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1 Reform of MSW management in Saint Petersburg and the Leningrad region

Reform of the waste management system in Saint Petersburg and the Leningrad region, as in
the rest of Russia, was started in 2017-2019. In terms of waste handling practices, the reform
aims to increase the amount of MSW sent to sorting and for utilization (meaning mainly
material and energy recovery) and eliminate unauthorized dumps [85]. To facilitate increased
rates of MSW sorting and utilization, additional capacity for waste sorting has been planned

in each region.

Thus far, the federal city of Saint Petersburg and the Leningrad region have developed
separate reform plans despite their closely linked MSW management systems. Existing MSW
management systems and targeted developments are currently described in regional waste
management plans drafted by the Waste Management Committee of the Leningrad Region
[35] and the Committee for the Improvement of Saint Petersburg [41]. New facilities are
planned in the Leningrad region to cover the needs of both areas. Those installations include
waste sorting facilities in the towns of Gatchina and Kingisepp. At the same time, the plan
for Saint Petersburg includes an expansion of the MPBO-2 plant, which would allow the
waste treatment targets to be reached independently. It would appear that, according to
current planning documents, there is some overlapping of plans for additional sorting

capacity.

In this study, the development of the infrastructure planned in the Leningrad region is
considered in preference to infrastructural changes planned in Saint Petersburg. Such a choice
is determined by criticism of the MPBO-2 sorting plant expansion in Saint Peterburg [86], as

well as lower availability of data on technologies being proposed for this plant.



2 Inventory data
2.1 Waste collection and transportation

Table S1. LCI data on waste collection and transportation in Saint Petersburg

District MSW Distances, km'
generation,  Districts-> Sorting/transfer Sorting/transfer
share [41] sorting/transfer stations stations-> stations->
incineration plant  landfills
Vyborgsky 0.08 MPBO-2 30 65 25
Kalininsky 0.13 20
Krasnogvardeisky 0.05 10
Kronstadt 0.01 60
Kurortny 0.02 70
Nevsky 0.08 15
Petrogradsky 0.03 25
Primorsky 0.06 40
Tsentralny 0.06 15
Admiralteysky 0.04 Staroobryadcheskaya 5 45 40
Vastleostrovsky 0.05 15
Kirovsky 0.08 15
Frunzensky 0.07 15
Kolpinsky 0.04 Sinergiya 5 50
Krasnoselsky 0.08 Predportovaya 10 40 120
Moskovsky 0.06 10
Petrodvortsovy 0.03 35
Pushkinsky 0.03 TEK 20 35 115

"' Numbers are rounded up to nearest 5

Collection and transportation are modelled using unit processes from GaBi database: “GLO:
Truck, Euro 5, 12 - 14t gross weight / 9,3t payload capacity” (in-city collection of MSW in
Saint Petersburg) and “GLO: Truck-trailer, Euro 5, 28 - 34t gross weight / 22t payload
capacity” (transportation of MSW from transfer stations and sorting facilities in Saint

Petersburg and waste collection and transportation in the Leningrad region).



Table S2. LCI data on waste collection and transportation in the Leningrad region

District MSW Distances, km!

generation,  Districts-> Sorting/transfer Sorting/transfer

share [35] sorting/transfer stations stations-> stations->

incineration plant  landfills

Podporozhsky 0.02 Kostsept EKO 60 90
Lodeynopolsky 0.02 15
Kingisepp 0.04 Kingisepp plant 10 50 0
Sosnovoborsky 0.04 65
Priozersky 0.03 Traktornoe plant 30 0
Slantsevsky 0.02 Slantsi plant 20 65 0
Volkhovsky 0.02 Kuti plant 35 75 0
Kirishsky 0.04 Lel’ EKO 10 80
Vsevolozhsky 0.20 Lepsari plant 25 40
Volosovsky 0.02 Profspetstrans 20 65
Vyborgsky 0.12 SadServis 90 85
Boksitogorsky 0.02 - - 15
Gatchinsky 0.14 Gatchina plant 5 30 5
Kirovsky 0.07 - - 35
Lomonosovsky 0.04 - - 40 60
Lugsky 0.04 - - 40
Tikhvinsky 0.04 - - 15
Tosnensky 0.06 - - 25

'Numbers are rounded up to nearest 5

All trucks are diesel-driven; diesel supply is modeled using “RU: Diesel mix at filling station

(100% fossil)” unit process.



Table S3. LCI data on transportation of recyclable materials

Sorting stations

Distances to recycling facilities, km!

Aluminum  Steel Paper, Glass PET HDPE
cardboard
MPBO-2 20 500 180 520 45 680
Staroobryadcheskaya 25
Sinergiya 20
Predportovaya 10
TEK 20
Gatchina plant 45
Kingisepp plant 130 240 135
Traktornoe plant
Kuti plant
Lel’ EKO
Kontsept EKO 125 190 130
Slantsi plant
Lepsari plant
Profspetstrans
SadServis

""Numbers are rounded up to nearest 5




2.2 Landfilling

Only methane emissions are considered in LFG emissions. Methane generation potential
(kgcna/kgwaste) of waste decomposition is calculated based IPCC default model [42] using the

equation:
16
LO ZDOCXDOCf XMCFXFXE,

where DOC — degradable organic carbon, kgc/kgwaste,
DOCy — share of degradable organic carbon degraded,

MCF — CHa4 correction factor, share,

F — a fraction of CHa4 in landfill gas, share,

16 )
o correlation between carbon and methane content.

