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Data Pedigree Assessment
[bookmark: _Int_sz5qA3Dm]As there were numerous possible data sources with sometimes conflicting numbers, we developed a data pedigree scheme based on Hoekman and Blottnitz [1] and Weidema and Wesnaes [2]. This was used to select the most suitable data for analysis of individual stages across the plastic value chain see Table SM 1. Based on overall scores across dimensions of reliability, completeness, temporal and geographical correlation, access, additional steps, frequency and informality and illegality considered, the following datasets were selected in their respective categories.

· Imports and Exports: data directly from Chemicals and Petrochemicals Manufacturers’ Association of India [3] and UN Comtrade Database [4]
· Production: data directly from Chemicals and Petrochemicals Manufacturers’ Association of India [3] 
· Consumption: we have chosen data available in the Plastindia Foundation [5] report that also characterises sectors of plastics use. Where Plastindia data is incomplete, we refer to the OECD.Stat database [6]
· End-of-Life stage: data was selected from the OECD.Stat database [6]. Although there is directly measured data on plastic waste flows [7], this is confined to formal municipal sites and the OECD source represents a more complete and consistent source.


[bookmark: _Ref126856111]Table SM 1: Schema for assessing the data pedigree of different sources of data on plastic flows in India. Note that a score regarding “informality and Illegality” was rated higher where either such flows are insignificant (<10%) or where they are fully accounted for. If informal or illegal flows are known to exist, the rating is less (a higher number) as the proportion of unaccounted flows increases.
	Score
	Reliability
	Completeness
	Temporal correlation
	Geographical correlation
	Access
	Additional steps
	Frequency
	Informality 
and
illegality

	1
	Verified data based on measurement
	Representative data from a sufficient sample of sites over an adequate period to even out normal fluctuations
	Time period is equal to the period of study
	Data from area under study
	Publicly and readily available data
	No additional steps involved
	New data collected on an annual basis
	No illegal or informal flows, or they are fully included

	2
	Verified data partly based on assumptions or non-verified data based on measurement
	Representative data from a smaller number of sites but for adequate periods
	Less than one year of difference to year of study
	Average date from larger area in which the area under study is included
	Data are not publicly available but can be easily obtained by anyone
	Simple calculations or conversion required (easy to repeat)
	New data collected every 2-3 years
	Unaccounted for Illegal or informal flows known to exceed 10%

	3
	Non-verified data partly based on assumptions
	Representative data from an adequate number of sites but from shorter periods
	Less than three years of difference to year of study
	Data from area with similar production conditions
	Specific effort required to obtain data (e.g., only through formal requests, granted on a per-case basis)
	Simple calculations or conversion required (difficult to repeat)
	New data collected every 4-5 years
	Unaccounted for Illegal or informal flows known to exceed 20%

	4
	Qualified estimate (e.g., by industrial expert)
	Representative data but from a smaller number of sites and shorter periods or incomplete data from an adequate number of sites and periods
	Less than five years of difference to year of study
	Data from area with slightly similar production conditions
	Data are only accessible to very specific users (e.g., government or partner organizations)
	Complex calculations or conversion required (easy to repeat)
	New data collected every 6+ years
	Unaccounted for Illegal or informal flows known to exceed 50%

	5
	Non-qualified estimate or unknown origin
	Representativeness unknown or incomplete data from a smaller number of sites and/or from shorter periods
	Age of data unknown or more than five years of difference
	Data from unknown area or area with very different production conditions
	Data are only accessible to the organization holding the data
	Complex calculations or conversion required (difficult to repeat)
	No scheduled data collection interval - a once-off report
	Illegal or informal flows known to exist but impossible to quantify



Table SM2: Data pedigree assessment of data sources for trade of plastics in India
	Trade

	
	Reliability
	Completeness
	Temporal correlation
	Geographical correlation
	Access
	Additional steps
	Frequency
	Informality 
and
illegality

	Plastindia Foundation (2019)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	CPMA (2021)
	Verified data based on measurement (1)

