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Abstract

Increasing demand for shopping and packaging carrier bags has given rise to
various issues relating to its disposal as well as to the overall environmental
footprint and sustainability of the packaging materials. This study assesses the
carbon footprint and life cycle environmental impacts of the production, usage,
and disposal of low density polyethylene (LDPE) and two natural fibre carrier
bags (jute and kenaf). Life cycle assessment study was conducted of all inputs and
outputs, aggregated in the form of resources used and environmental emissions,
extending from the production of raw materials to the final disposal of the
product. The carbon footprint and GHG emissions of jute and kenaf carrier bage
were estimated using the CO,, N,0O, and CH, emissions coefficients of inputs.
Research literature from life cycle impact assessment (LCIA) results was used t..____HeP
determine the effects of LDPE polyethylene packaging material. It was observed
that the global warming potential (GWP) for the production of 1 kg of LDPE (100
micron) carrier bag (39.4 kg CO,eq) is more than 490 times higher than jute and
kenaf carrier bags. In general, LDPE materials have the greatest impact on the
carbon footprint and resource depletion. The LDPE material also has the highest
impacts on indicators of terrestrial ecotoxicity, photochemical oxidation,
acidification, and eutrophication as compared to jute and kenaf fibres. Since jute
and kenaf are natural fibres, they sequester a substantial quantity of carbon
during their agricultural stages. As a result, greenhouse gas (GHG) emission
emissions of jute and kenaf were found to be negative. Popularising the use of
jute and kenaf products as alternatives to plastic in industrialised countries would
benefit the reduction of plastic waste and its negative environmental effects.
Additional production of jute and kenaf fibre, which are already available in
major bast fibre producing countries like India and Bangladesh, could meet the

demand for fibre-based carrier bags.

This is a preview of subscription content, access via your institution.


https://link.springer.com/journal/11356
https://link.springer.com/article/10.1007/s11356-023-26436-0/metrics
https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs11356-023-26436-0
https://link.springer.com/
https://link.springer.com/journal/11356
https://link.springer.com/
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs11356-023-26436-0
javascript:;
javascript:;
https://order.springer.com/public/cart
https://scholar.google.com/scholar_url?url=https://idp.springer.com/authorize/casa%3Fredirect_uri%3Dhttps://link.springer.com/content/pdf/10.1007/s11356-023-26436-0.pdf%26casa_token%3D3u3oswvRjwoAAAAA:y2uefFtF4dVh7CYTErOPF_pV5XOUe0ZnWwtLrdob4DIKnm8umAXnbgCmfwi_UqMkj7dDIJ8X6Wi2LVBe7g&hl=en&sa=T&oi=ucasa&ct=ucasa&ei=vpAmZcr-I9OQ6rQPupuI-AY&scisig=AFWwaeanzp8csaC-HZye2JWh4VY5
https://scholar.google.com/scholar/help.html#access

Access options

Rent this article via DeepDyve.

39,95 €
Price includes VAT (India)

Instant access to the full article PDF.

Learn more about Institutional
subscriptions

Data availability

The datasets used and/or analysed during the current study are available from

the corresponding author on reasonable request.

References

Alabi OA, Ologbonjaye KI, Awosolu O, Alalade OE (2019) Public and
environmental health effects of plastic wastes disposal: a review. J Toxicol Risk

Assess 5:021. https://doi.org/10.23937/2572-4061.1510021

Banik A, Sen M, Sen SP (1993) Methane emission from jute-retting tanks. Ecol
Eng 2:73-79

Help

Carroll M, Steven F (2019) Calculating the climate costs of plastic. In: Amanda
K, Carroll M (eds) Plastic & climate- the hidden costs of a plastic plane. Center
for International Environmental Law, Environmental Integrity Project,

Washingoton DC

CIEL (2019) Plastic & climate: the hidden costs of a plastic planet. Center for
International Environmental Law, Geneva, Switzerland. 95.
https://www.ciel.org/wp-content/uploads/2019/05/Plastic-and-Climate-
FINAL-2019.pdf

