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Nomenclature 

Indices a  Set of collection sites b Set of conversion sites bs Biomaterial storage c Set of biomaterial storage sites col Collection d Set of bio-oil storage sites di Distribution dr Dryer e Set of water treatment sites gr Grinding os Bio-oil storage ppb Parts per billion pyr Pyrolysis t Set of time 
 
Parameters Cେିୡ୭୪ Annual capital cost of collection ($/yr) Cେିୠୱ Annual capital cost of biomaterial storage ($/yr) Cେିୢ୰ Annual capital cost of drying ($/yr) Cେି୥୰ Annual capital cost of grinding ($/yr) Cେି୭ୱ Annual capital cost of bio-oil storage ($/yr) Cେି୮୷୰ Annual capital cost of pyrolysis ($/yr) Cେିୢ୧ Annual capital cost of distribution ($/yr) Cେି୵୲ Annual capital cost of water treatment ($/yr) C୚ିୡ୭୪ Annual variable cost of collection ($/yr) C୚ିୠୱ Annual variable cost of biomaterial storage ($/yr) C୚ିୢ୰ Annual variable cost of drying ($/yr) C୚ି୥୰ Annual variable cost of grinding ($/yr) C୚ି୭ୱ Annual variable cost of bio-oil storage ($/yr) C୚ି୮୷୰ Annual variable cost of pyrolysis ($/yr) C୚ିୢ୧ Annual variable cost of distribution ($/yr) C୚ି୵୲ Annual variable cost of water treatment ($/yr) D Distance (km) EP Total pathway eutrophication (kg PO4 eq.) EPN2O Eutrophication potential of N2O (kg PO4 eq./kg N2O) 
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EPP Eutrophication potential of P (kg PO4 eq./kg P) EPEF Eutrophication potential for all processes (kg PO4/ton) EPEFN2O N2O eutrophication potential of all processes (kg N2O/ ton) EPEFP P eutrophication potential of all processes (kg P/ton) ERCH4 Emissions rate of CH4 (kg CO2 eq./kg CH4) ERCO2 Emissions rate of CO2 (kg CO2 eq./kg CO2) ERN2O Emissions rate of N2O (kg CO2 eq./kg N2O) Mbc Mass of produced biomaterial (metric ton) Mp Mass of raw pinewood (metric ton) MSEF GHG emissions factor for biomaterial production process (kg CO2 eq. per ton) MSEFCH4 CH4 emission factor for biomaterial production process (kg CH4 per ton) MSEFCO2 CO2 emission factor for biomaterial production process (kg CO2 per ton) MSEFN2O N2O emission factor for biomaterial production process (kg N2O per ton) MSGWP Biomaterial production GWP (kg CO2 eq.) TREF GHG emissions factor for biomaterial transportation (kg CO2 eq. per ton-mile) TREFCH4 CH4 emission factor for biomaterial transportation (kg CH4 per ton-mile) TREFCO2 CO2 emission factor for biomaterial transportation (kg CO2 per ton-mile) TREFN2O N2O emission factor for biomaterial transportation (kg N2O per ton-mile) TRGWP Biomaterial transportation GWP (kg CO2 eq.) U୮୷୰ Annual pyrolysis utilization (metric ton/yr) Uୢ୰ Annual drying equipment utilization (metric ton/yr) U୥୰ Annual grinder utilization (metric ton/yr) U୵୲ Annual water treatment utilization (metric ton/yr) U୭ୱ Annual bio-oil storage equipment utilization (metric ton/yr) Uୠୱ Annual biomaterial storage equipment utilization (metric ton/yr) Uୡ୭୪ Annual handling equipment utilization (metric ton/yr) Uୢ୧ Annual distribution utilization (metric ton/yr) USEF GHG emissions factor for upstream processes (kg CO2 eq. per ton) USEFCH4 CH4 emission factor for upstream processes (kg CH4 per ton) USEFCO2 CO2 emission factor for upstream processes (kg CO2 per ton) USEFN2O N2O emission factor for upstream processes (kg N2O per ton) USGWP Upstream processes GWP (kg CO2 eq.) 
 
Decision Variables 𝐵௕௖௧ Integer variable for biomaterial mass from conversion site b to storage site c during time period t 

(metric ton) 𝐵௖௘௧ Integer variable for biomaterial mass from storage site c to water treatment site e during time period t 
(metric ton) 𝐵𝑁௖௘௧ Continuous variable for biomaterial mass from conversion site b to water treatment site e during time 
period t (metric ton) 𝑂௕ௗ௧ Integer variable for bio-oil mass from conversion site b to storage site d during time period t (metric 
ton) 𝑃𝑁௔௕௧ Continuous variable for pinewood mass from collection site a to conversion site b during time period t 
(metric ton) 𝑍௔௕௧ Binary variable for forest residue from collection site a to conversion site b during time period t  

 
 
 