	Representative data from a sufficient sample of sites over an adequate period to even out normal fluctuations (1)
	Time period is equal to the period of study (1)
	Data from area under study (1)
	Publicly and readily available data (1)
	No additional steps involved (1)
	New data collected on annual basis (1)
	No illegal or informal flows, or they are fully included (1)

	OECD Stat (2020)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	CPCB
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	UN Comtrade
	Verified data based on measurement (1)

	Representative data from a sufficient sample of sites over an adequate period to even out normal fluctuations (1)
	Time period is equal to the period of study (1)
	Data from area under study (1)
	Publicly and readily available data (1)
	No additional steps involved (1)
	New data collected on annual basis (1)
	No illegal or informal flows, or they are fully included (1)






Table SM 3: Data pedigree assessment of data sources for production of plastics in India
	Production

	
	Reliability
	Completeness
	Temporal correlation
	Geographical correlation
	Access
	Additional steps
	Frequency
	Informality 
and
illegality

	Plastindia Foundation (2019)
	Qualified estimate (e.g., by industrial expert) (4)
	Representative data but from a smaller number of sites and shorter periods or incomplete data from an adequate number of sites and periods (4)
	Time period is equal to the period of study (1)
	Data from area under study (1)

	Publicly and readily available data (1)

	Simple calculations or conversion required (easy to repeat) (2)

	New data collected on annual basis (1)

	No illegal or informal flows, or they are fully included(1)

	CPMA (2021)
	Verified data based on measurement (1)

	Representative data from a sufficient sample of sites over an adequate period to even out normal fluctuations (1)
	Time period is equal to the period of study (1)
	Data from area under study (1)
	Publicly and readily available data (1)
	No additional steps involved (1)
	New data collected on annual basis (1)
	No illegal or informal flows, or they are fully included (1)

	OECD Stat (2020)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	CPCB
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A





Table SM 4: Data pedigree assessment of data sources for consumption of plastic flows in India
	Consumption

	
	Reliability
	Completeness
	Temporal correlation
	Geographical correlation
	Access
	Additional steps
	Frequency
	Informality and
 illegality

	Plastindia Foundation (2019)
	Qualified estimate (e.g., by industrial expert) (4)
	Representative data but from a smaller number of sites and shorter periods or incomplete data from an adequate number of sites and periods (4)
	Time period is equal to the period of study (1)
	Data from area under study (1)
	Publicly and readily available data (1)
	Simple calculations or conversion required (easy to repeat) (2)
	New data collected on annual basis (1)
	Illegal or informal flows known to exceed 10% but not accounted for (2)

	CPMA (2020)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	OECD Stat (2020)
	Non-verified data partly based on assumptions (3)
	Representative data from a sufficient sample of sites over an adequate period to even out normal fluctuations (1)
	Time period is equal to the period of study (1)
	Data from area under study (1)
	Publicly and readily available data (1)
	No additional steps involved (1)
	New data collected on annual basis (1)
	Modelled data does not represent informal or illegal flows (2) 

	CPCB
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A





Table SM 5: Data pedigree assessment of data sources for End-of-Life and Wate plastic flows in India
	End-of-Life and Waste

	
	Reliability
	Completeness
	Temporal correlation
	Geographical correlation
	Access
	Additional steps
	Frequency
	Informality and
illegality

	Plastindia Foundation (2019)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	CPMA (2020)
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	OECD Stat (2020)
	Non-verified data partly based on assumptions (3)
	Representative data from a sufficient sample of sites over an adequate period to even out normal fluctuations (1)
	Time period is equal to the period of study (1)
	Data from area under study (1)
	Publicly and readily available data (1)
	No additional steps involved (1)
	New data collected on annual basis (1)
	Large Illegal or informal flows known to exist and inferred from modelled data (4)