Contat-Rodrigo IL, Ribes Greus A (2002) Biodegradation studies on LDPE filled
with biodegradable additives: morphological changes. J Appl Polym Sci
83:1683-1691

CPCB (2020) Management Rules:2016
https://cpcb.nic.in/uploads/plasticwaste/Annual _Report 2019-20 PWM.pdf


https://www.deepdyve.com/lp/springer-journal/jute-and-kenaf-carrier-bags-an-eco-friendly-alternative-to-plastic-2y0a0BTmHu?key=springer
https://www.springernature.com/gp/librarians/licensing/agc/journals
https://www.springernature.com/gp/librarians/licensing/agc/journals
https://doi.org/10.23937/2572-4061.1510021
https://www.ciel.org/wp-content/uploads/2019/05/Plastic-and-Climate-FINAL-2019.pdf
https://www.ciel.org/wp-content/uploads/2019/05/Plastic-and-Climate-FINAL-2019.pdf
https://cpcb.nic.in/uploads/plasticwaste/Annual_Report_2019-20_PWM.pdf
https://scholar.google.com/scholar_url?url=https://idp.springer.com/authorize/casa%3Fredirect_uri%3Dhttps://link.springer.com/content/pdf/10.1007/s11356-023-26436-0.pdf%26casa_token%3D3u3oswvRjwoAAAAA:y2uefFtF4dVh7CYTErOPF_pV5XOUe0ZnWwtLrdob4DIKnm8umAXnbgCmfwi_UqMkj7dDIJ8X6Wi2LVBe7g&hl=en&sa=T&oi=ucasa&ct=ucasa&ei=vpAmZcr-I9OQ6rQPupuI-AY&scisig=AFWwaeanzp8csaC-HZye2JWh4VY5
https://scholar.google.com/scholar/help.html#access

Darius GS (2020) Application of natural fibers in environmental friendly
products. Int J Environ Sci Nat Res 25(3):556169.
https://doi.org/10.19080/IJESNR.2020.25.556169

Dyer JA, Desjardins RL (2006) Carbon dioxide emissions associated with the
manufacturing of tractors and farm machinery in Canada. Biosyst Eng

93(1):107-118

Ebskamp MJM (2002) Engineering flax and hemp for an alternative to cotton.
Trends Biotechnol Oxford 20(6):229—230. https://doi.org/10.1016/S0167-
7799(02)01953-4

Espinosa C, Esteban MA, Cuesta A (2016) Microplastics in aquatic environments
and their toxicological implications for fish. In: Soloneski S, Larramendy LM
(ed) Toxicology - New aspects to this scientific conundrum. InTechOpen,

London.

Evode N, Qamar SA, Bilal M, Barcel6 D, Igbal HMN (2021) Plastic waste and its

management strategies for environmental sustainability- case study. Chem

Environ Eng 4:100142. https://doi.org/10.1016/j.cscee.2021.100142

FICCI (2021) Impact of packaging film thickness on sustainability and carbon
footprint, Federation of Indian Chambers of Commerce & Industry. FICCI Help

Federation House, New Delhi, India

Geyer R, Jambeck JR, Law KL (2017) Production, use, and fate of all plastics

ever made. Sci Adv 3(7):e1700782. https://doi.org/10.1126/sciadv.1700782

Gol (2011) Plastic waste management and handling rules 2011. Ministry of

Environment and Forests, Government of India, New Delhi.

https://www.indiawaterportal.org/sites/default/files/iwp2/Plastic_waste_ma

nagement_and_handling__rules_Ministry of Environment and_ Forests Go

vernment_of India__2011_.pdf

Gol (2016) Plastic waste management rules 2016. Ministry of Environment and
Forests, Government of India, New Delhi.

