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Table S1.1 

Description of the product stages involved in the dried pulse life cycle network according to the Simapro software used in this work. 

Product stage Name Main output Unit Ref. Table 

Process 1 Pulse cultivation Fresh pulse grains kg Table S1.2 

Process 2 AlP production AlP kg Table S1.3 

Process 3 Fumigated pulse grains Fumigated pulse grains kg Table S1.4 

Process 4 1-Mg PE FIBC production SS kg Table S1.5 

Process 5 FIBC-packed cleaned dried pulse grains Packed pulse grains kg Table S1.6 

Process 6 Ready-to-pack dried pulse grains Ready-to-pack pulse grains kg Table S1.7 

Process 7 PP bag production PP bags kg Table S1.8 

Process 8 Cardboard collar production Cardstocks kg Table S1.9 

Process 9 Brass rivet production Rivets kg Table S1.10 

Process 10 Adhesive paper label production Paper labels kg Table S1.11 

Process 11 Carton production Cartons kg Table S1.12 

Process 12 Scotch tape production Scotch tape kg Table S1.13 

Process 13 PP semipallet production PP semipallet kg Table S1.14 

Process 14 Shrink & shrank PE film production PE film kg Table S1.15 

Assembly 15 Assembly of the primary packaging for dried pulses Ass 1pack p Table S1.16 

Assembly 16 Assembly of the secondary packaging for dried pulses Ass 2pack p Table S1.17 

Assembly 17 Assembly of the tertiary packaging for dried pulses Ass 3pack p Table S1.18 

Assembly 18 Assembly of the primary and secondary packages for dried pulses Ass 1-2pack p Table S1.19 

Assembly 19 Assembly of the primary, secondary and tertiary packages for dried pulses Ass 1-2-3pack p Table S1.20 

Assembly 20 Assembly of dried pulses Ass dried pulses p Table S1.21 

Processes 21 Use phase Cooked pulses kg Table S1.22 

Waste scenario 22 Waste scenario of plastic packaging wastes PLW kg Table S1.23 

Waste scenario 23 Waste scenario of paper and cardboard packaging wastes PCW kg Table S1.24 

Waste scenario 24 Waste scenario of non-ferrous metal wastes NFMW kg Table S1.25 

End of life scenario 25 Disposal scenario of primary packaging material wastes DS-1pack - Table S1.26 

End of life scenario 26 Disposal scenario of secondary packaging material wastes DS-2pack - Table S1.27 

End of life scenario 27 Disposal scenario of the tertiary packaging wastes DS-3pack - Table S1.28 

End of life scenario 28 Disposal scenario of the I, II, and III packaging material wastes DS-1-2-3pack - Table S1.29 

Reuse 29 Reuse of the PP semi-pallet Pallet reuse p Table S1.30 

Life cycle 30 Life cycle of dried pulses LC-DP p Table S1.31 

Life cycle 31 Life cycle of the primary, secondary and tertiary packaging materials LC1-2-3pack p Table S1.32 

Life cycle 32 Life cycle of the PP semi-pallet LC-3pack p Table S1.33 



Table S1.2 

Inventory associated with the Solco Dritto chickpea cultivation phase.  

 

 
 

 





 
 

  



Table S1.3 

Inventory associated with the production of Aluminum phosphide (AlP) tablets. 

 

 



 

 
  



Table S1.4 

Inventory associated with the pulse grain fumigation step.   

 

 
 

  

  



Table S1.5 

Inventory associated with the production of 1-Mg PE bags. 

 

 

 

  



Table S1.6 

Inventory associated with the flexible intermediate bulk container (FIBC)-packed cleaned dry pulse grain production step.   
 

 

  



Table S1.7 

Inventory associated with the production of ready-to-pack dried pulses.   

 

 

 

 



Table S1.8 

Inventory associated with the PP bag production step. 



Table S1.9 

Inventory associated with the cardboard collar production step.  

 

 
 

  



Table S1.10 

Inventory associated with the brass rivet production step.  

 
 

 

  



Table S1.11 

Inventory associated with the adhesive paper label production step.  
 

 
 

  



Table S1.12 

Inventory associated with the carton production step (copied from Carton box {EU+EFTA+UK} | Kraft Pulping Process, pulp pressing and drying, box 

manufacturing | production mix, at plant | 280 g/m2, R1=47% | LCI result, EF database 3.1 Corepackage – Sphera).  

 

 
 

 

 

 
 

  



Table S1.13 

Inventory associated with the scotch tape production step.  

