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Life cycle analysis for Carbon Composite Structures in different 
branches

• Motivation of life cycle analysis in transportation

• How to compare the three modes of transportation?

• Actual comparison

• Results and Conclusion
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Climate change is a fact!
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Source: IPCC’s Fifth Assessment Report (AR5) - Climate Change 2014 Synthesis Report 

Global temperature trend Global CO 2 concentration

Global sea level Global CO 2 emissions
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Life cycle approaches – compared

25/10/2017Use Tab 'Insert - Header & Footer' for Presentation Title - Siglum - Reference

Accounting for Assessment criteria

…common criteria Resource consumption, environmental exposure, humane toxicity, 
greenhouse effect, ozone depletion, acidification, eutrophication, 
ecotoxicity, summer smog, noise pollution

… ISO 14044 General requirements for life cycle assessment (with scope for 
definition of separation criteria)

… MIPS Abiotic material, biotic material, soil movement in agriculture and 
forestry, water and air

… Method of ecological   
shortage

Comparison of the environmental impact (actual quantity) with the load 
(tolerance quantity), which is regarded as permissible in terms of 
society policy. The ratio of actual quantity to tolerance quantity is 
referred to as ecological shortage

… Carbon footprint Emitted CO2 in the course of the production of a product

… cumulative
energy consumption

Total energy required for the production of  a product/raw material per 
kg

... Company directives 
???Unternehmensvorgabe

energy consumption, CO2 emissions, Recyclability, Use of hazardous 
substances , water consumption, material shortage, …
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Life cycle approaches – compared
How to define the frame?
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* Abbildung modifiziert, Original aus: “Ökobilanzen populär”, Senatsverwaltung für Wirtschaft und Technologie, Berlin 1995

Method 2

Method 1
Production Process of a Product

Source:
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* Abbildung modifiziert, Original aus: “Ökobilanzen populär”, Senatsverwaltung für Wirtschaft und Technologie, Berlin 1995

Method 2

LCA - Method 1

Life cycle approaches – compared
How to define the frame?

Source:
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Life cycle approaches – compared
How to define the frame?
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* Abbildung modifiziert, Original aus: “Ökobilanzen populär”, Senatsverwaltung für Wirtschaft und Technologie, Berlin 1995

LCA - Method 2

LCA - Method 1

Source:
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Life cycle approaches – compared
How to compare different forms of transport?

Challenge : Huge amount of data from different forms of LCAs and studies available
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Range of analysis

LCAs are mostly applied to specific 
aspects of a products life 
(e.g. only consumption phase)

� Some take a „cradle-to-cradle“ 
approach, some published LCAs 
only investigate production of parts, 
the use phase (and recycling)

Mode of analysis

Type of impact factor differs between 
the LCA-forms (Emission? Energy? 
Real values or „CO2-Equivalents“?)

Different LCA methods are not directly 
comparable

LCA methods leave room for 
interpretation

� Is there a common denominator we can use to compare the different forms of transport?

Energy! 
-MJ/kg for materials (cumulated energy consumption)
-MJ/ 100 pkm (Energy per Person per [100] kilometres travelled)

Source:
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Life cycle approaches – why we need a cradle to cradle approach
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Focus of company provided LCAs are the production of individual units of transport 

- Energy and emissions during production
- Consumption (and derived emissions) during use

Source: Wikipedia; Hamburger Abendblatt; www.motor-talk.de; taz.de; Wirtschaftswoche; Spiegel.de
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Life cycle approaches – why we need a cradle to cradle approach
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Source:Source: Wikipedia; Hamburger Abendblatt; www.motor-talk.de; taz.de; Wirtschaftswoche; Spiegel.de
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Use phase characteristics
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Short haul

Berlin-Köln, 463km, A320-200 DLH

Medium haul

Frankfurt-Madrid, 1421km, A321-200 DLH

Long haul

Frankfurt-New York, 6177km, A330-300 DLH

Reference route Hannover-Würzburg (365km, thereof
120km in tunnels, 26km on rail bridges and 4km on road-rail bridges)

*1 - U. Schumann, DLR Institut für Physik der Atmosphäre, "Klimawirkungen des Luftverkehrs", Informationen zum Fachgespräch „Luftverkehr und Klimaschutz“, Berlin, Deutscher Bundestag, 26. März 2007

*2 - C. Rozycki, H.Koeser, H.Schwarz "Ecology Profile of the German High-speed Rail Passenger Transport System (ICE)", lnt J LCA 8 (2) 83 - 91 (2003)
*3 - „Transport, Energy and CO2“, IEA report, 2007

*1)

*2)

*3)
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Aircraft
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Short haul

Berlin-Köln, 463km, A320-200 DLH

Medium haul

Frankfurt-Madrid, 1421km, A321-200 DLH

Long haul

Frankfurt-New York, 6177km, A330-300 DLH
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Aircraft have significantly improved over the years
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Source: https://people.hofstra.edu/geotrans/eng/ch3en/conc3en/aircraftenergyefficiency.html, adapted from 
IEA/OECD (2009) Transport, Energy and CO2: Moving toward sustainability. Paris: International Energy Agency.

