
SUPPLEMENTARY MATERIAL 
Table S1. Description of the six product stages involved in the fresh pasta life cycle network according to the Simapro software used in this work. 
 
Product stage  Name Main output Unit Reference Table 
Process High-amylose soft wheat cultivation  HABW grain kg Table S3 
Process 25-kg paper bag production  SAF kg Table S5 
Process High-amylose bread wheat milling  HABW flour  kg Table S6 
Process High-amylose soft bread pasta production  Fresh pasta kg Table S7 
Process PE bag production PE bags kg Table S9 
Process Adhesive paper label production Paper labels  kg Table S10 
Process Carton production Cartons kg Table S11 
Process Scotch tape production Scotch tape  kg Table S12 
Process EPAL wood pallet production Wood pallet kg Table S13 
Process Shrink & shrank PE film production PE film kg Table S14 
Assembly Assembly of the primary packaging for fresh pasta Ass 1pack p Table S15 
Assembly Assembly of the secondary packaging for fresh pasta Ass 2pack p Table S16 
Assembly Assembly of the tertiary packaging for fresh pasta  Ass 3pack p Table S17 
Assembly Assembly of the primary and secondary packages for fresh pasta Ass 1-2pack p Table S18 
Assembly Assembly of the primary, secondary and tertiary packages for fresh pasta Ass 1-3pack p Table S19 
Assembly Assembly of fresh pasta Ass pasta p Table S20 
Processes Use phase Cooked fresh pasta kg Table S21 
Waste scenario Waste scenario of plastic packaging wastes  PW  kg Table S22 

Waste scenario Waste scenario of paper and cardboard packaging wastes  PCW kg Table S23 

Waste scenario Waste scenario of wooden pallet wastes  PALW kg Table S24 

End of life scenario End of life scenario of the primary packaging material wastes EoL-1pack - Table S25 
End of life scenario End of life scenario of the secondary packaging material wastes EoL-2pack - Table S26 
End of life scenario End of life of the tertiary packaging wastes  EoL-3pack - Table S27 
End of life scenario End of life scenario of the I, II, and III packaging material wastes EoL-1-3pack - Table S28 
Reuse  Reuse of the wooden pallet Pallet reuse p Table S29 

Life cycle Life cycle of fresh pasta LC-FP p Table S30 
Life cycle Life cycle of the primary, secondary and tertiary packaging materials  LC1-3pack p Table S31 
Life cycle Life cycle of the wooden pallet  LC-3pack p Table S32 
 
 



Table S2 Input/output data for the conventional production of high-amylose bread wheat at the Massimo Filzi farm (Anguillara Sabazia, Italy), as 
referred to a nominal land area of 1 ha. All emission factors were extracted from the recently updated IPCC Guidelines [39].  

Inpu/Output Parameter Unit  Amount 
Nominal non-irrigated land used (AC) ha 1.0 
Land used to cultivate HASW % 100 
Set-aside land % 0 
HASW seed density kg ∙ ha-1 250 
Distance travelled by seeds (Viterbo-Anguillara Sabazia, Italy) km 62 
Input   
Overall synthetic nitrogen supplied (FS)  kg N a-1 144 
Output   
Crop yield  Mg ∙ ha-1 ∙ a-1 1.5 
Average grain moisture  g ∙ kg-1 110 
Dry grain yield  kg DM ∙ ha-1 ∙ a-1 1335 
Above ground residues (AGDM)  Mg DM ∙ ha-1 ∙ a-1 2.55 
N content of above-ground residues kg N ∙ (kg DM)-1 0.006 
- Percentage of straw left in the field % 0 
- Percentage of straw incinerated  % 0 
- Percentage of straw baling  % 100 
Above ground biomass (AGR) (kg DM) ha-1 a-1 2549 
Below ground-to-above ground biomass ratio (RBG-BIO) kg ∙ kg-1 0.23 
Below ground residues (BGDM) kg DM ∙ ha-1 ∙ a-1 893 
N content of below-ground residues  kg N ∙ (kg DM)-1 0.009 
Nitrogen in crop residues (FCR)  kg N ∙ ha-1 ∙ a-1 8.04 
N emissions as NH3- ed NOx (FracGASF) kg NH3-N+NOx-N ∙ (kg N)-1 0.11 (0.02-0.33) 
N leaching off (FracLEACH) kg N ∙ (kg N)-1 0.24 (0.01-0.73) 
N2O-N emissions per unit mass of N fertilizer (EF1) kg N2O-N ∙ (kg N)-1 0.01 (0.001-0.018) 
N2O-N emissions per unit mass of NH3 and NOX emitted (EF4)  kg N2O-N ∙ (kg NH3-N+kg NOx-N emitted)-1 0.01 (0.002-0.018) 
N2O-N emissions per unit mass of N leached off (EF5) kg N2O-N ∙ (kg N leached off)-1 0.011 (0.0-0.020) 
Direct N2O emissions [=(FS+FCR) ∙ EF1 ∙ 44/28] kg N2O ha-1 yr-1 2.389 
Indirect N2O emissions from NH3 e NOx [=FS FracGASF ∙ EF4 ∙ 44/28] kg N2O ha-1 yr-1 0.249 
Indirect N2O emissions from N leaching off [=(FS+FCR) FracLEACH ∙ EF5 ∙ 44/28] kg N2O ∙ ha-1. yr-1 0.631 
Direct and indirect N2O emissions kg N2O ∙ ha-1. yr-1 3.269 
Urea emission factor (EFUREA) kg C/kg Urea 0.2 