Table S4. LCI data on landfilling

Parameter Value Unit Reference
CH, oxidation factor 0.1 share [42]
CHj correction factor 0.6 share [42]
CH, fraction in LFG 0.5 share [42]
Leachate generation 0.2 g/gmsw [45]
P in leachate 13.95 mg/dm? [44]
N in leachate 3.075 mg/dm? [44]
Leachate density 1000 kg/m’ Assumed
Diesel use 0.46 dm’/Mgumsw [44]
Emissions from diesel combustion (a bulldozer)

(6[0) 14 g/ dm’ieser [57]

HC 3.4 g/ dm’ iese [57]

NOy 21 g/ dm? giesel [57]

SO, 0.008 g/ dm giesel [57]

CO,-¢q. (CO,, CH, N>O) 2674 o/ dM3giesel [57]




Table S5. Initial data for calculation of the methane generation potential

Waste fraction DOC, kgc/kgwaste DOC, share Lo, kgcna/kgwaste
Paper 0.4 0.37 0.059

Wood 0.43 0.21 0.036

Food 0.15 0.64 0.038

Textile 0.24 0.50 0.048
Reference [87] [43] Calculated

Table S6. Additional LCI data on landfilling with LFG collection

Parameter Value  Unit Reference
LFG collection rate 53 % [48]
LFG to flaring 40 % LFG collected [44]
Gas engine electric efficiency 36 % [44]
Emissions from gas engine

NOx 11.6 2/Nm®cpa [49]

Cco 8.46 2/NmPcpa [49]
Emissions from flare device

NOx 0.631  g/Nm’cus [49]

CcO 0.737  g/Nm’cus [49]

CH4 1 % CHy input [49]

Efficiency of flaring 99 % [44]
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2.3 Data on MSW sorting facilities

Table S7. Sorting facilities/processes modelled

Facility/process ~ Scenario MSW sorted, Materials separated Reference
Mg/a 'g 5
o B
s £
5 2
S 2
- 2] @ Q (5] o
S =2 = & 5 A
= 0 & & & =
Saint Petersburg
MPBO-2 all 169 000 + + 4+ + [53]
Staroobtyadches all 100 000 +  + +  [34,46]
kaya
Predportovaya all 100 000 + + + 4+ o+
TEK all 56 302 + + 4+ o+ [35,50]
Sinergiya all 41386 + + 4+ o+ [41]
Leningrad region
MSW  sorting, all 18 496! + 4+ 4+ + 4+ [50,7]
screening incl.
MSW  sorting, all 655751 +  + 4+ o+
screening excl.
Gatchina plant 1-4 500 000 2 + + 4+ + + [35]
Kingisepp plant  1-4 300 000 + + + + 4+

! Allocation of waste mass treated with and without screening of fine fraction is based on capacities of sorting plants
which reported the presence of the screening process in the referenced source.

2 MSW generated in Saint Petersburg is assumed to be sorted in Gatchina plant.




2.4 MSW sorting processes

Table S8. LCI data on mechanical sorting of mixed waste
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Parameter Value

Unit

Reference

Electricity consumption 70

Separation efficiencies

ferrous metals 39.5
aluminum cans 25.0
plastics 36.2
paper and cardboard 26.0
screening reject 344
RDF 25.0

kWh/Mngw

% of initial fraction mass
% of initial fraction mass
% of initial fraction mass
% of initial fraction mass
% of input MSW
% of input MSW

[88]

Calculated based on recovery
rates from [46] and data on

MSW composition

[46]
[46]

Table S9. LCI data on a sorting line with manual separation of recyclable materials from mixed waste

Parameter Value Unit Reference
Electricity consumption
screen included 4" kWh/Mgumsw Based on [64]
screen excluded 32 kWh/Mgusw Based on [64]

Recovery rates

ferrous metals 39.5
aluminum cans 5.6
plastics 2.5
paper and cardboard 2.6
glass 5.7
screening reject 34.4

% of initial fraction mass
% of initial fraction mass
% of initial fraction mass
% of initial fraction mass
% of initial fraction mass

% of input MSW

See in Table S8

Calculated based on recovery
rates from [51]

and an assumption that overall
recovery rate equals 3%

[46]

! The value is obtained for assumed equipment (conveyor — 6 pcs, drum feeder — 1, trommel screen — 1,

magnet — 1, one-way baler — 1, two-way baler — 1) using the methodology from [64]

2 The value is obtained for assumed equipment (conveyor — 4 pcs, drum feeder — 1, magnet — 1, one-way

baler — 1, two-way baler — 1) using the methodology from [64]
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Table S10. LCI data on a sorting line for source-separated waste fractions

Parameter Value

Unit

Reference

Electricity consumption 15!

