌only‌‌county‌‌with‌‌a‌‌facility‌‌that‌‌accepts‌‌biosolids.‌ ‌Animal‌‌manure‌‌is‌‌accepted‌‌by‌‌11‌‌                                   

facilities‌ ‌located‌ ‌throughout‌ ‌Dutchess,‌ ‌Greene,‌ ‌Orange,‌ ‌Sullivan,‌ ‌Ulster‌ ‌and‌ ‌Westchester.‌ ‌Additional‌‌                     

information‌ ‌regarding‌ ‌these‌ ‌primary‌ ‌feedstocks,‌ ‌the‌ ‌number‌ ‌of‌ ‌facilities,‌ ‌and‌ ‌their‌ ‌respective‌ ‌counties‌ ‌are‌‌                           

displayed‌ ‌by‌ ‌FIGURES‌ ‌44‌ ‌and‌ ‌45.‌ ‌All‌ ‌of‌ ‌these‌‌waste‌‌streams‌‌warrant‌‌further‌‌investigation‌‌to‌‌determine‌‌if‌‌                                 

they‌ ‌can‌ ‌be‌ ‌diverted‌ ‌to‌ ‌local‌ ‌ADs‌ ‌and‌ ‌adhere‌ ‌to‌ ‌the‌ ‌food‌ ‌recovery‌ ‌hierarchy.‌ ‌Large‌ ‌facilities‌ ‌should‌ ‌be‌‌                                   

prioritized‌‌as‌‌biogas‌‌production‌‌centers‌‌to‌‌limit‌‌energy‌‌expended‌‌for‌‌transportation‌‌and‌‌to‌‌take‌‌advantage‌‌of‌‌                               

existing‌ ‌supply‌ ‌lines.‌  ‌The‌ ‌byproduct‌ ‌can‌ ‌be‌ ‌applied‌ ‌to‌ ‌composting‌ ‌and‌ ‌distributed‌ ‌as‌ ‌is‌ ‌ordinarily‌ ‌practiced.‌‌ ‌  
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FIGURE‌ ‌44:‌ ‌‌Compost‌ ‌feedstocks‌ ‌by‌ ‌county‌      ‌FIGURE‌ ‌45:‌ ‌‌Primary‌‌ ‌‌compost‌ ‌feedstocks‌ ‌ 

Miscellaneous‌ ‌ 

There‌ ‌are‌ ‌some‌ ‌additional‌ ‌accumulations‌ ‌of‌ ‌biomass‌‌which‌‌are‌‌worth‌‌mentioning‌‌as‌‌other‌‌opportunities‌‌for‌‌                             

biogas‌ ‌feedstocks.‌ ‌AD‌‌can‌‌be‌‌conducted‌‌with‌‌many‌‌types‌‌of‌‌organic‌‌matter,‌‌therefore,‌‌further‌‌investigation‌‌                             

into‌ ‌local‌ ‌resources‌ ‌is‌ ‌warranted‌ ‌to‌ ‌maximize‌ ‌resource‌ ‌valorization‌ ‌and‌ ‌production‌ ‌capacities.‌ ‌Each‌‌year,‌‌                           

more‌ ‌than‌ ‌25,000‌ ‌animals‌ ‌are‌ ‌killed‌ ‌on‌ ‌NYS‌ ‌roads‌ ‌which‌ ‌consists‌ ‌primarily‌ ‌of‌ ‌deer.‌ ‌There‌ ‌are‌ ‌also‌ ‌an‌‌                                   

estimated‌‌14,000‌‌cow‌‌carcasses‌‌generated‌‌by‌‌dairy‌‌farms‌‌across‌‌NYS‌‌which‌‌are‌‌not‌‌part‌‌of‌‌or‌‌diverted‌‌from‌‌                                   

the‌ ‌meat‌ ‌processing‌ ‌industry.‌ ‌In‌ ‌addition,‌‌there‌‌are‌‌46‌‌poultry‌‌and‌‌swine‌‌farms‌‌throughout‌‌the‌‌state‌‌which‌‌                                 

also‌‌generate‌‌a‌‌substantial‌‌amount‌‌of‌‌animal‌‌carcases‌‌(NYS‌‌DEC‌‌Beyond‌‌Waste,‌‌2010).‌ ‌Landfill‌‌operators‌‌                             

typically‌‌don’t‌‌accept‌‌large‌‌animals,‌‌and‌‌the‌‌practice‌‌of‌‌dragging‌‌carcasses‌‌into‌‌wooded‌‌areas‌‌is‌‌no‌‌longer‌‌an‌‌                                   

option‌ ‌in‌ ‌many‌ ‌communities.‌ ‌A‌ ‌number‌ ‌of‌ ‌NYS‌ ‌Department‌ ‌of‌ ‌Transportation‌ ‌(NYS‌ ‌DOT)‌ ‌sites‌ ‌have‌‌                             

established‌ ‌compost‌ ‌piles‌ ‌specifically‌ ‌designed‌‌to‌‌handle‌‌road‐killed‌‌animals‌‌with‌‌procedures‌‌developed‌‌by‌‌                         

Cornell‌‌University.‌ ‌UCRRA‌‌is‌‌another‌‌facility‌‌permitted‌‌to‌‌conduct‌‌this‌‌type‌‌of‌‌mortality‌‌composting.‌ ‌In‌‌2019,‌‌                               

they‌ ‌managed‌ ‌approximately‌ ‌11‌ ‌tons‌ ‌of‌ ‌deceased‌ ‌deer‌ ‌carcasses‌ ‌(Cornerstone,‌ ‌UCRRA).‌ ‌Since‌ ‌these‌‌                         

remains‌‌are‌‌organics,‌‌they‌‌have‌‌the‌‌potential‌‌to‌‌serve‌‌as‌‌an‌‌additional‌‌feedstock‌‌for‌‌biogas‌‌production.‌ ‌AD‌‌                                 

may‌ ‌offer‌ ‌a‌ ‌quicker‌ ‌and‌ ‌more‌ ‌efficient‌ ‌decomposition‌ ‌process‌ ‌than‌ ‌the‌ ‌current‌ ‌method‌ ‌of‌ ‌managing‌ ‌this‌‌                               

biomass‌ ‌that‌ ‌would‌ ‌also‌ ‌help‌ ‌to‌ ‌eliminate‌ ‌odors‌ ‌and‌ ‌pathogens.‌ ‌ 
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Discussion‌ ‌ 
Bioenergy‌‌will‌‌continue‌‌to‌‌play‌‌an‌‌increasing‌‌role‌‌in‌‌transitioning‌‌the‌‌US‌‌and‌‌NYS‌‌away‌‌from‌‌its‌‌reliance‌‌on‌‌                                     

fossil‌ ‌fuels‌ ‌and‌ ‌to‌ ‌renewable‌ ‌resources.‌ ‌AD‌ ‌is‌ ‌a‌ ‌mature‌ ‌technology‌ ‌that‌ ‌offers‌ ‌an‌ ‌effective‌ ‌approach‌ ‌for‌‌                                 

resource‌ ‌valorization‌ ‌and‌ ‌mitigation‌ ‌of‌ ‌anthropogenic‌ ‌impacts‌ ‌to‌ ‌the‌ ‌environment.‌ ‌In‌ ‌linear‌ ‌production‌‌                         

systems,‌‌waste‌‌is‌‌largely‌‌unavoidable.‌ ‌Therefore‌‌emphasis‌‌should‌‌be‌‌placed‌‌on‌‌conversion‌‌to‌‌value-added‌‌                           

products‌‌through‌‌the‌‌food-energy-waste-water‌‌nexus‌‌so‌‌that‌‌the‌‌products‌‌of‌‌one‌‌process‌‌are‌‌always‌‌available‌‌                             

for‌‌another‌‌process.‌ ‌The‌‌feedstocks‌‌reviewed‌‌in‌‌this‌‌report‌‌would‌‌each‌‌play‌‌an‌‌important‌‌role‌‌in‌‌an‌‌integrated‌‌                                   

network‌ ‌of‌ ‌biogas‌ ‌production.‌ ‌There‌ ‌are‌ ‌many‌ ‌examples‌ ‌in‌ ‌which‌ ‌the‌ ‌addition‌ ‌of‌ ‌these‌ ‌co-benefits‌ ‌far‌‌                               

outweigh‌‌their‌‌segregated‌‌values.‌ ‌In‌‌order‌‌to‌‌take‌‌full‌‌advantage‌‌‌of‌‌these‌‌embedded‌‌opportunities‌‌there‌‌are‌‌                               

several‌ ‌gaps‌ ‌in‌ ‌this‌ ‌research‌ ‌that‌ ‌require‌ ‌additional‌ ‌review‌ ‌and‌ ‌investigation.‌ ‌These‌‌discussion‌‌points‌‌are‌‌                             

related‌ ‌to‌ ‌existing‌ ‌food‌ ‌waste‌ ‌diversions,‌ ‌added‌ ‌potential‌ ‌of‌ ‌co-digestion,‌ ‌congruent‌ ‌legislation,‌ ‌biogas‌‌                         

application,‌ ‌and‌ ‌investment‌ ‌strategies.‌ ‌These‌ ‌details‌ ‌must‌ ‌be‌ ‌reviewed‌ ‌and‌ ‌refined‌ ‌to‌‌implement‌‌a‌‌viable‌‌                             

system‌ ‌that‌ ‌echoes‌ ‌the‌ ‌guidelines‌ ‌of‌ ‌the‌ ‌CLCPA‌ ‌and‌ ‌the‌ ‌state’s‌ ‌energy‌ ‌initiatives.‌ ‌They‌ ‌also‌ ‌play‌ ‌an‌‌                                 

essential‌ ‌role‌ ‌in‌ ‌validating‌ ‌efficient‌ ‌economic‌ ‌models‌ ‌that‌ ‌maximize‌ ‌productivity.‌ ‌ 

Diversions‌ ‌ 
Neither‌‌the‌‌NYS2PI‌‌nor‌‌US‌‌EPA‌‌data‌‌sets‌‌include‌‌information‌‌about‌‌percentages‌‌of‌‌food‌‌waste‌‌estimates‌‌that‌‌                                 

are‌‌already‌‌diverted.‌ ‌There‌‌are‌‌many‌‌institutions‌‌throughout‌‌the‌‌region‌‌which‌‌demonstrate‌‌some‌‌adherence‌‌                           

to‌ ‌the‌ ‌food‌ ‌hierarchy‌ ‌through‌ ‌activities‌ ‌such‌ ‌as‌ ‌donations‌ ‌to‌ ‌shelters,‌ ‌animal‌ ‌feed,‌ ‌and‌ ‌composting.‌ ‌This‌‌                               

realization‌‌is‌‌also‌‌echoed‌‌by‌‌conclusions‌‌provided‌‌by‌‌the‌‌Westchester‌‌County‌‌Food‌‌Waste‌‌Study.‌ ‌Additional‌‌                             

studies‌ ‌are‌ ‌necessary‌ ‌to‌ ‌determine‌ ‌a‌ ‌more‌ ‌accurate‌ ‌mass‌ ‌flow‌ ‌analysis‌ ‌of‌ ‌these‌ ‌waste‌ ‌streams‌ ‌and‌‌                               

determine‌‌their‌‌ultimate‌‌end‌‌points.‌ ‌Related‌‌questions‌‌can‌‌also‌‌be‌‌applied‌‌downstream‌‌to‌‌known‌‌diversions‌‌                             

that‌ ‌are‌ ‌already‌ ‌implemented.‌ ‌For‌ ‌instance,‌ ‌there‌ ‌are‌ ‌some‌ ‌pilot‌ ‌programs‌ ‌in‌ ‌Westchester‌ ‌County‌ ‌for‌‌                             

residential‌‌(and‌‌some‌‌commercial)‌‌collection‌‌of‌‌food‌‌waste‌‌that‌‌is‌‌ultimately‌‌transported‌‌to‌‌UCRRA‌‌where‌‌it‌‌is‌‌                                 

added‌ ‌to‌ ‌their‌ ‌composting‌ ‌operations‌ ‌(Westchester‌‌Food‌‌Waste‌‌Study,‌‌2020).‌ ‌Other‌‌counties‌‌in‌‌this‌‌study,‌‌                             

such‌ ‌as‌ ‌Dutchess,‌ ‌also‌ ‌transport‌ ‌a‌ ‌portion‌ ‌of‌ ‌their‌ ‌organics‌‌to‌‌UCRRA‌‌for‌‌processing‌‌(Dutchess‌‌Organics,‌‌                               

2017).‌ ‌Meanwhile,‌‌biosolid‌‌flows‌‌have‌‌a‌‌higher‌‌accountability‌‌which‌‌is‌‌partially‌‌due‌‌to‌‌the‌‌regulatory‌‌nature‌‌                               

that‌‌surrounds‌‌them.‌ ‌A‌‌significant‌‌amount‌‌of‌‌data‌‌is‌‌available‌‌in‌‌regards‌‌to‌‌their‌‌end‌‌of‌‌life‌‌including‌‌locations.‌ ‌                                     

This‌ ‌is‌ ‌useful‌ ‌for‌ ‌performing‌ ‌a‌ ‌mass‌ ‌flow‌ ‌analysis.‌ ‌However,‌ ‌NYS‌ ‌DEC‌ ‌could‌ ‌request‌ ‌some‌ ‌additional‌‌                               

information‌‌for‌‌their‌‌2020‌‌survey‌‌that‌‌would‌‌be‌‌necessary‌‌for‌‌an‌‌LCA.‌ ‌Information‌‌such‌‌as‌‌the‌‌total‌‌mass‌‌and‌‌                                     

regularity‌ ‌of‌ ‌individual‌ ‌hauling‌ ‌activities‌ ‌would‌ ‌offer‌ ‌opportunities‌ ‌to‌ ‌accurately‌ ‌assess‌ ‌the‌ ‌related‌‌                         

environmental‌ ‌impacts‌ ‌and‌ ‌compare‌ ‌these‌ ‌to‌ ‌the‌ ‌energy‌ ‌offsets‌ ‌that‌ ‌can‌ ‌be‌ ‌achieved‌ ‌with‌ ‌an‌ ‌AD‌ ‌facility.‌ ‌ 

Co-digestion‌ ‌ 
As‌ ‌AD‌ ‌operations‌ ‌in‌ ‌NYS‌ ‌have‌ ‌become‌ ‌more‌‌popular,‌‌some‌‌WWTPs‌‌and‌‌farms‌‌have‌‌expanded‌‌to‌‌include‌‌                                 

multiple‌ ‌feedstocks.‌ ‌Along‌ ‌with‌ ‌valorizing‌ ‌additional‌ ‌sources‌ ‌of‌ ‌energy,‌ ‌more‌ ‌consistent‌ ‌input‌ ‌flows‌ ‌are‌‌                           

achieved‌‌with‌‌an‌‌increased‌‌production‌‌capacity.‌ ‌The‌‌simultaneous‌‌management‌‌of‌‌food,‌‌water,‌‌energy,‌‌and‌‌                           

waste‌‌streams‌‌leads‌‌to‌‌more‌‌sustainable‌‌production,‌‌consumption,‌‌and‌‌distribution‌‌processes.‌ ‌Developments‌‌                       

in‌ ‌life‌ ‌cycle‌ ‌optimization,‌ ‌modeling‌ ‌of‌ ‌multiple‌ ‌stakeholders,‌ ‌and‌‌integrated‌‌supply‌‌chains‌‌can‌‌enhance‌‌this‌‌                             

nexus‌ ‌and‌ ‌take‌ ‌advantage‌ ‌of‌ ‌the‌ ‌co-benefits‌ ‌available‌ ‌through‌ ‌co-digestion‌ ‌(FWEN,‌ ‌2017).‌ ‌ 
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WWTPs‌ ‌and‌ ‌food‌ ‌waste‌ ‌ 
A‌‌variety‌‌of‌‌co-digestion‌‌studies‌‌for‌‌WWTPs‌‌throughout‌‌the‌‌country‌‌have‌‌been‌‌investigated.‌ ‌New‌‌and‌‌refined‌‌                               

technologies‌‌are‌‌increasing‌‌the‌‌feasibility‌‌of‌‌transforming‌‌WWTPs‌‌into‌‌energy-positive‌‌recovery‌‌facilities.‌ ‌The‌‌                         

introduction‌ ‌of‌ ‌organic‌ ‌waste‌ ‌to‌ ‌digestion‌ ‌with‌ ‌biosolids‌ ‌demonstrates‌ ‌several‌ ‌beneficial‌ ‌results‌ ‌including‌‌                         

higher‌ ‌methane‌ ‌yields,‌ ‌more‌ ‌efficient‌ ‌digester‌ ‌volume‌ ‌utilization,‌ ‌and‌ ‌reduced‌ ‌biosolids‌ ‌production‌ ‌(DEC‌‌                         

Beyond‌‌Waste,‌‌2010).‌ ‌For‌‌instance,‌‌the‌‌biosolids‌‌fact‌‌sheet‌‌produced‌‌by‌‌the‌‌NYS‌‌DEC‌‌writes‌‌that‌‌fats,‌‌oils‌‌                                   

and‌‌grease‌‌can‌‌increase‌‌biogas‌‌production.‌ ‌Advanced‌‌combined‌‌heat‌‌and‌‌power‌‌(CHP)‌‌design‌‌with‌‌internal‌‌                             

combustion‌ ‌engines‌ ‌(ICE),‌ ‌microturbines,‌ ‌gas‌ ‌combustion‌ ‌turbines,‌ ‌and‌ ‌fuel‌ ‌cells‌ ‌can‌ ‌further‌ ‌maximize‌‌                         

energy‌ ‌recovery‌ ‌from‌ ‌these‌ ‌facilities‌ ‌(DOE‌ ‌Billion-Ton,‌ ‌2016).‌ ‌The‌ ‌high‌ ‌water‌ ‌requirements‌ ‌are‌‌                         

accommodated‌ ‌by‌ ‌the‌ ‌high‌ ‌flow‌ ‌volumes‌ ‌through‌ ‌WWTPs.‌ ‌ADs‌ ‌utilize‌ ‌this‌ ‌resource‌‌that‌‌would‌‌otherwise‌‌                             

have‌ ‌to‌ ‌be‌ ‌retrieved‌ ‌from‌ ‌elsewhere‌ ‌for‌ ‌a‌ ‌stand-alone‌ ‌operation.‌ ‌These‌ ‌advantages‌ ‌directly‌ ‌improve‌ ‌the‌‌                             

economics‌ ‌of‌ ‌these‌ ‌facilities‌ ‌and‌ ‌simultaneously‌ ‌mitigate‌ ‌environmental‌ ‌impacts.‌ ‌ 

‌ 

For‌ ‌small‌ ‌WWTPs,‌ ‌the‌ ‌additional‌ ‌power‌ ‌that‌ ‌can‌ ‌be‌ ‌generated‌ ‌from‌ ‌co-digestion‌ ‌can‌ ‌significantly‌‌improve‌‌                             

project‌ ‌economics,‌ ‌and,‌ ‌in‌ ‌many‌ ‌cases,‌ ‌it‌ ‌be‌ ‌the‌ ‌tipping‌ ‌point‌ ‌for‌ ‌moving‌ ‌ahead‌ ‌with‌ ‌combined‌ ‌heat‌ ‌and‌‌                                   

power‌ ‌generator‌ ‌projects.‌ ‌There‌ ‌are‌ ‌many‌ ‌examples‌ ‌of‌ ‌successful‌ ‌operations‌ ‌throughout‌ ‌the‌ ‌country.‌ ‌A‌‌                           
WWTP‌ ‌in‌ ‌Sheboygan,‌ ‌Wisconsin‌ ‌increased‌ ‌biogas‌ ‌production‌ ‌at‌ ‌its‌ ‌10‌ ‌MGD‌ ‌facility‌ ‌by‌ ‌introducing‌‌                           

co-digestion‌‌with‌‌food‌‌waste‌‌to‌‌their‌‌AD‌‌process.‌ ‌The‌‌added‌‌substrate‌‌included‌‌whey‌‌and‌‌cheese‌‌processing‌‌                               

waste‌‌and‌‌thin‌‌stillage‌‌from‌‌ethanol‌‌manufacture.‌ ‌Another‌‌example‌‌is‌‌a‌‌5‌‌MGD‌‌WWTP‌‌in‌‌Massachusetts‌‌that‌‌                                 

uses‌‌excess‌‌food‌‌waste‌‌from‌‌beverage‌‌companies,‌‌breweries,‌‌and‌‌dairy‌‌processing.‌ ‌A‌‌similar‌‌example‌‌is‌‌in‌‌                               

the‌ ‌Village‌ ‌of‌ ‌Essex‌ ‌Junction,‌ ‌Vermont‌ ‌which‌ ‌has‌ ‌used‌ ‌brewery‌ ‌waste‌ ‌and‌ ‌oily‌ ‌waste‌ ‌by-products‌ ‌for‌ ‌AD‌‌                                 

since‌ ‌2007.‌   ‌For‌ ‌all‌ ‌of‌ ‌the‌ ‌facilities,‌ ‌the‌ ‌rate‌ ‌of‌ ‌biogas‌ ‌production‌ ‌was‌ ‌improved‌ ‌(EPA‌ ‌Co-Digestion,‌ ‌2019).‌ ‌ 