Reduction () kg C/kg Urea 0.5 

CO2 emissions from urea (FCO2= Urea AC EFUrea ) kg CO2e ha-1 yr-1 55.00 
NO emissions [40] kg N ha-1 yr-1 2.142 
Nitrate emissions in water kg NO3-N ha-1 yr-1 36.49 
P emissions in water [0.05 kg P/ kg P applied] kg P ha-1 yr1 2.01 



Table S3.  Inventory associated with the high-amylose bread wheat cultivation phase.  

 

 
 
  



Table S4 Total and partial material balances of the high-amylose bread wheat milling step in the pilot-scale mill with the pre-cleaning, cleaning, 
and grinding yields. 

Step  Pre-cleaning Cleaning Tempering Grinding Pelletizing
Stream HASWG ISS TPP GPP TP GP TW GPU CR1 CR2 FGT WE HAWF  WFP 
  kg % p/p kg kg kg kg kg kg kg % p/p kg kg kg kg kg % p/p kg % p/p
Water 824.6 11 0.41 7.83 816.3 41.7 774.6 375.0 1149.6 15.5 68.0 216.5 126.2 223.0 515.9 12.88 460.29 12.6
Dry matter 6671.4 89 3.34 63.38 6604.7 337.4 6267.4 0.0 6267.4 84.5 460.0 1464.5 853.8 0.0 3489.1 87.12 3178.97 87.4
Total 7496.0 100 3.75 71.21 7421.0 379.1 7042.0 375.0 7417.0 100.0 528.0 1681.0 980.0 223.0 4005.0 100.0 3639.27 100.0
Yield (%)   0.05 0.95 99.00 5.11 94.89 5 105  7 23 13 3 54  49  

 

Table S5. Total and partial material balances of the milling step of the HABW grains harvested from a nominal fertilized soil area of 1 ha. All 
symbols were listed in the Nomenclature section. 

Step Pre-cleaning Cleaning Tempering Grinding Pelletizing Packaging
Stream HABWG ISS TPP GPP TP GP TW GPU  CR1 CR2 FGT WE HABWF  WFP  SAF SSAF HABWFS
  kg % p/p kg kg kg kg kg kg kg % p/p kg kg kg kg kg % p/p kg % p/p no. kg kg kg
Water 165 11 0.08 1.57 163.4 8.3 155.0 75 230.0 15.5 13.6 43.3 25.3 44.6 103.2 12.88 92.11 12.6
Dry matter 1335 89 0.67 12.68 1321.7 67.5 1254.1 0 1254.1 84.5 92.0 293.1 170.8 0 698.2 87.12 636.13 87.4
Total 1500 100 0.75 14.25 1485.0 75.9 1409.1 75 1484.19 100.0 105.7 336.4 196.1 44.6 801.4 100.00 728.24 100.0 32.1 3.72 0.04 805.11

 
 

Table S6.  Inventory associated with the production of 25-kg paper bags. 

 



Table S7. Inventory associated with the high-amylose bread wheat flour production step.   

 

 
  



Table S8. Total and partial material balances of the fresh pasta making, pasteurization, and pre-drying processes process using the HABW flour 
obtained by milling the HABW grains harvested from a nominal fertilized soil area of 1 ha (cf. Table S4). All symbols were listed in the Nomenclature 
section. 

Step Kneading Extrusion Pasteurization Pre-drying/Cooling 
Stream HABWF WI SI I VT PTU VP PPU VAT PP  

kg % kg % kg % kg % kg % kg % kg % kg % kg % kg %
Water 103.2 12.88 296.5 100.0 1.6 36.41 398.2 36.4 85.7 100 312.4 31.0 50.4 100.0 362.8 34.29 143.2 100.00 219.6 24.0
Dry matter 698.2 87.12 0.0 0.0 2.8 63.59 695.4 63.6 0.0 0 695.4 69.0 0.0 0.0 695.4 65.71 0.0 0.00 695.4 76.0
Total 801.4 100.0 296.5 100.0 4.4 100.0 1093.6 100.0 85.7 100 1007.9 100.0 50.4 100.0 1058.2 100.0 143.2 100.00 915.0 100.0
 
 
 
 
  



Table S9. Inventory associated with the high-amylose bread wheat fresh pasta production step. 