Separation efficiencies

ferrous metals 100
aluminum cans 100
plastics 100

paper and cardboard 100
glass 98

kWh/Mgmsw

% of initial fraction mass®
% of initial fraction mass®
% of initial fraction mass®
% of initial fraction mass®

% of initial fraction mass>

Based on [64]

64]
64]
64]
64]
[64]

[
[
[
[

! The value is obtained according to the process flow given for source-separated materials sorting in [64] and using

the methodology from [64]

2 The initial fraction constitutes 70% of the flow leaving the other 30% as contaminants (mixed MSW)
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2.5 Composting of organic fraction

Table S11. LCI data on windrow composting

Parameter Value Unit Reference
Diesel need (windrow composting) 3 dm3/Mgyaste [56]
Electricity need (rotary drum) 62 kWh [40]
Water need (rotary drum) 13 dm*/Mgyaste [40]
Diesel need (curing after the drum) 0.71 dm’/Mgyaste [55]
C content of organic matter 230" g/kg [54]
N content of organic matter 7! g/kg [54]
C degradation rate 66! % [89]
N degradation rate 391 % [54]
Compost output 60 % [40]
Direct emissions from composting
CH4 15" % degradedC [54]
N,O 21 % degraded N [54]
NH; 83 % degraded N [56]
NMVOC 2 /K wet waste [56]
Emissions from diesel combustion (wheel loader)
(0(0) 13 g/dm’giesel [57]
HC 3.0 g/ dm’giesel [57]
NOy 17 g/ dm’ giesel [57]
SO, 0.008 g/ dmPicsel [57]
CO0s-¢eq. (CO,, CHs4, N>;0O) 2673 g/ dmPdiesel [57]
Mineral fertilizers substitution rates
N fertilizer 2.851  g/kguaste reated [54]
P fertilizer 1.251  g/kguaste treated [54]
K fertilizer 3.90 ' g/kguaste treated [54]

! Averaged from the given interval

Share of organic matter in waste used in composting is calculated based on screening reject
composition and organic content of source separated biowaste. Composition of screening

reject is based on data from Staroobryadcheskaya sorting plant [46] (Table S12). Textile is
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assumed to contain 50% of biodegradable material. Screening reject < 50 mm is assumed to
contain three times more food, wood, paper, and textile waste than related percentages given
in Table S12. In this case, biodegradable matter constitutes over 45% of “screening reject <
50 mm” and 60% of total screening reject. Such a share of organic matter corresponds to data

from Di Lonardo et al. [90].

Table S12. Composition of screening reject subject to composting [46]

Waste fraction Mass, Mg/a Share, %

Food waste 4200 12.2
Paper 930 2.7
Cardboard 145 0.4
Wood 70 0.2
Textile 32 0.1
Plastics 165 0.5
Glass 4350 12.6
Screening reject <50 mm 23570 68.4
Other 981 29
Total 34 443 100.0

Produced compost is assumed to be fully utilized. In case of soil substitution, since it is the
thickness of the isolation layer that is regulated in landfill operation, the needed volume of
compost or soil is the same. Soil and compost bulk densities are assumed to be 1600 kg/m?
and 400 kg/m? respectively. Thus, excavation of 4 Mg or 2.5 m® of soil is avoided per each

Mg of compost used.

Compost from source separated biowaste substitute N, P, and K fertilizers. Mineral fertilizers
production is modelled using ecoinvent processes “market for inorganic nitrogen fertiliser,
as N — RU”, “market for inorganic phosphorus fertiliser, as P205 — RU”, “market for
inorganic potassium fertiliser, as K20 — RU”. Data taken from the ecoinvent database refer

to the “allocation, cut-off by classification” system model.
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2.6 Anaerobic digestion of organic fraction

Anaerobic digestion (AD) is only applied to the additional amount of organic waste which is
separated according to the plan of the development of the system by 2024 (scenario 1), i.e.
to source-separated organic fraction and screening reject from the new Gatchina and

Kingisepp plants. Composition of screening reject used in AD is given in section 2.5.

Besides, AD process (“RoW: treatment of biowaste by anaerobic digestion”, cut-off system
model) is applied only to organic part of waste subject to AD: contaminants are subtracted

from the input flow.

Biogas combustion is modelled using unit process “RoW: heat and power co-generation,
biogas, gas engine”, cut-off system model. Produced power and heat replace traditional

production of power and heat in the region (see section 2.5.10 of the paper).
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2.7 Recycling processes

Table S13. Data used in modelling of recycling processes

Process/parameter

Value Unit

Reference

Paper and cardboard

Recycling process

tissue paper production, RoW'

ecoinvent 3.7

Substituted process tissue paper production, virgin, GLO ecoinvent 3.7
Substitution ratio 0.83 kg virgin paper /kg recycled paper [9 1]
PET recycling
i polyethylene terephthalate production, granulate, ecoinvent 3.7
Recycling process
amorphous, recycled, RowW

) polyethylene terephthalate production, granulate, ecoinvent 3.7

Substituted process

Substitution ratio

amorphous, RoW

0.81

kg virgin PET /kg recycled PET

[92]

HDPE recycling

Recycling process

polyethylene production, high density, granulate,

recycled, RoW

ecoinvent 3.7

Substituted process polyethylene production, high density, granulate, RoW  ecoinvent 3.7
Substitution ratio 0.75 K8 virgin HDPE /KE recycledppE  [91]
Steel recycling
Credit for recycled steel GLO: Value of scrap worldsteel GaBi database (2020.2)
Aluminium recycling
Recycling process EU28+EFTA+Turkey: Aluminium remelting: wrought GaBi database (2020.2)
alloys ingot from scrap (2015) European Aluminium
Substituted process GLO: Aluminium ingot mix IAI (2010) 141 GaBi database (2020.2)
Substitution process EU-15: Remelt aluminium ingots - credit (open loop) GaBi database (2020.2)
(includes substitution ratio equal to 69%)
Glass recycling
Recycling process
water need 0.2 m/Mgeuet [60]
electricity need 551 kWh/Mgeiiet [59]
heat consumption 6963 MIJ/Mgcultet [59]
Substituted process packaging glass production, green, without cullet, GLO ecoinvent 3.7
Substitution ratio 1 Kg virgin glass /K8 recycled glass ~ [92]

! In this table and further italic text refers to unit processes from LCA software
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2.8 Incineration of mixed MSW

Incineration process is modelled separately for several waste fractions using the following

unit process from the GaBi database.