http://www.mppcb.nic.in/proc/Plastic%20Waste%20Management%20Rules, %
202016%20English.pdf



https://doi.org/10.19080/IJESNR.2020.25.556169
https://doi.org/10.1016/S0167-7799(02)01953-4
https://doi.org/10.1016/S0167-7799(02)01953-4
https://doi.org/10.1016/j.cscee.2021.100142
https://doi.org/10.1126/sciadv.1700782
https://www.indiawaterportal.org/sites/default/files/iwp2/Plastic_waste__management_and_handling__rules_Ministry_of_Environment_and_Forests_Government_of_India__2011_.pdf
https://www.indiawaterportal.org/sites/default/files/iwp2/Plastic_waste__management_and_handling__rules_Ministry_of_Environment_and_Forests_Government_of_India__2011_.pdf
https://www.indiawaterportal.org/sites/default/files/iwp2/Plastic_waste__management_and_handling__rules_Ministry_of_Environment_and_Forests_Government_of_India__2011_.pdf
http://www.mppcb.nic.in/proc/Plastic%20Waste%20Management%20Rules,%202016%20English.pdf
http://www.mppcb.nic.in/proc/Plastic%20Waste%20Management%20Rules,%202016%20English.pdf
https://scholar.google.com/scholar_url?url=https://idp.springer.com/authorize/casa%3Fredirect_uri%3Dhttps://link.springer.com/content/pdf/10.1007/s11356-023-26436-0.pdf%26casa_token%3D3u3oswvRjwoAAAAA:y2uefFtF4dVh7CYTErOPF_pV5XOUe0ZnWwtLrdob4DIKnm8umAXnbgCmfwi_UqMkj7dDIJ8X6Wi2LVBe7g&hl=en&sa=T&oi=ucasa&ct=ucasa&ei=vpAmZcr-I9OQ6rQPupuI-AY&scisig=AFWwaeanzp8csaC-HZye2JWh4VY5
https://scholar.google.com/scholar/help.html#access

Gol (2020) Commission for Agricultural Costs and Prices. Department of
Agriculture, Cooperation and Farmers Welfare, Ministry of Agriculture and

Farmers Welfare, Government of India, New Delhi

Gol (2021) Plastic waste management amendment rules 2021. Ministry of

Environment and Forests, Government of India, New Delhi.

https://cpcb.nic.in/uploads/plasticwaste/Notification-12-08-2021.pdf

Gol (2022a) Report on alternative products and technologies to plastics and

their applications. NITI Aayog, Government of India, New Delhi, India

Gol (2022b) Plastic waste management (second amendment) rules 2022.

Ministry of Environment and Forests, Government of India, New Delhi.

https://cpeb.nic.in/uploads/plasticwaste/2-amendment-pwmrules-2022.pdf

Gourmelon G (2015) Global plastic production rises, recycling lags. Vital Signs

22:91-95

Hahladakis JN, Velis CA, Weber R, Iacovidou E, Purnell P (2018) An overview of
chemical additives present in plastics: migration, re-lease, fate and
environmental impact during their use, disposal and recycling. J Hazard Mater

344:179-199

Help

IPCC (1995) Climate change, the science of climate change. In: Houghton JT,
Meira Filho LG, Callander BA, Harris N, Kattenberg A, Maskell K (eds)
Intergovernmental Panel on Climate Change. Cambridge University Press,

Cambridge, U. K

Issac MN, Kandasubramanian B (2021) Effect of microplastics in water and
aquatic systems. Environ Sci Pollut Res 28:19544—19562.
https://doi.org/10.1007/511356-021-13184-2

John S, Dissanayake Nilmini PJ, Virk Amandeep S, Wayne H (2010) A review of
bast fibres and their composites Part 1 — Fibres as reinforcements. Compos Part
A Appl Sci 41(10):1329-1335.
https://doi.org/10.1016/j.compositesa.2010.06.001

