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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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Global temperature trend Global CO , concentration
Globally averaged combined land and ocean surface temperature anomaly Globally averaged greenhouse gas concentrations
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Source: IPCC's Fifth Assessment Report (AR5) - Climate Change 2014 Synthesis Report
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Life cycle approaches — compared

Accounting for Assessr 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 Comparison of the environmental impact (actual quantity) with the load
shortage (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 CO, in the course of the production of a product
. cumulative Total energy required for the production of a product/raw material per
energy consumption kg
... Company directives energy consumption, CO, emissions, Recyclability, Use of hazardous

???Unternehmensvorgabe substances , water consumption, material shortage, ...
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Life cycle approaches — compared
How to define the frame?

Production Process of a Product

*@phitey modifiziert, Original aus: “Okobilanzen populér’, Senatsverwaltung fir Wirtschaft und Technologie, Berlin 1995
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Life cycle approaches — compared
How to define the frame?
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Life cycle approaches — compared
How to define the frame?

']
LCA - Method 2

v 5 = § weihstoft far alle Tansporte
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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

Range of analysis Mode of analysis

LCAs are mostly applied to specific Type of impact factor differs between
aspects of a products life the LCA-forms (Emission? Energy?
(e.g. only consumption phase) Real values or ,,CO2-Equivalents“?)
- Some take a ,cradle-to-cradle” Different LCA methods are not directly

approach, some published LCAs comparable

only investigate production of parts,

the use phase (and recycling) 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)
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Life cycle approaches — why we need a cradle to cradle approach

Production

Use phase

Focus of company provided LCAs are the production of individual units of transport

- Energy and emissions during production
- Consumption (and derived emissions) during use
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Life cycle approaches — why we need a cradle to cradle approach

Production

Infrastructure
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*2.- C. Rozycki, H.Koeser, H.Schwarz "Ecology Profile of the German High-speed Rail P:
*3.- Transport, Energy and CO2", IEA report, 2007
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e‘uo\‘“ Distance

Short haul
Berlin-K8In, 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
. O T Improvements in engine fuel per unit of thrust: ~ 70%
a ! ! Aerodynamic improvements: ~ 25%
v B7208| other factors such as economies of scale of larger aircraft: ~ 5%
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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.
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Contradicting challenges in improving the ecological impact of
aircrafts

Noise Local air quality Climate

Nacelle modifications

1 Positive effects
1 Negative effects
Mixed effects
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Contradicting challenges in improving the ecological impact of
aircrafts

Noise Local air quality Climate

Nacelle modifications
Increased engine pressure * Increased NO,
rafio & fe ¢ Reduced HC & CO

Reduce cruise alfifude * Increased fuel burn/CO,
* Increased NO,
* Less increase in ozone

* Reduced contrails

Increase engine bypass

New runways

* Less effects on
stratosphere
* More fuel burn/CO,

Reduce polar flights

Steep climb

Continuous descent

1 Positive effects
1 Negative effects
Mixed effects
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Material Breakdown of the A330-200 Aircraft
TOTALGFRP _ TOTALMISC
1% 2%
Energy
TOTALNICKEL
3%
Aircraft
Materials s Transport
manufactuting
Assembly of the
/A330-200 Aircraft
Fuel i
Airport Operation of the Airport
Maintenance aircraft Construction
Endof-Life Materials in A330-200 | Weight (in Kg) | Weight contribution (in %)

Aluminium 61903 58,3
Steel 20388 19,2
l l l l ‘Titanium 8161 ¢ 2
Nickel 2048 28
CFRP 09743 9,2
Landfill Recycling Re-use Incineration GFRD 1050 0
2015 19
TOTAL 106218 100
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Actual per person consumption of different flights

Dataset 1

Short haul
Berlin-Koéln, 463km,
A320-200 DLH, 5,391/ 100 pkm

Medium haul
Frankfurt-Madrid, 1421km,
A321-200 DLH, 4,55 I/ 100 pkm

Long haul
Frankfurt-New York, 6177km,
A330-300 DLH, 4,03I/ 100 pkm

Dataset 2

Range type |Directions Fuel consumption
consumption, L/PAX/100 km
L/PAX

Short haul Berlin-Kéln, A320-200

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 fiir Antriebstechnik, 2007.
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Reference route Hannover-Wiirzburg (365km, thereof
120km in tunnels, 26km on rail bridges and 4km on road-rail

bridges)
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Basis for comparison - train
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Main process elements for the ICE transport

"Ecology Profile of the German High-spt
nd H. Schwarz, Int J LCA 8 (2) 83 - 91 (2003)