Table S14. Processes from GaBi (version 2020.2) used in modelling of mixed MSW incineration

Waste fraction Unit process used

Biowaste EU-28: Waste incineration of biodegradable waste fraction in municipal solid waste
(MSW) ELCD/CEWEP<p-agg>

Paper and cardboard EU-28: Waste incineration of paper fraction in municipal solid waste (MSW)
ELCD/CEWEP <p-agg>

Metal EU-28: Waste incineration of ferro metals ELCD/CEWEP <p-agg>

Plastic EU-28: Waste incineration of plastics (unspecified) fraction in municipal solid waste
(MSW) ELCD/CEWEP <p-agg>

Textile, leather, EU-28: Waste incineration of textile fraction in municipal solid waste (MSW)

rubber ELCD/CEWEP <p-agg>

Wood EU-28: Waste incineration of untreated wood (10.7% H20 content)
ELCD/CEWEP<p-agg>

Glass, inert waste,  EU-28: Waste incineration of glass/inert material ELCD/CEWEP <p-agg>

other waste!

!Incineration of the “other waste” fraction received from the Leningrad region was modelled as if it is incineration of

biowaste (50%) and textile (50%). Incineration of the “other waste” fraction received from Saint Petersburg was

modelled as glass/inert material incineration.
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2.9 RDF incineration

Table S15. Composition of RDF and characteristics of RDF fractions

Waste fraction Content in Moisture Carbon content, % Fossil carbon content, %

RDF, % content, % of TS ofwaste ofC of waste
Paper, cardboard 42.7 10 43 39 0 0
Plastics 33.6 1 59 58 100 58
Liquid packaging board 5.5 1! 122 12 100 12
Textile 10.2 10 56 50 50 25
Leather 53 513 48 50* 24
Rubber 2 0 65 65 50* 33
Wood 4.8 1 50 49 0 0
Reference [46] [93,94] if no other reference

! Assumed equal to moisture content of plastic

2 Assuming that plastic content in Tetra Pak equals 20%
3 Values from [95]

4 Assumed value

The report on municipal solid waste incineration plants shows that the most common practice
of bottom and fly ashes handling in Russia is landfill disposal (both MSW and hazardous
waste landfill are applied depending on the toxicity of residues) [96]. Therefore, in this study
landfill disposal of bottom ash and fly ash are modelled.



Table S16. LCI data on RDF incineration
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Parameter Value Unit Reference
LHYV of RDF 1591 Ml/kgror [61]
Bottom ash output 157" % of RDF [61]
Fly ash output 4 % of RDF [97]
Ashes disposal EU-28: Inert matter (Glass) GaBi database (2020.2)
on landfill
Emissions from RDF incineration before treatment
CO; 861 g/kgror Calculated based on Table S15
NOx 2.3 g/kgror [44]
SO, 1.7 g/kgror [44]
RDF utilization in a cement kiln
LHV of coal 22.5 Mlkg [98]

coal acquisition

coal combustion

RU: Hard coal mix

RU: Process steam from

GaBi database (2020.2)
GaBi database (2020.2)

hard coal 95%
RDF utilization in a boiler
natural gas need (auxiliary fuel) 1.9 m’/Mgror [99]
natural gas supply FI: Natural gas mix GaBi database (2020.2)
electricity production efficiency 22 % [62]
! Averaged from the given interval
Table S17. LCI data on flue gases treatment process
Parameter Value Unit Reference
Lime consumption of a scrubber 6 g/kgror [99]
Lime supply DE: Calcium hydroxide (Ca(OH)2; dry; GaBi database (2020.2)
slaked lime) (EN15804 A1-A3)
NHj3 consumption of SNCR unit 2.75 g/kgror [99]
Ammonia supply EU-28: Ammonia (NH3) production mix, GaBi database (2020.2)
without CO2 recovery
Water consumption of APC 0.5 dm’/kgrpr [99]
Water supply EU-28: Process water GaBi database (2020.2)
NOy emission reduction 50 % [100]
SO, emission reduction 50 % [101]
APC residues amount 5 % RDF input [99]
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3 Sensitivity analysis
3.1 Perturbation analysis

Normalized sensitivity ratios (NSR) are obtained following the approach described by
Starostina et al. [27]. For each impact category, sensitivity ratios (SR) are normalized over
the largest SR score among the scenarios so that the NSRs range between 0 and 1. NSR is
calculated using the equation:

NSR! = ——1
where i is a parameter, and j is an impact category. Thus, in a specific scenario and impact
category, NSR values that are close to 1 represent parameters to which the LCIA results are

most sensitive. NSR values are further weighted and aggregated among impact categories to

identify the parameters that most affect the performance of the studied system.