	CPCB
	Verified data based on measurements (1)
	Representative data but from a smaller number of sites and shorter periods or incomplete data from an adequate number of sites and periods (4)
	Time period is equal to the period of study (1)
	Data from municipal areas only - similar production conditions (3)
	Publicly and readily available data (1)
	Simple calculations or conversion required (easy to repeat) (2)
	New data collected every 2-3 years (2)
	Large Illegal or informal flows known to exist but excluded by data from formal waste management (2)






Data Categorisation

Table SM 6 Different terminology and classifications of polymers according to the ASTM International Resin Identification Coding System, Groups (I, II, III, V) from the CPMA, functional types, and phases of use
	Polymers
	Chemical or Industrial Name
	Resin Code1
	Group2
	Functional Type3
	OECD Class
	Production4
	 Consumption
	Waste

	PET or PETE
	Polyethylene Terephthalate
	1
	V
	Engineering
	PET
	CPMA 2021
	CPMA 2021
	OECD.Stat

	HDPE
	High Density Polyethylene
	2
	II
	Commodity
	HDPE
	CPMA 2021
	CPMA 2021
	OECD.Stat

	PVC
	Polyvinyl Chloride
	3
	II
	Commodity
	PVC
	CPMA 2021
	CPMA 2021
	OECD.Stat

	LDPE
	(Linear) Low-density Polyethylene
	4
	II
	Commodity
	LDPE, LLDPE
	CPMA 2021
	CPMA 2021
	OECD.Stat

	PP
	Polypropylene
	5
	II
	Commodity
	PP
	CPMA 2021
	CPMA 2021
	OECD.Stat

	PS and EPS
	Polystyrene and Expandable Polystyrene
	6
	II
	Commodity
	PS
	CPMA 2021
	CPMA 2021
	OECD.Stat

	PUR
	Polyurethane
	7
	 
	Engineering
	PUR
	 
	Plastindia 2019
	OECD.Stat

	PSF
	Polyester Staple Fibre
	7
	I
	 Fibres
	Fibres
	CPMA 2021
	CPMA 2021
	OECD.Stat

	PPSF
	Polypropylene Staple Fibre
	7
	I
	 Fibres

	Fibres
	CPMA 2021
	CPMA 2021
	OECD.Stat

	ASF
	Acrylic Staple Fibre
	7
	I
	 Fibres

	Fibres
	CPMA 2021
	CPMA 2021
	OECD.Stat

	PFY
	Polyester Filament Yarn
	7
	I
	 Fibres

	Fibres
	CPMA 2021
	CPMA 2021
	OECD.Stat

	PPFY
	Polypropylene Filament Yarn
	7
	I
	Fibres
 
	Fibres
	CPMA 2021
	CPMA 2021
	OECD.Stat

	VSF
	Viscose Staple Fibre
	7
	I
	Fibres
 
	Fibres
	CPMA 2021
	CPMA 2021
	OECD.Stat

	VFY
	Viscose Filament Yarn
	7
	I
	Fibres
 
	Fibres
	CPMA 2021
	CPMA 2021
	OECD.Stat

	NFY
	Nylon Filament Yarn
	7
	I
	Fibres
 
	Fibres
	CPMA 2021
	CPMA 2021
	OECD.Stat

	SBR
	Styrene Butadiene Rubber
	7
	III
	 
	Elastomers (tyres)
	CPMA 2021
	CPMA 2021
	OECD.Stat

	PBR
	Poly Butadiene Rubber
	7
	III
	 
	Elastomers (tyres)
	CPMA 2021
	CPMA 2021
	OECD.Stat

	NBR
	Nitrile Butadiene Rubber
	7
	III
	 
	Elastomers (tyres)
	CPMA 2021
	CPMA 2021
	OECD.Stat

	Bioplastics
	 
	7
	 
	Engineering
	Bioplastics
	 
	OECD.Stat
	OECD.Stat

	ABS
	Acrylonitrile Butadiene Styrene
	7
	V
	Engineering
	ABS, ASA, SAN
	CPMA 2021
	CPMA 2021
	OECD.Stat