 

 

 



Table S10. Percentage fraction of the processing and packaging materials discarded, as collected in the fresh pasta factory examined in this work. 
 
Processing and Packaging Materials discarded Discarded Fraction (%) 
Paper bags for wheat flour 1.0 
Dough waste  0.4 
Fresh pasta waste  1.5 
Primary packaging  
PE bags  3.0 
PE bag label 0.5 
Secondary packaging  
Cartons (CAW) 1.0 
Carton label  0.3 
Scotch tape  0.3 
Tertiary packaging  
Damaged wooden pallet  0.2 
Wooden pallet label waste  0.2 
Wooden pallet stretch & shrink film waste 0.2 
 

Table S11. Total material balance of the packaging process of the HABW fresh pasta. All symbols were listed in the Nomenclature section. 

Step  Primary packaging 
Stream PP SPP N2L           CO2L PE SPE ES SES PFS

 (kg) (kg) (kg) (kg) no. (kg) (kg) (kg) (kg) (kg)
Total 915.0 13.7 9.0 4.5 1803 29.2 0.9 1.8 0.01 945.0

Step  Secondary packaging 
Stream CA SCA  EC SEC SC SCW PFC
 no. (kg) (kg) (kg) (kg) (kg) (kg) (kg)
Total 150 85.0 0.8 0.3 0.001 1.1 0.003 1030.4

Step  Tertiary packaging 
Stream PAL SPAL EP SEP FP SFP PFP
 n° (kg) (kg) n° (kg) (kg) (kg) (kg) (kg)
Total 3.8 82.8 0.2 7.5 0.023 0.00005 2.574 0.005 1115.6

 
 
  



 

Table S12. Inventory associated with the PE bag production step.   

 

 
 
Table S13. Inventory associated with the paper label production step.  

  



 

Table S14. Inventory associated with the carton production step.  

 
 
 
 

 
 
  



Table S15. Inventory associated with the scotch tape production step.  

 
 
 

 
 
  



Table S16. Inventory associated with the EPAL wooden pallet production step.  
 

 
 
  



Table S17. Inventory associated with the shrink & shrank PE film production step.  
 

 
 

 
 

Table S18. Assembly of the primary packaging for fresh pasta.  

 
 
 
  



Table S19. Assembly of the secondary packaging for fresh pasta.  

 
 
 

Table S20. Assembly of the tertiary packaging for fresh pasta.  

 
 
  



Table S21. Assembly of primary and secondary packages for fresh pasta.  

 
 

Table S22. Assembly of primary, secondary, and tertiary packages for fresh pasta. 

 
 
 
 

Table S23. Assembly of fresh pasta (1 Functional Unit).  

 
 
 
  



Table S24. Inventory associated with the use phase.  

 

 

 
 
 



 

Table S25.  Waste scenario for plastic packaging wastes (PLW). 
 

 
 
 
 
 
  



Table S26. Waste scenario for cardboard and paper packaging wastes (PCW). 
 

 
 
 
 
 
  



Table S27. Waste scenario of wooden pallet wastes (PALW).   
 

 
 
  



Table S28. End-of-life of primary packaging material wastes (EoL-1pack). 

 
 
 

Table S29. End-of-life of secondary packaging material wastes (EoL-2pack). 

 
 
  



Table S30. End-of-life of tertiary packaging material wastes (EoL-3pack). 

 
 

 
Table S31. End-of-life scenario for the primary, secondary and tertiary packaging material wastes, excluding wooden pallets (EoL-1-3pack). 
 

 
 
 
  



Table S32. Reuse phase of the wooden pallet (Pallet reuse).  
 

 
 
 

Table S33.  Life cycle of HABWF fresh pasta (LC-FP).  
 

 
 
 
 
 
  



Table S34. Life cycle of the primary, secondary, and tertiary packaging materials (LC-1-3pack).  

 
 
 
 
 
 
 

Table S35. Life cycle of the wooden pallet (LC-3pack).  

 
 
  



Table S36.  Inventory associated with the cultivation phase of a typical bread wheat in Central Italy. 

 

 
 
  



Table S37.  Inventory associated with the milling phase of common wheat grains cultivated in Central Italy. 
 

 

 
 

 
  



Table S38. Inventory associated with the fresh pasta production step using type 00 bread wheat flour.   
 

 

 

 


