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Supplementary material
energy grid mix 
The energetic mix of France 2022 and 2030 are detailed in the following tables (S1-2) and they were retrieved from the French strategic plan for energy and climate [1]. For the average EU energy grid the data have been collected from the internation energy agency (IEA)[2] table S3.
Table S1: Energy mix France 2022
	Technology
	In % on the total

	Nuclear
	17.6

	Oil
	37.9

	Natural gas
	25.1

	Coal
	0.9

	Renewable Heat*
	11.5

	Hydro-electric
	2.7

	Eolic onshore
	2.5

	Eolic offshore
	0.1

	Photovoltaic
	1.2

	Biogas
	0.7


Table S1.1: Renewable Heat share France 2022
	Technology
	In % on Renewable Heat

	Biomass
	67.3

	Geothermic
	3.4

	Heat pumps
	21.4

	Thermic photovoltaic
	0.7

	Waste heat recovery
	3

	Biogas
	4.1

	Waste incineration
	0.11



Table S2: Energy mix grid France 2030
	Technology
	In % on the total

	Nuclear
	25.1

	Oil
	23.4

	Natural gas
	16.8

	Coal
	0

	Renewable Heat*
	18.8

	Hydro-electric
	3.4

	Eolic onshore
	4

	Eolic offshore
	0.9

	Photovoltaic
	4.1

	Biogas
	3.1


In tab. 2 Hydrogen production have been omitted
Table S2.1: Renewable Heat share France 2030
	Technology
	In % on Renewable Heat

	Biomass
	45.1

	Geothermic
	5.4

	Heat pumps
	25

	Thermic photovoltaic
	2

	Waste heat recovery
	6.7

	Biogas
	12.5

	Waste incineration
	3.4



Table S3: Average energy mix grid EU 2022
	Technology
	In % on the total

	Nuclear
	10.8

	Oil
	32.3

	Natural gas
	24.7

	Coal
	13.5

	Renewables exc. Hydro-electric
	5.4

	Hydro-electric
	2.6

	Biofuel and waste
	10.7




SIMULATION OF THE INCINERATION PROCESS 
Table S4 contains the description of the actual incineration plants still in use in Paris as for the year 2023, with the quantity of waste treated annually, the steam and electricity sold and the calculated efficiencies both electrical and thermal. And tab. S4 the characterization of the OFMSW found in Paris.Table S4: State of art description of the incineration technologies used in Paris region and the amount of waste treated annually. Extracted from [3]
Incineration unit
Waste treated annually (t)
Steam sold to CPCU1 (MWh)
Electricity sold to EDF2(MWh)
Electricity production efficiency3 (%)
Heat production efficiency3 (%)
Isseane 
506889
987237
61943
5
56
Ivry/ Paris XIII
544144
634136
57905
4.4
48.1
L’étoile verte
495918
825690
4585
0.4
68.8
Total 
1546951
2157063
124433
3.3
57.6
1 Parisian Urban Heating Company (Compagnie Parisienne de Chauffage Urbain), Parisian distributor for Heat.
2 Electricity of France (Électricité de France), the major producer and distributor of energy in France.
3 Calculated as total energy in waste/ electricity or heat produced. The LHV of OFMSW was found to be 2.42 MWh/t.




Table S5: Qualitative analysis of the OFMSW produced in the Parisian Region. [4] 
	Element
	Symbol
	Units
	Organic waste