JUTE ECOLABEL (2006) Life cycle assessment of jute products. National Jute

Board, Government of India, Kolkata, India


https://cpcb.nic.in/uploads/plasticwaste/Notification-12-08-2021.pdf
https://cpcb.nic.in/uploads/plasticwaste/2-amendment-pwmrules-2022.pdf
https://doi.org/10.1007/s11356-021-13184-2
https://doi.org/10.1016/j.compositesa.2010.06.001
https://scholar.google.com/scholar_url?url=https://idp.springer.com/authorize/casa%3Fredirect_uri%3Dhttps://link.springer.com/content/pdf/10.1007/s11356-023-26436-0.pdf%26casa_token%3D3u3oswvRjwoAAAAA:y2uefFtF4dVh7CYTErOPF_pV5XOUe0ZnWwtLrdob4DIKnm8umAXnbgCmfwi_UqMkj7dDIJ8X6Wi2LVBe7g&hl=en&sa=T&oi=ucasa&ct=ucasa&ei=vpAmZcr-I9OQ6rQPupuI-AY&scisig=AFWwaeanzp8csaC-HZye2JWh4VY5
https://scholar.google.com/scholar/help.html#access

Karasik R, Vegh T, Diana Z, Bering J, Caldas J, Pickle A, Rittschof D, Virdin J
(2020) 20 years of government responses to the global plastic pollution
problem: the plastics policy inventory. NI X 20-05, Durham, Duke University,
NC

Karimah A, Ridho RM, Munawar SS, Adi DS, Ismadi DR, Subiyanto B, Fatriasari
W, Fudholi A (2021) A review on natural fibers for development of eco-friendly

bio-composite: characteristics, and utilizations. J Mark Res 13:2442—2458

Kramer KJ, Moll HC, Nonhebel S (1999) Total greenhouse gas emissions related
to the Dutch crop production system. Agric Ecosyst and Environ 72(1):9—16

Lal R (2004) Carbon emission from farm operations. Environ Int 30:981—990

Leb Lebreton L, Van Der Zwet J, Damsteeg JW, Slat B, Andrady A, Reisser J

(2017) River plastic emissions to the world’s oceans. Nat Commun 8(1):1-10

Lebreton L, Andrady A (2019) Future scenarios of global plastic waste
generation and disposal. Palgrave. Communications 5(1).

https://doi.org/10.1057/s41599-018-0212-7

Megale CP, Blanca C, ten KR, Ernst W (2020) Sustainability of reusable

packaging-current situation and trends. Resour Conserv Recycl X 6:100037.

https://doi.org/10.1016/j.rerx.2020.100037

Help

Mallos N (2022) The problem with plastics from the tiniest plankton to the

largest whales, plastics impact nearly 700 species in our ocean. In: Trash Free

Seas®, Ocean Conservancy. https://oceanconservancy.org/trash-free-

seas/plastics-in-the-ocean/. Accessed 14 Jul 2022

OECD (2022) Plastic pollution is growing relentlessly as waste management and
recycling fall short. https://www.oecd.org/environment/plastic-pollution-is-

short.htm#:~:text=22%2F02%2F2022%20%2D%20The,t0%20a%20new%200

ECD%20report

Ohtake Y, Kobayashi T, Asabe H, Murakami N (1998) Studies on biodegradation
of LDPE—observation of LDPE films scattered in agricultural fields or in garden

