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A B S T R A C T

Lignin-based polyols are expected to provide significant environmental benefits by offering new synthetic routes 
to various types of bio-resins for coating applications. Currently, no models evaluating lignin-based polyols are 
available in the literature, therefore, the present study introduces a new model to assess environmental impacts 
associated with the synthesis of lignin-based polyols and to evaluate their potential environmental advantages in 
bio-product manufacturing. The model follows the life cycle assessment methodology and is based on lignin- 
based polyols production at a pilot scale, beginning with kraft lignin extraction, followed by solvent fraction
ation. The results indicate that, compared to their petrochemical counterparts, lignin-based polyols demonstrate 
superior environmental performance under specific conditions, such as the use of bio-based solvents and an 
appropriate energy mix. Tetrahydrofuran and electricity consumption emerge as the primary hotspots contrib
uting to environmental impact categories such as climate change, fossil resource use, and water use—identified 
as the main contributors to the overall environmental impact of lignin-based polyol production. An uncertainty 
analysis was conducted using Monte Carlo simulation. Based on the findings, producers can consider lignin-based 
polyols as a promising raw material if they replace tetrahydrofuran with its bio-based counterpart and adopt a 
renewable energy mix for production. This model can be easily extended by researchers and/or practitioners to 
further evaluate the environmental impacts of bio-products derived from lignin-based polyols. Moreover, the 
results of this study can guide policymakers in shaping bio-product policies, as lignin-based polyols show promise 
as a more sustainable chemical alternative.

1. Introduction

Lignin is the most prevalent and abundant heteropolymer in nature, 
accounting for approximately 15–32 % of the total biomass (Roy et al., 
2022). In recent decades, lignin has demonstrated significant potential 
for various applications, including biofuels production and more 
recently, bio-based chemicals such as plastic polymers, bitumen in as
phalts, urea-formaldehyde in adhesives, polyol in polyisocyanurate 
foams or polyacrylonitrile in carbon fibers (Moretti et al., 2021). While 
converting lignin into valuable chemical intermediates poses challenges, 

it holds significant potential to replace petrochemical alternatives over 
time. Lignin is primarily a byproduct of the pulping industry (Khan et al., 
2019; Ragauskas et al., 2014). During chemical pulping, lignin is 
generally dissolved in cooking liquor when wood or straw is digested to 
produce cellulose-rich pulp fibers (CTCN, 2023). In the kraft process, 
lignin in black liquor is typically burned in a recovery boiler to generate 
energy for mill operations (Bernier et al., 2013). However, in line with 
circular economy principles, kraft lignin can also be recovered through 
acid precipitation and repurposed in a variety of chemical applications 
(Susilo and Chaniago, 2020).
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