‌ 

Large-scale,‌ ‌centralized‌ ‌installations‌ ‌can‌ ‌also‌ ‌be‌‌           

explored.‌ ‌A‌‌WWTP‌‌in‌‌the‌‌Greater‌‌Lawrence‌‌Sanitary‌‌               

District‌ ‌(GLSD)‌ ‌of‌ ‌Massachusetts‌ ‌plans‌‌to‌‌ultimately‌‌             

process‌‌more‌‌than‌‌90,000‌‌MGD‌‌of‌‌source‌‌separated‌‌               

organic‌ ‌waste,‌ ‌avoiding‌ ‌landfill‌ ‌and‌ ‌waste-to-energy‌‌           

disposal‌ ‌of‌ ‌food‌ ‌waste,‌ ‌while‌ ‌considerably‌ ‌boosting‌‌             

biogas‌ ‌production.‌ ‌Formerly,‌ ‌it‌ ‌treated‌ ‌a‌ ‌municipal‌‌             

sewage‌ ‌flow‌ ‌rate‌ ‌of‌ ‌23.5‌‌MGD,‌‌but‌‌in‌‌2018,‌‌additional‌‌AD‌‌capacity‌‌and‌‌a‌‌combined‌‌heat‌‌and‌‌power‌‌(CHP)‌‌                                     

system‌ ‌was‌ ‌installed‌ ‌to‌ ‌expand‌ ‌energy‌ ‌recovery‌ ‌operations‌‌(EPA‌‌Co-Digestion,‌‌2019).‌ ‌Over‌‌$10‌‌million‌‌in‌‌                             

incentive‌ ‌grants‌ ‌were‌ ‌received‌ ‌for‌ ‌this‌ ‌project,‌ ‌and‌ ‌it‌ ‌will‌ ‌satisfy‌ ‌more‌ ‌than‌ ‌40%‌ ‌of‌ ‌the‌ ‌state’s‌ ‌food‌ ‌scrap‌‌                                     

diversion‌ ‌goal‌ ‌(GLSD,‌ ‌2020).‌ ‌Another‌ ‌facility‌ ‌in‌ ‌St.‌ ‌Petersburg,‌ ‌Florida‌ ‌is‌ ‌upgrading‌ ‌to‌ ‌co-digestion‌‌                           

infrastructure‌ ‌that‌ ‌is‌ ‌expected‌ ‌to‌ ‌generate‌ ‌over‌‌             

$500,000‌ ‌per‌ ‌year‌ ‌for‌ ‌the‌ ‌city‌ ‌(NYSERDA‌ ‌Biogas‌‌               

Barriers,‌ ‌2012).‌ ‌Digestate‌‌will‌‌be‌‌class‌‌AA‌‌biosolids‌‌               

which‌‌meet‌‌the‌‌US‌‌EPA’s‌‌guidelines‌‌for‌‌fertilizer.‌ ‌The‌‌                 

biogas‌ ‌will‌ ‌be‌ ‌used‌‌to‌‌heat‌‌and‌‌power‌‌the‌‌plant‌‌and‌‌                     

excesses‌ ‌will‌ ‌be‌ ‌sold‌ ‌on‌ ‌the‌ ‌market‌ ‌to‌ ‌produce‌‌                 

significant‌ ‌cost‌ ‌savings‌ ‌for‌ ‌the‌ ‌city‌ ‌(Haskell,‌ ‌2020).‌ ‌ 
‌ 
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Mixed‌ ‌feedstocks‌ ‌ 
One‌‌study‌‌which‌‌examined‌‌the‌‌co-digestibility‌‌performance‌‌of‌‌food‌‌waste‌‌and‌‌switchgrass‌‌determined‌‌that‌‌an‌‌                             

optimum‌ ‌mix‌ ‌ratio‌ ‌for‌ ‌maximum‌ ‌methane‌ ‌yields‌ ‌occurs‌ ‌when‌ ‌the‌ ‌mass‌ ‌is‌ ‌combined‌ ‌in‌ ‌equal‌ ‌parts.‌ ‌Food‌‌                                 

waste‌ ‌has‌ ‌a‌ ‌low‌ ‌carbon‌‌to‌‌nitrogen‌‌ratio,‌‌and‌‌switchgrass‌‌has‌‌higher‌‌cellulosic‌‌content.‌ ‌Volatile‌‌fatty‌‌acids‌‌                                 

can‌‌affect‌‌variation‌‌in‌‌pH‌‌levels‌‌and‌‌thus‌‌inhibit‌‌system‌‌performance.‌ ‌The‌‌switchgrass‌‌helps‌‌neutralize‌ ‌this‌‌                               

effect‌ ‌and‌ ‌acts‌ ‌in‌ ‌a‌ ‌buffering‌ ‌capacity‌ ‌(Food‌ ‌&‌ ‌Switchgrass,‌ ‌2018).‌ ‌These‌ ‌conclusions‌ ‌promote‌ ‌the‌‌                             

introduction‌ ‌of‌ ‌biocrops‌ ‌into‌ ‌the‌ ‌food-energy-water-waste‌ ‌nexus‌ ‌and‌ ‌the‌ ‌design‌ ‌mixed‌ ‌feedstock‌  ‌AD‌ ‌system.‌ ‌ 

‌ 

Agricultural‌ ‌and‌ ‌organic‌ ‌waste‌ ‌streams‌ ‌on‌ ‌a‌ ‌farm‌ ‌can‌ ‌be‌ ‌difficult‌ ‌to‌ ‌manage‌ ‌due‌ ‌to‌ ‌both‌ ‌volume‌ ‌and‌‌                                   

susceptibility‌ ‌to‌ ‌creating‌ ‌environmental‌ ‌impacts.‌ ‌However,‌ ‌they‌ ‌are‌ ‌characterized‌ ‌by‌ ‌a‌ ‌rich‌ ‌mix‌ ‌of‌ ‌organic‌‌                             

compounds‌‌that‌‌can‌‌provide‌‌a‌‌rich‌‌recipe‌‌for‌‌conversion‌‌into‌‌energy‌‌or‌‌value-added‌‌products‌‌(FWEN,‌‌2017).‌ ‌                               

A‌‌study‌‌published‌‌in‌‌2014‌‌conducted‌‌AD‌‌with‌‌substrate‌‌inputs‌‌composed‌‌of‌‌52%‌‌energy‌‌crops‌‌(of‌‌which‌‌73%‌‌                                   

was‌ ‌maize)‌ ‌and‌ ‌43%‌ ‌manure,‌ ‌based‌ ‌on‌ ‌mass.‌ ‌This‌ ‌was‌ ‌also‌ ‌shown‌ ‌to‌ ‌increase‌ ‌biogas‌‌yield‌‌rates.‌ ‌The‌‌                                   

proportion‌ ‌of‌ ‌methane‌ ‌produced‌ ‌from‌ ‌biocrops‌ ‌is‌‌considerably‌‌higher‌‌than‌‌their‌‌proportion‌‌by‌‌mass‌‌of‌‌their‌‌                               

substrate‌‌content‌‌(Sustainable‌‌Biocrops,‌‌2016)‌‌and‌‌thus‌‌has‌‌a‌‌positive‌‌effect‌‌when‌‌added‌‌to‌‌AD‌‌with‌‌manure.‌ ‌                                 

According‌ ‌to‌ ‌the‌ ‌USDA,‌ ‌there‌ ‌are‌ ‌currently‌ ‌15‌ ‌digestion‌ ‌facilities‌ ‌in‌ ‌NYS‌ ‌that‌ ‌process‌ ‌manure‌ ‌and‌ ‌crop‌‌                                 
residues‌ ‌and‌ ‌take‌ ‌advantage‌ ‌of‌ ‌this‌ ‌benefit.‌  ‌(Some‌ ‌of‌ ‌these‌ ‌operations‌ ‌also‌ ‌incorporate‌ ‌local‌ ‌food‌ ‌scraps.)‌ ‌ 

‌ 

In‌‌another‌‌study,‌‌wood‌‌chips‌‌were‌‌mixed‌‌with‌‌food‌‌waste‌‌in‌‌AD.‌ ‌The‌‌result‌‌was‌‌a‌‌staggering‌‌6.4‌‌times‌‌more‌‌                                       

methane‌‌than‌‌the‌‌control‌‌reaction‌‌under‌‌the‌‌same‌‌reaction‌‌conditions‌‌without‌‌wood‌‌chips.‌ ‌It‌‌was‌‌concluded‌‌                               

that‌ ‌the‌ ‌wood‌ ‌chips‌ ‌expedite‌ ‌the‌ ‌AD‌ ‌by‌ ‌serving‌ ‌as‌ ‌a‌ ‌conducive‌ ‌habitat‌ ‌for‌ ‌the‌ ‌active‌ ‌microorganisms.‌ ‌                                 

Increases‌‌in‌‌hydrogen‌‌were‌‌also‌‌observed,‌‌and‌‌the‌‌amount‌‌of‌‌sludge‌‌generated‌‌was‌‌reduced‌‌(Food‌‌&‌‌Wood,‌‌                                 

2018).‌ ‌Many‌‌of‌‌the‌‌compost‌‌facilities‌‌presented‌‌in‌‌this‌‌study‌‌also‌‌accept‌‌wood‌‌waste‌‌that‌‌may‌‌be‌‌viable‌‌as‌‌                                     

AD‌‌feedstock‌‌to‌‌increase‌‌production‌‌capacity.‌ ‌Another‌‌alternative‌‌may‌‌be‌‌to‌‌use‌‌shrub‌‌willow,‌‌a‌‌fast-growing,‌‌                               

short-rotation‌ ‌woody‌ ‌crop.‌ ‌Studies‌ ‌have‌ ‌been‌ ‌conducted‌‌on‌‌this‌‌poplar‌‌tree‌‌with‌‌respect‌‌to‌‌bioenergy‌‌and‌‌                               

CHP‌ ‌plants‌ ‌for‌ ‌decades‌ ‌by‌ ‌SUNY-ESF‌ ‌along‌ ‌with‌ ‌many‌ ‌other‌ ‌institutions‌ ‌(Shrub‌ ‌Willow,‌ ‌2014).‌ ‌Future‌‌                             

innovations‌ ‌in‌ ‌AD‌ ‌may‌ ‌present‌ ‌an‌ ‌opportunity‌ ‌for‌ ‌it‌ ‌to‌ ‌be‌ ‌incorporated‌ ‌into‌ ‌biogas‌ ‌production‌ ‌cycles.‌ ‌ 

Legislation‌ ‌ 
There‌‌are‌‌a‌‌series‌‌of‌‌policy‌‌and‌‌legislative‌‌pathways‌‌precedent‌‌throughout‌‌the‌‌world‌‌and‌‌the‌‌US‌‌that‌‌could‌‌be‌‌                                     

implemented‌‌to‌‌promote‌‌the‌‌production‌‌of‌‌RNG.‌ ‌Some‌‌countries‌‌have‌‌had‌‌these‌‌biogas‌‌production‌‌strategies‌‌                             

for‌ ‌decades‌ ‌and‌ ‌they‌ ‌could‌ ‌serve‌ ‌as‌ ‌a‌ ‌model‌ ‌for‌ ‌implementing‌ ‌similar‌ ‌practices‌ ‌throughout‌ ‌the‌ ‌NYS‌ ‌and‌‌                                 

Hudson‌ ‌Valley.‌ ‌Specifically,‌ ‌waste‌ ‌diversion‌ ‌programs‌ ‌and‌ ‌fuel‌ ‌standards‌ ‌can‌ ‌promote‌ ‌a‌ ‌system‌ ‌that‌                           

represents‌ ‌that‌ ‌of‌ ‌a‌ ‌circular‌ ‌economy,‌ ‌promotes‌ ‌conservation,‌ ‌and‌ ‌mitigates‌ ‌environmental‌ ‌impacts.‌ ‌ 

Food‌ ‌waste‌ ‌diversion‌ ‌ 
The‌ ‌US‌ ‌does‌ ‌not‌ ‌have‌ ‌any‌ ‌federal‌ ‌or‌ ‌nationwide‌ ‌organic‌ ‌waste‌ ‌diversion‌ ‌programs,‌ ‌processing‌ ‌laws,‌ ‌or‌‌                               

policies.‌ ‌However,‌‌in‌‌September‌‌2015‌‌the‌‌USDA‌‌announced‌‌the‌‌nation’s‌‌first-ever‌‌food‌‌waste‌‌reduction‌‌goal‌‌                             

of‌ ‌50%‌ ‌by‌ ‌2030.‌ ‌Meanwhile,‌ ‌yard‌ ‌and‌ ‌food‌ ‌waste‌ ‌disposal‌ ‌bans‌ ‌along‌‌with‌‌landfill‌‌diversion‌‌targets‌‌have‌‌                                 

been‌‌introduced‌‌in‌‌many‌‌states‌‌including‌‌California,‌‌Connecticut,‌‌Delaware,‌‌Florida,‌‌Massachusetts,‌‌Michigan‌‌                       
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and‌ ‌NY‌ ‌(ISWA‌ ‌Global‌ ‌Assessment,‌ ‌2020).‌ ‌In‌ ‌some‌ ‌cases,‌‌these‌‌policies‌‌have‌‌been‌‌extended‌‌to‌‌counties‌‌                               

and‌ ‌municipalities‌ ‌to‌ ‌encourage‌ ‌localized‌ ‌organic‌ ‌waste‌ ‌diversion‌ ‌and‌ ‌processing.‌ ‌ 

‌ ‌  

In‌‌April‌‌2019,‌‌NYS‌‌legislators‌‌passed‌‌the‌‌NYS‌‌Food‌‌Donation‌‌and‌‌Food‌‌Scraps‌‌Recycling‌‌Law‌‌which‌‌requires‌‌                                 

large‌ ‌generators‌‌of‌‌food‌‌scraps‌‌(more‌‌than‌‌2‌‌tons‌‌per‌‌week‌‌on‌‌average)‌‌to‌‌redirect‌‌excess‌‌food‌‌to‌‌those‌‌in‌‌                                       

need‌ ‌and‌ ‌organic‌ ‌recycling‌ ‌as‌ ‌long‌ ‌as‌ ‌they‌ ‌are‌ ‌within‌ ‌25‌ ‌miles‌ ‌of‌ ‌an‌ ‌organics‌ ‌recycler.‌ ‌This‌ ‌legislation‌‌                                   

specifically‌‌includes‌‌“organics‌‌recycling‌‌on-site‌‌via‌‌in‌‌vessel‌‌composting,‌‌aerobic.‌‌or‌‌anaerobic‌‌digestion”‌‌as‌‌                           

acceptable‌ ‌methods‌ ‌of‌ ‌managing‌ ‌this‌ ‌waste‌ ‌(NYS‌ ‌Food‌ ‌Law,‌ ‌2019).‌ ‌Therefore,‌ ‌this‌ ‌law‌ ‌presents‌ ‌an‌‌                             

opportunity‌ ‌to‌ ‌apply‌ ‌localized‌ ‌biogas‌ ‌production‌ ‌throughout‌ ‌the‌ ‌state.‌ 

‌ 

One‌ ‌important‌ ‌aspect‌ ‌to‌ ‌note‌ ‌is‌ ‌that‌ ‌hospitals,‌ ‌nursing‌ ‌homes,‌ ‌adult‌ ‌care‌ ‌facilities,‌ ‌and‌‌k-12‌‌schools‌‌have‌‌                                 

been‌‌excluded‌‌from‌‌this‌‌law.‌ ‌However,‌‌according‌‌to‌‌NYS2PI,‌‌hospitals‌‌and‌‌nursing‌‌homes‌‌in‌‌the‌‌selected‌‌10‌‌                                 

counties‌‌generate‌‌approximately‌‌8%‌‌percent‌‌of‌‌the‌‌total‌‌excess‌‌food‌‌waste‌‌at‌‌over‌‌200‌‌tons‌‌per‌‌week.‌ ‌This‌‌                                   

should‌‌be‌‌compared‌‌to‌‌colleges‌‌and‌‌universities,‌‌which‌‌would‌‌be‌‌required‌‌to‌‌follow‌‌this‌‌law‌‌even‌‌though‌‌they‌‌                                   

only‌‌produce‌‌about‌‌half‌‌of‌‌this‌‌quantity.‌ ‌Therefore,‌‌one‌‌could‌‌conclude‌‌that‌‌this‌‌exclusion‌‌should‌‌be‌‌critiqued,‌‌                                 

reviewed,‌‌and‌‌reconsidered‌‌to‌‌include‌‌some‌‌of‌‌these‌‌exempt‌‌institutions.‌ ‌For‌‌instance,‌‌collectively,‌‌hospitals‌‌                           

in‌ ‌Dutchess,‌ ‌Orange,‌ ‌Rockland‌ ‌and‌‌Westchester‌‌account‌‌for‌‌55‌‌tons‌‌of‌‌excess‌‌food‌‌waste‌‌per‌‌week‌‌which‌‌                                 

represents‌ ‌about‌ ‌4.5%‌ ‌of‌ ‌the‌ ‌total.‌ ‌Refining‌ ‌this‌ ‌regulation‌ ‌to‌ ‌incorporate‌ ‌these‌ ‌areas‌ ‌with‌ ‌the‌ ‌highest‌‌                               

generation‌ ‌rate‌ ‌would‌ ‌therefore‌ ‌improve‌ ‌the‌ ‌desired‌ ‌recovery‌ ‌rate.‌ ‌One‌‌must‌‌also‌‌consider‌‌that‌‌it‌‌may‌‌be‌‌                                 

more‌‌logistically‌‌favorable‌‌and‌‌feasible‌‌to‌‌collect‌‌food‌‌waste‌‌on‌‌a‌‌regular‌‌basis‌‌from‌‌these‌‌larger‌‌institutions‌‌                                 

than‌ ‌other‌ ‌small‌ ‌business‌ ‌owners‌ ‌such‌ ‌as‌ ‌restaurants.‌ ‌Having‌‌these‌‌larger‌‌entities‌‌as‌‌primary‌‌food‌‌waste‌‌                               

generators‌‌for‌‌AD‌‌would‌‌be‌‌integral‌‌to‌‌a‌‌large-scale‌‌implementation‌‌of‌‌biogas‌‌production.‌ ‌Hospitals,‌‌nursing‌‌                             

homes,‌‌adult‌‌care‌‌facilities,‌‌and‌‌k-12‌‌schools‌‌would‌‌have‌‌the‌‌added‌‌benefit‌‌of‌‌offering‌‌a‌‌relatively‌‌secure‌‌and‌‌                                   

predictable‌‌feedstock‌‌supply.‌ ‌The‌‌NYS‌‌DEC‌‌is‌‌currently‌‌developing‌‌regulations‌‌for‌‌implementing‌‌the‌‌law,‌‌and‌‌                             

they‌ ‌will‌ ‌be‌ ‌released‌ ‌for‌ ‌public‌ ‌comment‌ ‌throughout‌ ‌2021‌ ‌allowing‌‌the‌‌public‌‌and‌‌policy‌‌makers‌‌to‌‌explore‌‌                                 

these‌ ‌details‌ ‌further.‌  ‌The‌ ‌law‌ ‌is‌ ‌set‌ ‌to‌ ‌take‌ ‌effect‌ ‌on‌ ‌January‌ ‌1,‌ ‌2022‌ ‌(NYS‌ ‌Timeline,‌ ‌2020).‌ ‌ 

