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Abstract 

Carbon fibre reinforced polymers (CFRP) have been developed by the aviation industry to 

reduce aircraft fuel burn and emissions of greenhouse gases.  This study presents a lifecycle 

analysis of an all composite airplane, based n the Boeing 787 Dreamliner, to calculate and 

compare the of the CFRP structure against the conventional aluminium. The analysis 

demonstrated the CFRP structure quickly achieved a reduction in CO2 and NOx emissions 

over its lifetime. The second stage assesses the potential for CO2 emission reduction through 

the transition of the global aircraft fleet to composite aircraft.  A scenario analysis is 

constructed comparing the introduction of composite aircraft against a baseline projection, 

through to 2050.  The fleet-wide emission reduction is less than the quoted savings of an 

individual aircraft due to limited fleet penetration, and an increased demand in air travel due 

to lower operating costs.  

 

1. Introduction 

 

Carbon fibre reinforced polymer (CFRP) has been utilised as a structural component in the 

airframes of the ‘next generation’ aircraft due to its reduced weight in comparison to 

aluminium.  The Boeing 787 Dreamliner is a case in point, with 50% by weight consisting of 

composite materials and claims to reduce fuel use and subsequently CO2 emissions, by around 

20-25% [1]. 

 

The IPCC [2] have highlighted the potential impact of increased levels of greenhouse gases, 

both CO2 and non-CO2, on the global environment.  The aviation industry has a range of 

targets regarding the future control of carbon dioxide emission through to 2050 including a 

net reduction in CO2 emissions of 50% by 2050 [3,4]. Additionally, aviation fuel is the single 

most significant component of an airline operating cost, some 30-40% [5].  

 

 

A lifecycle assessment (LCA) is a method of quantifying the environmental impact of a 

product from raw material extraction and processing, use phase and end of life disposal [6].  

The importance of LCAs is their ability to inform where environmental impacts occur and 

their relative importance and enables appropriate interventions into the product lifecycle [7]. 
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The primary purpose of this study is to present an LCA of a section of a composite material 

aircraft, to understand the environmental impacts from an individual aircraft scale.  

Subsequently, this data is further used to study the impact of the introduction of aircrafts with 

composite material architecture on the projected global fleet through to 2050.  The CO2 

savings are calculated using socio-economic scenarios from a set of integrated energy-

economy-environment models against a baseline. 

 

2. Methods 

 

2.1 LCA 

 

A comparative LCA has been conducted on Section 46 of the Boeing 787 fuselage, due to the 

public availability of the manufacturing data required for the LCA study.  The Boeing 787 

airframe was chosen due to the high proportion of CFRP utilised within its structure 

(approximately 50%) [1]. 

 

 

The LCA of fuselage Section 46 of the Boeing 787 was performed utilising Sima Pro 7.2 in 

combination with the Ecoinvent database.  Ecoinvent contains industrial lifecycle inventory 

data on energy supply, resource extraction, material supply, chemicals, metals, waste 

management and transport services. Eco-indicator 99 (E) V2.05 Europe EI 99 E/E was the 

chosen method to calculate the environmental impact of the inventory data. This method 

enables the aggregation of different impact categories into a single score value.  

 

 

Technical data from the published literature has been utilised for the LCA where available.  

Due to commercial sensitivity associated with the technical design of the section, and 

manufacturing processes, the research team used informed judgment to estimate unavailable 

process data.  This pragmatic simplification of the LCA is considered appropriate by the 

wider LCA literature [8].  Assumptions are identified in this paper. 

 

 

The LCA undertaken in this study is presented in two stages; the first stage compares the 

equivalent sections manufactured from CFRP and Aluminium alloy through manufacturing 

and disposal phases and the second phase calculates operational emissions. 