	ASA
	Acrylonitrile Styrene Acrylate
	 7
	V
	Engineering
	ABS, ASA, SAN
	CPMA 2021
	Plastindia 2019
	OECD.Stat

	SAN
	Styrene Acrylonitrile
	 7
	V
	Engineering
	ABS, ASA, SAN
	CPMA 2021
	CPMA 2021
	OECD.Stat

	EVA
	Ethyl Vinyl Acetate
	7
	III
	Commodity
	Other
	
	Plastindia 2019
	OECD.Stat

	PC
	Polycarbonate
	7
	V
	Engineering
	Other
	 
	Plastindia 2019
	OECD.Stat

	PMMA
	Polymethyl Methacrylate
	7
	V
	Engineering
	Other
	 
	Plastindia 2019
	OECD.Stat

	PA
	Polyamide 
	7
	V
	Engineering
	Other
	 
	Plastindia 2019
	OECD.Stat

	TPE
	Thermoplastic Elastomers
	7
	V
	Engineering
	Other
	 
	Plastindia 2019
	OECD.Stat

	PBT
	Polybutylene terephthalate
	7
	V
	Engineering
	Other
	 
	Plastindia 2019
	OECD.Stat

	 Other
	Other engineering plastics, thermosets, or thermoplastics
	7
	V
	Engineering
	Other
	 
	Plastindia 2019
	OECD.Stat

	 Other
	Other engineering plastics, thermosets, or thermoplastics
	7
	V
	Engineering
	Road marking coatings
	 
	OECD.Stat
	OECD.Stat

	 Other
	Other engineering plastics, thermosets, or thermoplastics
	7
	V
	Engineering
	Marine coatings
	 
	OECD.Stat
	OECD.Stat



1. Resin code numbers indicate general ease and cost of recycling, with 1 being the easiest and 6 and 7 being the most challenging. https://en.wikipedia.org/wiki/Resin_identification_code
2. Groups from Indian Government Ministry of Chemicals and Fertilizers Department of Chemicals and Petrochemicals Statistics and Monitoring Division. Note that we have not included Group IV Synthetic Detergent Intermediates (Linear Alkyl Benzene and Ethylene Oxide) as they will be reacted, and not be present in the use-phase or waste stream of end products. https://chemicals.nic.in/sites/default/files/Chemical%20and%20Petrochemical%20Statistics%20at%20a%20Glance-2019%20%281%29.pdf
3. Regarding functional types, commodity plastics are often produced in high volumes for applications where mechanical or thermal properties are not required. Note that we include here Polyethylene Terephthalate (PET), which is produced and used in high volumes and is sometimes referred to as a commodity plastic [5], though it can also be considered an engineering plastic. Engineering plastics have particular mechanical, chemical or thermal properties important for their application, for example Polyamide (Nylon) PA 6 and PA 66, Polytetrafluoroethylene (commonly known as PTFE and ‘Teflon’), Polybutylene Terephthalate (PBT), and the Styrene-acrylonitrile (SAN) based polymers.
4. Generally, the source of this data was https://cpmaindia.com/pdf/APIC_2021_India_Report.pdf [3]



Plastics are utilised for a wide range of functions and application categories. The plastics used in this mapping were divided into a variety of applications, as indicated in Table SM 7. Table SM 7 also includes a list of typical plastics items in the category. 
 
Table SM 7:Overview of the application categories used in this mapping and examples of the typical products included within each application category. Table is from UN Environment [8].

	Application 
	Examples of products in included in the application category 

	Packaging 
	Bottles, jars, vials, food containers (excl. disposable cups), flexible packaging (excl. household and institutional refuse bags and film), tubes, tape, strapping, drums, caps, closures, baskets, trays, boxes, pallets, shipping crates and cases, pails, buckets, and blister and bubble containers (American Chemistry Council, 2008)

	Building and Construction 
	Pipe, conduit and fittings (including drainage, irrigation, plumbing fixtures and septic tanks), siding, flooring, insulation materials, panels, doors, windows, skylights, bathroom units, agricultural film, gratings and railings (American Chemistry Council, 2008)