‌ 

More‌‌stringent‌‌legislation‌‌has‌‌already‌‌taken‌‌place‌‌in‌‌Ulster‌‌County‌‌independent‌‌of‌‌this‌‌state‌‌law.‌ ‌In‌‌2019,‌‌the‌‌                                   

local‌‌legislature‌‌passed‌‌the‌‌“Food‌‌Waste‌‌Prevention‌‌and‌‌Recovery‌‌Act”‌‌which‌‌maintains‌‌the‌‌same‌‌threshold‌‌                             

of‌ ‌two‌ ‌or‌ ‌more‌ ‌tons‌ ‌per‌ ‌week‌‌of‌‌excess‌‌food‌‌waste‌‌that‌‌must‌‌be‌‌diverted‌‌to‌‌alternative‌‌use.‌ ‌This‌‌includes‌‌                                       

animal‌‌feed,‌‌on-site‌‌compositing,‌‌or‌‌arrangement‌‌with‌‌licensed‌‌services‌‌to‌‌deliver‌‌it‌‌to‌‌a‌‌processing‌‌facility‌‌for‌‌                                 

composting‌ ‌or‌ ‌anaerobic‌ ‌digestion,‌‌as‌‌per‌‌the‌‌written‌‌language.‌ ‌This‌‌law‌‌is‌‌set‌‌to‌‌begin‌‌January‌‌2021,‌‌but‌‌                                   

goes‌ ‌further‌ ‌than‌‌the‌‌state‌‌by‌‌mandating‌‌that‌‌these‌‌thresholds‌‌are‌‌reduced‌‌to‌‌generators‌‌of‌‌1‌‌or‌‌more‌‌tons‌‌                                     

per‌‌week‌‌by‌‌July‌‌2021.‌ ‌This‌‌will‌‌further‌‌be‌‌reduced‌‌to‌‌generators‌‌of‌‌0.75‌‌tons‌‌per‌‌week‌‌in‌‌July‌‌of‌‌2022,‌‌and‌‌                                           

0.5‌ ‌tons‌ ‌in‌ ‌July‌‌of‌‌2023‌‌(Ulster‌‌Food‌‌Law,‌‌2019).‌ ‌The‌‌UCRRA‌‌is‌‌in‌‌the‌‌process‌‌of‌‌expanding‌‌their‌‌organic‌‌                                       

recovery‌‌facility‌‌to‌‌help‌‌accommodate‌‌an‌‌anticipated‌‌influx‌‌of‌‌material‌‌(Ulster‌‌SWMP,‌‌2020).‌ ‌Unlike‌‌NYS,‌‌this‌‌                               

local‌ ‌law‌ ‌offers‌ ‌no‌ ‌exemptions‌ ‌for‌ ‌hospitals‌ ‌and‌ ‌schools‌ ‌nor‌ ‌transport‌ ‌distances.‌ ‌However,‌ ‌the‌ ‌large‌‌                             

generator‌ ‌classification‌‌will‌‌remain‌‌at‌‌2‌‌or‌‌more‌‌tons‌‌per‌‌week‌‌for‌‌health‌‌care‌‌facilities.‌ ‌FIGURE‌‌46‌‌is‌‌from‌‌                                     

the‌‌Ulster‌‌County‌‌Government‌‌website‌‌and‌‌displays‌‌the‌‌differences‌‌between‌‌the‌‌state‌‌and‌‌local‌‌legislation‌‌in‌‌                               

regards‌ ‌to‌ ‌their‌ ‌thresholds‌ ‌and‌ ‌respective‌ ‌enactment‌ ‌months‌ ‌and‌ ‌years.‌ ‌ 
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‌ 

FIGURE‌ ‌46:‌ ‌‌Organics‌ ‌diversions‌ ‌legislation‌ ‌&‌ ‌timeline‌ ‌(NYS‌ ‌Timeline,‌ ‌2020)‌ ‌ 

Fuel‌ ‌standards‌ ‌ 
The‌ ‌EPA‌ ‌reported‌ ‌that,‌ ‌in‌ ‌2014,‌ ‌the‌ ‌equivalent‌ ‌of‌ ‌nearly‌ ‌53‌ ‌million‌ ‌gallons‌ ‌of‌ ‌biogas‌ ‌and‌ ‌RNG‌ ‌gas‌ ‌were‌‌                                     

produced;‌‌more‌‌than‌‌20‌‌million‌‌gallons‌‌of‌‌biogas,‌‌15‌‌million‌‌gallons‌‌of‌‌renewable‌‌CNG,‌‌and‌‌17‌‌million‌‌gallons‌‌                                   

of‌‌LNG.‌‌Both‌‌fuel‌‌types‌‌are‌‌suitable‌‌for‌‌use‌‌in‌‌light-,‌‌medium-,‌‌or‌‌heavy-duty‌‌vehicle‌‌applications.‌ ‌At‌‌present,‌‌                                   

only‌ ‌about‌ ‌0.1%‌ ‌of‌ ‌natural‌ ‌gas‌ ‌in‌ ‌the‌ ‌US‌ ‌is‌ ‌utilized‌ ‌with‌ ‌transportation.‌ ‌However,‌ ‌renewable‌ ‌biogas‌ ‌is‌‌                                 

positioned‌ ‌to‌ ‌increase‌ ‌this‌ ‌market‌ ‌share‌ ‌and‌ ‌expand‌ ‌fueling‌ ‌infrastructure‌ ‌throughout‌ ‌the‌ ‌country‌ ‌(DOE‌‌                           

Billion-Ton,‌‌2016).‌ ‌Around‌‌the‌‌world,‌‌there‌‌are‌‌several‌‌examples‌‌of‌‌government‌‌subsidy‌‌programs‌‌designed‌‌                           

to‌‌promote‌‌the‌‌use‌‌of‌‌renewable‌‌biogas.‌ ‌In‌‌particular,‌‌Italy‌‌has‌‌implemented‌‌subsidies‌‌in‌‌the‌‌transport‌‌sector‌‌                                 

that‌ ‌will‌ ‌continue‌ ‌through‌ ‌2022‌ ‌(IEA,‌ ‌2018).‌ ‌Also,‌‌in‌‌Sweden‌‌and‌‌Norway,‌‌biomethane‌‌is‌‌exempt‌‌from‌‌fuel‌‌                                 

taxes.‌  ‌The‌ ‌US‌ ‌is‌ ‌following‌ ‌suit‌ ‌with‌ ‌similar‌ ‌programs‌ ‌and‌ ‌incentives‌ ‌at‌ ‌the‌ ‌national‌ ‌and‌ ‌state‌ ‌levels.‌ ‌ 

Federal‌ ‌RFS‌ ‌ 

The‌ ‌federal‌ ‌renewable‌ ‌fuel‌ ‌standard‌ ‌(RFS)‌ ‌is‌ ‌a‌ ‌US‌ ‌mandate‌ ‌which‌ ‌requires‌ ‌transportation‌ ‌fuels‌ ‌sold‌‌                             

throughout‌‌the‌‌country‌‌to‌‌contain‌‌a‌‌minimum‌‌volume‌‌of‌‌renewable‌‌fuels.‌ ‌The‌‌program‌‌was‌‌created‌‌under‌‌the‌‌                                 

Energy‌ ‌Policy‌ ‌Act‌ ‌of‌ ‌2005‌ ‌which‌ ‌was‌ ‌an‌ ‌amendment‌ ‌to‌ ‌the‌ ‌Clean‌ ‌Air‌ ‌Act.‌ ‌Distributors‌‌have‌‌a‌‌renewable‌‌                                   

volume‌‌obligation‌‌based‌‌on‌‌the‌‌amount‌‌of‌‌petroleum-based‌‌fuels‌‌they‌‌produce‌‌or‌‌import‌‌annually.‌ ‌The‌‌RFS‌‌                               

was‌ ‌designed‌ ‌as‌ ‌a‌ ‌system‌ ‌of‌ ‌tradable‌ ‌credits,‌ ‌called‌ ‌RINs,‌ ‌which‌ ‌are‌ ‌issued‌ ‌to‌ ‌the‌ ‌producers‌ ‌of‌ ‌the‌‌fuel.‌ ‌                                     

When‌ ‌an‌ ‌overabundance‌ ‌of‌ ‌these‌ ‌credits‌ ‌is‌ ‌obtained‌ ‌by‌ ‌a‌‌corporation,‌‌they‌‌can‌‌be‌‌marketed‌‌to‌‌producers‌‌                                 

that‌ ‌are‌ ‌incapable‌ ‌of‌ ‌meeting‌ ‌this‌ ‌requirement.‌ ‌Each‌ ‌fuel‌ ‌type‌ ‌has‌ ‌a‌ ‌D-Code,‌ ‌and‌ ‌there‌‌are‌‌two‌‌different‌‌                                   

classifications‌ ‌of‌ ‌RNG‌ ‌under‌ ‌this‌ ‌system.‌ ‌D3‌ ‌cellulosic‌ ‌biofuel‌ ‌represents‌ ‌biogas‌ ‌captured‌ ‌from‌ ‌landfills,‌‌                           

municipal‌ ‌WWTP‌ ‌digesters,‌ ‌agricultural‌ ‌digesters,‌ ‌separated‌ ‌MSW‌‌digesters‌‌and‌‌biogas‌‌from‌‌the‌‌cellulosic‌‌                         

components‌ ‌of‌ ‌biomass‌ ‌processed‌ ‌in‌ ‌other‌ ‌waste‌ ‌digesters.‌ ‌D5‌ ‌advanced‌ ‌fuel‌ ‌represents‌‌biogas‌‌created‌‌                           

from‌ ‌waste‌ ‌digesters.‌ ‌The‌ ‌US‌ ‌EPA‌ ‌is‌ ‌responsible‌ ‌for‌ ‌administering‌ ‌the‌ ‌RFS‌ ‌along‌ ‌with‌ ‌renewable‌ ‌fuel‌‌                               

volume‌ ‌requirements.‌ ‌Diagrams‌ ‌representing‌ ‌the‌ ‌pathway‌ ‌for‌ ‌generating‌ ‌and‌ ‌marketing‌ ‌these‌ ‌RINs‌ ‌have‌‌                         

been‌‌included‌‌in‌‌APPENDIX‌‌4.‌ ‌There‌‌are‌‌also‌‌screenshots‌‌of‌‌the‌‌ABC’s‌‌online‌‌RIN‌‌calculator‌‌which‌‌can‌‌be‌‌                                   

used‌ ‌to‌ ‌estimate‌ ‌the‌ ‌value‌ ‌of‌ ‌earned‌ ‌credits.‌ ‌ 

‌ 
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State-specific‌ ‌LCFS‌ ‌ 

California’s‌ ‌low‌ ‌carbon‌ ‌fuel‌ ‌standard‌ ‌(LCFS)‌ ‌was‌ ‌designed‌ ‌to‌‌compliment‌‌the‌‌RFS‌‌and‌‌encourage‌‌the‌‌use‌‌                               

and‌ ‌production‌ ‌of‌ ‌cleaner‌ ‌low-carbon‌‌fuels‌‌throughout‌‌the‌‌state.‌ ‌Transportation‌‌providers‌‌in‌‌the‌‌state‌‌must‌‌                             

meet‌ ‌a‌ ‌carbon‌ ‌intensity‌ ‌target‌ ‌each‌ ‌year,‌ ‌and‌ ‌this‌ ‌amount‌ ‌decreases‌ ‌over‌ ‌time‌ ‌thus‌ ‌requiring‌ ‌a‌ ‌higher‌‌                                 

percentage‌‌of‌‌low‌‌carbon‌‌fuels‌‌such‌‌as‌‌RNG,‌‌hydrogen,‌‌and‌‌electricity.‌ ‌These‌‌metrics‌‌equate‌‌a‌‌fuel’s‌‌carbon‌‌                                 

intensity‌ ‌to‌ ‌the‌ ‌amount‌ ‌of‌ ‌GHG‌ ‌emissions‌ ‌created‌ ‌throughout‌ ‌the‌ ‌product’s‌ ‌production‌ ‌and‌ ‌consumption.‌ ‌                           

Similar‌ ‌to‌ ‌the‌ ‌RFS,‌ ‌LCFS‌ ‌credits‌ ‌can‌ ‌be‌ ‌obtained‌ ‌through‌‌a‌‌variety‌‌of‌‌pathways‌‌which‌‌include‌‌RNG‌‌made‌‌                                   

from‌‌the‌‌various‌‌feedstocks‌‌of‌‌AD.‌ ‌Oregon‌‌offers‌‌a‌‌similar‌‌incentive‌‌through‌‌their‌‌Clean‌‌Fuels‌‌Program‌‌with‌‌                                 

carbon‌ ‌intensity‌ ‌credits‌ ‌that‌ ‌also‌ ‌honor‌ ‌pathways‌ ‌for‌ ‌RNG‌ ‌made‌ ‌from‌ ‌AD‌ ‌biogas.‌ ‌ 

‌ 

New‌ ‌Yorkers‌ ‌are‌ ‌permitted‌ ‌to‌ ‌participate‌‌in‌‌these‌‌markets‌‌and‌‌there‌‌are‌‌several‌‌biogas‌‌production‌‌facilities‌‌                               

currently‌ ‌taking‌ ‌advantage‌ ‌of‌ ‌these‌ ‌opportunities‌ ‌throughout‌ ‌the‌ ‌state.‌ ‌The‌ ‌ABC‌ ‌reports‌ ‌that‌ ‌the‌‌greatest‌‌                             

number‌ ‌of‌ ‌credits‌ ‌is‌ ‌typically‌ ‌obtained‌ ‌at‌ ‌contentraded‌ ‌livestock‌ ‌feeding‌ ‌facilities.‌ ‌The‌‌council‌‌reports‌‌that‌‌                             

these‌ ‌programs‌ ‌can‌ ‌value‌ ‌RNG‌ ‌at‌ ‌3‌ ‌to‌ ‌30‌ ‌times‌ ‌more‌ ‌per‌ ‌MMBTU‌ ‌than‌ ‌natural‌ ‌gas‌ ‌produced‌ ‌from‌‌fossil‌‌                                     

fuels.‌ ‌This‌ ‌opportunity‌ ‌exists‌ ‌because‌ ‌of‌ ‌the‌ ‌reduction‌ ‌in‌ ‌carbon‌ ‌equivalents‌ ‌that‌ ‌is‌ ‌accomplished‌ ‌by‌‌                             

collecting‌ ‌the‌ ‌methane‌ ‌that‌ ‌would‌ ‌otherwise‌ ‌be‌ ‌released‌ ‌to‌ ‌the‌ ‌atmosphere‌ ‌throughout‌ ‌natural‌ ‌decomposition.‌‌ ‌  

‌ 

A‌‌LCFS‌‌is‌‌being‌‌proposed‌‌in‌‌NYS‌‌as‌‌Senate‌‌Bill‌‌S4003A‌‌that‌‌is‌‌directly‌‌inspired‌‌by‌‌California’s‌‌legislation.‌ ‌It‌‌                                     

is‌ ‌intended‌ ‌to‌ ‌complement‌ ‌the‌ ‌state's‌ ‌shift‌ ‌to‌ ‌renewable‌ ‌fuels‌ ‌as‌ ‌well‌ ‌as‌ ‌reduce‌ ‌carbon‌ ‌intensity‌ ‌from‌‌the‌‌                                   

on-road‌‌transportation‌‌sector‌‌by‌‌20%‌‌by‌‌the‌‌year‌‌2030.‌ ‌Similar‌‌to‌‌California‌‌LCFS,‌‌this‌‌system‌‌would‌‌also‌‌be‌‌                                   

measured‌ ‌through‌ ‌LCA‌ ‌methods‌ ‌and‌ ‌be‌ ‌accommodated‌ ‌through‌ ‌a‌ ‌market-based‌ ‌system‌ ‌of‌ ‌credits‌ ‌to‌ ‌be‌‌                             

applied‌ ‌to‌ ‌future‌ ‌obligations.‌ ‌The‌ ‌bill‌ ‌was‌ ‌introduced‌ ‌in‌ ‌February‌ ‌of‌ ‌2019‌ ‌and‌ ‌is‌ ‌currently‌ ‌in‌ ‌front‌ ‌of‌ ‌the‌‌                                     

Environmental‌ ‌Conservation‌ ‌Committee.‌  ‌A‌ ‌copy‌ ‌of‌ ‌the‌ ‌legislation‌ ‌is‌ ‌attached‌ ‌in‌ ‌APPENDIX‌ ‌4.‌ ‌ 

Organic‌ ‌certification‌ ‌ 
The‌ ‌effluent‌ ‌byproduct‌ ‌from‌ ‌AD‌ ‌can‌ ‌be‌ ‌refined‌ ‌into‌ ‌a‌ ‌solution‌ ‌that‌ ‌resembles‌ ‌commercially‌ ‌produced‌‌                             

agricultural‌ ‌fertilizers.‌ ‌In‌ ‌order‌ ‌to‌ ‌be‌ ‌marketed‌ ‌as‌ ‌an‌‌organic,‌‌it‌‌must‌‌receive‌‌special‌‌fertilizer‌‌classification‌‌                               

under‌ ‌the‌ ‌USDA’s‌ ‌National‌ ‌Organics‌ ‌Program‌ ‌(NOP).‌ ‌At‌ ‌the‌ ‌time‌ ‌of‌ ‌the‌ ‌USDA’s‌ ‌2015‌ ‌Biogas‌ ‌Roadmap‌‌                               

publication,‌‌at‌‌least‌‌one‌‌petition‌‌had‌‌been‌‌submitted‌‌to‌‌this‌‌organization's‌‌standards‌‌board‌‌requesting‌‌for‌‌the‌‌                               

product‌ ‌to‌ ‌be‌ ‌approved.‌ ‌Legislative‌ ‌efforts‌ ‌like‌ ‌this‌ ‌are‌ ‌key‌ ‌to‌ ‌facilitating‌ ‌successful‌ ‌implementation‌ ‌of‌ ‌a‌‌                               

bioeconomy‌ ‌and‌ ‌establishing‌ ‌the‌ ‌food-energy-water-waste‌ ‌nexus.‌ ‌There‌ ‌are‌ ‌also‌ ‌methods‌ ‌of‌ ‌treating‌‌                       

digestate‌‌that‌‌can‌‌significantly‌‌improve‌‌the‌‌availability‌‌of‌‌nitrogen‌‌to‌‌plants.‌ ‌Additional‌‌policy‌‌measures‌‌may‌‌                             

be‌ ‌necessary‌ ‌to‌ ‌facilitate‌ ‌these‌ ‌approvals‌ ‌and‌ ‌complement‌ ‌regulatory‌ ‌measures‌‌(Biogas‌‌Roadmap,‌‌2015).‌ ‌                         

When‌‌biocrops‌‌are‌‌part‌‌of‌‌the‌‌biogas‌‌production‌‌system,‌‌the‌‌fertilizer‌‌can‌‌be‌‌applied‌‌to‌‌these‌‌crops‌‌and‌‌the‌‌                                     

digestage‌ ‌biomass‌ ‌returned‌ ‌to‌ ‌the‌ ‌land.‌ ‌This‌ ‌type‌ ‌of‌ ‌implementation‌ ‌represents‌ ‌the‌ ‌epitome‌ ‌of‌ ‌a‌ ‌circular‌‌                               

economy‌ ‌in‌ ‌which‌ ‌the‌ ‌waste‌ ‌from‌ ‌the‌ ‌AD‌ ‌process‌ ‌is‌ ‌utilized‌ ‌by‌ ‌the‌ ‌agriculture‌ ‌sector.‌ ‌ 

