[bookmark: _Hlk85636823]Supplementary information

Plastic impurities in biowaste treatment: environmental and economic life cycle assessment of a composting plant

Sara Bottausci1, Chiara Magrini1, Giulia Adele Tuci2, Alessandra Bonoli1

1Department of Civil, Chemical, Environmental and Materials Engineering, University of Bologna, Bologna, 40131, Italy
2Department of Environmental Science, Informatics and Statistics, University of Venice Ca’ Foscari, Venice Mestre, 30172, Italy

Keywords: biodegradable plastic, waste management, life cycle costing, material flow analysis, bioplastic
Corresponding author email: sara.bottausci2@unibo.it


The research paper analyses the plant of the Cooperative “La Città Verde”, which aims to provide quality services and fair products in different fields: landscaping, waste management and recovery, installation and maintenance of urban furniture and social agriculture. Complementarily, the cooperative seeks to create also a sustainable social space by generating work opportunities and integrating people in need.
Life cycle assessment (LCA)

The CML-IA baseline was the methodology used for the assessment and the impact categories included in the calculation are shown in Table S1.
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	Abiotic depletion
	kg Sb eq

	Abiotic depletion (fossil fuels)
	MJ

	Global warming (GWP100a)
	kg CO2 eq

	Ozone layer depletion (ODP)
	kg CFC - 11 eq

	Human toxicity
	kg 1,4 - DB eq

	Fresh water aquatic ecotox.
	kg 1,4 - DB eq

	Marine aquatic ecotoxicity
	kg 1,4 - DB eq

	Terrestrial ecotoxicity
	kg 1,4 - DB eq

	Photochemical oxidation
	kg C2H4 eq

	Acidification
	kg SO2 eq

	Eutrophication
	kg PO4 eq



Life Cycle Inventory (LCI)

As far as the modelling of transport is concerned, an Iveco Stralis 2012 of 12,5 tons of maximum capacity is used as a transportation means for collecting the waste. The transport calculation was performed considering the closest lorry available in the EcoInvent database to the real case, taking also into consideration the weight of the vehicle. The maximum capacity was assumed for every travel; the distances imputable to the collection of organic waste and wood waste were summed together to calculate the total amount of km. The inventory was calculated for one year according to the FU.

Scenario Analysis. Waste treatment comparison.

A comparison analysis was developed between the current scenario - as-is - in which plastic products are present in biowaste and consequently they undertake a treatment after the composting process, with an ideal scenario - to-be - in which only biodegradable plastic was assumed present in the collected biowaste and, therefore, able to degrade and to turn into compost at the end of the treatment process. Table S2 shows the impacts imputable to the waste treatment in the two scenarios, as well as the percentage of reduction, for each impact category.
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	Comparison

	Label
	Waste treatment – As is
	Waste treatment – To be
	% Reduction

	Abiotic depletion
	24.72
	15.49
	37.32

	Abiotic depletion (fossil fuels)
	10.15
	6.69
	34.03

	Global warming (GWP100a)
	80.39
	31.89
	60.33

	Ozone layer depletion (ODP)
	9.60
	5.92
	38.34

	Human toxicity
	86.25
	13.36
	84.51

	Fresh water aquatic ecotox.
	92.57
	22.46
	75.73

	Marine aquatic ecotoxicity
	77.77
	5.79
	92.56

	Terrestrial ecotoxicity
	37.02
	4.69
	87.33

	Photochemical oxidation
	13.90
	9.41
	32.31

	Acidification
	22.98
	16.87
	26.59

	Eutrophication
	26.27
	18.40
	29.96



Life cycle cost (LCC) 

Costs of transport

The total transportation cost was calculated referring to 2020, considering the average annual fuel cost, the fuel consumption cost of the considered Iveco Stralis 2012, the highway tolls cost and the cost of personnel. Potential fines or rental costs were not considered in the calculation.
Similar to the LCA calculation set up, the transportation cost was also conducted considering different travels back and forwards from the plant facility to the collection sites according to the distance and to the total amount of waste to be collected. Organic waste and wood waste are not collected in the same sites and, this time, two different transport means having both 12,5 tons of maximum load capacity were assumed in the calculation. Collection locations accounting for less than 12,5 tons were added together to maximize the transportation loads. This approximation was reasonably appropriate for the purpose of the calculation, as they do not particularly influence the result contributing only for 1,15 % of the total amount of the waste collected. 

