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Supplementary Information

· Query string pathway for OPW characterization:
TITLE-ABS-KEY ( orange  AND  peel  AND  characterization )  OR  ( citrus  AND  waste  AND  characterization )  OR  ( orange  AND  waste  AND  characterization )  OR  ( citrus  AND  peel  AND  characterization )  OR  ( citrus  AND  residues  AND  characterization )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-TO ( DOCTYPE ,  "re" )  OR  LIMIT-TO ( DOCTYPE ,  "ch" ) )  AND  ( LIMIT-TO ( PUBYEAR ,  2022 )  OR  LIMIT-TO ( PUBYEAR ,  2021 )  OR  LIMIT-TO ( PUBYEAR ,  2020 )  OR  LIMIT-TO ( PUBYEAR ,  2019 )  OR  LIMIT-TO ( PUBYEAR ,  2018 )  OR  LIMIT-TO ( PUBYEAR ,  2017 )  OR  LIMIT-TO ( PUBYEAR ,  2016 )  OR  LIMIT-TO ( PUBYEAR ,  2015 )  OR  LIMIT-TO ( PUBYEAR ,  2014 )  OR  LIMIT-TO ( PUBYEAR ,  2013 )  OR  LIMIT-TO ( PUBYEAR ,  2012 )  OR  LIMIT-TO ( PUBYEAR ,  2011 )  OR  LIMIT-TO ( PUBYEAR ,  2010 ) )

· Query string pathway for OPW valorization:
TITLE-ABS-KEY ( orange  AND  peel  AND  management )  OR  ( citrus  AND  waste  AND  management )  OR  ( orange  AND  waste  AND  management )  OR  ( citrus  AND  peel  AND  management )  OR  ( citrus  AND  residues  AND  management )  ( orange  AND  peel  AND  valorization )  OR  ( citrus  AND  waste  AND  valorization )  OR  ( orange  AND  waste  AND  valorization )  OR  ( citrus  AND  peel  AND  valorization )  OR  ( citrus  AND  residues  AND  valorization )  ( orange  AND  peel  AND  treatment )  OR  ( citrus  AND  waste  AND  treatment )  OR  ( orange  AND  waste  AND  treatment )  OR  ( citrus  AND  peel  AND  treatment )  OR  ( citrus  AND  residues  AND  treatment )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-TO ( DOCTYPE ,  "re" )  OR  LIMIT-TO ( DOCTYPE ,  "ch" ) )  AND  ( LIMIT-TO ( PUBYEAR ,  2022 )  OR  LIMIT-TO ( PUBYEAR ,  2021 )  OR  LIMIT-TO ( PUBYEAR ,  2020 )  OR  LIMIT-TO ( PUBYEAR ,  2019 )  OR  LIMIT-TO ( PUBYEAR ,  2018 )  OR  LIMIT-TO ( PUBYEAR ,  2017 )  OR  LIMIT-TO ( PUBYEAR ,  2016 )  OR  LIMIT-TO ( PUBYEAR ,  2015 )  OR  LIMIT-TO ( PUBYEAR ,  2014 )  OR  LIMIT-TO ( PUBYEAR ,  2013 )  OR  LIMIT-TO ( PUBYEAR ,  2012 )  OR  LIMIT-TO ( PUBYEAR ,  2011 )  OR  LIMIT-TO ( PUBYEAR ,  2010 ) )

· Query string pathway for sustainability assessment of OPW management scenarios:
TITLE-ABS-KEY ( sustainability  AND  assessment )  OR  ( life  AND cycle  AND assessment  OR  lca )  OR  ( techno-economic  AND  assessment )  AND  ( orange  AND  peel  AND  management )  OR  ( citrus  AND  waste  AND  management )  OR  ( orange  AND  waste  AND  management )  OR  ( citrus  AND  peel  AND  management )  OR  ( citrus  AND  residues  AND  management )  ( orange  AND  peel  AND  valorization )  OR  ( citrus  AND  waste  AND  valorization )  OR  ( orange  AND  waste  AND  valorization )  OR  ( citrus  AND  peel  AND  valorization )  OR  ( citrus  AND  residues  AND  valorization )  ( orange  AND  peel  AND  treatment )  OR  ( citrus  AND  waste  AND  treatment )  OR  ( orange  AND  waste  AND  treatment )  OR  ( citrus  AND  peel  AND  treatment )  OR  ( citrus  AND  residues  AND  treatment )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-TO ( DOCTYPE ,  "re" )  OR  LIMIT-TO ( DOCTYPE ,  "ch" ) )  AND  ( LIMIT-TO ( PUBYEAR ,  2022 )  OR  LIMIT-TO ( PUBYEAR ,  2021 )  OR  LIMIT-TO ( PUBYEAR ,  2020 )  OR  LIMIT-TO ( PUBYEAR ,  2019 )  OR  LIMIT-TO ( PUBYEAR ,  2018 )  OR  LIMIT-TO ( PUBYEAR ,  2017 )  OR  LIMIT-TO ( PUBYEAR ,  2016 )  OR  LIMIT-TO ( PUBYEAR ,  2015 )  OR  LIMIT-TO ( PUBYEAR ,  2014 )  OR  LIMIT-TO ( PUBYEAR ,  2013 )  OR  LIMIT-TO ( PUBYEAR ,  2012 )  OR  LIMIT-TO ( PUBYEAR ,  2011 )  OR  LIMIT-TO ( PUBYEAR ,  2010 ) )
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Figure S1. Mass flow of apple cultivation to waste generation through juice extraction (t). The values are in tons and refer to the EU region for the year 2020
b)
a)