Mitigating‌ ‌emissions‌ ‌ 
Relative‌ ‌to‌ ‌1990‌ ‌levels,‌ ‌total‌ ‌emissions‌ ‌from‌ ‌fossil‌ ‌fuels‌ ‌have‌ ‌decreased‌ ‌by‌ ‌almost‌ ‌20%.‌ ‌The‌ ‌greatest‌‌                               

decrease‌‌can‌‌be‌‌observed‌‌in‌‌the‌‌electric‌‌power‌‌sector‌‌with‌‌a‌‌reduction‌‌of‌‌almost‌‌60%.‌ ‌Residential‌‌emissions‌‌                                 

have‌‌remained‌‌about‌‌the‌‌same‌‌while‌‌the‌‌commercial‌‌and‌‌industrial‌‌sectors‌‌have‌‌also‌‌experienced‌‌substantial‌‌                             
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decreases‌ ‌by‌ ‌about‌‌15‌‌and‌‌20%,‌‌respectively.‌ ‌Meanwhile,‌‌the‌‌emissions‌‌generated‌‌from‌‌the‌‌transportation‌‌                           

sector‌ ‌are‌ ‌higher‌ ‌than‌ ‌1990‌ ‌levels‌ ‌by‌ ‌almost‌ ‌20%.‌ ‌Relative‌ ‌to‌ ‌the‌ ‌other‌ ‌sectors,‌ ‌in‌ ‌1990‌ ‌this‌ ‌sector‌‌                                   

represented‌ ‌about‌ ‌30%‌ ‌of‌ ‌emissions‌ ‌while‌ ‌today‌ ‌it‌‌represents‌‌approximately‌‌40%‌‌of‌‌the‌‌overall‌‌emissions.‌ ‌                             

The‌‌CLCPA’s‌‌objective‌‌of‌‌a‌‌85%‌‌reduction‌‌in‌‌overall‌‌emissions‌‌by‌‌2050‌‌implies‌‌a‌‌targeted‌‌reduction‌‌goal‌‌of‌‌                                   

about‌‌30‌‌million‌‌metric‌‌tons‌‌of‌‌CO2‌‌per‌‌year.‌ ‌Given‌‌that‌‌current‌‌emissions‌‌form‌‌the‌‌transportation‌‌sector‌‌are‌‌                                   

equivalent‌ ‌to‌ ‌approximately‌ ‌40‌ ‌million‌ ‌metric‌ ‌tons‌ ‌of‌ ‌CO2,‌ ‌if‌ ‌emissions‌ ‌from‌ ‌all‌ ‌of‌ ‌the‌ ‌other‌ ‌sectors‌ ‌are‌‌                                   

reduced‌‌to‌‌0,‌‌emissions‌‌of‌‌the‌‌transportation‌‌sector‌‌would‌‌still‌‌have‌‌to‌‌be‌‌reduced‌‌by‌‌a‌‌minimum‌‌of‌‌10‌‌million‌‌                                       

metric‌ ‌tons‌ ‌of‌ ‌CO2,‌ ‌or‌ ‌25%‌ ‌of‌ ‌their‌ ‌current‌ ‌levels‌ ‌to‌ ‌meet‌ ‌this‌ ‌goal.‌‌ ‌  

‌ 
FIGURE‌ ‌47‌ ‌:‌ ‌‌NYS‌ ‌fossil‌ ‌fuel‌ ‌emissions‌ ‌by‌ ‌sector‌  ‌FIGURE‌ ‌48:‌ ‌‌NYS‌ ‌fossil‌ ‌fuel‌ ‌emissions‌ ‌sector‌ ‌%‌ ‌changes‌ ‌ 

‌ 
There‌‌is‌‌precedent‌‌for‌‌biogas‌‌application‌‌to‌‌the‌‌transportation‌‌sector‌‌around‌‌the‌‌world‌‌and‌‌within‌‌the‌‌United‌‌                                 

States.‌ ‌In‌ ‌Nordic‌ ‌countries,‌ ‌especially‌ ‌Sweden,‌ ‌this‌ ‌practice‌ ‌is‌ ‌very‌ ‌popular,‌ ‌and‌ ‌in‌ ‌some‌ ‌instances,‌‌                             

producers‌ ‌are‌ ‌converting‌ ‌from‌ ‌electricity‌ ‌generation‌ ‌to‌ ‌fuel‌ ‌supply‌ ‌due‌ ‌to‌ ‌market‌ ‌advantages‌ ‌(IEA,‌ ‌2018).‌ ‌                             

Additional‌ ‌studies‌ ‌are‌ ‌necessary‌ ‌to‌ ‌determine‌ ‌which‌ ‌applications‌ ‌can‌ ‌result‌ ‌in‌ ‌the‌ ‌greatest‌ ‌reduction‌ ‌of‌‌                             

emissions‌ ‌and‌ ‌which‌ ‌strategies‌ ‌are‌ ‌the‌ ‌most‌ ‌effective‌ ‌for‌ ‌meeting‌ ‌the‌ ‌CLCPA‌ ‌targets.‌ ‌ 

Energy‌ ‌investments‌ ‌ 
With‌‌legislative‌‌efforts‌‌to‌‌curb‌‌and‌‌redirect‌‌food‌‌waste,‌‌NYS‌‌should‌‌explore‌‌financial‌‌incentives‌‌to‌‌assist‌‌with‌‌                                 

relevant‌‌processing‌‌infrastructure‌‌and‌‌technologies.‌ ‌Biogas‌‌production‌‌systems‌‌have‌‌high‌‌start-up‌‌costs‌‌and‌‌                         

high‌‌inherent‌‌financial‌‌risks‌‌when‌‌they‌‌are‌‌not‌‌managed‌‌properly.‌ ‌For‌‌private‌‌farm‌‌installations,‌‌farmers‌‌have‌‌                               

typically‌ ‌had‌ ‌to‌ ‌rely‌ ‌on‌ ‌funding‌ ‌assistance‌ ‌programs‌ ‌to‌ ‌make‌ ‌these‌ ‌installations‌ ‌profitable‌ ‌and‌ ‌keep‌ ‌them‌‌                               

maintained.‌ ‌There‌ ‌is‌ ‌precedent‌ ‌for‌ ‌the‌ ‌funding‌ ‌of‌ ‌these‌ ‌technologies‌ ‌at‌ ‌the‌ ‌national‌ ‌and‌ ‌state‌ ‌levels‌ ‌to‌‌                                 

accompany‌‌personal‌‌or‌‌private‌‌equity.‌ ‌Just‌‌as‌‌special‌‌financing‌‌programs‌‌and‌‌tax‌‌incentives,‌‌such‌‌as‌‌power‌‌                               

purchase‌ ‌agreements‌ ‌(PPAs),‌ ‌were‌ ‌offered‌ ‌with‌ ‌the‌ ‌introduction‌ ‌of‌ ‌solar‌ ‌panel‌ ‌installations,‌ ‌analogous‌‌                         

opportunities‌ ‌can‌ ‌be‌ ‌engineered‌ ‌for‌ ‌biogas‌ ‌production‌ ‌infrastructure‌ ‌and‌ ‌network‌ ‌designs‌ ‌to‌ ‌scale‌ ‌growth.‌ ‌ 

‌ 

The‌ ‌USDA‌ ‌is‌ ‌one‌ ‌organization‌ ‌that‌ ‌has‌ ‌traditionally‌ ‌offered‌ ‌energy‌ ‌investments‌ ‌for‌ ‌biogas‌ ‌production.‌ ‌                           

Throughout‌ ‌NYS,‌ ‌this‌ ‌federal‌ ‌department‌ ‌has‌ ‌invested‌ ‌$115‌ ‌million‌ ‌across‌ ‌967‌ ‌projects‌ ‌that‌ ‌include‌‌solar,‌‌                             

wind,‌ ‌energy‌ ‌efficiency,‌ ‌geothermal,‌ ‌AD,‌ ‌and‌ ‌renewable‌ ‌biomass.‌ ‌The‌ ‌lower‌ ‌Hudson‌ ‌Valley‌ ‌has‌ ‌received‌‌                           

about‌‌13%,‌‌or‌‌$15‌‌million‌‌of‌‌this‌‌financial‌‌assistance‌‌across‌‌117‌‌projects,‌‌or‌‌12%‌‌of‌‌the‌‌total.‌ ‌FIGURES‌‌49‌‌                                     

and‌‌50‌‌display‌‌the‌‌distribution‌‌of‌‌these‌‌projects‌‌and‌‌their‌‌respective‌‌funding‌‌by‌‌type‌‌and‌‌county.‌ ‌Over‌‌93%,‌‌                                   

or‌‌$14‌‌million‌‌of‌‌the‌‌funds‌‌allocated‌‌to‌‌the‌‌region‌‌have‌‌been‌‌directed‌‌to‌‌solar‌‌installations,‌‌with‌‌Orange‌‌and‌‌                                     

Sullivan‌ ‌Counties‌ ‌receiving‌‌$7.5‌‌and‌‌$5‌‌million,‌‌respectively‌‌for‌‌these‌‌project‌‌types.‌ ‌Meanwhile,‌‌across‌‌the‌‌                             

state,‌‌$58‌‌million‌‌has‌‌been‌‌allocated‌‌to‌‌renewable‌‌biomass‌‌and‌‌$6‌‌million‌‌to‌‌AD.‌ ‌This‌‌is‌‌over‌‌50%‌‌and‌‌5%‌‌of‌‌                                         
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the‌‌total‌‌assisted‌‌funds,‌‌respectively.‌ ‌The‌‌USDA‌‌clearly‌‌has‌‌an‌‌interest‌‌in‌‌investing‌‌in‌‌bioenergy‌‌across‌‌the‌‌                                 

state,‌ ‌and‌ ‌the‌ ‌lower‌ ‌Hudson‌‌Valley‌‌is‌‌well-positioned‌‌to‌‌take‌‌advantage‌‌of‌‌these‌‌opportunities.‌ ‌A‌‌complete‌‌                               

system‌‌design,‌‌inclusive‌‌of‌‌renewable‌‌biomass,‌‌would‌‌establish‌‌a‌‌biogas‌‌production‌‌network‌‌coinciding‌‌with‌‌                           

the‌ ‌food‌ ‌waste‌ ‌diversion‌ ‌programs‌ ‌that‌ ‌are‌ ‌about‌ ‌to‌ ‌take‌ ‌effect‌ ‌throughout‌ ‌NYS.‌ ‌There‌ ‌are‌ ‌even‌ ‌more‌‌                                 

opportunities‌ ‌within‌ ‌the‌ ‌USDA‌ ‌through‌ ‌the‌ ‌Advanced‌ ‌Biofuel‌ ‌Payment‌ ‌Program,‌ ‌and‌ ‌the‌ ‌Rural‌ ‌Energy‌ ‌for‌‌                             

America‌‌Program.‌ ‌In‌‌addition,‌‌the‌‌US‌‌DOE‌‌offers‌‌funding‌‌through‌‌the‌‌US‌‌Department‌‌of‌‌Energy’s‌‌Qualified‌‌                               

Conservation‌ ‌Bonds.‌  ‌All‌ ‌funding‌ ‌channels‌ ‌should‌ ‌be‌ ‌explored‌ ‌to‌ ‌aid‌ ‌the‌ ‌local‌ ‌communities.‌ ‌ 

‌ 
FIGURE‌ ‌49:‌ ‌‌Number‌ ‌of‌ ‌energy‌ ‌investments‌ ‌            ‌FIGURE‌ ‌50:‌ ‌‌Total‌ ‌amount‌ ‌of‌ ‌funding‌ ‌assistance‌ ‌ 

‌ 
In‌ ‌the‌ ‌past,‌ ‌NYSERDA‌ ‌has‌ ‌provided‌ ‌capacity‌‌and‌‌performance‌‌based‌‌incentives‌‌for‌‌ADs‌‌at‌‌the‌‌state‌‌level.‌ ‌                                 

Capacity‌‌types‌‌are‌‌provided‌‌during‌‌the‌‌startup‌‌phase,‌‌and‌‌performance‌‌types‌‌are‌‌offered‌‌annually‌‌based‌‌on‌‌                               

the‌‌AD’s‌‌production‌‌output.‌ ‌However,‌‌they‌‌have‌‌since‌‌shifted‌‌from‌‌financial‌‌incentives‌‌to‌‌funding‌‌assistance‌‌                             

programs.‌ ‌An‌ ‌alternative‌ ‌third-party‌ ‌ownership‌ ‌consisting‌ ‌of‌ ‌a‌ ‌land‌‌and‌‌facility‌‌lease‌‌has‌‌developed‌‌into‌‌a‌‌                               

common‌ ‌model‌ ‌that‌ ‌attracts‌ ‌outside‌ ‌investors.‌ ‌This‌ ‌results‌ ‌in‌ ‌a‌ ‌lower‌ ‌cost‌ ‌and‌ ‌mitigated‌ ‌risk‌ ‌for‌ ‌the‌ ‌site‌‌                                   

owner.‌ ‌Meanwhile,‌ ‌the‌ ‌third-party‌ ‌investor‌ ‌receives‌ ‌a‌ ‌return‌ ‌on‌ ‌capital‌ ‌through‌‌product‌‌sales‌‌and‌‌benefits‌‌                             

from‌‌tax‌‌credits‌‌(NYSERDA‌‌AD‌‌Financing,‌‌2014).‌ ‌In‌‌2018,‌‌NYSERDA‌‌announced‌‌an‌‌offering‌‌of‌‌$16‌‌million‌‌                               

to‌ ‌accelerate‌ ‌the‌ ‌AD‌ ‌sector‌ ‌throughout‌ ‌the‌ ‌state‌ ‌(made‌ ‌available‌ ‌through‌ ‌the‌ ‌state’s‌ ‌10-year,‌ ‌$5.3‌ ‌billion‌‌                               

Clean‌‌Energy‌‌Fund).‌‌Nearly‌‌half‌‌of‌‌this‌‌amount‌‌was‌‌designated‌‌to‌‌fund‌‌new‌‌systems‌‌that‌‌could‌‌demonstrate‌‌                                 

a‌ ‌replicable‌ ‌business‌ ‌model‌ ‌or‌ ‌strategy‌ ‌that‌ ‌could‌ ‌be‌ ‌used‌‌to‌‌expand‌‌the‌‌AD‌‌marketplace.‌ ‌The‌‌remaining‌‌                                 

funds‌ ‌were‌ ‌used‌ ‌to‌ ‌cost-share‌ ‌the‌ ‌refurbishment‌ ‌of‌ ‌existing‌ ‌digesters‌ ‌and‌‌associated‌‌equipment‌‌to‌‌extend‌‌                             

lifetime‌‌and‌‌expand‌‌capacity‌‌(AD‌‌Funding,‌‌2018).‌ ‌However,‌‌this‌‌funding‌‌is‌‌no‌‌longer‌‌available‌‌today‌‌as‌‌more‌‌                                 

investments‌‌are‌‌allocated‌‌to‌‌solar,‌‌wind,‌‌electric‌‌vehicle‌‌infrastructure,‌‌and‌‌energy‌‌efficiency‌‌initiatives‌‌for‌‌the‌‌                             

building‌‌sector.‌ ‌With‌‌new‌‌food‌‌waste‌‌laws‌‌planned‌‌to‌‌take‌‌effect‌‌in‌‌the‌‌coming‌‌years,‌‌policy‌‌makers‌‌need‌‌to‌‌                                     

consider‌ ‌reinstating‌ ‌these‌ ‌former‌ ‌programs‌ ‌to‌ ‌equip‌ ‌constituents‌ ‌with‌ ‌the‌ ‌accompanying‌ ‌processing‌ ‌facilities.‌ ‌ 

‌ 

The‌ ‌NYS‌ ‌DEC‌ ‌has‌ ‌advocated‌‌for‌‌an‌‌increase‌‌in‌‌these‌‌funding‌‌opportunities‌‌at‌‌the‌‌state‌‌level.‌ ‌Specifically,‌‌                                 

their‌‌Beyond‌‌Waste‌‌publication‌‌advises‌‌the‌‌expansion‌‌of‌‌the‌‌“Empire‌‌State‌‌Development's‌‌(ESD)‌‌investment‌‌                           

authority‌‌to‌‌allow‌‌for‌‌support‌‌of‌‌ADs‌‌and‌‌other‌‌technologies‌‌that‌‌can‌‌“cost‌‌effectively‌‌convert‌‌organic‌‌residuals‌‌                                 

to‌‌biogas‌‌and‌‌other‌‌energy‌‌products‌‌in‌‌addition‌‌to‌‌generating‌‌a‌‌valuable‌‌end‌‌product.”‌ ‌ESD‌‌is‌‌the‌‌umbrella‌‌                                   

organization‌ ‌for‌ ‌the‌ ‌NYS‌ ‌Urban‌ ‌Development‌ ‌Corporation‌ ‌and‌ ‌the‌ ‌NY‌ ‌Job‌ ‌Development‌ ‌authority;‌ ‌two‌‌                           

principal‌ ‌economic‌ ‌development‌ ‌public-benefit‌ ‌corporations.‌ ‌Biogas‌ ‌production‌ ‌can‌ ‌be‌ ‌advantageous‌ ‌for‌‌                     

communities‌ ‌by‌ ‌creating‌ ‌new‌ ‌“green‌ ‌jobs.”‌ ‌This‌ ‌renewable‌‌infrastructure‌‌is‌‌a‌‌scalable‌‌technology‌‌that‌‌can‌‌                             

empower‌ ‌communities‌ ‌and‌ ‌embrace‌ ‌environmental‌ ‌justice‌ ‌initiatives.‌ ‌ 