soil. Polym Degrad Stab 60:79—84


https://doi.org/10.1057/s41599-018-0212-7
https://doi.org/10.1016/j.rcrx.2020.100037
https://oceanconservancy.org/trash-free-seas/plastics-in-the-ocean/
https://oceanconservancy.org/trash-free-seas/plastics-in-the-ocean/
https://www.oecd.org/environment/plastic-pollution-is-growing-relentlessly-as-waste-management-and-recycling-fall-short.htm#:~:text=22%2F02%2F2022%20%2D%20The,to%20a%20new%20OECD%20report
https://www.oecd.org/environment/plastic-pollution-is-growing-relentlessly-as-waste-management-and-recycling-fall-short.htm#:~:text=22%2F02%2F2022%20%2D%20The,to%20a%20new%20OECD%20report
https://www.oecd.org/environment/plastic-pollution-is-growing-relentlessly-as-waste-management-and-recycling-fall-short.htm#:~:text=22%2F02%2F2022%20%2D%20The,to%20a%20new%20OECD%20report
https://www.oecd.org/environment/plastic-pollution-is-growing-relentlessly-as-waste-management-and-recycling-fall-short.htm#:~:text=22%2F02%2F2022%20%2D%20The,to%20a%20new%20OECD%20report
https://scholar.google.com/scholar_url?url=https://idp.springer.com/authorize/casa%3Fredirect_uri%3Dhttps://link.springer.com/content/pdf/10.1007/s11356-023-26436-0.pdf%26casa_token%3D3u3oswvRjwoAAAAA:y2uefFtF4dVh7CYTErOPF_pV5XOUe0ZnWwtLrdob4DIKnm8umAXnbgCmfwi_UqMkj7dDIJ8X6Wi2LVBe7g&hl=en&sa=T&oi=ucasa&ct=ucasa&ei=vpAmZcr-I9OQ6rQPupuI-AY&scisig=AFWwaeanzp8csaC-HZye2JWh4VY5
https://scholar.google.com/scholar/help.html#access

Patricio AL, Silva JC, Prata TR, Walker DC, Duarte AC, Soares AMVM, Barcelo
D, Rocha-Santos T (2020) Rethinking and optimising plastic waste management
under COVID-19 pandemic: policy solutions based on redesign and reduction of
single-use plastics and personal protective equipment. Sci Total Environ

742:140565. https://doi.org/10.1016/j.scitotenv.2020

Pathak H, Wassmann R (2007) Introducing greenhouse gas mitigation as a
development objective in rice-based agriculture: I. Generation of technical

coefficients Agric Syst 94:807-825

PEW (2020) Breaking the plastic wave: a comprehensive assessment of
pathways towards stopping ocean plastic pollution.

https://www.pewtrusts.org/-/media/assets/2020/07/breakingtheplasticwave_r
eport.pdf

PlasticsEurope (2018) Plastics — the facts 2018: an analysis of European plastics

production, demand and waste data.

https://www.plasticseurope.org/application/files/6315/4510/9658 /Plastics_the
facts_2018_AF_web.pdf

Ravve A (2000) Principles of polymer chemistry, 2nd edn. Kluwer Academic,

Plenum Publishers, New York

Ritchie, Hannah Roser, Max (2022) Plastic pollution.

https://ourworldindata.org/plastic-pollution

Help

Silvia E, Llorach MP, Blanca RM (2021) Sustainability in e-commerce
packaging: a review. J Clean Prod 280:124314.

https://doi.org/10.1016/j.jclepro.2020.124314

Singh AK (2017) The potential of jute crop for mitigation of greenhouse gas

emission in the changing climatic scenario. Int J Agric Sci 13(2):419—423

Singh AK, Behera MS, Mazumdar SP, Kundu DK (2019) Soil carbon
sequestration in long-term fertilization under jute-rice-wheat agro-ecosystem.

Commun Soil Sci Plant Anal 50(6):739-748

Singh S, Pannu CJS, Singh J (1999) Energy input and yield relations for wheat in
different agro-climatic zones of the Punjab. Appl Energy 63:287-298


https://doi.org/10.1016/j.scitotenv.2020
https://www.pewtrusts.org/-/media/assets/2020/07/breakingtheplasticwave_report.pdf
https://www.pewtrusts.org/-/media/assets/2020/07/breakingtheplasticwave_report.pdf
https://www.plasticseurope.org/application/files/6315/4510/9658/Plastics_the_facts_2018_AF_web.pdf
https://www.plasticseurope.org/application/files/6315/4510/9658/Plastics_the_facts_2018_AF_web.pdf
https://ourworldindata.org/plastic-pollution
https://doi.org/10.1016/j.jclepro.2020.124314
https://scholar.google.com/scholar_url?url=https://idp.springer.com/authorize/casa%3Fredirect_uri%3Dhttps://link.springer.com/content/pdf/10.1007/s11356-023-26436-0.pdf%26casa_token%3D3u3oswvRjwoAAAAA:y2uefFtF4dVh7CYTErOPF_pV5XOUe0ZnWwtLrdob4DIKnm8umAXnbgCmfwi_UqMkj7dDIJ8X6Wi2LVBe7g&hl=en&sa=T&oi=ucasa&ct=ucasa&ei=vpAmZcr-I9OQ6rQPupuI-AY&scisig=AFWwaeanzp8csaC-HZye2JWh4VY5
https://scholar.google.com/scholar/help.html#access

