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To replace petroleum-based products by sustainable materials is a major step in the fight against climate 

change, which has been flagged as part of United nation sustainable development goal 9 for Industry, 

Innovation and Infrastructure and 12 for Responsible Consumption and production (SDG 9 and SDG 12) 

[1, 2]. The development of sustainable technologies capable of producing new devices using sustainable 

resources within the circular use of products approach is of critical importance. Carbon-based materials, 

which are commonly derived from oil, are widely used in diverse sectors such as aerospace and defence, 

automotive, construction, electronic, energy and sports industry because of their light weight and 

outstanding mechanical performances. In 2015, the global carbon-based material market was estimated at 

USD 3.06 billion with an acceleration of 6% [3] . Carbon Fibres (CF) accounts for 44% of this market in 

value. CF present a high strength to weight ratio (2000 kN.m.kg-1 vs 60 for steel S355), chemical and heat 

resistance and high electrical conductivity and is composed of at least 92 % carbon. [4, 5] Currently, the 

cost of manufacturing CF is indexed on that of oil, as 53% of the cost is on the precursor [6]. Moreover, 

the demand for carbon fibres is soaring, expected to double between 2015 and 2022. [7] The aim of this 

work is to develop sustainable carbon fibres from highly abundant bioresources which are not in 

competition with food supply achieving application performances that exceed existing technologies, 

whilst incurring minimal environmental impact. These carbon materials are produced from lignocellulose 

biomass. We focus on lignin, a low value by-product from the paper and pulp industry.  

A thorough characterisation is necessary to estimate the quality of the received lignin, in terms of 

molecular weight, impurities and chemical group content. Furthermore, the processability of the lignin 

needs to be evaluated and improved to perform adequate melt-spinning. Blending the lignin with a 

miscible, thermoplastic polymer is necessary to improve its processability. 

The precursor fibres were obtained through melt blend compounding and 

spinning in a lab scale extruder before oxidative heat treatment (stabilisation) 

and carbonisation to 1000 oC in an inert atmosphere. The precursor fibres 

Stabilisation efficiency needs to be enhanced by the use of reactive coatings 

that allow for increased crosslinking. Finally, the carbonisation ramps need 

to be optimised to reduce porosity and increase the carbon yield of the 

conversion. The produced fibres are characterised for carbon phase quality by 

Raman and XPS and mechanical performances.  

Environmental life cycle assessment and life cycle costing were done for fibres made from 50% lignin 

and 50% bio-polyurethane. These were studied from raw material extraction to carbon fibre factory gate 

and benchmarked against conventionally produced fibres based on polyacrylonitrile. If emissions from 

the lignin-generating mill are allocated based on economic values, the fibres require between 20%-45% 

less energy and emit 50% less greenhouse gases compucampared to the conventional CF. Assuming a 

cost of 3 €/kg for lignin, cost is reduced by 30% compared to the conventional CF. 
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Figure 1: Stabilised lignin-based 

carbon fibre 