 

 

 
 

 

 

 

 

  



Table S1.14 

Inventory associated with the PP semi-pallet production step.  
 

 

 
 

  



Table S1.15 

Inventory associated with the shrink & shrank PE film production step.  

 

 

 
 

 

 

 

  



Table S1.16 

Assembly of the primary packaging for dried pulses.  

 

 

 
 

 

  



Table S1.17 

Assembly of the secondary packaging for dried pulses. 



Table S1.18 

Assembly of the tertiary packaging for dried pulses. 

  

 

 
  



Table S1.19 

Assembly of primary and secondary packages for dried pulses. 

  

 
 
 

 

 

 

  



Table S1.20 

Assembly of primary, secondary, and tertiary packages for dried pulses.  
 

 

 
 

 

 

 

  



Table S1.21 

Assembly of dried pulses (1 Functional Unit).  

 

 

 
 

 

  



Table S1.22 

Inventory associated with the use phase.  

 

 

 
 

 



 

 
 

 

 

 

 

 

  



Table S1.23 

Waste scenario for plastic packaging wastes (PLW). 
 

 
 

 

 

 

 

  



Table S1.24 

Waste scenario for cardboard and paper packaging wastes (PCW). 

 

 
 

 

 

 

 

 

  



Table S1.25 

Waste scenario of non-ferrous metal waste (NFMW). 



Table S1.26 

Disposal scenario of primary packaging material wastes (DS-1pack). 

 

 
 

 

  



Table S1.27 

Disposal scenario of secondary packaging material wastes (DS-2pack).  

 
 

  



Table S1.28 

Disposal scenario of tertiary packaging material wastes (DS-3pack). 



Table S1.29 

Disposal scenario of the primary, secondary and tertiary packaging material wastes (DS-1-3pack). 
 

 
 

 

 

  



Table S1.30 

Reuse phase of the PP semi-pallet.  

 

 

 
 

 

 

  



Table S1.31 

Life cycle of dried pulses (LC-DP).  

 

 
 

 
 

 

 

 

 

  



Table S1.32 

Life cycle of the primary, secondary, and tertiary packaging materials (LC-1-3pack).  

 

 
 

 

 

 

 

 

 

  



Table S1.33 

Life cycle of the PP semi-pallet (LC-3pack).  
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Table S2.1 Input/output data for the conventional cultivation of the 3 varieties of legumes examined here (SDC, GPB, LO), as referred to a nominal land area of 

1 ha. Air and water emissions were estimated according to the IPCC [45] and EPD® [46] guidelines. 

Legume 

Input/Output Parameter 

SDC GPB OL Unit 

Nominal non-irrigated land used (S) 1 1 1 ha 

Input 

NPK Fertilizer 100.0 100.0 20.0 kg/(ha yr) 

N 20.0 20.0 4.0 kg/(ha yr) 

P 8.7 8.7 1.7 kg/(ha yr) 

K 16.6 16.6 3.3 kg/(ha yr) 

Poultry Manure 200.0 200.0 200.0 kg/(ha yr) 

N 8.0 8.0 8.0 kg/(ha yr) 

P 3.5 3.5 3.5 kg/(ha yr) 

K 6.6 6.6 6.6 kg/(ha yr) 

Output 

Fresh grain yield 1.71 1.26 1.26 Mg/(ha yr) 

Average dry matter in grains harvested 0.88 0.88 0.88 g/g 

Harvested annual dry matter grain yield 1.505 1.109 1.109 Mg/(ha yr) 

Above ground biomass (AGR) 2.55 2.10 2.10 Mg/(ha yr) 

Ratio of above-ground residues dry matter to harvested crop yield 2.1 2.1 2.1 g/g 

Ratio of below-ground biomass to above-ground biomass (RBG-BIO) 0.19 0.19 0.19 g/g 

N content of above-ground residues (NAG) 0.008 0.008 0.008 g/g 

N content of below-ground residues (NBG) 0.008 0.008 0.008 g/g 

Fraction of above-ground residues removed (FracRemoved) 0 % 

Fraction of total area under crop annually renewed (FracRenew) 1 - 

Below-ground residues (BG) 770.5 610.2 610.2 kg ss/(ha yr) 

Nitrogen in crop residues (FCR) 26.57 21.71 21.71 kg N/(ha yr) 

Fraction of synthetic N fertilizer volatilized as NH3 + NOX (FracGASF) 0.11 (0.02-0.33) (kg NH3-N+NOX-N)/(kg N) 

Fraction of organic N fertilizer volatilized as NH3 + NO (FracGASM) 0.21 (0.0-0.31) (kg NH3-N+NOX-N)/(kg N) 