	Textile sector
	Clothing textiles, All other textiles except for clothing

	Transportation
	Motor vehicles and parts (including autos, trucks, buses, motorcycles and bicycles), railroad equipment, travel trailers, campers, golf carts, snowmobiles, aircraft, military vehicles, ships, boats, recreational vehicles (American Chemistry Council, 2008), and Plastics related to tyres for vehicles

	Consumer & Institutional Products 
	Disposable food service ware (including disposable cups), dinner and kitchenware, toys and sporting goods, household and institutional refuse bags and film, health care and medical products, hobby and graphic arts supplies (including photographic equipment and supplies), apparel, footwear, luggage, buttons, lawn and garden tools, signs and displays, and credit cards (American Chemistry Council, 2008)

	Electrical/Electronic 
	Home and industrial appliances (including electrical industrial equipment), wire and cable coverings, communications equipment, resistors, magnetic tape, records and batteries (American Chemistry Council, 2008)

	Others 
	Engine and turbine parts, farm and garden machinery, construction and related equipment, fishing and marine supplies, machine tools, ordnance and firearms, fishing and marine supplies, Marine coatings, Personal care products and cosmetics, Road markings, and chemical process equipment (American Chemistry Council, 2008) 




[bookmark: _Ref126932097]Table SM 8 Plastic consumption distributed on different polymers according to plastic applications in India 2019 in million metric tonnes (Mt)

	Plastics polymer/sectors
	Packaging
	Building & construction 
	Textile sector
	Transportation
	Consumer & institutional Products
	Electrical/
electronics
	Others
	Total
(Mt)

	LDPE, LLDPE
	1.80
	0.17
	0.00
	0.04
	0.44
	0.10
	0.26
	2.81

	HDPE
	1.45
	0.45
	0.00
	0.15
	0.28
	0.03
	0.18
	2.54

	PP
	2.29
	0.33
	0.00
	0.92
	1.19
	0.28
	0.00
	5.01

	PS
	0.10
	0.11
	0.00
	0.00
	0.10
	0.04
	0.03
	0.38

	PVC
	0.21
	2.22
	0.00
	0.13
	0.16
	0.11
	0.39
	3.22

	PET
	1.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	1.01

	ABS, ASA, SAN
	0.15
	0.11
	0.00
	0.00
	0.01
	0.07
	0.02
	0.36

	PUR
	0.01
	0.19
	0.00
	0.17
	0.08
	0.04
	0.18
	0.67

	Fibres
	0.00
	0.00
	4.01
	0.31
	0.00
	0.00
	0.36
	4.69

	Road marking coatings
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	0.05

	Elastomers (tyres)
	0.00
	0.00
	0.00
	0.67
	0.00
	0.00
	0.00
	0.67

	Bioplastics
	0.06
	0.01
	0.04
	0.01
	0.01
	0.00
	0.01
	0.15

	Marine coatings
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.06
	0.06

	Other
	0.04
	0.25
	0.00
	0.97
	0.11
	0.17
	0.72
	2.26

	Total (Mt)
	7.14
	3.84
	4.06
	3.40
	2.36
	0.84
	2.16
	23.86





[bookmark: _Ref126932728]Table SM 9 Plastic waste distributed on different polymers according to plastic applications in India 2019 in million metric tonnes (Mt)

	Plastics polymer/sectors
	Packaging
	Building & construction 
	Textile sector
	Transportation
	Consumer & institutional Products
	Electrical/
electronics
	Others
	Total
(Mt)

	LDPE, LLDPE
	1.80
	0.01
	
	0.01
	0.35
	0.05
	0.18
	2.40

	HDPE
	1.45
	0.02
	
	0.05
	0.22
	0.01
	0.12
	1.88

	PP
	2.29
	0.01
	
	0.31
	0.95
	0.14
	0.00
	3.70

	PS
	0.10
	0.00
	
	
	0.08
	0.02
	0.02
	0.22

	PVC
	0.22
	0.09
	
	0.04
	0.13
	0.06
	0.27
	0.81

	PET
	1.02
	
	
	