Normalized sensitivity ratio values are further weighted and summed up among impact
categories to identify parameters which affect the overall performance of the studied system
the most. NSR are weighted according to the rules stated in Table S18. Weighted NSR values
for each impact category is then aggregated so that overall values are obtained for each

parameter in each scenario.

Table S18. Weighting rules for NSR in perturbation analysis

Original NSR value  Weighted NSR value

<0.5 0
0.5<NSR<0.8 0.8
0.8<NSR<0.9 0.9

0.9<NSR<1 1

Perturbation analysis was performed for 8 parameters presented in Table S19. The results of

perturbation analysis are presented further in Sections 4.1 and 4.2.



Table S19. Parameters checked in perturbation analysis
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Parameter

Initial value

LFG collection rate

Leachate generation

Electric efficiency of RDF combustion

LHV of RDF

Recovery rate of source separated metal at sorting plant

Recovery rate of source separated glass at sorting plant

Recovery rate of source separated plastic at sorting plant

Recovery rate of source separated paper and cardboard at sorting plant

53%

0.2 g/ngw
22%

15.9 MJ/kgRDF
100%

98%

100%

100%

3.2 Impact of modelling choices: alternative data

Alternative MSW composition represents a weighted average data considering the population

and composition of MSW from Kirovsky, Lomonosovsky and Tosnensky districts of

Leningrad region.

Table S20. Alternative data on MSW composition in Leningrad region [40]

Organic waste, % 28.0
Paper and cardboard, % 20.2
Non-ferrous metals, % 1.0
Ferrous metals, % 33
Glass, % 11.7
Plastics, % 6.4
Leather, rubber, % 2.3
Textile, % 7.2
Wood, % 35
Inert materials, % 32

Other materials, % 13.2




4 Results

4.1 Perturbation analysis: sensitivity ratios

Table S21. Sensitivity ratios of parameters in each scenario, GWP impact category

S0 S1 S2 S3 S4.1 S4.2
LFG collection rate -0.22 -0.28 -0.76 -1.50 -7.57 64.75
Leachate generation 0.00 0.00 0.00 0.00 0.00 0.00
Electric eff. of RDF combustion -0.04 -0.14 -0.19 -0.44 -1.95 16.69
LHV of RDF 0.00 -0.08 -0.11 -0.26 -1.15 9.83
Recovery rate, metal 0.00 0.00 0.00 0.00 -0.51 4.36
Recovery rate, glass 0.00 0.00 0.00 0.00 -1.59 13.62
Recovery rate, plastic 0.00 0.00 0.00 0.00 -4.18 35.73
Recovery rate, paper&cardboard 0.00 0.00 0.00 0.00 -1.87 16.01

Table S22. Sensitivity ratios of parameters in each scenario, EP impact category

S0 S1 S2 S3 S4.1 S4.2
LFG collection rate 0.22 0.14 0.24 0.60 -0.04 -0.03
Leachate generation 0.23 0.12 0.11 0.21 -0.01 -0.01
Electric eff. of RDF combustion -0.29 -0.54 -0.47 -1.38 0.07 0.06
LHV of RDF 0.00 -0.35 -0.31 -0.90 0.05 0.04
Recovery rate, metal 0.00 0.00 0.00 0.00 0.00 0.00
Recovery rate, glass 0.00 0.00 0.00 0.00 0.04 0.03
Recovery rate, plastic 0.00 0.00 0.00 0.00 0.97 0.75
Recovery rate, paper&cardboard 0.00 0.00 0.00 0.00 0.37 0.28

22



Table S23. Sensitivity ratios of parameters in each scenario, AP impact category

S0 S1 S2 S3 S4.1 S4.2
LFG collection rate 1.13 -0.84 -10.22 0.09 0.03 0.02
Leachate generation 0.00 0.00 0.00 0.00 0.00 0.00
Electric eff. of RDF combustion 15.97 -20.92  -127.83 1.28 0.42 0.31
LHV of RDF 0.00 -8.92 -54.48 0.55 0.18 0.13
Recovery rate, metal 0.00 0.00 0.00 0.00 0.02 0.01
Recovery rate, glass 0.00 0.00 0.00 0.00 0.06 0.04
Recovery rate, plastic 0.00 0.00 0.00 0.00 0.66 0.49
Recovery rate, paper&cardboard 0.00 0.00 0.00 0.00 0.46 0.35

Table S24. Sensitivity ratios of parameters in each scenario, ADPf impact category

S0 S1 S2 S3 S4.1 S4.2
LFG collection rate 0.24 0.08 0.14 0.05 0.07 0.06
Leachate generation 0.00 0.00 0.00 0.00 0.00 0.00
Electric eff. of RDF combustion 0.59 0.52 0.49 0.19 0.24 0.21
LHV of RDF 0.00 0.33 0.31 0.12 0.15 0.13
Recovery rate, metal 0.00 0.00 0.00 0.00 0.04 0.04
Recovery rate, glass 0.00 0.00 0.00 0.00 0.27 0.24
Recovery rate, plastic 0.00 0.00 0.00 0.00 0.18 0.15
Recovery rate, paper&cardboard 0.00 0.00 0.00 0.00 0.06 0.05

23



4.2 Perturbation analysis: normalized sensitivity ratios

Table S25. Normalized sensitivity ratios of parameters in each scenario, GWP impact category