Singh AK, Mukesh K, Mitra S (2018) Carbon footprint and energy use in jute
and allied fibre production. Indian J Agric Sci 88(8):1305-1311

Soltani A, Rajabi MH, Zeinali E, Soltani E (2013) Energy inputs and greenhouse

gases emissions in wheat production in Gorgan Iran. Energy 50(50):54—61

Sugata D, Abhishek C, Anuj R, Singh TH, Kuldeep D, Hasan SA, Tanu J (2022)
Plastic waste in India: overview, impact, and measures to mitigate: review. J Exp

Biol Agric 10(3):456—473. https://doi.org/10.18006/2022.10(3).456.473

Thyavihalli Girijappa YG, Mavinkere Rangappa S, Parameswaranpillai J,
Siengchin S (2019) Natural fibers as sustainable and renewable resource for
development of eco-friendly composites: a comprehensive review. Front Mater

6:226. https://doi.org/10.3389/fmats.2019.00226

UNEP (2022) Our planet in choking on plastic.

https://www.unep.org/interactives/beat-plastic-

pollution/#:~:text=While%20plastic%20has%20many%20valuable,are%20used
%20worldwide%20every%20yvear (access on 14 July 2022)

Worm B, Lotze HK, Jubinville I, Wilcox C, Jambeck J (2017) Plastic as a

persistent marine pollutant. Annu Rev Environ Resour 42:1—26

Zaman T (2010) The prevalence and environmental impact of single use plastic—— "

products. Public Heal Manag Policy 23:2011

Acknowledgements

The authors are thankful to the Director of ICAR-Central Research Institute for
Jute and Allied Fibres, Barrackpore, West Bengal, India, for providing the

necessary facilities and financial support to conduct the study.

Funding

The author(s) disclosed receipt of the following financial support for conducting
the research: ICAR-Central Research Institute for Jute and Allied Fibres,

Barrackpore, Kolkata, India. No funding for publication as Open Access.

Author information

Authors and Affiliations
Crop Production Division, ICAR-Central Research Institute for Jute

and Allied Fibre, Nilganj, Barrackpore, Kolkata, West Bengal,


https://doi.org/10.18006/2022.10(3).456.473
https://doi.org/10.3389/fmats.2019.00226
https://www.unep.org/interactives/beat-plastic-pollution/#:~:text=While%20plastic%20has%20many%20valuable,are%20used%20worldwide%20every%20year
https://www.unep.org/interactives/beat-plastic-pollution/#:~:text=While%20plastic%20has%20many%20valuable,are%20used%20worldwide%20every%20year
https://www.unep.org/interactives/beat-plastic-pollution/#:~:text=While%20plastic%20has%20many%20valuable,are%20used%20worldwide%20every%20year
https://scholar.google.com/scholar_url?url=https://idp.springer.com/authorize/casa%3Fredirect_uri%3Dhttps://link.springer.com/content/pdf/10.1007/s11356-023-26436-0.pdf%26casa_token%3D3u3oswvRjwoAAAAA:y2uefFtF4dVh7CYTErOPF_pV5XOUe0ZnWwtLrdob4DIKnm8umAXnbgCmfwi_UqMkj7dDIJ8X6Wi2LVBe7g&hl=en&sa=T&oi=ucasa&ct=ucasa&ei=vpAmZcr-I9OQ6rQPupuI-AY&scisig=AFWwaeanzp8csaC-HZye2JWh4VY5
https://scholar.google.com/scholar/help.html#access

-700121, India

Arvind Kumar Singh, Shamna Aboo, Tinku Goswami & Gouranga Kar

Contributions

Arvind Kumar Singh: conceptualization; investigation; methodology;
mathematical analysis; validation; writing—original draft; Shamna Aboo: data
curation; writing—review and editing; Tinku Goswami: formal analysis; data

curation; Gouranga Kar: project administration, writing—review and editing.