‌ 
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This‌ ‌is‌ ‌one‌ ‌way‌ ‌in‌ ‌which‌ ‌lawmakers‌ ‌encourage‌ ‌and‌ ‌enhance‌ ‌resource‌ ‌valorization‌ ‌to‌ ‌accompany‌ ‌the‌‌                             

effectiveness‌ ‌of‌ ‌their‌ ‌recent‌ ‌laws‌ ‌for‌ ‌large‌ ‌producers‌ ‌of‌ ‌food‌ ‌waste.‌ ‌A‌ ‌program‌ ‌can‌ ‌be‌ ‌designed‌ ‌to‌ ‌be‌‌                                   

inclusive‌‌of‌‌co-digestion‌‌opportunities‌‌that‌‌accommodates‌‌a‌‌complete‌‌biogas‌‌production‌‌network‌‌inclusive‌‌of‌‌                         

many‌‌of‌‌the‌‌aforementioned‌‌available‌‌feedstocks.‌ ‌It‌‌would‌‌also‌‌help‌‌to‌‌secure‌‌profitability‌‌for‌‌the‌‌installation‌‌                               

and‌ ‌a‌ ‌return‌ ‌on‌ ‌investment.‌ ‌When‌ ‌AD‌ ‌is‌ ‌partnered‌ ‌with‌ ‌an‌ ‌organic‌ ‌substrate‌ ‌provider,‌ ‌such‌ ‌as‌ ‌a‌ ‌food‌‌                                   

processor‌ ‌that‌ ‌generates‌ ‌a‌ ‌large‌ ‌amount‌ ‌of‌ ‌food‌ ‌waste,‌ ‌margin‌ ‌risk‌ ‌is‌ ‌greatly‌ ‌mitigated.‌ ‌These‌ ‌types‌ ‌of‌‌                                 

contracts‌‌are‌‌not‌‌often‌‌reliable‌‌though‌‌because‌‌they‌‌may‌‌only‌‌last‌‌for‌‌one‌‌or‌‌a‌‌few‌‌years‌‌which‌‌is‌‌far‌‌less‌‌than‌‌                                           

the‌‌typical‌‌8‌‌to‌‌15‌‌year‌‌lifespan‌‌(NYSERDA‌‌AD‌‌Financing,‌‌2014).‌ ‌However,‌‌this‌‌constraint‌‌would‌‌be‌‌removed‌‌                                 

if‌ ‌coordinated‌ ‌on‌ ‌a‌ ‌collective‌ ‌basis‌ ‌with‌ ‌a‌ ‌centralized‌ ‌receiver‌ ‌of‌ ‌organics.‌ ‌Rather‌ ‌than‌ ‌partnering‌ ‌with‌‌                               

individual‌ ‌institutions‌ ‌that‌ ‌may‌ ‌not‌ ‌be‌ ‌able‌ ‌to‌ ‌provide‌ ‌consistent‌ ‌and‌‌periodic‌‌volumes,‌‌composting‌‌centers‌‌                             

would‌‌be‌‌able‌‌to‌‌control‌‌this‌‌flow‌‌and‌‌serve‌‌as‌‌a‌‌buffer‌‌capable‌‌of‌‌handling‌‌any‌‌potential‌‌overflow‌‌by‌‌means‌‌                                       

of‌ ‌traditional‌ ‌aerobic‌ ‌decomposition.‌ ‌‌The‌‌Food‌‌Waste‌‌Reduction‌‌&‌‌Diversion‌‌Reimbursement‌‌Program‌‌is‌‌a‌‌                           

reimbursement‌‌grant‌‌program‌‌administered‌‌by‌‌NYSP2I‌‌for‌‌NYS‌‌businesses‌‌that‌‌may‌‌be‌‌available‌‌as‌‌a‌‌source‌‌                               

of‌ ‌funding‌ ‌to‌ ‌help‌ ‌establish‌ ‌this‌ ‌type‌ ‌of‌ ‌program.‌ ‌It‌ ‌also‌ ‌provides‌ ‌opportunities‌ ‌to‌ ‌NYS‌ ‌businesses‌ ‌or‌‌                                 

not-for-profit‌ ‌companies‌ ‌that‌ ‌generate,‌ ‌haul‌ ‌or‌ ‌recycle‌ ‌large‌ ‌amounts‌ ‌of‌ ‌wasted‌ ‌food‌ ‌and‌ ‌food‌ ‌scraps‌‌and‌‌                               

avoid‌ ‌disposal‌ ‌through‌ ‌landfilling‌ ‌and‌ ‌incineration.‌ ‌Tools‌ ‌like‌ ‌these‌‌are‌‌key‌‌for‌‌fostering‌‌a‌‌circular‌‌economy‌‌                               

and‌ ‌building‌ ‌an‌ ‌effective‌ ‌GGDP‌ ‌for‌ ‌local‌ ‌markets.‌ ‌ 
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Conclusion‌ ‌ 
Just‌ ‌as‌ ‌the‌ ‌Hudson‌ ‌Valley‌ ‌gave‌ ‌birth‌ ‌to‌ ‌the‌ ‌modern‌ ‌American‌ ‌environmental‌ ‌movement‌ ‌in‌ ‌the‌‌1960s,‌‌this‌‌                                 

community‌ ‌is‌ ‌again‌ ‌positioned‌ ‌to‌ ‌prescribe‌ ‌a‌ ‌system‌ ‌of‌ ‌prosperity‌ ‌and‌ ‌sustainability‌ ‌to‌ ‌inspire‌ ‌the‌ ‌nation.‌ ‌                               

With‌ ‌renewable‌ ‌energies‌ ‌as‌‌the‌‌primary‌‌focus‌‌for‌‌the‌‌future,‌‌herein‌‌lies‌‌an‌‌opportunity‌‌to‌‌consider‌‌new‌‌and‌‌                                   

innovative‌ ‌technologies‌ ‌that‌ ‌will‌ ‌propel‌ ‌and‌ ‌encourage‌ ‌the‌ ‌community‌ ‌for‌ ‌generations‌ ‌to‌ ‌come.‌ ‌A‌‌                           

sophisticated‌ ‌biogas‌ ‌production‌ ‌network‌ ‌can‌ ‌be‌ ‌deployed‌ ‌throughout‌ ‌the‌ ‌region‌ ‌to‌ ‌facilitate‌ ‌the‌ ‌goals‌ ‌and‌‌                             

initiatives‌‌set‌‌out‌‌by‌‌the‌‌CLCPA‌‌and‌‌model‌‌a‌‌circular‌‌economy‌‌in‌‌which‌‌resources‌‌are‌‌reused‌‌and‌‌recycled.‌ ‌                                   

By‌‌mapping‌‌the‌‌availability‌‌of‌‌these‌‌bioresources,‌‌corporations‌‌and‌‌policy‌‌makers‌‌can‌‌now‌‌use‌‌this‌‌data‌‌as‌‌a‌‌                                   

foundation‌‌for‌‌designing‌‌and‌‌implementing‌‌an‌‌integrated‌‌bioenergy‌‌system‌‌that‌‌creates‌‌new‌‌green‌‌jobs,‌‌and‌‌                             

empowers‌ ‌environmental‌ ‌justice.‌ ‌Columbia,‌ ‌Dutchess,‌ ‌Delaware,‌ ‌Greene,‌ ‌Orange,‌ ‌Rockland,‌ ‌Putnam,‌‌                   

Sullivan,‌ ‌Ulster,‌ ‌and‌ ‌Westchester‌ ‌are‌ ‌10‌ ‌NYS‌ ‌counties‌ ‌that‌ ‌have‌ ‌an‌ ‌expansive‌ ‌variety‌ ‌of‌ ‌potential‌ ‌biogas‌‌                               

resources‌ ‌which‌ ‌can‌ ‌significantly‌ ‌shift‌ ‌the‌ ‌downstate‌ ‌region’s‌ ‌dependency‌ ‌on‌ ‌fossil‌ ‌fuels‌ ‌to‌ ‌that‌ ‌of‌‌                             

renewables.‌ ‌The‌‌Hudson‌‌Valley‌‌is‌‌positioned‌‌for‌‌a‌‌leadership‌‌role‌‌in‌‌these‌‌efforts,‌‌and‌‌can‌‌take‌‌advantage‌‌of‌‌                                   

relevant‌‌feedstocks‌‌to‌‌become‌‌a‌‌model‌‌for‌‌energy‌‌technology‌‌and‌‌system‌‌design‌‌throughout‌‌the‌‌state‌‌and‌‌the‌‌                                 

nation.‌  ‌The‌ ‌assessment‌ ‌results‌ ‌are‌ ‌as‌ ‌follows:‌ ‌ 

Review‌ ‌ 
The‌ ‌total‌ ‌amount‌ ‌of‌ ‌excess‌ ‌food‌ ‌waste‌ ‌generated‌ ‌by‌ ‌commercial‌ ‌entities‌ ‌is‌ ‌about‌‌2,650‌‌tons‌‌per‌‌week‌‌as‌‌                                   

estimated‌ ‌by‌ ‌NYS2PI.‌ ‌Strategic‌ ‌selection‌ ‌of‌ ‌food‌ ‌waste‌ ‌diversion‌ ‌among‌ ‌supermarkets,‌ ‌restaurants,‌ ‌and‌‌                         

bakeries‌‌within‌‌counties‌‌that‌‌are‌‌proportionally‌‌responsible‌‌for‌‌the‌‌highest‌‌generation‌‌of‌‌this‌‌respective‌‌waste,‌‌                             

can‌‌result‌‌in‌‌a‌‌capture‌‌of‌‌almost‌‌45%‌‌of‌‌this‌‌market‌‌or‌‌1,350‌‌tons‌‌of‌‌food‌‌waste.‌ ‌Supermarkets‌‌in‌‌the‌‌retail‌‌                                         

sector‌‌are‌‌the‌‌highest‌‌contributor‌‌representing‌‌over‌‌35%‌‌or‌‌650‌‌tons‌‌of‌‌this‌‌total.‌ ‌Restaurants‌‌represent‌‌the‌‌                                 

next‌‌largest‌‌contributor‌‌of‌‌excess‌‌food‌‌waste‌‌responsible‌‌for‌‌over‌‌20%‌‌of‌‌the‌‌total,‌‌or‌‌400‌‌tons.‌ ‌Diverting‌‌this‌‌                                     

particular‌‌waste‌‌stream‌‌in‌‌Dutchess,‌‌Orange,‌‌Rockland,‌‌and‌‌Westchester‌‌Counties‌‌would‌‌capture‌‌over‌‌12%‌‌                           

or‌‌325‌‌tons‌‌of‌‌this‌‌total.‌ ‌Bakeries‌‌in‌‌the‌‌food‌‌processors‌‌sector‌‌represent‌‌almost‌‌15%‌‌or‌‌over‌‌260‌‌tons‌‌of‌‌the‌                                         

total‌ ‌amount.‌ ‌Specifically‌ ‌diverting‌ ‌this‌ ‌particular‌ ‌waste‌ ‌stream‌ ‌in‌ ‌Dutchess,‌ ‌Orange,‌ ‌Rockland,‌ ‌and‌‌                         

Westchester‌ ‌Counties‌ ‌would‌ ‌capture‌ ‌almost‌ ‌10%‌ ‌or‌ ‌250‌ ‌tons‌ ‌of‌ ‌this‌ ‌total.‌ ‌Deploying‌‌a‌‌collection‌‌strategy‌‌                               

based‌‌on‌‌the‌‌conclusions‌‌of‌‌this‌‌report‌‌can‌‌effectively‌‌capture‌‌82%‌‌of‌‌this‌‌commercial‌‌segment.‌ ‌Each‌‌county‌‌                                 

should‌‌consider‌‌conducting‌‌their‌‌own‌‌independent‌‌organics‌‌and‌‌food‌‌waste‌‌studies‌‌to‌‌improve‌‌the‌‌accuracy‌‌                             

of‌‌these‌‌findings.‌ ‌Additionally,‌‌these‌‌counties‌‌should‌‌all‌‌request‌‌designs‌‌and‌‌construction‌‌estimates‌‌for‌‌ADs‌‌                             

to‌ ‌be‌ ‌implemented‌ ‌within‌ ‌their‌ ‌own‌ ‌respective‌ ‌counties.‌ ‌This‌ ‌would‌ ‌offer‌ ‌a‌ ‌more‌ ‌detailed‌ ‌and‌ ‌complete‌‌                               

picture‌ ‌of‌ ‌organic‌ ‌waste‌ ‌streams‌ ‌that‌ ‌can‌ ‌be‌ ‌diverted‌ ‌from‌ ‌MSW‌ ‌to‌ ‌avoid‌ ‌landfilling‌ ‌and‌ ‌incineration.‌‌ ‌  

‌ 

Of‌ ‌the‌ ‌165‌ ‌wastewater‌ ‌treatment‌ ‌plants‌ ‌(WWTPs)‌ ‌in‌ ‌the‌ ‌region,‌ ‌only‌ ‌18,‌ ‌or‌ ‌11%‌ ‌utilize‌ ‌AD‌ ‌as‌ ‌a‌ ‌sewage‌‌                                     

sludge‌‌treatment‌‌method.‌ ‌This‌‌equates‌‌to‌‌about‌‌50%‌‌of‌‌flows,‌‌or‌‌109‌‌million‌‌gallons‌‌per‌‌day‌‌(MGD),‌‌that‌‌may‌‌                                     

be‌ ‌able‌ ‌to‌ ‌be‌ ‌upgraded‌ ‌with‌ ‌anaerobic‌ ‌treatment‌ ‌technologies.‌ ‌The‌ ‌next‌ ‌NYS‌ ‌DEC‌ ‌survey‌ ‌of‌ ‌WWTPs‌‌                               

throughout‌ ‌the‌ ‌state‌ ‌should‌ ‌request‌ ‌more‌ ‌information‌ ‌about‌ ‌biogas‌ ‌end-use‌ ‌(if‌ ‌AD‌ ‌is‌ ‌implemented‌ ‌at‌ ‌the‌‌                               

facility).‌ ‌These‌‌specific‌‌inquiries‌‌can‌‌be‌‌modeled‌‌after‌‌the‌‌US‌‌EPA’s‌‌categorizations‌‌(FIGURE‌‌33).‌ ‌Additional‌‌                             

details‌‌about‌‌hauling‌‌activity‌‌and‌‌facility‌‌power‌‌use‌‌should‌‌be‌‌requested‌‌to‌‌conduct‌‌an‌‌LCA‌‌and‌‌cost-benefit‌‌                                 

analysis‌ ‌conducive‌ ‌to‌ ‌operation‌ ‌upgrades.‌ ‌ 

‌ 
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There‌ ‌are‌ ‌at‌ ‌least‌ ‌18‌ ‌concentrated‌ ‌livestock‌ ‌feeding‌ ‌facilities‌ ‌where‌ ‌animal‌ ‌manure‌ ‌is‌ ‌collected‌ ‌in‌ ‌high‌‌                               

quantities‌ ‌and‌ ‌could‌ ‌be‌ ‌applied‌ ‌to‌ ‌biogas‌ ‌production.‌ ‌These‌ ‌feedstocks‌ ‌locations‌ ‌should‌ ‌be‌ ‌examined‌ ‌to‌‌                             

determine‌‌if‌‌their‌‌operations‌‌could‌‌benefit‌‌from‌‌AD‌‌installations,‌‌and‌‌if‌‌they‌‌could‌‌facilitate‌‌a‌‌co-digestion‌‌with‌‌                                 

multiple‌ ‌locally‌ ‌sourced‌ ‌feedstocks.‌ ‌ 

‌ 

The‌‌lower‌‌Hudson‌‌Valley‌‌has‌‌over‌‌300‌‌thousand‌‌acres‌‌of‌‌farmland.‌ ‌A‌‌proper‌‌quantitative‌‌assessment‌‌of‌‌the‌‌                                 

amount‌ ‌of‌ ‌marginal‌ ‌and‌ ‌idle‌ ‌lands‌ ‌needs‌ ‌to‌ ‌be‌ ‌conducted‌ ‌to‌ ‌determine‌ ‌how‌ ‌much‌ ‌of‌ ‌this‌ ‌land‌ ‌could‌ ‌be‌‌                                     

desirable‌ ‌for‌ ‌biorops.‌ ‌A‌ ‌large‌ ‌portion‌ ‌of‌ ‌land‌ ‌has‌ ‌the‌ ‌potential‌ ‌to‌ ‌be‌ ‌revitalized‌ ‌through‌ ‌the‌ ‌production‌ ‌of‌‌                                   

biocrops‌ ‌while‌ ‌generating‌ ‌a‌ ‌value‌ ‌feedstock‌ ‌for‌ ‌AD.‌ ‌In‌ ‌addition,‌ ‌the‌ ‌60‌ ‌thousand‌ ‌acres‌ ‌of‌ ‌land‌ ‌trust‌ ‌&‌‌                                   

conservancy‌‌groups‌‌should‌‌be‌‌examined‌‌and‌‌assessed‌‌with‌‌this‌‌same‌‌perspective.‌ ‌This‌‌also‌‌applies‌‌to‌‌the‌‌                               

884‌‌environmental‌‌clean-up‌‌sites‌‌identified‌‌by‌‌the‌‌NYS‌‌DEC.‌ ‌These‌‌organizations‌‌may‌‌be‌‌able‌‌to‌‌serve‌‌as‌‌                                 

leaders‌ ‌for‌ ‌carbon‌ ‌sequestration‌ ‌and‌ ‌soil‌ ‌restoration‌ ‌initiatives.‌ ‌ 

‌ 

The‌ ‌water‌ ‌chestnut‌ ‌is‌ ‌an‌‌aquatic‌‌invasive‌‌which‌‌can‌‌be‌‌mechanically‌‌harvested‌‌and‌‌destroyed‌‌as‌‌a‌‌biogas‌‌                                 

feedstock.‌ ‌There‌‌are‌‌many‌‌infestations‌‌around‌‌the‌‌state‌‌and‌‌ongoing‌‌research‌‌relevant‌‌to‌‌biogas‌‌production‌‌                             

seems‌ ‌promising.‌ ‌Meanwhile,‌ ‌the‌ ‌invasive‌ ‌variety‌ ‌of‌ ‌phragmites‌ ‌presents‌ ‌a‌ ‌more‌ ‌complicated‌ ‌scenario‌‌                         

because‌ ‌of‌ ‌its‌ ‌close‌ ‌similarity‌ ‌to‌‌the‌‌native‌‌variety.‌ ‌Harvesting‌‌this‌‌plant‌‌could‌‌cause‌‌non‌‌target‌‌impacts‌‌of‌‌                                   

unknown‌ ‌dimensions‌ ‌(Phragmites,‌ ‌2010).‌ ‌ 

‌ 

While‌‌there‌‌are‌‌many‌‌closed‌‌landfills‌‌throughout‌‌the‌‌Hudson‌‌Valley,‌‌their‌‌potential‌‌for‌‌biogas‌‌production‌‌may‌‌                               

have‌ ‌already‌ ‌declined.‌ ‌However,‌ ‌these‌ ‌sites‌ ‌could‌ ‌become‌ ‌ideal‌ ‌locations‌ ‌for‌ ‌ADs.‌ ‌They‌ ‌are,‌ ‌after‌ ‌all,‌‌                               

centralized‌ ‌and‌ ‌were‌ ‌designed‌ ‌to‌ ‌accommodate‌ ‌heavy-weight‌ ‌vehicles‌ ‌and‌ ‌high‌ ‌hauler‌ ‌volumes.‌ ‌                       

Implementing‌ ‌biogas‌ ‌production‌ ‌at‌ ‌these‌ ‌locations,‌ ‌which‌ ‌are‌ ‌already‌ ‌classified‌ ‌as‌ ‌commercial‌ ‌properties,‌‌                         

may‌ ‌therefore‌ ‌be‌ ‌a‌ ‌viable‌ ‌and‌ ‌efficient‌ ‌option.‌ ‌ 

‌ 

Finally,‌‌there‌‌are‌‌19‌‌composting‌‌facilities‌‌with‌‌food‌‌waste‌‌as‌‌a‌‌primary‌‌source‌‌where‌‌AD‌‌may‌‌be‌‌implemented‌‌                                   

as‌ ‌an‌ ‌intermediary‌ ‌process‌ ‌to‌ ‌effectively‌ ‌honor‌ ‌the‌ ‌food‌ ‌recovery‌ ‌hierarchy.‌ ‌Large‌ ‌facilities‌ ‌should‌ ‌be‌‌                             

prioritized‌‌as‌‌biogas‌‌production‌‌centers‌‌to‌‌limit‌‌energy‌‌expended‌‌for‌‌transportation‌‌and‌‌to‌‌take‌‌advantage‌‌of‌‌                               

existing‌ ‌supply‌ ‌lines.‌  ‌The‌ ‌byproduct‌ ‌can‌ ‌be‌ ‌applied‌ ‌to‌ ‌composting‌ ‌and‌ ‌distributed‌ ‌as‌ ‌is‌ ‌ordinarily‌ ‌practiced.‌ ‌ 

Looking‌ ‌to‌ ‌the‌ ‌future‌ ‌ 

This‌ ‌study‌ ‌prescribes‌ ‌a‌ ‌foundation‌ ‌of‌ ‌research‌ ‌elements‌ ‌to‌ ‌promote‌ ‌future‌ ‌investigative‌ ‌work‌ ‌for‌ ‌resource‌‌                             

potential‌‌of‌‌biogas‌‌feedstocks‌‌in‌‌the‌‌Hudson‌‌Valley.‌ ‌Inputs‌‌for‌‌AD‌‌can‌‌have‌‌many‌‌variations‌‌and‌‌responses‌‌                                 

to‌ ‌different‌ ‌conversion‌ ‌pathways‌ ‌and‌ ‌technologies‌‌and‌‌optimizing‌‌these‌‌processes‌‌and‌‌flows‌‌is‌‌essential‌‌to‌‌                             

successful‌ ‌implementations.‌ ‌Supply‌ ‌chains‌ ‌need‌ ‌to‌ ‌be‌ ‌assessed‌ ‌and‌ ‌designed‌ ‌in‌ ‌a‌ ‌way‌ ‌that‌ ‌can‌ ‌scale‌‌                               

production‌ ‌(BR&D‌ ‌Bioeconomy,‌ ‌2016)‌ ‌and‌‌bolster‌‌economic‌‌opportunities.‌ ‌Outflows‌‌need‌‌to‌‌be‌‌directed‌‌to‌‌                           

beneficial‌‌uses‌‌so‌‌that‌‌losses‌‌are‌‌avoided‌‌and‌‌anthropogenic‌‌impacts‌‌are‌‌minimized.‌ ‌End‌‌of‌‌life‌‌ramifications‌‌                               

must‌ ‌always‌ ‌be‌ ‌considered‌ ‌and,‌ ‌if‌ ‌possible,‌ ‌avoided.‌ ‌These‌ ‌are‌ ‌methods‌ ‌which‌ ‌best‌ ‌exemplify‌ ‌the‌‌                             

food-energy-waste-water‌ ‌nexus‌ ‌and‌ ‌honor‌ ‌the‌ ‌UN’s‌ ‌sustainable‌ ‌development‌ ‌goals‌ ‌(SDGs).‌ ‌ 