Rozycki, H. Koesel

ARB

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

eed Rail Passenger Transport System, ICE", C.
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Total energy consumption of an ICE (German high speed train)
| Direct masses / end energies CED-
Input
[KWh / 100 pkm (ICE)] [MJ / 100 pkm (ICE)]
Rail electricity 8.18 83.8
Grid 0.124 1.33
Thermal energy 0.521 1.10
[kg / 100 pkm (ICE)] [MJ / 100 pkm (ICE)]
Drinking water 251 0
Tkg / 100 pkm (ICE)] [MJ /100 pkm (ICE)]
Petrol (passenger d) 0.422 18.4
Gravel (ballast) 3.76 0.902
Concrete 211 210
Sand/grit 0.812 0.0760
Glass 0.00110 0.0157
Insulation material (mineral wool) 0.000677 0.00861
Plastics 0.00755 0.269
Soillrock excavation 15,5 0.415
Steel 0.210 5.14
0.190 T
;’:’u"m.mm u";’;;:, .05 Energy balance for high speed
Copper 0.00627 0.293 train
Non-ferrous metals (unspec.) 0.00106 0.0266 7 117 MJ /100 pkm
—
primary energy for construction
—— Output (= 1,17 MJ / pkt)
[kg/ 100 pkm (ICEN}—"| [MJ / 100 pikm (ICE)] |
waste water 222~ 0
=0.0328
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Use phase energy consumption of different car types compared

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

100%

20% 20.4%

®Carl - CFRP Car2 -steel ™ Car3 - aluminium

¢ more energy is consumed for the
production of a vehicle with a high fiber

composite content 0 g
* consumption in utilization is lower due 5 3
to lower vehicle mass EE

o

* energetic Break-Even after 132,000 km — :
~ Compared to a steel vehicle Production ! Use phase 1 Recycling

Total service life [km]
Break-Even
at ~132.000 km

Verpoe: ife cycle analysis of carbon fibre c
JEC Forum on Recycling & Life Cycle Managern
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Use phase and production is clear, but infrastructure for cars and
busses — how?

o o]
I v

Operational Processes g

" Upstream Processes ™

Complex LCA model has to be
used to cover all of the three life
cycle elements

* [Vehicle Manufacturing [Operation
A <

EIO-LCA
ety Bus <
samisine o [GHEETE]
(e |- (oo

[Fuel Upstream |&—{ GREET 1 |

€ AN
S = -
L
3 Models used in the life-cycle assessment (LCA) analyses.
= Model  Model full name Life-cycle stage
MOVES  MOtor Vehicle Emission Simulator Mator vehicte
operations
CREET_1 The Greenhouse Gases, Regulated Emissions,  Fuel upstream
® and Energy Use in Transportation Model 1:
5 Fuel Cycle Model
3 GREET_2  The Greenhouse Gases, Regulated Emissions, ~ Manufacturing
£ and Energy Use in Transportation Model 2:
[ Vehicle Cycle Model
€ AEDT Aviation Environmental Design Toal Aireraft operations
EDMS  Emission and Dispersion Modeling System  Airport-related
operations
Landing and takeoff
2 Ground support
s equipment
a EIO-LCA  Economic Inp put Life Cycl
) manufacturing, and
=1 maintenance
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Final summary and comparison

CZC @ ARBUS

@ AIRBUS

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




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

CO2_e passenger-trip traveled emissions inventory for single aisle
(loading factor = 75%, 80%, 85%) and SUV (3 person)

Emission(SUV_3Person) < Emission(SUV_3Person) >
Emission(SA_80% Loading Factor) Emission(SA_80% Loading Factor)
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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]

SUV_1Person SUV_1Person
Sedan_1Person Sedan_1Person
SUV_2Person SUV_2Person
N Sedan_2Person & Sedan_2Person
B3 RJ B RJ
= SUV_3Person T2 SUV_3Person
2 o 2 "
Sedan_3Person Sedan_3Person
SUV_4Person SU'.“A’erson
Sedan_4Person Sedan-A?ersan
Bus ) Bus
2 4 6 200 400
Energy (MJ/PKT) CO2_e (gram/PKT)

Process
Operation-Related Activity

(Operation
Terminal Trip
Fuel Upstream
‘ehicle Maintenance
Initial Activity
lVehicIe Manufacturing
Infrastructure

Source: H. Liu et al. / Transportation Rese
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Final comparison when including vehicle production, use-phase
and infrastructural life cycle cost
3,5
3
2,5 -
2 | m Aviation
mTrain
151 = Automotive
1 !
05 -
O !
N L T
Consumption per 2,5 MJ/pkt 1,17 MJ/pkt 3,3 MJ/pkt
unit

ummary of the three before mentioned papers

Looking at the full picture: Global emissions by sector

Direct CO, emissions by major sectors, and non-C0, emissions, for baseline and mitigation scenarios
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