	
	
	
	1.02

	ABS, ASA, SAN
	
	0.00
	
	0.02
	0.12
	0.05
	0.02
	0.21

	PUR
	0.01
	0.01
	
	0.06
	0.06
	0.02
	0.12
	0.28

	Fibres
	
	
	2.83
	0.10
	
	
	0.26
	3.20

	Road marking coatings
	
	
	
	
	
	
	0.03
	0.03

	Elastomers (tyres)
	
	
	
	0.24
	
	
	
	0.24

	Bioplastics
	0.06
	0.00
	0.03
	0.00
	0.01
	0.00
	0.01
	0.12

	Marine coatings
	
	
	
	
	
	
	0.04
	0.04

	Other
	0.04
	0.01
	
	0.37
	0.10
	0.09
	0.59
	1.21

	Total (Mt)
	6.99
	0.15
	2.86
	1.21
	2.01
	0.44
	1.60
	15.35




[bookmark: _Ref126929920]Table SM 10 Consolidated accounts of plastic production, trade (import, export), consumption, and waste divide by polymers and estimate of total recycling flow in million metric tonnes (Mt) 
	
	Production
	Import
	Consumption
	Export
	Net addition to Stock
	Waste
	Recycling

	LDPE, LLDPE
	2.71
	0.37
	2.81
	0.63
	0.41
	2.40
	

	HDPE
	2.44
	0.01
	2.54
	0.43
	0.66
	1.88
	

	PP
	5.09
	0.00
	5.01
	0.77
	1.31
	3.70
	

	PS
	0.40
	0.03
	0.38
	0.06
	0.16
	0.22
	

	PVC
	1.41
	1.81
	3.22
	0.00
	2.41
	0.81
	

	PET
	1.62
	0.00
	1.01
	0.79
	0.00
	1.02
	

	ABS, ASA, SAN
	0.27
	0.10
	0.36
	0.00
	0.02
	0.21
	

	PUR
	0.00
	0.67
	0.67
	0.00
	0.38
	0.28
	

	Fibres
	4.95
	0.19
	4.69
	0.45
	1.49
	3.20
	

	Road marking coatings
	0.00
	0.05
	0.05
	0.00
	0.01
	0.03
	

	Elastomers (tyres)
	0.36
	0.35
	0.67
	0.04
	0.43
	0.24
	

	Bioplastics
	0.00
	0.15
	0.15
	0.00
	0.03
	0.12
	

	Marine coatings
	0.00
	0.06
	0.06
	0.00
	0.02
	0.04
	

	Others
	0.00
	4.79
	2.26
	1.36
	1.05
	1.21
	

	Total (Mt)
	19.26
	7.20
	23.86
	4.49
	8.38
	15.35
	2.07








Supplementary Material References

1. 	Hoekman P, von Blottnitz H (2017) Cape Town’s Metabolism: Insights from a Material Flow Analysis. J Ind Ecol 21:1237–1249. https://doi.org/10.1111/jiec.12508

2. 	Weidema BP, Wesnæs MS (1996) Data quality management for life cycle inventories-an example of using data quality indicators. J Clean Prod 4:167–174. https://doi.org/10.1016/S0959-6526(96)00043-1

3. 	CPMA (2021) Indian Petrochemical Industry Country paper from India-2021. New Delhi, India

4. 	United Nations (2023) UN Comtrade Database. https://comtradeplus.un.org/. Accessed 31 Jul 2024

5. 	Plastindia Foundation (2019) Indian Plastics Industry Report 2019

6. 	OECD.Stat (2019) Environment-Global Plastics Outlook. https://stats.oecd.org/

7. 	CPCB (2020) Annual Report 2019-20 on Implementation of plastic Waste Management Rules , 2016

8. 	UN Environment (2018) Mapping of Global Plastics Value Chain and Plastics Losses to the Environment: With a Particular Focus on Marine Environment
 