RESOURCE‌ ‌POTENTIAL‌ ‌FOR‌ ‌BIOGAS‌ ‌FEEDSTOCKS‌ ‌IN‌ ‌THE‌ ‌HUDSON‌ ‌VALLEY‌ ‌|‌ ‌AUTUMN‌ ‌2020‌ ‌|‌ ‌Version‌ ‌4.2‌ 49‌ ‌ 



Enhanced‌ ‌AD‌ ‌processes‌ ‌are‌ ‌continually‌ ‌being‌ ‌developed‌ ‌and‌ ‌portray‌ ‌an‌ ‌excitement‌ ‌for‌ ‌the‌ ‌future‌ ‌of‌ ‌the‌‌                               

industry.‌ ‌One‌‌project‌‌with‌‌the‌‌US‌‌DOE‌‌at‌‌Argonne‌‌National‌‌Laboratory‌‌succeeded‌‌in‌‌developing‌‌a‌‌method‌‌in‌‌                                 

which‌ ‌more‌ ‌than‌ ‌90%‌ ‌methane‌ ‌was‌ ‌produced‌ ‌from‌ ‌WWTP‌ ‌sludge‌ ‌(Biogas‌ ‌Roadmap,‌‌2015).‌ ‌This‌‌type‌‌of‌‌                               

innovation‌ ‌is‌ ‌inspiring‌ ‌the‌ ‌development‌ ‌of‌ ‌biogas‌‌production‌‌and‌‌can‌‌accelerate‌‌humanity’s‌‌transition‌‌away‌‌                           

from‌ ‌fossil‌ ‌fuels.‌ ‌Post-processing‌ ‌technologies‌ ‌such‌ ‌as‌ ‌hydrothermal‌ ‌carbonization‌ ‌(HTC),‌ ‌hydrothermal‌‌                     

liquefaction‌‌(HTL),‌‌and‌‌pyrolysis‌‌may‌‌offer‌‌additional‌‌opportunities‌‌to‌‌capture‌‌more‌‌energy‌‌from‌‌the‌‌digestate‌‌                             

and‌ ‌provide‌ ‌a‌ ‌gateway‌ ‌for‌ ‌extracting‌ ‌heavy‌ ‌metals‌ ‌and‌‌other‌‌harmful‌‌contaminants.‌ ‌The‌‌opportunities‌‌are‌‌                             

limitless‌ ‌when‌ ‌analyzed‌ ‌as‌ ‌components‌ ‌of‌ ‌a‌ ‌continuous‌ ‌cycle.‌ ‌ 

The‌‌US‌‌DOT,‌‌USDA,‌‌US‌‌DOE,‌‌and‌‌US‌‌EPA‌‌are‌‌leading‌‌agencies‌‌available‌‌for‌‌biogas‌‌production‌‌assistance‌‌                                 

relative‌‌to‌‌transport,‌‌distribution,‌‌end-user‌‌research‌‌&‌‌development,‌‌and‌‌deployment.‌ ‌APPENDIX‌‌5‌‌lists‌‌some‌‌                           

additional‌ ‌roles‌ ‌that‌ ‌these‌ ‌organizations‌ ‌serve‌ ‌and‌ ‌how‌ ‌they‌ ‌can‌ ‌help‌‌in‌‌the‌‌Hudson‌‌Valley.‌ ‌Counties‌‌and‌‌                                 

communities‌ ‌can‌ ‌take‌ ‌advantage‌ ‌of‌ ‌various‌‌national‌‌funding‌‌opportunities‌‌available‌‌for‌‌AD‌‌installations‌‌that‌‌                           

aid‌ ‌startup‌ ‌costs‌ ‌and‌ ‌establish‌ ‌an‌ ‌operational‌ ‌system.‌ ‌This‌ ‌would‌ ‌reduce‌ ‌the‌ ‌bottleneck‌ ‌pressures‌ ‌of‌‌                             

renewable‌ ‌energy‌‌that‌‌are‌‌prevented‌‌from‌‌reaching‌‌these‌‌downstate‌‌communities‌‌and‌‌diversify‌‌investments‌‌                         

from‌ ‌solar‌ ‌installations‌ ‌to‌ ‌other‌ ‌beneficial‌ ‌renewable‌ ‌technologies.‌ ‌Finally,‌ ‌NYS‌ ‌legislators‌ ‌need‌ ‌to‌‌                         

incorporate‌ ‌bioenergy‌ ‌into‌ ‌the‌ ‌CLCPA.‌ ‌This‌ ‌form‌ ‌of‌ ‌renewable‌‌energy‌‌is‌‌responsible‌‌for‌‌a‌‌large‌‌portion‌‌of‌‌                                 

NYS’s‌ ‌power,‌ ‌and‌ ‌it‌ ‌serves‌ ‌a‌ ‌primary‌ ‌role‌‌in‌‌all‌‌global‌‌climate‌‌mitigation‌‌strategies‌‌and‌‌scenarios‌‌including‌‌                                 

that‌‌of‌‌the‌‌IPCC’s‌‌1.5°C‌‌mitigation‌‌pathway.‌ ‌Biogas‌‌production‌‌represents‌‌innovation‌‌for‌‌the‌‌future‌‌of‌‌these‌‌                               

10‌‌counties.‌ ‌The‌‌time‌‌for‌‌implementation‌‌is‌‌now‌‌so‌‌that‌‌it‌‌coincides‌‌with‌‌new‌‌food‌‌waste‌‌diversion‌‌initiatives‌‌                                   

and‌ ‌upcoming‌ ‌low‌ ‌carbon‌ ‌fuel‌ ‌standards.‌ ‌The‌ ‌Hudson‌ ‌Valley‌ ‌is‌ ‌positioned‌ ‌for‌ ‌a‌ ‌leadership‌ ‌role‌ ‌in‌ ‌these‌‌                                 

efforts,‌ ‌and‌ ‌can‌ ‌take‌ ‌advantage‌ ‌of‌‌native‌‌feedstocks‌‌to‌‌become‌‌a‌‌model‌‌for‌‌this‌‌renewable‌‌technology‌‌and‌‌                                 

system‌ ‌design‌ ‌throughout‌ ‌the‌ ‌state‌ ‌and‌ ‌the‌ ‌nation.‌ ‌ 
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Recommendations‌ ‌ 
● The‌ ‌NYS‌ ‌DEC‌ ‌survey‌ ‌of‌ ‌WWTPs‌ ‌throughout‌ ‌the‌ ‌state‌ ‌should‌ ‌request‌ ‌information‌ ‌about‌ ‌biogas‌‌                           

end-use‌ ‌if‌ ‌AD‌ ‌is‌ ‌implemented‌ ‌at‌ ‌the‌ ‌facility.‌ ‌These‌ ‌specific‌‌inquiries‌‌can‌‌be‌‌modeled‌‌after‌‌the‌‌US‌‌                                 
EPA’s‌ ‌categorizations‌ ‌(FIGURE‌ ‌33).‌ ‌Additional‌ ‌details‌ ‌about‌‌hauling‌‌activity‌‌and‌‌facility‌‌power‌‌use‌‌                         
should‌‌be‌‌requested‌‌so‌‌that‌‌there‌‌is‌‌sufficient‌‌information‌‌to‌‌conduct‌‌an‌‌LCA,‌‌MFA,‌‌and‌‌cost-benefit‌‌                               
analysis‌ ‌conducive‌ ‌for‌ ‌analyzing‌ ‌operation‌ ‌upgrades‌ ‌and‌ ‌incorporation‌ ‌of‌ ‌additional‌ ‌feedstocks.‌ ‌ 
‌ 

● Many‌ ‌county‌ ‌solid‌ ‌waste‌ ‌management‌ ‌plans‌ ‌(SWMPs)‌ ‌are‌ ‌outdated‌ ‌or‌ ‌not‌ ‌available‌‌online.‌ ‌They‌‌                           
must‌ ‌be‌ ‌renewed‌ ‌and‌ ‌updated‌ ‌to‌ ‌reflect‌ ‌the‌ ‌latest‌ ‌federal‌‌and‌‌state‌‌sustainability‌‌goals.‌ ‌Historical‌‌                             
records‌ ‌of‌ ‌these‌ ‌plans‌ ‌should‌ ‌also‌ ‌be‌ ‌accessible‌ ‌online‌ ‌with‌ ‌the‌ ‌NYS‌ ‌DEC.‌ ‌ 
‌ 

● Each‌ ‌county‌ ‌should‌ ‌consider‌ ‌conducting‌ ‌their‌‌own‌‌independent‌‌organics‌‌and‌‌food‌‌waste‌‌studies‌‌to‌‌                           
improve‌ ‌the‌ ‌accuracy‌ ‌of‌ ‌the‌ ‌findings‌ ‌presented‌ ‌in‌ ‌this‌ ‌report.‌ ‌These‌ ‌should‌ ‌include‌ ‌design‌ ‌and‌‌                             
construction‌ ‌estimates‌ ‌for‌ ‌AD‌ ‌and‌ ‌WWTP‌ ‌co-digestion‌‌upgrades.‌ ‌This‌‌would‌‌offer‌‌a‌‌more‌‌detailed‌‌                           
and‌ ‌complete‌ ‌representation‌ ‌of‌ ‌organic‌ ‌waste‌ ‌streams‌ ‌which‌ ‌can‌ ‌be‌ ‌diverted‌ ‌from‌ ‌MSW‌ ‌to‌ ‌avoid‌‌                             
landfilling‌ ‌and‌ ‌incineration.‌  ‌Food‌ ‌waste‌ ‌collection‌ ‌strategies‌ ‌need‌ ‌to‌ ‌accompany‌ ‌these‌ ‌studies.‌ ‌ 

‌ 
● Land‌ ‌Trusts‌ ‌&‌ ‌Conservancy‌ ‌groups‌ ‌should‌ ‌reexamine‌ ‌and‌ ‌assess‌ ‌their‌ ‌portfolios‌ ‌to‌ ‌establish‌‌                         

proportions‌‌of‌‌land‌‌types‌‌and‌‌land‌‌uses‌‌that‌‌their‌‌organization‌‌presides‌‌over.‌ ‌These‌‌areas‌‌may‌‌serve‌‌                               
as‌ ‌prime‌ ‌locations‌ ‌for‌‌research‌‌and‌‌field‌‌studies‌‌related‌‌to‌‌biocrop‌‌production‌‌that‌‌can‌‌contribute‌‌to‌                               
the‌ ‌local‌ ‌bio-economy‌ ‌and‌ ‌offer‌ ‌educational‌ ‌outreach‌ ‌programs‌ ‌related‌ ‌to‌ ‌renewable‌ ‌biogas.‌ ‌ 
‌ 

● Composting‌ ‌facilities‌ ‌should‌ ‌be‌ ‌investigated‌ ‌for‌ ‌more‌ ‌specific‌ ‌information‌ ‌on‌ ‌their‌ ‌input‌‌and‌‌output‌                           
flows.‌ ‌Quantifying‌‌these‌‌values‌‌is‌‌necessary‌‌to‌‌assess‌‌AD‌‌opportunities‌‌at‌‌these‌‌locations‌‌and‌‌foster‌‌                             
a‌ ‌better‌ ‌understanding‌ ‌of‌ ‌these‌ ‌waste‌ ‌stream‌ ‌flows‌ ‌throughout‌ ‌the‌ ‌region.‌ ‌ 

‌ 
● Exemptions‌ ‌for‌ ‌state‌ ‌and‌ ‌local‌ ‌laws‌ ‌related‌ ‌to‌ ‌excess‌ ‌food‌ ‌waste‌ ‌need‌ ‌to‌ ‌be‌ ‌reexamined.‌ ‌The‌‌                               

findings‌ ‌of‌ ‌this‌ ‌report‌ ‌suggest‌ ‌that‌ ‌the‌ ‌current‌ ‌policy‌‌excludes‌‌a‌‌large‌‌market‌‌share‌‌of‌‌excess‌‌food‌‌                                 
waste.‌  ‌Collection‌ ‌strategies‌ ‌should‌ ‌accompany‌ ‌this‌ ‌legislation.‌ ‌ 

‌ 
● NYSERDA‌ ‌and‌ ‌other‌ ‌state‌ ‌organizations‌ ‌need‌ ‌to‌ ‌reinstate‌ ‌former‌ ‌funding‌ ‌programs‌ ‌that‌ ‌assist‌‌                         

communities‌‌and‌‌individuals‌‌with‌‌opportunities‌‌for‌‌AD‌‌installations.‌ ‌These‌‌programs‌‌are‌‌necessary‌‌to‌‌                         
accompany‌ ‌the‌ ‌prospective‌ ‌low‌ ‌carbon‌ ‌fuel‌ ‌standards‌ ‌that‌ ‌legislators‌ ‌are‌ ‌aiming‌ ‌to‌ ‌implement.‌ ‌ 
‌ 

● Counties‌ ‌and‌ ‌communities‌ ‌should‌ ‌explore‌ ‌the‌ ‌various‌ ‌national‌ ‌funding‌ ‌opportunities‌ ‌for‌ ‌AD’s‌ ‌to‌‌                         
diversify‌ ‌and‌ ‌implement‌ ‌local‌ ‌sources‌ ‌of‌ ‌renewable‌ ‌energy.‌ ‌There‌ ‌are‌ ‌several‌ ‌programs‌ ‌with‌ ‌the‌‌                           
USDA‌ ‌and‌ ‌the‌ ‌USDOT‌ ‌that‌ ‌can‌ ‌provide‌ ‌adequate‌ ‌resources‌ ‌for‌ ‌establishing‌ ‌a‌ ‌successful‌ ‌system.‌ ‌ 
‌ 

● NYS‌‌legislators‌‌should‌‌seek‌‌to‌‌incorporate‌‌bioenergy‌‌into‌‌the‌‌CLCPA.‌ ‌This‌‌type‌‌of‌‌renewable‌‌energy‌‌                             
capture‌ ‌is‌ ‌responsible‌ ‌for‌ ‌a‌‌large‌‌portion‌‌of‌‌NYS’s‌‌power,‌‌and‌‌is‌‌part‌‌of‌‌all‌‌global‌‌climate‌‌mitigation‌‌                                   
strategies‌ ‌and‌ ‌scenarios‌ ‌including‌ ‌the‌ ‌IPCC’s‌ ‌1.5°C‌ ‌mitigation‌ ‌pathway.‌ ‌ 
‌ 

● NYS‌ ‌counties‌ ‌can‌ ‌begin‌ ‌working‌ ‌with‌ ‌utility‌ ‌companies‌ ‌to‌ ‌establish‌ ‌effective‌ ‌pathways‌ ‌for‌ ‌RNG‌‌                           
pipeline‌ ‌injection.‌ ‌Centralized‌ ‌facilities‌ ‌for‌ ‌gas‌ ‌cleaning‌ ‌and‌ ‌upgrading‌ ‌can‌ ‌be‌ ‌negotiated‌ ‌and‌‌                         
installed‌ ‌to‌ ‌accommodate‌ ‌collective‌ ‌interests‌ ‌and‌ ‌regional‌ ‌initiatives.‌ ‌ 
‌ 

● Avoided‌ ‌environmental‌ ‌impacts‌ ‌through‌ ‌the‌ ‌use‌ ‌of‌ ‌these‌ ‌feedstocks‌ ‌should‌ ‌be‌ ‌assessed‌ ‌and‌‌                         
quantified.‌ ‌This‌‌can‌‌help‌‌to‌‌determine‌‌the‌‌best‌‌applications‌‌of‌‌RNG‌‌whether‌‌it‌‌be‌‌to‌‌the‌‌electricity‌‌or‌‌                                   
transportation‌ ‌sector.‌  ‌Mitigation‌ ‌of‌ ‌emissions‌ ‌need‌ ‌to‌ ‌be‌ ‌examined‌ ‌to‌ ‌recognize‌ ‌the‌ ‌system‌ ‌potential.‌ ‌ 
‌ 

● Environmental‌ ‌clean-up‌ ‌centers‌ ‌and‌ ‌brownfields‌ ‌should‌ ‌be‌ ‌accessed‌ ‌for‌ ‌their‌ ‌potential‌‌to‌‌serve‌‌as‌‌                           
areas‌ ‌for‌ ‌biocrops.‌ ‌Additional‌ ‌investigation‌ ‌must‌ ‌consider‌ ‌what‌ ‌site‌ ‌classifications‌ ‌would‌ ‌be‌‌                       
acceptable‌ ‌for‌ ‌this‌ ‌type‌ ‌of‌ ‌land‌ ‌use‌ ‌and‌ ‌if‌ ‌there‌ ‌is‌ ‌potential‌ ‌for‌ ‌biocrops‌ ‌to‌ ‌restore‌ ‌these‌ ‌land‌ ‌parcels.‌ ‌ 
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Appendices‌‌ 

APPENDIX‌ ‌1:‌ ‌Background‌ ‌ 

Barriers‌ ‌&‌ ‌mitigation‌ ‌strategies‌ ‌ 

‌ 

‌ 
Barriers‌ ‌to‌ ‌biogas‌ ‌use‌ ‌for‌ ‌renewable‌ ‌energy:‌ ‌WRF‌ ‌&‌ ‌NYSERDA‌ ‌(NYSERDA‌ ‌Biogas‌ ‌Barriers,‌ ‌2012)‌ ‌ 
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NYS‌ ‌biogas‌ ‌systems‌ ‌with‌ ‌food‌ ‌scraps‌ ‌ 
‌ 

‌ 
Source:‌‌ ‌Energy‌ ‌Information‌ ‌Administration‌ ‌(EIA)‌ ‌ 
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Facility‌ ‌Name‌ ‌  City‌ ‌  County‌ ‌  Type‌ ‌of‌ ‌Facility‌ ‌  Status‌ ‌ 

Morrisville‌ ‌State‌ ‌College‌ ‌  Morrisville‌ ‌  Madison‌ ‌  Stand-alone:‌‌ 
Multi-source‌ ‌digester‌ ‌ 

Operational‌ ‌ 

Cayuga‌ ‌County‌ ‌Soil‌ ‌and‌‌ 
Water‌ ‌Conservation‌ ‌District's‌ 
Community‌ ‌Digester‌ ‌ 

Auburn‌ ‌  Cayuga‌ ‌  Stand-alone:‌‌ 
Multi-source‌ ‌digester‌ ‌ 

Operational‌ ‌ 

Niagara‌ ‌BioEnergy‌ ‌  Wheatfield‌ ‌  Niagara‌ ‌  Stand-alone:‌‌ 
Multi-source‌ ‌digester‌ ‌ 

Operational‌ ‌ 

Buffalo‌ ‌BioEnergy‌ ‌  West‌ ‌Seneca‌ ‌  Erie‌ ‌  Stand-alone:‌‌ 
Multi-source‌ ‌digester‌ ‌ 

Under‌‌ 
Construction‌ 

Patterson‌ ‌Farms‌ ‌  Auburn‌ ‌  Cayuga‌ ‌  Stand-alone:‌ ‌Industry‌‌ 
dedicated‌ ‌digester‌ ‌ 

Operational‌ ‌ 

Anheuser-Busch‌ ‌Brewery‌ ‌  Baldwinsville‌ ‌  Onondaga‌ ‌  Stand-alone:‌ ‌Industry‌‌ 
dedicated‌ ‌digester‌ ‌ 