 

2.1.1 Manufacturing and Disposal 

 

CFRP 

A typical weight saving of 20% was used as the basis for comparison between the CFRP and 

Aluminium alloy structure [9].  The Boeing 787 airframe consists of several one-piece CFRP 

barrel sections. Section 46, being one of these barrel sections, was manufactured by Alenia 

Aeronautica, Italy. The reported mass of Section 46 is 4000lb (1814 kg) [10]. The total 

reported mass is assumed to include the fuselage skin, frames, stringers and floor beams. Due 

to the lack of specific data regarding the structure's geometric properties, the section is 

simplified to a uniform barrel shape. The effective thickness of the uniform barrel (see Table 

1) is greater than the fuselage skin thickness of Section 46, to account for the additional parts. 

The simplified barrel section was reported to be manufactured using a uniform automated tape 

laying manufacturing process.  
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Geometric Property Value 

Length (m) 10.06 

External diameter (m) 5.79 

CFRP Density (kg/cm
3
) 0.0277 

Calculated section thickness (mm) 12.95 

Table 1. Geometric properties of Section 46 

 

CFRP consists of carbon fibres and epoxy resin. Carbon fibres are produced from 

polyacrylonitrile (PAN) based fibres through a process called the 'PAN process'.  The 

aerospace grade CFRP utilised in manufacturing is assumed to be composed of 65% carbon 

fibre and 35% epoxy resin by weight. The pre-preg tape is placed onto a cylindrical mandrel, 

via Automated Fibre Placement (AFP), and then cured in an autoclave.  

 

 

The raw materials and emissions associated with electricity production for the AFP machine 

and autoclave have been considered. A typical Italian electricity production mix has been 

utilised. The AFP robot used to manufacture Section 46 is manufactured by Ingersoll, with the 

energy consumption estimated to be at its maximum of 16 000 kWh. Section 47 and 48 of 

similar dimensions, manufactured by Vought, are cured in an autoclave with a power rating of 

12 000 kW for  8hrs, hence an estimated total energy consumption was 96 000 kWh.  

 

 

The disposal of the composite section is assumed to be landfill, due to a lack of commercially 

viable recycling routes [11]. The parameters used in LCA of manufacturing of the composite 

section were intentionally chosen at the extreme end, in order to avoid any potential bias 

towards the utilisation of composite materials compared to their metallic counterparts.  

 

Aluminium 

 

Two scenarios have been presented for the conventional aerospace aluminium alloy analysis. 

The buy-to-fly (BtF) ratio is the amount of metal utilised to manufacture a part, and this can 

be as high as 25:1 for aerospace components.   For an average commercial aircraft the BtF 

ratio is estimated to be 8:1.  Hence, two scenarios are presented below: Scenario 1, an 

idealised scenario with a BtFratio of 1:1 and Scenario 2 with a more realistic and still Al 

favourable BtF ratio of 8:1. The two scenarios will be referred to as Al1 and Al2 respectively.  

 

 

The mass of Al alloy utilised in the fuselage is estimated to be 25% more [12] than the CFRP 

section, 2267kg.  The aluminium ingots are hot rolled and subsequently machined into the 

final part. Recycling of aluminium is highly efficient requiring between 6-7% of the energy 

required for primary production [13]. In current practice, recycled aluminium is not utilised in 

the production of aircraft parts.  In SimaPro LCA software database, recycled aluminium is 

credited with positive emissions.  The disposal scenarios for this analysis are assumed to be 

100% recycling in order to create the most onerous comparison for the CFRP case. 

 

2.1.2 In-use phase 

 

As previously stated, an LCA covers all phases of a product lifecycle from manufacture, use 

and final disposal.  The following in-use analysis of Boeing 787 makes a number of initial 
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assumptions; one, the aircraft has a range of 14 000km [1] and a life-span similar to a typical 

commercial aircraft of 30-years [14]; two, the aircraft is assumed to operate daily, leading to 

the distance travelled by an aircraft during its lifetime of 150 million km. 

 

3. LCA Results 

 

Figure 1 (left) shows the single score environmental impact for the three manufacturing and 

disposal scenarios considered in this study.  The CFRP manufacturing scenario is 

demonstrated to be more environmentally harmful than both Al1 and Al2, as expected, due to 

the high emissions produced during the carbon fibre production.   

