
Abstract: Composite materials, particularly carbon fiber reinforced polymer (CFRP), are widely used in aerospace, automotive, and marine 
industries due to their high mechanical performance, durability, and weight-saving potential. However, their production and end-of-life 
management involve significant resource and energy consumption, as well as environmental impacts. Life Cycle Assessment (LCA), guided 
by ISO 14040 and ISO 14044, evaluates these trade-offs across raw-material supply, manufacturing, aircraft use, maintenance, and end of 
life. This review synthesizes methodological choices and environmental findings reported for aerospace CFRP. Key aspects include carbon 
footprint, environmental indicators, data quality, system boundaries, functional units, and allocation methods. CFRP offers substantial 
weight-saving potential in aircraft structures, but carbon-fiber production and composite manufacturing can be energy intensive. End-of-
life management is also challenging, creating a need to consider recycling and recovery routes within LCA studies.
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Conclusion: • CFRP shifts part of aviation’s environmental burden from aircraft 
operation to material production and manufacturing.
• Weight reduction remains the central benefit, but studies must model the aircraft 
mission and lifetime rather than compare materials only per kilogram.
• Recycling can improve circularity, although avoided-burden assumptions require 
transparent evidence about recovered-fiber quality and markets.
• Future studies should report harmonized functional units, boundaries, energy 
mixes, data quality, uncertainty, and sensitivity analysis.
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Schematic representation of recycling knowledge-gaining process [10] 

Percentage contribution of each life-cycle inventory aspect to environmental impact 
categories for the investigated CFRP handbrake lever. [9]

Impact category Unit Materials Manufacturing EoL CF in 

materials 

Climate change kg CO₂-eq 72% 28% 0% 51% 

Ozone depletion kg CFC-11-

eq 

79% 21% 0% 63% 

Human toxicity, 

cancer effects 

CTUh 84% 16% 0% 27% 

Human toxicity, non-

cancer effects 

CTUh 90% 10% 0% 25% 

Particulate matter kg PM₂.₅-eq 83% 17% 0% 53% 

Ionizing radiation, 

HH 

kBq U235-

eq 

60% 40% 0% 57% 

Ionizing radiation, E 

(interim) 

CTUe 59% 41% 0% 56% 

Photochemical ozone 

formation 

kg 

NMVOC-eq 

79% 21% 0% 56% 

Acidification mol H⁺-eq 86% 14% 0% 60% 

Terrestrial 

eutrophication 

mol N-eq 82% 18% 0% 65% 

Freshwater 

eutrophication 

kg P-eq 97% 3% 0% 17% 

Marine 

eutrophication 

kg N-eq 79% 21% 0% 33% 

Freshwater 

ecotoxicity 

CTUe 79% 21% 0% 28% 

Land use kg C deficit 85% 15% 0% 71% 

Water resource 

depletion 

m³ water-eq 62% 38% 0% 31% 

Mineral, fossil and 

renewable resource 

depletion 

kg Sb-eq 74% 26% 0% 60% 

 

Aircraft CFRP Life Cycle
The life cycle of aircraft carbon fiber reinforced polymer (CFRP) begins with precursor and carbon-fiber production, followed by resin 
preparation, composite manufacturing, aircraft assembly, operation, maintenance, and end-of-life treatment. Although CFRP 
production requires substantial energy and resources, its low weight can reduce aircraft fuel consumption and operational 
emissions. The overall environmental benefit depends on manufacturing efficiency, aircraft service life, energy sources, maintenance 
requirements, and the selected recycling method.
Research Gaps
Current studies apply different functional units, system boundaries, datasets, and allocation methods, making direct comparisons 
difficult. Limited data are available on industrial-scale recycling, recovered-fiber quality, certification, and real aviation applications. 
Future research should develop harmonized LCA frameworks that connect manufacturing, operation, maintenance, and end-of-life 
stages. Further investigation is also needed into automated manufacturing, defect reduction, artificial intelligence, renewable-energy 
use, and scalable recycling technologies that preserve fiber performance and support closed-loop material recovery [2-10].
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