Operational‌ ‌ 

Ridgeline‌ ‌Farm‌ ‌  Clymer‌ ‌  Chautauqua‌ ‌  Farms‌ ‌with‌ ‌AD‌ ‌that‌‌ 
accept‌ ‌food‌ ‌waste‌ ‌or‌‌ 
FOG‌ ‌ 

Operational‌ ‌ 

Lawnhurst‌ ‌Energy‌ ‌  Stanley‌ ‌  Ontario‌ ‌  Farms‌ ‌with‌ ‌AD‌ ‌that‌‌ 
accept‌ ‌food‌ ‌waste‌ ‌or‌‌ 
FOG‌ ‌ 

Operational‌ ‌ 

Hi-Vu‌  Oakfield‌ ‌  Genesee‌ ‌  Farms‌ ‌with‌ ‌AD‌ ‌that‌‌ 
accept‌ ‌food‌ ‌waste‌ ‌or‌‌ 
FOG‌ ‌ 

In‌ ‌permitting‌‌ 
process‌ ‌ 

Synergy‌ ‌Dairy‌ ‌  Covington‌ ‌  Wyoming‌ ‌  Farms‌ ‌with‌ ‌AD‌ ‌that‌‌ 
accept‌ ‌food‌ ‌waste‌ ‌or‌‌ 
FOG‌ ‌ 

Operational‌ ‌ 

Gloversville-Johnstown‌ ‌Joint‌‌ 
WWTP‌ ‌ 

Johnstown‌ ‌  Fulton‌ ‌  WWTP‌ ‌accepting‌ ‌food‌‌ 
waste‌ ‌or‌ ‌FOG‌ ‌ 

Operational‌ ‌ 



APPENDIX‌ ‌2:‌ ‌Methods‌ ‌ 

NYS‌ ‌DEC‌ ‌biosolid‌ ‌management‌ ‌survey,‌ ‌2015‌ ‌ 
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‌ 
‌ 

The‌‌following‌‌list‌‌represents‌‌the‌‌number‌‌of‌‌facilities‌‌that‌‌did‌‌not‌‌respond‌‌to‌‌this‌‌survey‌‌and‌‌therefore‌‌represent‌‌                                   

a‌ ‌gap‌ ‌in‌ ‌the‌ ‌flow‌ ‌and‌ ‌treatment‌ ‌data;‌ ‌Columbia‌ ‌(2),‌ ‌Delaware‌ ‌(0),‌ ‌Greene‌ ‌(1),‌ ‌Orange‌ ‌(4),‌ ‌Putnam‌ ‌(0),‌‌                                   

Rockland‌ ‌(0),‌ ‌Sullivan‌ ‌(1),‌ ‌Ulster‌ ‌(2),‌ ‌Westchester‌ ‌(2).‌‌ ‌  
‌ 
‌ 
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APPENDIX‌ ‌3:‌ ‌Feedstocks‌ ‌&‌ ‌study‌ ‌results‌ ‌ 

Excess‌ ‌food‌ ‌waste‌ ‌ 

‌ 

‌ 
‌ 
‌ 
‌ 
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‌  NYS2PI‌ ‌  US‌ ‌EPA‌ ‌  SWMPs‌ ‌  NYS‌ ‌DEC‌ ‌  Facility‌ ‌ 

‌  Estimated‌ ‌ 
Estimated‌‌ 

(Low)‌ ‌  Measured‌ ‌ 
Estimated‌‌ 

17.65%‌ ‌of‌ ‌MSW‌ ‌ 
Diverted‌ ‌and‌‌ 

Measured‌ ‌ 

County‌ ‌ 
Food‌ ‌Waste‌‌ 
Tons/Week‌ ‌ 

Food‌ ‌Waste‌‌ 
Tons/Week‌ ‌ 

MSW‌‌ 
Tons/Week‌ ‌ 

Food‌ ‌Scrap‌‌ 
Tons/Week‌ ‌ 

Food‌ ‌Scrap‌‌ 
Tons/Week‌ ‌ 

Columbia‌ ‌  96‌  21‌  ‌  ‌  ‌ 

Delaware‌ ‌  37‌  9‌  747‌  132‌  99‌ 

Dutchess‌ ‌  322‌  135‌  3,788‌  669‌  ‌ 

Greene‌ ‌  51‌  27‌  ‌  ‌  ‌ 

Orange‌ ‌  441‌  275‌  5,168‌  912‌  ‌ 

Putnam‌ ‌  54‌  29‌  747‌  132‌  ‌ 

Rockland‌ ‌  316‌  148‌  6,796‌  1,200‌  ‌ 

Sullivan‌ ‌  156‌  76‌  ‌  ‌  ‌ 

Ulster‌ ‌  180‌  89‌  1,950‌  344‌  68‌ 

Westchester‌ ‌  992‌  584‌  17,262‌  3,047‌  ‌ 

Total‌  2,644‌  1,394‌  36,457‌  6,435‌  167‌ 

County‌ ‌ 
Food‌ ‌Waste‌‌ 
Tons/Year‌ ‌ 

Food‌ ‌Waste‌‌ 
Tons/Year‌ ‌  MSW‌ ‌Tons/Year‌ 

Food‌ ‌Scrap‌‌ 
Tons/Year‌ ‌ 

Food‌ ‌Scrap‌‌ 
Tons/Year‌ ‌ 

Columbia‌ ‌  4,992‌  1,092‌  ‌  ‌  ‌ 

Delaware‌ ‌  1,940‌  473‌  38,824‌  6,852‌  5,163‌ 

Dutchess‌ ‌  16,754‌  7,025‌  196,963‌  34,764‌  ‌ 

Greene‌ ‌  2,626‌  1,394‌  0‌  0‌  ‌ 

Orange‌ ‌  22,942‌  14,321‌  268,760‌  47,436‌  ‌ 

Putnam‌ ‌  2,792‌  1,503‌  38,824‌  6,852‌  ‌ 

Rockland‌ ‌  16,442‌  7,712‌  353,404‌  62,376‌  ‌ 

Sullivan‌ ‌  8,091‌  3,957‌  ‌  ‌  ‌ 

Ulster‌ ‌  9,339‌  4,628‌  101,379‌  17,893‌  3,537‌ 

Westchester‌ ‌  51,579‌  30,368‌  897,619‌  158,430‌  ‌ 

Total‌  137,498‌  72,472‌  1,895,773‌  334,604‌  8,700‌ 



Food‌ ‌Waste:‌ ‌Commercial‌ ‌food‌ ‌waste‌ ‌estimates‌ ‌ 

‌ 

Food‌ ‌Waste:‌ ‌Total‌ ‌food‌ ‌waste‌ ‌estimates‌ ‌ 

‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
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‌  Estimated‌ ‌  Estimated‌ ‌(Low)‌ ‌  NYSDEC‌ ‌Estimate‌ ‌ 

County‌ ‌  NYS2PI‌ ‌  US‌ ‌EPA‌ ‌  46%‌ ‌of‌ ‌17.65%‌ ‌of‌ ‌MSW‌ ‌ 

Columbia‌ ‌  96‌ ‌  21‌ ‌  0‌ ‌ 

Delaware‌ ‌  37‌ ‌  9‌ ‌  61‌ ‌ 

Dutchess‌ ‌  322‌ ‌  135‌ ‌  308‌ ‌ 

Greene‌ ‌  51‌ ‌  27‌ ‌  0‌ ‌ 

Orange‌ ‌  441‌ ‌  275‌ ‌  420‌ ‌ 

Putnam‌ ‌  54‌ ‌  29‌ ‌  61‌ ‌ 

Rockland‌ ‌  316‌ ‌  148‌ ‌  552‌ ‌ 

Sullivan‌ ‌  156‌ ‌  76‌ ‌  0‌ ‌ 

Ulster‌ ‌  180‌ ‌  89‌ ‌  158‌ ‌ 

Westchester‌  992‌ ‌  584‌ ‌  1401‌ ‌ 

Total‌  2,644‌ ‌  1,394‌ ‌  2,960‌ ‌ 

‌  Extrapolated‌ ‌  Extrapolated‌ ‌  NYSDEC‌ ‌Estimate‌ ‌ 

County‌ ‌  NYS2PI‌ ‌/‌ ‌46%‌ ‌  US‌ ‌EPA‌ ‌/‌ ‌46%‌ ‌  17.65%‌ ‌of‌ ‌MSW‌ ‌ 

Columbia‌ ‌  209‌ ‌  46‌ ‌  ‌ 

Delaware‌ ‌  81‌ ‌  20‌ ‌  132‌ ‌ 

Dutchess‌ ‌  700‌ ‌  294‌ ‌  669‌ ‌ 

Greene‌ ‌  110‌ ‌  58‌ ‌  ‌ 

Orange‌ ‌  959‌ ‌  599‌ ‌  912‌ ‌ 

Putnam‌ ‌  117‌ ‌  63‌ ‌  132‌ ‌ 

Rockland‌ ‌  687‌ ‌  322‌ ‌  1,200‌ ‌ 

Sullivan‌ ‌  338‌ ‌  165‌ ‌  ‌ 

Ulster‌ ‌  390‌ ‌  193‌ ‌  344‌ ‌ 

Westchester‌  2,156‌ ‌  1,270‌ ‌  3,047‌ ‌ 

Total‌  5,748‌ ‌  3,030‌ ‌  6,435‌ ‌ 



Food‌ ‌Waste:‌ ‌Sector‌ ‌Sources‌ ‌(NYS2PI)‌ ‌ 

‌ 

Food‌ ‌Waste:‌ ‌Primary‌ ‌Sector‌ ‌Sources‌ ‌(NYS2PI‌ ‌-‌ ‌Filter‌ ‌1)‌ ‌ 
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County‌ ‌ 
Food‌‌ 

Processors‌ ‌  Hospitality‌  Institutions‌  Restaurants‌  Retail‌ ‌ 
Weekly‌‌ 

Total‌ ‌ 
Annual‌‌ 

Total‌ ‌ 

Columbia‌ ‌  65.1‌  0.2‌  11.1‌  8.5‌  11.1‌  96‌  4,992‌ 

Delaware‌ ‌  7.4‌  1.1‌  6.3‌  5.3‌  17.2‌  37.3‌  1,940‌ 

Dutchess‌ ‌  93.1‌  12.3‌  68.5‌  51.9‌  96.4‌  322.2‌  16,754‌ 

Greene‌ ‌  13.2‌  3.6‌  11.2‌  5.2‌  17.3‌  50.5‌  2,626‌ 

Orange‌ ‌  207.3‌  15.4‌  34‌  74.2‌  110.3‌  441.2‌  22,942‌ 

Putnam‌ ‌  3.7‌  0.4‌  5‌  10.6‌  34‌  53.7‌  2,792‌ 

Rockland‌ ‌  146.6‌  13.9‌  33.5‌  59.1‌  63.1‌  316.2‌  16,442‌ 

Sullivan‌ ‌  111.9‌  2.1‌  11.2‌  8.7‌  21.7‌  155.6‌  8,091‌ 

Ulster‌ ‌  11.9‌  23.8‌  39‌  30.5‌  74.4‌  179.6‌  9,339‌ 

Westchester‌  363.8‌  43.2‌  153.6‌  140.9‌  290.4‌  991.9‌  51,579‌ 

Total‌  1024.0‌  116.0‌  373.4‌  394.9‌  735.9‌  2644.2‌  137498.4‌ 

County‌ ‌ 
Food‌‌ 

Processors‌ ‌  Institutions‌  Restaurants‌  Retail‌ ‌ 
Weekly‌‌ 

Sub-Total‌ ‌ 
Total‌‌ 

Available‌ 

Columbia‌ ‌  65.1‌  ‌  ‌  ‌  65.1‌  96.0‌ 

Delaware‌ ‌  ‌  ‌  ‌  17.2‌  17.2‌  37.3‌ 

Dutchess‌ ‌  93.1‌  68.5‌  51.9‌  96.4‌  309.9‌  322.2‌ 

Greene‌ ‌  13.2‌  ‌  ‌  17.3‌  30.5‌  50.5‌ 

Orange‌ ‌  207.3‌  ‌  74.2‌  110.3‌  391.8‌  441.2‌ 

Putnam‌ ‌  ‌  ‌  ‌  34.0‌  34.0‌  53.7‌ 

Rockland‌ ‌  146.6‌  ‌  59.1‌  ‌  205.7‌  316.2‌ 

Sullivan‌ ‌  111.9‌  ‌  ‌  ‌  111.9‌  155.6‌ 

Ulster‌ ‌  ‌  ‌  ‌  74.4‌  74.4‌  179.6‌ 

Westchester‌ ‌  363.80‌  153.60‌  140.90‌  290.40‌  948.7‌  991.9‌ 

Total‌  1,001.00‌  222.10‌  326.10‌  640.00‌  2,189.20‌  2,644.20‌ 

%‌ ‌Weekly‌ ‌Sub-Total‌  45.72%‌  10.15%‌  14.90%‌  29.23%‌  100.00%‌  ‌ 

%‌ ‌of‌ ‌Total‌ ‌Available‌  37.86%‌  8.40%‌  12.33%‌  24.20%‌    82.79%‌ 



‌ 

Food‌ ‌Waste:‌ ‌Primary‌ ‌Industry‌ ‌Sources‌ ‌(NYS2PI)‌ ‌ 

‌ 

‌ 

‌ 
‌ 
‌ 
‌ 
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County‌ ‌  Bakeries‌ ‌  Brewery‌ ‌ 
Canning‌ ‌&‌‌ 
Specialty‌ ‌  Meat‌ ‌  Soft‌ ‌drinks‌ ‌  Winery‌ ‌ 

Columbia‌ ‌  3.2‌  5.8‌  0.2‌  2.1‌  29.2‌  1.2‌ 

Delaware‌ ‌  1.3‌  2.9‌  ‌  ‌  ‌  ‌ 

Dutchess‌ ‌  22.8‌  13.6‌  ‌  1.6‌  1.2‌  4.5‌ 

Greene‌ ‌  1.9‌  9.4‌  ‌  ‌  ‌  0.6‌ 

Orange‌ ‌  31.7‌  17.4‌  ‌  ‌  72.1‌  15.4‌ 

Putnam‌ ‌  2.1‌  ‌  ‌  0.2‌  ‌  0.6‌ 

Rockland‌ ‌  41.7‌  6‌  9‌  ‌  0.8‌  1.2‌ 

Sullivan‌ ‌  2.9‌  2.9‌  ‌  91.1‌  ‌  1.4‌ 

Ulster‌ ‌  ‌  ‌  ‌  ‌  ‌  8.9‌ 

Westchester‌ ‌  153.5‌  14.7‌  48.7‌  1‌  11.7‌  45.1‌ 

Sub-Total‌  261.1‌  72.7‌  57.9‌  96‌  115‌  78.9‌ 

County‌ ‌ 
Colleges‌ ‌&‌‌ 

Universities‌ ‌ 
Correctional‌‌ 

Facilities‌ ‌  Hospitals‌ ‌ 
Nursing‌‌ 
Homes‌ ‌  Restaurants‌ ‌  Supermarkets‌ 

Columbia‌ ‌  0.5‌  1.9‌  4.2‌  4.5‌  8.5‌  6‌ 

Delaware‌ ‌  3.9‌  0.2‌  0.9‌  1.3‌  5.3‌  15.4‌ 

Dutchess‌ ‌  20.6‌  20.2‌  14.1‌  13.6‌  51.9‌  89.9‌ 

Greene‌ ‌  ‌  9.5‌  ‌  1.7‌  5.2‌  11.4‌ 

Orange‌ ‌  4.5‌  4.2‌  16.1‌  9.2‌  74.2‌  99.8‌ 

Putnam‌ ‌  ‌  0.4‌  3.6‌  1‌  10.6‌  33.5‌ 

Rockland‌ ‌  9.8‌  0.8‌  12.2‌  10.7‌  59.1‌  61.1‌ 

Sullivan‌ ‌  0.4‌  5.5‌  2.5‌  2.8‌  8.7‌  20.4‌ 

Ulster‌ ‌  10.2‌  11.7‌  9‌  8.1‌  30.5‌  65.2‌ 

Westchester‌ ‌  40.9‌  15.8‌  55.2‌  41.7‌  140.9‌  286.4‌ 

Sub-Total‌  90.8‌  70.2‌  117.8‌  94.6‌  394.9‌  689.1‌ 



Food‌ ‌Waste:‌ ‌Primary‌ ‌Industry‌ ‌Sources‌ ‌(NYS2PI‌ ‌-‌ ‌Filter‌ ‌2)‌ ‌ 
‌ 

WWTPs‌ ‌ 
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‌ 
Food‌‌ 
Processors‌ ‌  ‌  ‌  ‌  ‌  ‌ 

County‌ ‌  Bakeries‌ ‌  Brewery‌ ‌ 
Canning‌ ‌&‌‌ 
Specialty‌ ‌  Meat‌ ‌  Soft‌ ‌drinks‌ ‌  Winery‌ ‌ 

Columbia‌ ‌  ‌  ‌  ‌  ‌  29.2‌  ‌ 

Delaware‌ ‌  ‌  ‌  ‌  ‌  ‌  ‌ 

Dutchess‌ ‌  22.8‌  13.6‌  ‌  ‌  ‌  ‌ 

Greene‌ ‌  ‌  9.4‌  ‌  ‌  ‌  ‌ 

Orange‌ ‌  31.7‌  17.4‌  ‌  ‌  72.1‌  15.4‌ 

Putnam‌ ‌  ‌  ‌  ‌  ‌  ‌  ‌ 

Rockland‌ ‌  41.7‌  ‌  ‌  ‌  ‌  ‌ 

Sullivan‌ ‌  ‌  ‌  ‌  91.1‌  ‌  ‌ 

Ulster‌ ‌  ‌  ‌  ‌  ‌  ‌  8.9‌ 

Westchester‌ ‌  153.5‌  14.7‌  48.7‌  ‌  11.7‌  45.1‌ 

Sub-Total‌  249.7‌  55.1‌  48.7‌  91.1‌  113‌  69.4‌ 

Sub-Total‌ ‌%‌  13.26%‌  2.93%‌  2.59%‌  4.84%‌  6.00%‌  3.69%‌ 

Sub-Total‌ ‌Available‌  261.1‌  72.7‌  57.9‌  96.0‌  115.0‌  78.9‌ 

Sub-Total‌ ‌%‌ 
Available‌  95.63%‌  75.79%‌  84.11%‌  94.90%‌  98.26%‌  87.96%‌ 

Total‌ ‌%‌ ‌Available‌  9.44%‌  2.08%‌  1.84%‌  3.45%‌  4.27%‌  2.62%‌ 

County‌ ‌  DEC‌ ‌Region‌ ‌ 
Anaerobic‌‌ 
Digestion‌ ‌ 

Number‌ ‌of‌‌ 
Facilities‌ ‌ 

2015‌ ‌Actual‌‌ 
Flow‌ ‌(MGD)‌ ‌ 

2015‌ ‌Actual‌ ‌Flow‌‌ 
(MG/Week)‌ ‌ 

Columbia‌ ‌  4‌  0‌  9‌  2.93‌  20.52‌ 

Delaware‌ ‌  4‌  1‌  12‌  3.02‌  21.15‌ 

Dutchess‌ ‌  3‌  2‌  26‌  15.96‌  111.75‌ 

Greene‌ ‌  4‌  0‌  11‌  1.60‌  11.19‌ 

Orange‌ ‌  3‌  2‌  33‌  27.59‌  193.10‌ 

Putnam‌ ‌  3‌  1‌  11‌  1.63‌  11.38‌ 

Rockland‌ ‌  3‌  2‌  8‌  30.37‌  212.60‌ 

Sullivan‌ ‌  3‌  3‌  20‌  6.24‌  43.71‌ 

Ulster‌ ‌  3‌  5‌  21‌  9.49‌  66.41‌ 

Westchester‌  3‌  2‌  14‌  120.03‌  840.22‌ 

Total‌  ‌  18‌  165‌  218.86‌  1532.04‌ 



Biosolids‌ ‌ 

‌ 

Livestock‌ ‌feeding‌ ‌centers‌ ‌(number‌ ‌of‌ ‌animals)‌ ‌ 

‌ 

‌ 
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County‌ ‌ 
Landfilling‌ ‌(dry‌‌ 

tons)‌ ‌ 
Land‌ ‌applied‌‌ 

(dry‌ ‌tons)‌ ‌  Compost‌ ‌ 
Incineration‌ ‌(dry‌‌ 

tons)‌ ‌ 
Hauling‌ ‌to‌ ‌another‌‌ 
facility‌ ‌(dry‌ ‌tons)‌ ‌ 

Columbia‌ ‌  266.7‌  0‌  61.39‌  108.66‌  34.109‌ 

Delaware‌ ‌  3289.28‌  0‌  22857.8‌  0‌  14.86‌ 

Dutchess‌ ‌  1661.7‌  0‌  200‌  2504.467‌  6557.9‌ 

Greene‌ ‌  180.6‌  0‌  0‌  94.5‌  29.8‌ 

Orange‌ ‌  1723.82‌  582.02‌  50‌  2520.68‌  830.48‌ 

Putnam‌ ‌  0‌  0‌  0‌  259.66‌  435.07‌ 

Rockland‌ ‌  1063.5‌  0‌  3302.98‌  0‌  0‌ 

Sullivan‌ ‌  339.48‌  0‌  0‌  174‌  234.61‌ 

Ulster‌ ‌  1139.19‌  0‌  76.64‌  0‌  179.5‌ 

Westchester‌  187.5‌  9033‌  0‌  6917‌  4197.09‌ 

Total‌  6295.79‌  9615.02‌  3629.62‌  12470.307‌  12464.45‌ 

County‌ ‌ 
Mature‌ ‌Dairy‌‌ 

Cattle‌ ‌  Heifers‌  Other‌ ‌Cattle‌ ‌  Horses‌ 
Columbia‌ ‌  4,705‌  3,595‌  0‌  0‌ 
Delaware‌ ‌  765‌  655‌  0‌  0‌ 
Dutchess‌ ‌  385‌  360‌  0‌  0‌ 
Greene‌ ‌  0‌  0‌  0‌  0‌ 
Orange‌ ‌  400‌  475‌  0‌  0‌ 
Sullivan‌ ‌  0‌  0‌  44‌  400‌ 
Ulster‌ ‌  0‌  0‌  0‌  1,300‌ 
Westchester‌ ‌  0‌  0‌  0‌  146‌ 