Fraction of all N added lost through leaching off and runoff (FracLEACH) 0.24 (0.01-0.73) kg N/(kg N) 

N2O-N emissions per unit mass of N fertilizer added (EF1) 0.01 (0.001-0.018) kg N2O-N/(kg N) 

N2O-N emissions per unit mass of NH3 and NOX emitted (EF4) 0.01 (0.002-0.018) kg N2O-N/(kg NH3-N+kg NOX-N) 

N2O-N emissions per unit mass of N leached off (EF5) 0.011 (0.0-0.020) kg N2O-N/(kg N lisc/dilavato) 

Direct N2O emissions FN2ODIR [=(FS+FCR) ∙ EF1 ∙ 44/28] 0.857 0.781 0.530 kg N2O/(ha yr) 

NH3+NOX 3.88 3.88 2.12 kg (NH3-N+NOX-N)/(ha yr) 

FNH3-NOX 0.061 0.061 0.033 kg N2O/(ha yr) 



Nitrate emissions in water [NO3-] 13.10 11.93 8.09 kg NO3--N/(ha yr) 

FNO3- 0.226 0.206 0.140 kg N2O/(ha yr) 

Indirect N2O emissions (FN2OIND) 0.287 0.267 0.173 kg N2O/(ha a) 

N2O emissions from managed soils (FN2O= FN2ODIR + FN2OIND) 1.145 1.048 0.703 kg N2O/(ha a) 

P emissions in water [0.05 kg P/ kg P applied] [46] 0.61 0.61 0.26 kg P/(ha a) 

NO emissions in air [46] 0.731 0.731 0.178 kg NO-N/(ha a) 

 

  



Table S2.2 

Overall material balance of the fumigation process, cleaning/optical selection of harvested legumes, and storage of cleaned grains shown in Fig. 2, as related to the 

average yield of harvested fresh grain pulses. All symbols used to identify the various stream flows are given in the Nomenclature section. 

Legume S GRs GR AlP PH3 GRF SP GP RP PO+ER SS GPP H2OV  
ha kg/ha kg Comp. g g kg kg kg kg kg No. kg kg kg 

SDC 10 1710 17100 85.5 256.5 85.5 17100.2 2137.7 14962.5 769.5 1368.2 15.0 44.9 15007.4 598.5 

GPB 8.5 1260 10710 53.6 160.7 53.6 10710.1 1338.9 9371.3 482.0 856.9 9.4 28.1 9399.4 374.85 

LO 30 1260 37800 189.0 567.0 189.0 37800.4 12285.4 25515.0 4725.0 7560.4 25.5 76.5 25591.5 1020.6 

  

Legume GPPD Seeds GPD SGP MZ SSU SSU RPS 

 kg kg kg kg kg  No kg kg 

SDC 14364.0 1300.0 13064.0 65.3 834.8 0.8 2.5 837.3 

GPB 8996.4 850.0 8146.4 40.7 522.7 0.5 1.6 524.3 

LO 24494.4 3000.0 21494.4 107.5 4832.5 4.8 14.5 4847.0 

 



Table S2.3 

Selling prices (sp) for the cleaned and selected grains of the legumes examined (SDC, GPD, LO) and by-products designated for animal husbandry (MZ) along 

with the total revenue, and allocation percentage of by-products (ALLMZ). All symbols used are given in the Nomenclature section. 

Legume spGPD spMZ MZ GPD Total revenue ALLMZ  
[€/kg] [€/kg] [kg] [kg] [€] [%] 

SDC 3.6 0.1 834.8 13064 47113.9 0.18% 

GPB 6.0 0.1 522.7 8146.4 48930.7 0.11% 

LO 5.0 0.1 4832.5 21494.4 107955.2 0.45% 

 

  



Table S2.4 

Percentage fraction of the process and packaging materials discarded, as collected in the dry legume factory examined in this work. 

 

Processing and Packaging Materials discarded Discarded Fraction (%) 

PE super-sacks 0 

Dry legumes 0.5 

Primary packaging  

PP bags  2.5 

Paper label 0.5 

Cardbord collar 0.5 

Brass rivets 0.5 

Secondary packaging  

Cartons (CAW) 1.0 

Carton labels  0.3 

Scotch tape  0.3 

Tertiary packaging  

Damaged PP semi-pallet  0.2 

Pallet adhesive label  0.5 

Stretch & shrink film  0.5 

 

  



Table S2.5 

Overall material balance of the packaging process of cleaned pulse grains and its waste management process., as referred to the block diagram in Fig. 3. All symbols 

used to identify the various stream flows are given in the Nomenclature section.  