Figure S2  Geographical distribution of oranges production harvested in EU (2a) and globally (2b) in tons.










Figure S3 Frequency of environmental indicators in the selected studies derived from the LR. CC: climate change, POF: photochemical ozone formation, OD: ozone depletion, EUF: freshwater eutrophication, HT: human toxicity (cancer/non cancer effects), TA: terrestrial acidification, FD: fossil depletion, EUM: marine eutrophication, FE: freshwater ecotoxicity, WD: water depletion, TE: terrestrial ecotoxicity, LU: land use, IR: ionizing radiation, AC: acidification, ME: marine ecotoxicity, EUT: terrestrial eutrophication, PM: particulate matter, MD: mineral depletion
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Figure S4  Comparison of Ozone Depletion (a), Terrestrial Acidification (b) and Freshwater Eutrophication (c) performance of different OPW valorization scenarios per f.u... L/Coal Inc.: Landfill/Coal Incineration OPW Inc: orange peel waste incineration, B/D: Biogas/Digestate, B/Fer: Biogas/Fertilizer, Pyr: Pyrolysis,  Inc: Incineration, B/D/Lim: Biogas/Digestate/Limonene, CD: Co-digestion, CD+UP: Co-digestion/Methane Upgrade, COMP: Compost, FEED: Animal Feeding, SD: Steam distillation, E.O.: Essential Oil, MAE: Microwave-assisted Extraction, Conv: Conventional, PHC: Phenolic Content, UAE: Ultrasound -assisted Extraction, FU: Functional Unit, OPW: Orange Peel Waste
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Figure S5 Trade-off between Photochemical Ozone Formation and Freshwater Eutrophication (a) and between Photochemical Ozone Formation and Terrestrial Acidification (b). All values are normalized per f.u..
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Figure S6 Negative correlation between Production Cost and Climate Change (a) and between Energy Consumption and Climate Change (b). All values are normalized per f.u..




Environmental Indicators
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D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	L/Coal Inc
MAE  EO extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	2.8400000000000001E-9	9.175E-12	OPW Inc
OP combustion for Heat Gen.
Hydrolysis and flashing
Conv. Pectin extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	1.9059999999999998E-9	1.65E-10	9.175E-12	B/D

OP and Sug.Straw combustion for Heat Gen.
B/Lim/Eth.


MAE Pectin extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	2.6500000000000002E-9	1.575E-10	1.4000000000000001E-12	2.2710000000000001E-13	B/Fer
Fuel Oil for Heat Gen.
Fermentation Distillation
Conv. PHC extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	2.5249999999999999E-9	2.6000000000000001E-9	1.8125000000000001E-13	UAE PHC extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	9.4250000000000002E-14	
kg CFC-11 eq



Pyr

Negro et al., 2017	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	3.0000000000000001E-5	Inc

Negro et al., 2017	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	-3.4000000000000002E-4	B/D/Lim
Conv. EO extr.

Negro et al., 2017	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	1.4999999999999999E-4	2.5250000000000002E-2	CD
OP combustion for Heat Gen.

Hydrolysis and flashing
MAE EO extr.

Negro et al., 2017	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	-1E-4	1.5299999999999999E-2	5.1250000000000002E-3	CD+UP

OP and Sug.Straw combustion for Heat Gen.

B/Lim/Eth.

Conv. Pectin extr.

Negro et al., 2017	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	-7.5000000000000002E-4	1.55E-2	3.4559999999999999E-3	5.2500000000000003E-3	CD2
Fuel Oil combustion for Heat Gen.
Fermentation and Distillation
MAE Pectin extr.

Negro et al., 2017	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	2.7E-4	4.4999999999999999E-4	1.2737499999999999E-4	CD2+UP
Conv PHC extr.