Externalities from transport

The main reference for the calculation of externalities from transport was the “Handbook on the external costs of transport” authored by CE Delft (2019). Table S3 shows the values referred to a vehicle within the class EURO 3, diesel, 7,5-16 t (fuel inefficient HGVs: 716 g/km). 
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	€-cent/tkm

	
	Marginal cost for dense metropolitan traffic during the day
	Marginal cost for dense traffic on rural motorways during the day
	Average

	Accident
	0.1
	0.07
	0.085

	Air pollution
	1.61
	0.5
	1.055

	Climate change
	0.83
	0.58
	0.705

	Noise
	0.7
	0.01
	0.355

	Congestion
	9.7
	4.3
	7

	Waste to tank[footnoteRef:1] [1:  According to CE DELFT (2019), the cost of well-to-tank emissions (= costs of energy production) includes the production of all different type of energy sources which leads to emissions and other externalities (i.e., the extraction of energy sources, the processing, the transport and transmission, the building of energy plants and other infrastructures).] 

	0.19
	0.14
	0.165

	Total
	
	
	9.365



Externalities from electricity consumption

Energy consumption (and the related emissions) was considered as the main source of externality for the plant. The plant uses 728,640 KWh every year. It is assumed that the energy consumption is the same in both the scenarios. As far as the external cost of pollutants is concerned, following Magrini et al. (2021), the valuations proposed by CE Delft (2018) were adopted, complemented with a “proxy” value for HCl and HF obtained by rescaling that of SO2 according to their respective recommended emission limits in the recent European Best Available Technology reference document on waste incineration (Neuwahl et al., 2019). The unit costs are shown in Table S4.
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	Reference
	External cost of pollutant [€/kg]

	
	PM
	Nox
	SOx
	HCl
	HF
	CO
	PCDD
	Hg
	CO2

	CE Delft (2018)
	38.7
	14.8
	11.5
	 
	 
	0.05
	1810
	34500
	0.057

	Magrini et al., 2021
	 
	 
	 
	57.5
	575.5
	 
	 
	 
	 



The emission factor of the Italian grid mix was considered, as shown in Table S5. 
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	Pollutant
	Emission factors (kg/kWh)

	
	Electricity generation, Italian energy mix (EMEP, 2017)

	CO2 
	1.110

	SO2
	2.99E-05

	NO2
	1.03E-04

	PM
	1.25E-06

	CO
	6.93E-05

	Hg
	1.69E-09

	PCDD
	8.57E-15



Externalities from incinerators 

The analysis was based on the study performed by Magrini et al. (2021), including the external costs from macropollutants and external benefits related to the avoided electricity production, considering again the Italian energy mix. The average value of electricity generation (Table S6) was calculated, starting from the data of the plants located in the Region. 
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	Incineration plants in Emilia-Romagna Region
	Electricity generated  [MWh/t] 

	FE-INC (HERAmbiente Ferrara)
	0.395134018

	FC-INC (HERAmbiente Forlì)
	0.512613589

	RN-INC (HERAmbiente Rimini)
	0.467967763

	BO-INC (FEA Bologna)
	0.530997541

	MO-INC (HERAmbiente Modena)
	0.588344625

	WTE IREN Parma
	0.52074744

	PC-INC (Tecnoborgo Piacenza)
	0.640456848

	wte Heramb (HERAmbiente Ravenna)
	0.752064761

	Regional average 
	0.551040823



The electricity generated from the plastic waste and from the other waste in output to the plant are shown in …, for both the scenarios. 

Table S7- Electricity generated from waste treatment
	
	Electricity [Kwh]
	Electricity [Kwh], scenario

	Electricity from plastic waste
	330,624
	-

	Electricity from other waste
	394,270
	394,270




In particular, the values of the emissions of macropollutants available in SimaPro were gathered (Table S8).
All the main macropollutants generated by waste incineration were included in the analysis: acid gases (SO2, HCl and HF), CO, NOx, and particulate matter. In addition, the analysis included the two micropollutants for which monitoring of the annual mass flow is mandatory for WtE plants in the Region: Hg and the class of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs). 

[bookmark: _Ref85969964]Table S8- Emissions from incinerators
	
	PM
	NOx
	HCl
	HF
	SO2
	CO
	PCDD
	Hg
	Fossil 
CO2

	Amount generated [Kg]
	6.30E+01
	1.15E+03
	8.19E+00
	2.88E-01
	1.29E+02
	1.77E+02
	6.87E-09
	1.52E-02
	1.53E+06

	Amount generated [Kg], scenario
	3.71E+01
	791
	1.22E+00
	0.117
	85.2
	95.6
	6.57E-03
	8.99E-04
	115000
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