 

  

Figure 1 (right) shows the single score environmental impact for the three full LCA scenarios. 

The assessment demonstrates that CFRP section results in a decreasing environmental impact 

when compared to both scenarios in Al alloy section analysis.  Additionally, the 

environmental burden in the three scenarios is dominated by the consumption of jet-fuel in the 

in-use phase, and in turn the environmental impact resulting from manufacturing and disposal 

can be considered negligible or insignificant in all the scenarios.   

 
Figure 1. Single score environmental impact comparison of the three scenarios: Al1, Al2 and CFRP section in 

manufacturing and disposal phase (left) and the full LCA with consideration of the in-use phase (right). 

 

The primary environmental impacts of concern within the aviation industry are the gaseous 

emissions of CO2 and NOx [15].  Figure 2 (left) quantifies the emissions through the 

manufacturing and disposal phase for each scenario.  The CFRP is demonstrated as more 

environmentally burdensome, with respect to both CO2 and NOx. As previously, the full LCA 

emissions of NOx and CO2 are presented separately (Figure 2, right).  The CFRP section 

results in a significant decrease in the emissions of both gaseous substances.   
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Figure 2. Quantities of CO2 and NOx produced in manufacturing and disposal of composite airframe section 

(left) and full LCA with consideration of the in-use phase (right). 

 

4. AIM Systems Model 

 

The second part of this study utilises a previously developed model, the Aviation Integrated 

Modelling (AIM)[16], to simulate global aviation system responses to changes in costs and 

available technologies.  In this case a transition of the global aviation fleet to composite 

aircraft models. AIM consists of seven interconnected modules modelling demand for air 

travel, routing and scheduling, airline costs and technology adoption, flight routing and 

emissions, local and global emissions impacts and regional economics, run iteratively until 

equilibrium between demand and supply is reached. For this study we concentrate on CO2 

and neglect the local emissions and regional economics modules. 

 

 

AIM requires internally consistent scenarios of future population, GDP and oil prices to 

project demand and technology adoption.  For these scenarios we use the outputs of three 

integrated assessment models [17]: IGSM (Integrated Global System Model), MERGE 

(Model for Evaluating the Regional and Global Effects) and MiniCAM.  Two technology 

scenarios were constructed: i) Reference simulation – continuation of conventional 

technology; ii) Availability of composite material aircraft 

 

 

The commercial aviation fleet is assumed to consist of three representative aircraft variants.  

The defined aircraft variants have been determined by size with aircraft representing small 

(narrow-body, short to medium range), medium (wide-body, medium to long range) and large 

(wide-body, medium to long range) aircraft. Table 3 summarises the physical characteristics 

and relative performance of the reference conventional and composite aircraft variants. 

 

Size Class Large Medium Small 

Definition (No. Seats) >299 190-299 100-190 

Reference Aircraft Boeing 777-300 Airbus A330-300 Airbus A319-131 

Reference Engine Rolls Royce Trent 895 General Electric CF6 

80E1 A2 

V2511 

Composite Aircraft A350-1000 Boeing 787 TOSCA aircraft 

Year of Fleet Entry 2017 2012
a
 2025

b
 

Purchase Price ($m) 205.8
b
 148.7

c
 67.0

b
 

Maintenance Cost 30% lower than reference aircraft
d
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Fuel Use (against 

reference aircraft) 

25% lower
e 

20% lower
f
 22% lower

b 

Table 2. Substitute aircraft utilised and their operational performance. 

Notes: 
a
 Closest full year of operation.  First fleet entry late-2011. 

b
 TOSCA mid-range estimate

 
[18] 

c
 Average of Boeing 787 subtypes.  Assumed 20% discount from list price 

d
 TOSCA estimate. Boeing 787 factsheet relative to ‘comparable aircraft types [1]

 

e
 Airbus 350 factsheet relative to ‘current competitor’ [19]

 

f
 Boeing 787 factsheet relative to ‘comparable aircraft types’ [1] 

 

To better isolate the impact of composite materials, the modelling only considers the effect of 

a transition in airframe technology and associated evolutionary improvements in engine 

technology.  In addition, we do not consider the next generation of aircraft after those 

modelled. For these reasons, total emissions are likely to be slightly over estimated. 
 