Legume GPD SGP Bags PP N2 CAV RO ET SPP SCAV SRO SET 

  [kg] [kg] No.  [kg] [kg] [kg] [kg] [kg] [kg] [kg] [kg] [kg] 

SDC 13064.0 65.3 25997.4 133.2 130.0 151.5 8.7 21.1 3.2 0.754 0.043 12.7 

GPB 8146.4 40.7 16211.3 83.1 81.1 94.5 5.4 13.2 2.0 0.470 0.027 7.9 

LO 21494.4 107.5 42773.9 219.2 213.9 249.3 14.3 34.7 5.3 1.240 0.071 20.9 

Legume LCI CA SCA EC SEC SC SSC 

  [kg] No.  [kg] [kg] [kg] [kg] [kg] [kg] 

SDC 13426.5 2166.4 660.8 6.5 4.3 0.01 8.7 0.03 

GPB 8372.5 1350.9 412.1 4.1 2.7 0.01 5.4 0.02 

LO 22090.8 3564.5 1087.2 10.8 7.2 0.02 14.3 0.04 

Legume LCII PAL SPAL EP SEP FP SFP LCIII 

  [kg] no. [kg] [kg] [kg] [kg] [kg] [kg] [kg] 

SDC 14093.8 90.3 452.2 0.9 0.6 0.003 26.1 0.13 14571.6 

GPB 8788.5 56.3 282.0 0.6 0.4 0.002 16.3 0.08 9086.5 

LO 23188.7 148.5 744.1 1.5 0.9 0.005 42.9 0.21 23974.9 

  Legume RPL’ RCC’ RM’ MZ PO+E 

 [kg] [kg] [kg] [kg] [kg] 

SDC 49.2 20.0 0.043 834.8 1368.2 

GPB 30.8 12.5 0.027 522.7 856.9 

LO 83.6 32.9 0.071 4832.5 7560.4 

 

  



Table S2.6 

Overall material balance of the malting, cleaning, dehulling and packaging processes of cleaned pulse grains and their waste management process, as referred to 

the block diagrams in Figures S1 and 3. All symbols used to identify the various stream flows are given in the Nomenclature section.  

 

Legume GPD MP PCR MPC 

  [kg] [kg] [kg] [kg] 

SDC 13064.0 13064.0 1920.4 11143.6 

GPB 8146.4 8146.4 1197.5 6948.9 

LO 21494.4 21494.4 3159.7 18334.7 

Legume SMP PP N2 CAV RO ET SPP SCAV SRO SET MPCI 

  [kg]  No. [kg] [kg] [kg] [kg] [kg] [kg] [kg] [kg] [kg] [kg] 

SDC 55.7 22175.7 113.7 110.9 129.3 7.4 18.0 2.8 0.643 0.037 10.8 11452.8 

GPB 34.7 13828.3 70.9 69.1 80.6 4.6 11.2 1.7 0.401 0.023 6.8 7141.7 

LO 91.7 36486.1 187.0 182.4 212.7 12.2 29.6 4.6 1.058 0.061 17.8 18843.5 

Legume CA SCA EC SEC SC SSC MPCII PAL SPAL EP SEP FP SFP MPCIII 

   No. [kg] [kg] [kg] [kg] [kg] [kg] [kg] No. [kg] [kg] [kg] [kg] [kg] [kg] [kg] 

SDC 954.4 291.1 2.9 1.9 0.01 3.8 0.01 11746.8 77.0 385.8 0.8 0.5 0.002 22.2 0.11 12154.4 

GPB 595.1 181.5 1.8 1.2 0.00 2.4 0.01 7325.0 48.0 240.6 0.5 0.3 0.001 13.9 0.07 7579.2 

LO 1570.3 479.0 4.7 3.2 0.01 6.3 0.02 19327.1 126.7 634.7 1.3 0.8 0.004 36.6 0.18 19997.8 

Legume RPL’ RCC’ RM’ MZ PO+E 

  [kg] [kg] [kg] [kg] [kg] 

SDC 48.6 14.4 0.037 2745.6 1368.2 

GPB 30.4 9.0 0.023 1714.2 856.9 

LO 82.6 23.6 0.061 7976.4 7560.4 

 

 
 

 

  



 

 
 

Figure S2.1.  Block diagram of the malting, dehulling and selection process of selected legume seeds. For all symbols refer to the Nomenclature section. 
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