S0 S1 S2 S3 S4.1 S4.2
LFG collection rate 0.00 0.00 0.01 0.02 0.12 1.00
Leachate generation - - - - - -
Electric eff. of RDF combustion 0.00 0.01 0.01 0.03 0.12 1.00
LHV of RDF 0.00 0.01 0.01 0.03 0.12 1.00
Recovery rate, metal 0.00 0.00 0.00 0.00 0.12 1.00
Recovery rate, glass 0.00 0.00 0.00 0.00 0.12 1.00
Recovery rate, plastic 0.00 0.00 0.00 0.00 0.12 1.00
Recovery rate, paper&cardboard 0.00 0.00 0.00 0.00 0.12 1.00

Table S26. Normalized sensitivity ratios of parameters in each scenario, EP impact category

S0 S1 S2 S3 S4.1 S4.2
LFG collection rate 0.36 0.23 0.40 1.00 0.06 0.05
Leachate generation 1.00 0.55 0.48 0.91 0.06 0.04
Electric eff. of RDF combustion 0.21 0.39 0.34 1.00 0.05 0.04
LHV of RDF 0.00 0.39 0.34 1.00 0.05 0.04
Recovery rate, metal 0.00 0.00 0.00 0.00 1.00 0.78
Recovery rate, glass 0.00 0.00 0.00 0.00 1.00 0.78
Recovery rate, plastic 0.00 0.00 0.00 0.00 1.00 0.78
Recovery rate, paper&cardboard 0.00 0.00 0.00 0.00 1.00 0.78
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Table S27. Normalized sensitivity ratios of parameters in each scenario, AP impact category

S0 S1 S2 S3 S4.1 S4.2
LFG collection rate 0.11 0.08 1.00 0.01 0.00 0.00
Leachate generation - - - - - -
Electric eff. of RDF combustion 0.12 0.16 1.00 0.01 0.00 0.00
LHV of RDF 0.00 0.16 1.00 0.01 0.00 0.00
Recovery rate, metal 0.00 0.00 0.00 0.00 1.00 0.75
Recovery rate, glass 0.00 0.00 0.00 0.00 1.00 0.75
Recovery rate, plastic 0.00 0.00 0.00 0.00 1.00 0.75
Recovery rate, paper&cardboard 0.00 0.00 0.00 0.00 1.00 0.75

Table S28. Normalized sensitivity ratios of parameters in each scenario, ADPs impact category

S0 S1 S2 S3 S4.1 S4.2
LFG collection rate 1.00 0.31 0.58 0.19 0.28 0.24
Leachate generation - - - - - -
Electric eff. of RDF combustion 1.00 0.88 0.82 0.32 0.40 0.35
LHV of RDF 0.00 1.00 0.93 0.36 0.46 0.39
Recovery rate, metal 0.00 0.00 0.00 0.00 1.00 0.86
Recovery rate, glass 0.00 0.00 0.00 0.00 1.00 0.86
Recovery rate, plastic 0.00 0.00 0.00 0.00 1.00 0.86
Recovery rate, paper&cardboard 0.00 0.00 0.00 0.00 1.00 0.86
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Table S29. Aggregated weighted results of perturbation analysis over all impact categories. For each impact category, NSR is weighted as 0 when NSR<0.5,
0.8 when 0.5<NSR<0(.8, 0.9 when 0.8<NSR<0(.9 and 1 when 0.9<NSR<1

SO S1 S2 S3 S4.1 S4.2
LFG collection rate 1 0 1.8 1 0 1
Leachate generation 1 08 0 1 0 0
RDF LHV 1 09 1.9 1 0 1
RDF electric efficiency 0 1 2 1 0 1
Recovery rate', metal 0 0 0 0 3 3.5
Recovery rate!, plastic 0 0 0 0 3 3.5
Recovery rate', paper, cardboard 0 0 0 0 3 3.5
Recovery rate!, glass 0 0 0 0 3 3.5

! Recovery rates related to separation of source separated materials (S4)

According to the results, GWP has shown significant sensitivity to LFG collection rate in all scenarios. In scenario SO, GWP changes
by 22% with 10% of LFG collection rate. As this study uses secondary data for this parameter, the magnitude of GWP may change
substantially with the adoption of site-specific data. However, changes in scenario ranking are not expected since the parameter
influences all scenarios. LHV of RDF appeared to be an important parameter that affects AP and ADPs the most. This parameter is also
present in all scenarios so it can only affect the magnitude of impact scores. Lastly, the results are sensitive to the recovery rate of
separately collected paper and cardboard fraction. Environmental impacts of scenario S4 may rise substantially with the decrease of the

parameter.



4.3 Specific net impact potentials of processes involved in MSW management

Table S30. Specific net impact potentials of processes for GWP, kg CO:-eq per kg of MSW handled in a relevant process

SO S1 S2 S3 S4.1 S4.2
Collection, transportation 0.01 0.01 0.01 0.01 0.01 0.01
Waste sorting 0.01 0.02 0.02 0.02 0.01 0.01
Landfilling 0.37 0.35 0.25 0.18 0.20 0.20
Steel recycling -1.62 -1.62 -1.62 -1.62 -1.62 -1.62
Aluminium recycling -10.4 -10.4 -10.4 -10.4 -10.4 -10.4
Plastic recycling -1.69 -1.69 -1.69 -1.69 -1.69 -1.69
Glass recycling -0.42 -0.42 -0.42 -0.42 -0.42 -0.42
Paper and cardboard recycling -1.14 -1.14 -1.14 -1.14 -1.14 -1.14
Composting 0.06 0.06 0.06 0.06 0.06 0.03
Anaerobic digestion - - - - - -0.11
RDF combustion -0.92 0.15 0.15 0.15 0.15 0.15
Incineration -0.09 -0.09 -0.09 -0.01 -0.10 -0.10