Negro et al., 2017	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	-6.2E-4	1.0175000000000001E-4	L
UAE PHC extr.

Negro et al., 2017	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	2.4000000000000001E-4	5.3000000000000001E-5	COMP

Negro et al., 2017	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	1.7100000000000001E-4	FEED

Negro et al., 2017	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	-2.7699999999999999E-3	
kg SO2 eq



Conv. EO extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	1.6000000000000001E-3	L/Coal Inc
MAE  EO extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	4.2000000000000002E-4	2.32E-4	OPW Inc
OP combustion for Heat Gen.

Hydrolysis and Flashing
Conv. Pectin extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	-3.6500000000000002E-6	3.8E-3	2.3250000000000001E-4	B/D
OP and Sug.Straw combustion for Heat Gen.

B/Lim/Eth.
MAE Pectin extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	-3.5999999999999998E-6	3.8999999999999998E-3	2.0000000000000001E-4	5.7599999999999999E-6	B/Fer
Fuel Oil Combustion for Heat Gen.
Fermentation Distillation
Conv. PHC extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	-3.6500000000000002E-6	1.7900000000000001E-5	4.6E-6	UAE PHC extr.

D.L. Ortiz et al., 2020	Navarro-Pineda et al., 2021	Joglekar et al., 2019	Boukroufa et al., 2015	2.3875E-6	
kg P eq



3.8999999999999999E-4	1.9899999999999999E-5	1.6799999999999999E-4	1.3999999999999999E-4	5.9800000000000001E-3	-7.5000000000000002E-4	2.7999999999999998E-4	5.77E-3	-7.1000000000000002E-4	-1.2600000000000001E-3	1.2999999999999999E-3	1.32E-3	1.7200000000000001E-5	8.7999999999999998E-5	3.9999999999999998E-6	6.7999999999999999E-5	1.225E-3	2.4325E-4	2.3250000000000001E-4	6.0399999999999998E-6	4.8500000000000002E-6	2.5000000000000002E-6	4.2000000000000002E-4	-3.6500000000000002E-6	-3.5999999999999998E-6	-3.6500000000000002E-6	2.0799999999999998E-3	-3.0000000000000001E-6	1E-4	-5.0000000000000002E-5	-9.0000000000000006E-5	-3.8999999999999999E-4	3.8E-3	3.8999999999999998E-3	1.7900000000000001E-5	1.2E-4	3.9999999999999998E-6	7.6000000000000004E-5	1.6000000000000001E-3	2.32E-4	2.3250000000000001E-4	5.7599999999999999E-6	4.6E-6	2.3875E-6	EUF (kg P eq)


POF (kg NMVOC eq)



1.2999999999999999E-3	1.32E-3	1.7200000000000001E-5	8.7999999999999998E-5	3.9999999999999998E-6	6.7999999999999999E-5	1.225E-3	2.4325E-4	2.3250000000000001E-4	6.0399999999999998E-6	4.8500000000000002E-6	2.5000000000000002E-6	1.5299999999999999E-2	1.55E-2	4.4999999999999999E-4	1.98E-3	7.2000000000000002E-5	1.4040000000000001E-3	2.5250000000000002E-2	5.1250000000000002E-3	5.2500000000000003E-3	1.2737499999999999E-4	1.0175000000000001E-4	5.3000000000000001E-5	POF (kg NMVOC eq)


TA (kg SO2 eq)



0.17100000000000001	0.16900000000000001	-5.4999999999999997E-3	-0.20300000000000001	-0.13700000000000001	-0.222	-0.26	-0.3	-0.34300000000000003	0.36099999999999999	-3.2099999999999997E-2	-6.6000000000000003E-2	4.8999999999999998E-3	4.4999999999999997E-3	0.26600000000000001	0.14280000000000001	3.8052000000000001	3.8159999999999998	2.2515999999999998	1.238	0.79359999999999997	1.2614000000000001	1.2614000000000001	1.6013999999999999	1.6013999999999999	0.1128	0.06	1.871	0.09	0.09	2.8999999999999998E-3	0.16700000000000001	CC (kg CO2 eq)


Energy Consumption (MJ)



0.47	6.1499999999999999E-2	-5.4999999999999997E-3	-0.20300000000000001	-0.13700000000000001	-0.222	-0.26	-0.3	-0.34300000000000003	0.36099999999999999	-3.2099999999999997E-2	-6.6000000000000003E-2	4.8999999999999998E-3	4.4999999999999997E-3	0.06	0.72	0.71	0.105	0.115	0.10199999999999999	0.13	0.125	0.17	0.14399999999999999	0.1	0.04	0.19900000000000001	3.2000000000000001E-2	0.03	3.9E-2	CC (kg CO2 eq)


Production Cost ($)
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