Total‌  6,255‌  5,085‌  44‌  1,846‌ 

County‌ ‌  Broilers‌ ‌  Layers‌ ‌  Ducks‌ ‌  Other‌ ‌ 
Columbia‌ ‌  0‌  0‌  0‌  0‌ 
Delaware‌ ‌  0‌  0‌  0‌  0‌ 
Dutchess‌ ‌  0‌  0‌  0‌  0‌ 
Greene‌ ‌  0‌  72,000‌  0‌  16,000‌ 
Orange‌ ‌  39,000‌  135,000‌  0‌  0‌ 
Sullivan‌ ‌  155,000‌  240,000‌  170,000‌  0‌ 
Ulster‌ ‌  0‌  0‌  0‌  0‌ 
Westchester‌ ‌  0‌  0‌  0‌  0‌ 

Total‌  194,000‌  447,000‌  170,000‌  16,000‌ 



Biocrop‌ ‌Land‌ ‌Availability‌ ‌ 

Farm‌ ‌Land‌ ‌ 

‌ 

Land‌ ‌Trusts‌ ‌&‌ ‌Conservancy‌ ‌Groups‌ ‌ 

‌ 

‌ 
‌ 
‌ 
‌ 
‌ 
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County‌ ‌ 

Total‌ ‌Crop‌‌ 
Acreage‌‌ 
(2007)‌ ‌ 

No.‌ ‌of‌‌ 
Farms‌‌ 
(2007)‌ ‌ 

Avg.‌ ‌Farm‌‌ 
Size‌  ‌Acres‌‌ 

(2007)‌ ‌ 

Columbia‌ ‌  63,704‌  554‌  192‌ 

Delaware‌ ‌  68,959‌  747‌  222‌ 

Dutchess‌ ‌  46,938‌  656‌  156‌ 

Greene‌ ‌  22,234‌  286‌  155‌ 

Orange‌ ‌  46,268‌  642‌  126‌ 

Putnam‌ ‌  1,286‌  72‌  78‌ 

Rockland‌ ‌  128‌  21‌  0‌ 

Sullivan‌ ‌  24,614‌  323‌  156‌ 

Ulster‌ ‌  31,683‌  501‌  150‌ 

Westchester‌  2,512‌  106‌  80‌ 

Total‌  308,326‌  3908‌   

Organization‌ ‌  Acres‌ 

Columbia‌ ‌Land‌ ‌Conservancy‌ ‌  4,500‌ 

Dutchess‌ ‌Land‌ ‌Conservancy‌ ‌  43,500‌ 

Esopus‌ ‌Creek‌ ‌Conservancy‌ ‌  353‌ 

Hudson‌ ‌Highlands‌ ‌Land‌ ‌Trust‌ ‌  2,866‌ 

Stony‌ ‌Kill‌ ‌Foundation‌ ‌  1,000‌ 

Wallkill‌ ‌Valley‌ ‌Land‌ ‌Trust‌ ‌  255‌ 

Westchester‌ ‌Land‌ ‌Trust‌ ‌  9,000‌ 

Total‌  61,474‌ 



Environmental‌ ‌Clean-Up‌ ‌&‌ ‌Brownfields‌ ‌Site‌ ‌Classification‌ ‌ 

‌ 

Landfills‌ ‌ 

‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
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County‌ ‌  2‌ ‌  3‌ ‌  4‌ ‌  A‌ ‌  C‌ ‌  N‌ ‌  P‌ ‌  PR‌ ‌  TOTAL‌ ‌ 

Columbia‌ ‌  2‌ ‌  1‌ ‌  ‌  4‌ ‌  7‌ ‌  11‌ ‌  ‌  1‌ ‌  26‌ ‌ 

Delaware‌ ‌  2‌ ‌  ‌  6‌ ‌  1‌ ‌  3‌ ‌  7‌ ‌  1‌ ‌  ‌  20‌ ‌ 

Dutchess‌ ‌  11‌ ‌  1‌ ‌  19‌ ‌  9‌ ‌  35‌ ‌  77‌ ‌  4‌ ‌  ‌  156‌ ‌ 

Greene‌ ‌  ‌  2‌ ‌  3‌ ‌  ‌  5‌ ‌  12‌ ‌  ‌  2‌ ‌  24‌ ‌ 

Orange‌ ‌  13‌ ‌  1‌ ‌  14‌ ‌  24‌ ‌  20‌ ‌  41‌ ‌  6‌ ‌  4‌ ‌  123‌ ‌ 

Putnam‌ ‌  1‌ ‌  ‌  6‌ ‌  1‌ ‌  2‌ ‌  22‌ ‌  2‌ ‌  1‌ ‌  35‌ ‌ 

Rockland‌ ‌  9‌ ‌  ‌  6‌ ‌  10‌ ‌  28‌ ‌  51‌ ‌  3‌ ‌  2‌ ‌  109‌ ‌ 

Sullivan‌ ‌  2‌ ‌  ‌  1‌ ‌  2‌ ‌  3‌ ‌  14‌ ‌  ‌  ‌  22‌ ‌ 

Ulster‌ ‌  5‌ ‌  1‌ ‌  9‌ ‌  9‌ ‌  17‌ ‌  26‌ ‌  5‌ ‌  1‌ ‌  73‌ ‌ 

Westchester‌ ‌  14‌ ‌  ‌  13‌ ‌  76‌ ‌  90‌ ‌  87‌ ‌  9‌ ‌  7‌ ‌  296‌ ‌ 

Total‌ ‌  59‌ ‌  6‌ ‌  77‌ ‌  136‌ ‌  210‌ ‌  348‌ ‌  30‌ ‌  18‌ ‌  884‌ ‌ 

County‌ ‌  Owner‌ ‌Type‌ ‌  Activity‌ ‌Desc‌ ‌ 
Authorization‌‌ 
Issue‌ ‌Date‌ ‌ 

Expiration‌‌ 
Date‌ ‌ 

Delaware‌ ‌  Private‌ ‌ 
Landfill‌ ‌-‌ ‌C&DD‌‌ 
-‌ ‌permit‌ ‌  04/30/2018‌  04/30/2023‌ 

Delaware‌ ‌  Private‌ ‌ 
Landfill‌ ‌-‌ ‌land‌ 
clearing‌ ‌debris‌ ‌  09/24/2004‌  ‌ 

Delaware‌ ‌  County‌ ‌ 
Landfill‌ ‌-‌ ‌MSW‌‌ 
-‌ ‌permit‌ ‌  06/01/2014‌  06/04/2019‌ 

Delaware‌ ‌  County‌ ‌ 
Landfill‌ ‌-‌ ‌C&DD‌‌ 
-‌ ‌permit‌ ‌  06/01/2014‌  06/01/2019‌ 

Greene‌ ‌  Private‌ ‌ 
Landfill‌ ‌-‌ ‌land‌ 
clearing‌ ‌debris‌ ‌  03/17/2017‌  ‌ 

‌  ‌  ‌  ‌  ‌ 



Invasive‌ ‌species‌ ‌satellite‌ ‌images‌‌ ‌  

‌ 
IMAGE‌ ‌7:‌‌ ‌‌Denning‌ ‌Point‌ ‌(water‌ ‌chestnut)‌ IMAGE‌ ‌8:‌‌ ‌‌Wappinger‌ ‌Creek‌ ‌(water‌ ‌chestnut)‌‌ 

‌ 
IMAGE‌ ‌9:‌‌ ‌‌Norrie‌ ‌Point‌‌ ‌‌(water‌ ‌chestnut)‌ IMAGE‌ ‌11:‌‌ ‌‌Iona‌ ‌Island‌ ‌(phragmites‌ ‌marsh)‌ ‌ 

‌ 

IMAGE‌ ‌12:‌‌ ‌‌Constitution‌ ‌Island‌ ‌(phragmites‌ ‌marsh)‌ IMAGE‌ ‌13:‌‌ ‌‌Tivoli‌ ‌North‌ ‌Bay‌ ‌(phragmites‌ ‌marsh)‌ ‌ 
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Water‌ ‌chestnut‌ ‌infestation‌ ‌sample‌ ‌ 

‌ 
Aquatic‌ ‌Water‌ ‌Chestnut‌ ‌infestation‌ ‌‌(outlined‌ ‌in‌ ‌red)‌‌ ‌‌-‌ ‌‌Algonquin‌ ‌Park,‌ ‌Newburgh,‌ ‌NY‌ ‌-‌ ‌Orange‌ ‌County‌

‌ 
Volunteer‌ ‌water‌ ‌chestnut‌ ‌removal‌ ‌efforts,‌ ‌Algonquin‌ ‌Park,‌ ‌Summer‌ ‌2016‌ ‌-‌ ‌‌Images‌ ‌provided‌ ‌by‌ ‌Nick‌ ‌Catania‌ ‌ 
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Composting‌ ‌Facilities‌ ‌ 

‌ 

‌ 

‌ 
‌ 

‌ 

‌ 
‌ 
‌ 
‌ 

RESOURCE‌ ‌POTENTIAL‌ ‌FOR‌ ‌BIOGAS‌ ‌FEEDSTOCKS‌ ‌IN‌ ‌THE‌ ‌HUDSON‌ ‌VALLEY‌ ‌|‌ ‌AUTUMN‌ ‌2020‌ ‌|‌ ‌Version‌ ‌4.2‌ 66‌ ‌ 

County‌ ‌ 
NYS‌ ‌Dept‌‌ 
of‌ ‌Corr.‌ ‌ 

Education‌‌ 
Institute‌ 

Cornell‌‌ 
Coop‌ ‌  Farm‌ ‌ 

Govern‌
ment‌ ‌  Non-Profit‌ ‌  Private‌ ‌  Total‌ ‌ 

Columbia‌ ‌  1‌ ‌  ‌  ‌  ‌  1‌ ‌  ‌  1‌ ‌  3‌ ‌ 

Delaware‌ ‌  ‌  ‌  ‌  ‌  1‌ ‌  ‌  ‌  1‌ ‌ 

Dutchess‌ ‌  2‌ ‌  2‌ ‌  1‌ ‌  1‌ ‌  1‌ ‌  ‌  2‌ ‌  9‌ ‌ 

Greene‌ ‌  1‌ ‌  ‌  ‌  1‌ ‌  ‌  ‌  ‌  2‌ ‌ 

Orange‌ ‌  2‌ ‌  ‌  ‌  2‌ ‌  1‌ ‌  ‌  1‌ ‌  6‌ ‌ 

Putnam‌ ‌  ‌  ‌  1‌ ‌  ‌  ‌  ‌  1‌ ‌  2‌ ‌ 

Rockland‌ ‌  ‌  1‌ ‌  1‌ ‌  ‌  2‌ ‌  ‌  1‌ ‌  5‌ ‌ 

Sullivan‌ ‌  1‌ ‌  ‌  ‌  1‌ ‌  ‌  1‌ ‌  1‌ ‌  4‌ ‌ 

Ulster‌ ‌  2‌ ‌  ‌  ‌  2‌ ‌  1‌ ‌  2‌ ‌  2‌ ‌  9‌ ‌ 

Westchester‌  ‌  3‌ ‌  ‌  1‌ ‌  7‌ ‌  2‌ ‌  2‌ ‌  15‌ ‌ 

Total‌ ‌  9‌ ‌  6‌ ‌  3‌ ‌  8‌ ‌  14‌ ‌  5‌ ‌  11‌ ‌  56‌ ‌ 

County‌ ‌  Biosolids‌ ‌  Food‌ ‌Scraps‌  Manure‌ ‌  MSW‌ ‌  Small‌ ‌Scale‌ ‌  Yard‌ ‌Waste‌ ‌ 

Columbia‌ ‌  ‌  1‌ ‌  ‌  ‌  ‌  2‌ ‌ 

Delaware‌ ‌  ‌  ‌  ‌  1‌ ‌  ‌  ‌ 

Dutchess‌ ‌  ‌  5‌ ‌  2‌ ‌  ‌  1‌ ‌  1‌ ‌ 

Greene‌ ‌  ‌  1‌ ‌  1‌ ‌  ‌  ‌  ‌ 

Orange‌ ‌  ‌  2‌ ‌  2‌ ‌  ‌  ‌  2‌ ‌ 

Putnam‌ ‌  ‌  1‌ ‌  ‌  ‌  1‌ ‌  ‌ 

Rockland‌ ‌  1‌ ‌  ‌  ‌  ‌  1‌ ‌  3‌ ‌ 

Sullivan‌ ‌  ‌  2‌ ‌  2‌ ‌  ‌  ‌  ‌ 

Ulster‌ ‌  ‌  4‌ ‌  3‌ ‌  ‌  ‌  3‌ ‌ 

Westchester‌  ‌  3‌ ‌  1‌ ‌  ‌  3‌ ‌  8‌ ‌ 

Total‌  1‌ ‌  19‌ ‌  11‌ ‌  1‌ ‌  6‌ ‌  19‌ ‌ 



APPENDIX‌ ‌4:‌ ‌Discussion‌ ‌ 

RFS:‌ ‌D‌ ‌Codes‌ ‌for‌ ‌fuel‌ ‌pathways‌ ‌ 

‌ 

Approved‌ ‌Pathways‌ ‌for‌ ‌Renewable‌ ‌Fuel‌ ‌|‌ ‌Renewable‌ ‌Fuel‌ ‌Standard‌ ‌Program‌ ‌|‌ ‌US‌ ‌EPA‌ ‌ 
https://www.epa.gov/renewable-fuel-standard-program/approved-pathways-renewable-fuel‌ ‌ 

RFS:‌ ‌Example‌ ‌lifecycle‌ ‌of‌ ‌a‌ ‌RIN‌ ‌ 

‌ 

Renewable‌ ‌Identification‌ ‌Numbers‌ ‌(RINs)‌ ‌under‌ ‌the‌ ‌Renewable‌ ‌Fuel‌ ‌Standard‌ ‌Program‌ 
Renewable‌ ‌Fuel‌ ‌Standard‌ ‌Program‌ ‌|‌ ‌US‌ ‌EPA‌ ‌ 

https://www.epa.gov/renewable-fuel-standard-program/renewable-identification-numbers-rins-under-renewable-fuel-standard#Transactions‌ ‌ 
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‌  Fuel‌ ‌Type‌ ‌  Feedstock‌ ‌  Production‌‌ 
Process‌‌ 

Requirements‌ ‌ 

D-Code‌ ‌ 

Q‌ ‌ 

Renewable‌‌ 
Compressed‌‌ 
Natural‌ ‌Gas,‌‌ 
Renewable‌‌ 
Liquefied‌ ‌Natural‌‌ 
Gas,‌ ‌Renewable‌‌ 
Electricity.‌ ‌ 

Biogas‌ ‌from‌ ‌landfills,‌ ‌municipal‌‌ 
wastewater‌ ‌treatment‌ ‌facility‌‌ 
digesters,‌ ‌agricultural‌ ‌digesters,‌ ‌and‌‌ 
separated‌ ‌MSW‌ ‌digesters;‌ ‌and‌‌ 
biogas‌ ‌from‌ ‌the‌ ‌cellulosic‌‌ 
components‌ ‌of‌ ‌biomass‌ ‌processed‌‌ 
in‌ ‌other‌ ‌waste‌ ‌digesters.‌ ‌ 

Any‌ ‌  3‌ ‌ 
cellulosic‌‌ 

biofuel‌ ‌ 

T‌ ‌ 

Renewable‌‌ 
Compressed‌‌ 
Natural‌ ‌Gas,‌‌ 
Renewable‌‌ 
Liquefied‌ ‌Natural‌‌ 
Gas,‌ ‌and‌‌ 
Renewable‌‌ 
Electricity.‌ ‌ 

Biogas‌ ‌from‌ ‌waste‌ ‌digesters‌ ‌  Any‌ ‌  5‌ ‌ 
advanced‌ ‌ 

https://www.epa.gov/renewable-fuel-standard-program/approved-pathways-renewable-fuel
https://www.epa.gov/renewable-fuel-standard-program/renewable-identification-numbers-rins-under-renewable-fuel-standard#Transactions


RFS:‌ ‌RIN‌ ‌transactions‌ ‌in‌ ‌the‌ ‌EMTS‌ ‌ 

‌ 

Renewable‌ ‌Identification‌ ‌Numbers‌ ‌(RINs)‌ ‌under‌ ‌the‌ ‌Renewable‌ ‌Fuel‌ ‌Standard‌ ‌Program‌ 
Renewable‌ ‌Fuel‌ ‌Standard‌ ‌Program‌ ‌|‌ ‌US‌ ‌EPA‌ ‌ 

https://www.epa.gov/renewable-fuel-standard-program/renewable-identification-numbers-rins-under-renewable-fuel-standard#Transactions‌ ‌ 

‌ 
‌ 
‌ 
‌ 

‌ 
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ABC‌ ‌RIN‌ ‌Calculator‌ ‌ 
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‌ 
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‌ 
‌ 

RIN‌ ‌Calculator‌ ‌|‌ ‌American‌ ‌Biogas‌ ‌Council‌ 
https://americanbiogascouncil.org/resources/rin-calculator/‌ ‌ 

‌ 

‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
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NYS‌ ‌Senate‌ ‌Bill‌ ‌S4003A‌ ‌ 

‌ 

‌ 
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APPENDIX‌ ‌5:‌ ‌Summary‌ ‌ 

Helpful‌ ‌agencies‌ ‌ 

‌ 
‌ 

Federal‌ ‌Activities‌ ‌Report‌ ‌on‌ ‌the‌ ‌Bioeconomy‌ ‌(BR&D‌ ‌Bioeconomy,‌ ‌2016)‌ ‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
‌ 
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