4.1 AIM Results 

 

Figure 3 (top) shows the total number of aircraft in the global fleet and the proportion of 

composite aircraft.  The total size of the fleet by 2050 is predicted to be between 95,000 and 

77,500 aircraft. In all three socio-economic scenarios by 2050 composite material aircraft 

compose the majority of the aviation fleet but did not achieve 100% penetration.  Fleet 

penetration is dependent upon rates of fleet growth with time, which depend in turn on GDP 

and population projections, and the relative oil price modelled in each scenario. The high 

uptake of composite material aircraft in all scenarios indicates that they are cost-effective to 

operate in all cases modelled.  

 

Figure 3 (bottom) shows the modelled CO2 emissions of the global aviation fleet through to 

2050 for each of three socio-economic scenarios utilised in this study.  Historic global 

aviations emissions (pre-2005) collected by the IEA [20, 21] are plotted.  CO2 emissions are 

predicted to be reduced by 14-15% by 2050, relative to the baseline scenario. It should be 

noted that the observed discrepancy between the AIM and IEA values is due to the fact that 

the IEA figures include all aviation, whereas AIM models 95% of scheduled passenger RPK. 

AIM does not account for freight and unscheduled flights [24]. 

 

5. Discussion  

 

The benefits of a transition of the global passenger aviation fleet to composite material 

aircraft goes beyond the direct 14-15% CO2 savings predicted in this study.  The benefit of 

composite material implementation includes globally reduced fuel consumption and 

potentially lower direct operating costs, due to an improved lift-to-drag ratio and reduced 

weight.  The reduction in fuel consumption reduces CO2 emissions and in addition reduced 

emissions in all combustion products (including NOx and water vapour).  The reduction in 

engine combustion products is more beneficial than a targeted intervention solely aimed at a 

net reduction in CO2 emissions, for example the introduction of biomass derived jet fuel.   
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Figure 3. Modeled fleet penetration of composite aircraft (top) and emissions of CO2 through to 2050 

(bottom).  
 

The industry target of CO2 aerospace emissions reduction by 50% on a RPK basis by 2020 

cannot be achieved solely by the introduction of airframes utilising a high proportion of 

composite material, as demonstrated in this study.  The ACARE [15] goal of reducing fuel 

consumption per RPK by 50% for new aircraft entering service after 2020  is split between 

technological improvements in engine and airframe technology, 15-20% and 20-25% 

respectively.  Though this novel lightweight technology is an important component in 

reducing the environmental impact of aviation, it must be considered in conjunction with a 

range of technological and operational improvements. 

 
6. Conclusions 

 

A transition in aircraft architecture from conventional aluminium to one utilising a high 

proportion of composite materials, such as CFRP, results in significant environmental benefits 

over the lifetime of the aircraft.  Despite an increased environmental impact of CFRP during 

manufacture and disposal, the section under analysis demonstrates a significant reduction in 

impact over its lifetime, due to reduced consumption of jet-fuel.   

 

 

Under all three socio-economic scenarios the reduction in emissions of carbon dioxide, due to 

a transition of the aircraft fleet to composite materials, was 14-15% compared to a  baseline 

projection using current technology in 2050 – a reduction in cumulative 2010-2050 emissions 

of 9-11%.  Reductions in the emission of carbon dioxide is less than the quoted technical 

potential of 20-25% due to fleet penetration not being total and a passenger and service 

demand increase of 6-9% by 2050; the result of reduced operating  costs. This study 

highlights the limitations of LCA in fully understanding the in-use stage of a product 

lifecycle. The AIM model has demonstrated the interaction of markets and technology.  In 

this case, the interaction limited the potential environmental benefits of CFRP introduction. 
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