	lower heating value
	Hu
	MJ/kg
	5.81E+00

	Water content
	H2O
	kg/kg waste
	6.00E-01

	Oxygen (without O from H2O)
	O
	kg/kg waste
	1.26E-01

	Hydrogen (without H from H2O)
	H
	kg/kg waste
	2.52E-02

	Carbon 
	C
	kg/kg waste
	1.64E-01

	Sulphur
	S
	kg/kg waste
	1.48E-03

	Nitrogen
	N
	kg/kg waste
	1.12E-02

	Phosphor
	P
	kg/kg waste
	1.40E-03

	Boron
	B
	kg/kg waste
	 

	Chlorine
	Cl
	kg/kg waste
	2.34E-03

	Bromine
	Br
	kg/kg waste
	3.36E-05

	Fluorine
	F
	kg/kg waste
	1.18E-05

	Iodine
	I
	kg/kg waste
	 

	Silver
	Ag
	kg/kg waste
	0.00E+00

	Arsenic
	As
	kg/kg waste
	8.00E-08

	Barium
	Ba
	kg/kg waste
	1.94E-04

	Cadmium
	Cd
	kg/kg waste
	1.00E-07

	Cobalt
	Co
	kg/kg waste
	7.50E-06

	Chromium
	Cr
	kg/kg waste
	4.28E-06

	Copper
	Cu
	kg/kg waste
	8.80E-06

	Mercury
	Hg
	kg/kg waste
	1.24E-07

	Manganese
	Mn
	kg/kg waste
	4.73E-05

	Molybdenum
	Mo
	kg/kg waste
	4.13E-07

	Nickel
	Ni
	kg/kg waste
	2.16E-06

	Lead
	Pb
	kg/kg waste
	3.04E-05

	Antimony
	Sb
	kg/kg waste
	1.52E-06

	Selenium
	Se
	kg/kg waste
	1.60E-08

	Tin
	Sn
	kg/kg waste
	5.56E-06

	Vanadium
	V
	kg/kg waste
	6.14E-06

	Zinc
	Zn
	kg/kg waste
	1.64E-04

	Beryllium
	Be
	kg/kg waste
	 

	Scandium
	Sc
	kg/kg waste
	 

	Strontium
	Sr
	kg/kg waste
	 

	Titanium
	Ti
	kg/kg waste
	 

	Thallium
	Tl
	kg/kg waste
	 

	Tungsten
	W
	kg/kg waste
	 

	Silicon
	Si
	kg/kg waste
	4.00E-02

	Iron
	Fe
	kg/kg waste
	1.56E-03

	Calcium
	Ca
	kg/kg waste
	1.56E-02

	Aluminium
	Al
	kg/kg waste
	3.25E-03

	Potassium
	K
	kg/kg waste
	3.21E-03

	Magnesium
	Mg
	kg/kg waste
	2.82E-03

	Sodium
	Na
	kg/kg waste
	1.49E-03






SIMULATION OF THE COMPOSTING PROCESS 
For the modelling and simulation of the composting process we detailed the compost produced as shown in tab. S6.
Table S6: Detailed Characterization of Compost as from [5]
	Parameter
	Unit
	Value

	TS
	% ww
	50.4

	VS
	% TS
	30.9

	Ash
	% TS
	69.1

	S
	% TS
	0.45

	Tot-Cl
	% TS
	0.08

	F
	% TS
	<0.01

	Tot-C
	% TS
	19.1

	H
	% TS
	2.1

	Tot-N
	% TS
	1.2

	O
	% TS
	7.2

	C:N
	
	15.9

	Cal. value
	MJ/kg TS
	6.6

	Cal. value
	MJ/kg ww
	2.8

	Density
	kg/m³
	726

	As
	mg/kg TS
	6.5

	Ba
	mg/kg TS
	320

	Be
	mg/kg TS
	0.73

	Cd
	mg/kg TS
	0.62

	Co
	mg/kg TS
	3.6

	Cr
	mg/kg TS
	18

	Cu
	mg/kg TS
	135

	Hg
	mg/kg TS
	0.53

	Mo
	mg/kg TS
	<4.0

	Nb
	mg/kg TS
	<4.0

	Ni
	mg/kg TS
	13.5

	Pb
	mg/kg TS
	28

	Sb
	mg/kg TS
	0.23

	Sc
	mg/kg TS
	1.8

	Sn
	mg/kg TS
	<20

	Sr
	mg/kg TS
	279

	V
	mg/kg TS
	24

	W
	mg/kg TS
	<40

	Y
	mg/kg TS
	8.0

	Zn
	mg/kg TS
	395

	Zr
	mg/kg TS
	124

	Si
	g/kg TS
	187

	Al
	g/kg TS
	22

	Ca
	g/kg TS
	81

	Fe
	g/kg TS
	18

	K
	g/kg TS
	11

	Mg
	g/kg TS
	3.7

	Mn
	g/kg TS
	0.50

	Na
	g/kg TS
	4.2

	P
	g/kg TS
	9.3

	Ti
	g/kg TS
	1.4



 
The amount of credited mineral fertilizer substitution has been calculated with the following equations (S1-3)
	     eq. S1
			      eq. S2
 	                                   eq. S3

With Nfert, Pfert and Kfert namely the mass in kg of mineral nitrogen (calcium ammonium nitrate), phosphate (diammonium phosphate) and potassium fertilizer substituted. Cm compost mass in kg. fc the correlation factor between P and P2O5 and fc1 between K and K2O, namely 0.22 and 0.42. This correlation factor is equal to the ratio of P and K in the two molecules. BioN the bioavailability of nitrogen present in the compost, set to 30% P and K are set to a bioavailability of 100%.
SIMULATION OF THE ANAEROBIC DIGESTION-COMPOSTING PROCESS 
The anaerobic digestion digestate has been detailed in tab. S7
Table S7: Inventory for the digestate as from [6]
	Parameter
	Unit
	Value

	Digestate dry solid (DS) fraction (%)
	%
	4.5

	Tot-N
	% of DS
	15

	Tot-P
	% of DS
	0.7

	Tot-K
	% of DS
	4.7

	Nitrogen fertiliser displaced
	Bioavailability (%)
	40

	Potassium fertiliser displaced
	Bioavailability (%)
	100

	Phosphate fertiliser displaced
	Bioavailability (%)
	100

	Nitrous oxide emission air from application
	% total N emitted as N2O-N
	0.45

	Nitrate leaching to soil from application
	% total N emitted as Nitrate-N
	15


The substituted fertiliser has been calculated using the eq. (S4-6)
	eq. S4
	  eq. S5	
	 eq. S6
With Nfert, Pfert and Kfert namely the mass in kg of mineral nitrogen (calcium ammonium nitrate), phosphate (diammonium phosphate) and potassium fertilizer substituted. Dm digestate mass in kg. fc the correlation factor between P and P2O5 and fc1 between K and K2O, namely 0.22 and 0.42. This correlation factor is equal to the ratio of P and K in the two molecules. BioN the bioavailability of nitrogen present in the compost, P and K are set to a bioavailability of 100%.
For the emission linked to the application we simply multiply the values in the tab. 6 for the total nitrogen present in the digestate. 
Environmental assessment results
In Table S8 and S9 we can find, namely the environmental midpoint impact of the three technologies, France vs EU energy grids and France today vs 2030 energy grids.
References[image: ]Table S8:  Tabular data of the LCA impacts of the various technologies with credits studied in this article regarding France and average EU energy mix grid.
[image: ]Table S9:  Tabular data of the LCA impacts of the various technologies with credits studied in this article regarding France today and 2030 energy mix grid.
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