Corresponding author

Correspondence to Arvind Kumar Singh.

Ethics declarations
Ethics approval and consent to participate

We all declare that manuscript reporting studies do not involve any human

participants, human data, or human tissue. So it is not applicable.

Consent for publication
Our manuscript does not contain any data from any individual person, so it is

“not applicable”.

Competing interests

The authors declare no competing interests.

Additional information

Responsible Editor: Philippe Garrigues

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published

maps and institutional affiliations.

Rights and permissions

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive
rights to this article under a publishing agreement with the author(s) or other
rightsholder(s); author self-archiving of the accepted manuscript version of this
article is solely governed by the terms of such publishing agreement and

applicable law.

Reprints and Permissions

About this article

Cite this article

Singh, AK,, Aboo, S., Goswami, T. et al. Jute and kenaf carrier bags: an eco-friendly
alternative to plastic bags in India. Environ Sci Pollut Res 30, 61904-61912 (2023).
https://doi.org/10.1007/s11356-023-26436-0

Help


mailto:singhak30@gmail.com
https://s100.copyright.com/AppDispatchServlet?title=Jute%20and%20kenaf%20carrier%20bags%3A%20an%20eco-friendly%20alternative%20to%20plastic%20bags%20in%20India&author=Arvind%20Kumar%20Singh%20et%20al&contentID=10.1007%2Fs11356-023-26436-0&copyright=The%20Author%28s%29%2C%20under%20exclusive%20licence%20to%20Springer-Verlag%20GmbH%20Germany%2C%20part%20of%20Springer%20Nature&publication=1614-7499&publicationDate=2023-03-18&publisherName=SpringerNature&orderBeanReset=true
https://scholar.google.com/scholar_url?url=https://idp.springer.com/authorize/casa%3Fredirect_uri%3Dhttps://link.springer.com/content/pdf/10.1007/s11356-023-26436-0.pdf%26casa_token%3D3u3oswvRjwoAAAAA:y2uefFtF4dVh7CYTErOPF_pV5XOUe0ZnWwtLrdob4DIKnm8umAXnbgCmfwi_UqMkj7dDIJ8X6Wi2LVBe7g&hl=en&sa=T&oi=ucasa&ct=ucasa&ei=vpAmZcr-I9OQ6rQPupuI-AY&scisig=AFWwaeanzp8csaC-HZye2JWh4VY5
https://scholar.google.com/scholar/help.html#access

Received Accepted Published
07 September 2022 10 March 2023 18 March 2023

Issue Date
May 2023

DOI
https://doi.org/10.1007/s11356-023-26436-0

Keywords

Single-use bags Re-usable bags Jute and kenaf bag LCA LDPE plastic

Carbon footprint Environmental indicators

Help


https://scholar.google.com/scholar_url?url=https://idp.springer.com/authorize/casa%3Fredirect_uri%3Dhttps://link.springer.com/content/pdf/10.1007/s11356-023-26436-0.pdf%26casa_token%3D3u3oswvRjwoAAAAA:y2uefFtF4dVh7CYTErOPF_pV5XOUe0ZnWwtLrdob4DIKnm8umAXnbgCmfwi_UqMkj7dDIJ8X6Wi2LVBe7g&hl=en&sa=T&oi=ucasa&ct=ucasa&ei=vpAmZcr-I9OQ6rQPupuI-AY&scisig=AFWwaeanzp8csaC-HZye2JWh4VY5
https://scholar.google.com/scholar/help.html#access