Table S31. Specific net impact potentials of processes for EP, kg PO -eq per kg of MSW handled in a relevant process

S0 S1 S2 S3 S4.1 S4.2
Collection, transportation 0.000003  0.000003 0.000003 0.000003 0.000004 0.000004
Waste sorting 0.000005  0.000007 0.000007 0.000007 0.000005 0.000005
Landfilling 0.000006  0.000007 0.000010 0.000012 0.000012 0.000012
Steel recycling -0.000134 -0.000134  -0.000134  -0.000134  -0.000134  -0.000134
Aluminium recycling -0.004512 -0.004512  -0.004512  -0.004512  -0.004512  -0.004512
Plastic recycling -0.000422 -0.000422  -0.000422  -0.000422  -0.000422  -0.000422
Glass recycling -0.001006 -0.001006  -0.001006  -0.001006  -0.001006  -0.001006
Paper and cardboard recycling  -0.003728 -0.003728  -0.003728 -0.003728 -0.003728 -0.003728
Composting 0.000392  0.000371 0.000371 0.000371 0.000395 0.000169
Anaerobic digestion - - - - - -0.000035
RDF combustion -0.000333 -0.000101  -0.000101  -0.000101  -0.000101  -0.000101
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Incineration

-0.000048

-0.000048

-0.000048

-0.000047

-0.000051

-0.000051

Table S32. Specific net impact potentials of processes for AP, kg SOz-eq per kg of MSW handled in a relevant process

S0 Sl S2 S3 S4.1 S4.2
Collection, transportation 0.00001 0.00001 0.00001 0.00001 0.00002 0.00002
Waste sorting 0.00008 0.00012 0.00012 0.00012 0.00009 0.00009
Landfilling 0.00009 0.00011 0.00009 0.00015 0.00012 0.00012
Steel recycling -0.00256  -0.00256 -0.00256 -0.00256 -0.00256 -0.00256
Aluminium recycling -0.07041  -0.07041 -0.07041 -0.07041 -0.07041 -0.07041
Plastic recycling -0.00259  -0.00259 -0.00259 -0.00259 -0.00259 -0.00259
Glass recycling -0.00595  -0.00595 -0.00595 -0.00595 -0.00595 -0.00595
Paper recycling -0.01203  -0.01203 -0.01203 -0.01203 -0.01203 -0.01203
Composting 0.00182 0.00168 0.00168 0.00168 0.00178 0.00077
Anaerobic digestion - - - - - -0.00039
RDF combustion -0.01865  -0.00413 -0.00413 -0.00413 -0.00413 -0.00413
Incineration -0.00099  -0.00099 -0.00099 -0.00084 -0.00106 -0.00106

Table S33. Specific net impact potentials of processes for ADPr, MJ per kg of MSW handled in a relevant process

S0 Sl S2 S3 S4.1 S4.2
Collection, transportation 0.09 0.08 0.08 0.08 0.12 0.12
Waste sorting 0.21 0.29 0.29 0.29 0.21 0.21
Landfilling -0.07 -0.08 -0.16 -0.21 -0.20 -0.20
Steel recycling -15.5 -15.5 -15.5 -15.5 -15.5 -15.5
Aluminium recycling -97.1 -97.1 -97.1 -97.1 -97.1 -97.1
Plastic recycling -35.0 -35.0 -35.0 -35.0 -35.0 -35.0
Glass recycling -2.00 -2.00 -2.00 -2.00 -2.00 -2.00
Paper recycling -9.46 -9.46 -9.46 -9.46 -9.46 -9.46
Composting 0.31 0.22 0.22 0.22 0.21 0.12
Anaerobic digestion - - - - - -1.03
RDF combustion -20.7 -9.43 -9.43 -9.43 -9.43 -9.43
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Incineration -6.71 -6.71 -6.71 -5.56 -7.26 -7.26

4.4 Life cycle impact assessment results

Table S34. LCIA results in processes for GWP, kg CO2-eq/a

SO S1 S2 S3 S4.1 S4.2

Collection, transportation 1.95E+07 1.79E+07 1.79E+07 1.78E+07 2.56E+07 2.56E+07
Waste sorting 7.99E+06 2.71E+07 2. 71E+07 2.71E+07 3.11E+07 3.11E+07
Landfilling 1.05E+09 8.38E+08 6.16E+08 2.91E+08 3.75E+08 3.75E+08
Steel recycling -8.31E+06  -2.80E+07  -2.80E+07  -2.80E+07 -4.87E+07  -4.87E+07
Aluminium recycling -1.70E+06  -5.53E+06  -5.53E+06  -5.53E+06  -2.19E+07  -2.19E+07
Plastic recycling -1.86E+07  -6.17E+07  -6.17E+07  -6.17E+07  -1.33E+08  -1.33E+08
Glass recycling -1.03E+06  -2.16E+06  -2.16E+06  -2.16E+06  -6.98E+07  -6.98E+07
Paper recycling -8.00E+06  -2.59E+07  -2.59E+07  -2.59E+07  -1.50E+08  -1.50E+08
Composting 8.53E+06 2.27E+07 2.27E+07 2.27E+07 3.45E+07 1.73E+07
Anaerobic digestion 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  -1.62E+04
RDF combustion -2.31E+07 2.21E+07 2.21E+07 2.21E+07 2.21E+07 2.21E+07
Incineration -5.84E+05  -5.84E+05  -5.84E+05 -5.85E+06 -6.52E+05 -6.52E+05

