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A B S T R A C T

This study presents a comprehensive life cycle assessment (LCA) of sisal yarn production, covering key
phases such as cultivation, transportation, decortication, brushing, baling, and yarn making to assess the
environmental impacts associated with the production of 1 kg of sisal yarn. The results show that cultivation
contributes the most to global warming potential (7.29 kg CO2 eq, ø51% of total emissions) and terrestrial
ecotoxicity (112.02 kg 14-DCB eq, 97.7%), driven largely by the excessive use of pesticides, herbicides,
and fertilizers. Decortication contributes significantly to marine eutrophication (83.7% of total impacts)
and global warming (5.52 kg CO2 eq, ø40%). Although yarn making accounts for a smaller share of the
global warming potential (0.97 kg CO2 eq, 6.8%), it has a notable impact on human toxicity (contributing
21.7% to non-carcinogenic toxicity) and fossil fuel depletion (305.8 g oil eq, 10% of the total). A sensitivity
analysis indicates that reducing chemical inputs, improving energy efficiency, and optimizing water use can
reduce environmental impacts by up to 30%, lowering global warming potential to 11.59 kg CO2 eq in
the improvement scenario. These results align with Sustainable Development Goals (SDGs) on responsible
production (SDG 12), climate action (SDG 13), and life on land (SDG 15), positioning sisal yarn as a sustainable
alternative to synthetic fibers. Future research should focus on incorporating renewable energy, expanding
region-specific LCA inventories, and exploring social and economic sustainability to further enhance the sisal
value chain’s sustainability.
1. Introduction

Natural fibers like sisal yarn, derived from the sisal plant (Agave
sisalana), have gained prominence for their versatility and eco-friendly
attributes (Thyavihalli Girijappa et al., 2019; Bhoj, 2022). Known for
durability, strength, and biodegradability, sisal yarn is widely used in
carpets, ropes, and textiles (Saxena et al., 2011; Dhaliwal, 2019).

Tanzania, a key global producer, accounted for 20% of global sisal
production in 2022, with the Tanga region contributing 60% of the
output at 3.2 tons per hectare (Kabissa et al., 2022; Nylander, 2024).
The local industry’s value addition is driven by spinning mills that
transform raw sisal fibers into high-quality yarn for diverse applica-
tions (Mufuruki et al.; Song et al., 2019).

Previous Life Cycle Assessment (LCA) studies have been conducted
to evaluate the environmental impacts associated with sisal fiber pro-
duction (Broeren et al., 2017b; dos Santos et al., 2022; Ramesh et al.,
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2022). These studies typically focused on specific stages of the sisal
fiber life cycle, such as cultivation and processing. While they provided
valuable insights into the environmental performance of sisal fiber
production, their scope did not extend to the entire value chain of sisal
yarn production.

For instance, a study by Colley et al. (2021) examined the envi-
ronmental impacts of sisal cultivation, highlighting the resource re-
quirements and emissions associated with agricultural practices, and
their circular economic opportunities. Similarly, Abdalla et al. (2023)
reported that the energy consumption and waste generation associated
with the processing stages of production are key drivers of environ-
mental impact of natural fibers including sisal fibers. However, these
studies lack focus on the ecological footprint of sisal yarn production,
particularly the processing stage where fibers are spun into yarn.
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