Improvements in engine fuel per unit of thrust: ~ 70%
Aerodynamic improvements: ~ 25%
other factors such as economies of scale of larger aircraft: ~ 5%

© AIRBUS Operations GmbH. All rights reserved. Confidential and proprietary document.

Contradicting challenges in  improving the ecological impact of 
aircrafts
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Contradicting challenges in  improving the ecological impact of 
aircrafts
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Basis for comparison - Aviation
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Actual per person consumption of different flights
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Short haul

Berlin-Köln, 463km, 

A320-200 DLH, 5,39l/ 100 pkm

Medium haul

Frankfurt-Madrid, 1421km, 

A321-200 DLH, 4,55 l/ 100 pkm

Long haul

Frankfurt-New York, 6177km, 

A330-300 DLH, 4,03l/ 100 pkm

Dataset 1

Dataset 2

Range type Directions Fuel
consumption, 
L/PAX

Fuel consumption 
L/PAX/100 km

Short haul Berlin-Köln, A320-200 25 5,4

Medium haul Frankfurt- Madrid, A321-200 65 4,6

Long haul Frankfurt-Peking, A340-600 310 4,0

Source:Deutsche Lufthansa, 2007; M.Schaefer, DLR-Institut für Antriebstechnik, 2007.
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Reference route Hannover-Würzburg (365km, thereof
120km in tunnels, 26km on rail bridges and 4km on road-rail
bridges)
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Train



Page 10
© AIRBUS Operations GmbH. All rights reserved. Confidential and proprietary document.

© AIRBUS Operations GmbH. All rights reserved. Confidential and proprietary document.

Basis for comparison - train
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"Ecology Profile of the German High-speed Rail Passenger Transport System, ICE", C. 
Rozycki, H. Koeser and H. Schwarz, lnt J LCA 8 (2) 83 - 91 (2003)

Models for translating the different reference units of the MPEs to
the functional unit, 100 pkm

Main process elements for the ICE transport
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Total energy consumption of an ICE (German high speed train)
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Energy balance for high speed 
train

117 MJ / 100 pkm

(� 1,17 MJ / pkt)
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Use phase energy consumption of different car types  compared
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Production Use phase Recycling

Total service life [km]

Stahl

CFRP

Break-Even 
at ~132.000 km

„credit“ 
for Recycling

*2 aus: I. Verpoest: „Life cycle analysis of carbon fibre composite cars: strong, light and green”
JEC Forum on Recycling & Life Cycle Management 13 April 2010

• The use of fiber composites is also 
ecologically justified, since the main 
energy consumption of a vehicle is 
incurred during its use phase. 

• more energy is consumed for the 
production of a vehicle with a high fiber
composite content 

• consumption in utilization is lower due 
to lower vehicle mass

• energetic Break-Even after 132,000 km 
- compared to a steel vehicle
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Use phase and production is clear, but infrastructure for cars and 
busses – how?
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�

�

Complex LCA model has to be 
used to cover all of the three life 
cycle elements
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Final summary and comparison
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CO2_e passenger-trip traveled emissions inventory for single aisle 
(loading factor = 75%, 80%, 85%) and SUV (3 person)
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Source: H. Liu et al. / Transportation Research Part D 48 (2016) 267–283
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Comparison Aircraft (regional and long haul), Bus and Cars/SUVs
[USA data = more busses, almost no trains]
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Source: H. Liu et al. / Transportation Research Part D 48 (2016) 267–283
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Final comparison when including vehicle production, use-phase 
and infrastructural life cycle cost

Aviation Train Automotive

Consumption per 
unit

2,5 MJ/pkt 1,17 MJ/pkt 3,3 MJ/pkt
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Source: Summary of the three before mentioned papers
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Looking at the full picture: Global emissions by sector
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Baseline (faded bars) and mitigation scenarios (solid colour bars) 

Solid color:
If we really do 
something

Faded color: 
If we go on 
as today

Source: IPCC’s Fifth Assessment Report (AR5) - Climate Change 2014 Synthesis Report 
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