Table S35. LCIA results in processes for EP, kg PO4* -eq/a

SO S1 S2 S3 S4.1 S4.2

Collection, transportation 1.02E+04 9.39E+03 9.39E+03 9.33E+03 1.34E+04 1.34E+04
Waste sorting 2.62E+03 8.88E+03 8.88E+03 8.88E+03 1.02E+04 1.02E+04
Landfilling 1.73E+04 1.60E+04 2.43E+04 1.92E+04 2.20E+04 2.20E+04
Steel recycling -6.85E+02  -2.31E+03  -2.31E+03  -2.31E+03  -4.01E+03  -4.01E+03
Aluminium recycling -7.36E+02  -2.39E+03  -2.39E+03  -2.39E+03  -9.49E+03  -9.49E+03
Plastic recycling -4.66E+03  -1.54E+04  -1.54E+04 -1.54E+04 -3.33E+04 -3.33E+04
Glass recycling -249E+03  -5.24E+03  -5.24E+03  -5.24E+03 -1.69E+05 -1.69E+05
Paper recycling -2.62E+04  -848E+04  -8.48E+04  -8.48E+04  -4.93E+05 -4.93E+05
Composting 5.23E+04 1.52E+05 1.52E+05 1.52E+05 2.35E+05 1.11E+05



Anaerobic digestion 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  -1.62E+04
RDF combustion -8.33E+03  -1.52E+04  -1.52E+04 -1.52E+04 -1.52E+04 -1.52E+04
Incineration -3.11E+02  -3.11E+02  -3.11E+02 -4.02E+04 -3.27E+02 -3.27E+02
Table S36. LCIA results in processes for AP, kg SOz-eq/a

S0 S1 S2 S3 S4.1 S4.2
Collection, transportation 4.44E+04 4.07E+04 4.07E+04 4.05E+04 5.82E+04 5.82E+04
Waste sorting 4.70E+04 1.60E+05 1.60E+05 1.60E+05 1.83E+05 1.83E+05
Landfilling 2.58E+05 2.61E+05 2.25E+05 2.36E+05 2.28E+05 2.28E+05
Steel recycling -1.31E+04  -440E+04 -4.40E+04 -4.40E+04 -7.67E+04 -7.67E+04
Aluminium recycling -1.15E+04  -3.74E+04  -3.74E+04 -3.74E+04 -1.48E+05 -1.48E+05
Plastic recycling -2.86E+04  -948E+04 -9.48E+04 -9.48E+04  -2.05E+05 -2.05E+05
Glass recycling -1.47E+04  -3.10E+04  -3.10E+04 -3.10E+04 -1.00E+06  -1.00E+06
Paper recycling -8.45E+04  -2.74E+05  -2.74E+05  -2.74E+05 -1.59E+06  -1.59E+06
Composting 2.43E+05 6.88E+05 6.88E+05 6.88E+05 1.06E+06 5.04E+05
Anaerobic digestion 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  -1.83E+05
RDF combustion -4.66E+05  -6.20E+05 -6.20E+05 -6.20E+05 -6.20E+05  -6.20E+05
Incineration -6.35E+03  -6.35E+03  -6.35E+03  -7.18E+05 -6.77E+03  -6.77E+03

Table S37. LCIA results in processes for ADPy, MJ/a

S0 Sl S2 S3 S54.1 S4.2
Collection, transportation 2.75E+08 2.51E+08 2.51E+08 2.50E+08 3.60E+08 3.60E+08
Waste sorting 1.14E+08 3.86E+08 3.86E+08 3.86E+08 4 43E+08 4 43E+08
Landfilling -1.92E+08  -1.86E+08  -3.94E+08  -3.38E+08 -3.81E+08 -3.81E+08
Steel recycling -7.96E+07  -2.68E+08  -2.68E+08  -2.68E+08 -4.66E+08  -4.66E+08
Aluminium recycling -1.58E+07  -5.15E+07  -5.15E+07  -5.15E+07  -2.04E+08  -2.04E+08
Plastic recycling -3.87E+08  -1.28E+09  -1.28E+09  -1.28E+09  -2.77E+09  -2.77E+09
Glass recycling -496E+06  -1.04E+07  -1.04E+07 -1.04E+07 -3.37E+08  -3.37E+08
Paper recycling -6.64E+07  -2.15E+08  -2.15E+08  -2.15E+08  -1.25E+09  -1.25E+09
Composting 4.09E+07 8.86E+07 8.86E+07 8.86E+07 1.27E+08 7.52E+07
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Anaerobic digestion
RDF combustion
Incineration

0.00E+00
-5.18E+08
-4.31E+07

0.00E+00
-1.41E+09
-4.31E+07

0.00E+00
-1.41E+09
-4.31E+07

0.00E+00
-1.41E+09
-4.76E+09

0.00E+00
-1.41E+09
-4.66E+07

-4.76E+08
-1.41E+09
-4.66E+07
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