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Life Cycle Assessment Transport Efesr " Research

+ Systematic evaluation of all aspects of
a vehicle’s life and its associated impacts
(cradle-to-grave).
o Energy cycle (well-to-wheel/wake/wing)
o Fuel or electricity production and distribution
o Vehicle operation and maintenance
o Vehicle cycle
o Vehicle manufacturing
o Disposal and recycling

« Several impacts — GHG (our studies)
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Life Cycle Assessment (LCA) Transport Efesr " Research

* Four elements of study design to ensure reliable and robust results:

. country-specific " mode-specific ‘

o robust LCA/mode shift data for Australian transport limited
o demonstrate Australian emission tools

‘ wide scope ‘ ’ time-dynamic ‘

o modelling framework where results can be rapidly updated.

Statistical modelling Transport Efesr " Research

‘ \/\/|d e Sco pe ‘ Assessment model formulation (Y = combination of X vars)

’ time dynamic ‘

Analysis

Empirical data Software/tools + Scientific Stakeholder
analysis (e.g. uncertainty data literature consultation +
Bootstrap) review expert judgement
.8 L 2 4 L L
* Include i3 4 )
uncertainty/variability 3 y | [ y | ,
in inputs + reflect them VARX, VARX, VARX, VAR X,

in the outputs.
o plausible range
o robustness
o sensitivity.

Repeated random sampling from input distributions
+ propagate through model — 1 million predictions

Monte Carlo
Simulation

Output and
analysis
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Examples what is considered Transport Efesr " Research

* Lifetime mileage and service hours. .
* Emission intensity (upstream): g
o Electricity production H wiodl
o Hydrogen production 3 ) : Ri
o Fossil fuel production. HRY« ~
« Vehicle specs i« g
—> Variability in BAT/FCL mass (tare mass). - novend
* Durability batteries and fuel cell systems. T e

Normalised truck weight (%)

* Average payload.

* Losses (battery charging, H, leakage, grid losses, etc.). ’ LG e e ‘

* Real-world fuel/electricity consumption pkm ’ wide scope ‘
— f(tare mass, year of assessment, ...). ‘ mode-specific ‘

* Internal dependencies.

’ time-dynamic ‘

LCA results Australian trucks Transport Efesr " Research
« Three truck classes 2019 :> 2050
(£12,12-25, > 25 t GVM/GCM). . : fi

+ 2019 lifecycle GHG emissions: "

o Diesel ~BEV (<25 1)

o BEV ~ 75% higher (> 25t)

o FCV ~ 50% higher (> 25 1) gl AR 0 G \JA A
« Decarbonised situation: coreem oo

o BE truck performs best O z, 3 o T2

o BEV 75 - 85% reduction § | SN

o FCV 50 - 70% reduction Y RN

oBEV ~ 45 - 50% reduction FCV. = ¢ o e ©oww e S0 Haw e Lo
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LCA results Australian trucks Transport Efesr " Research

CO,-e (gikm)
CO-e lakm)
COye (gikm)

A

Densty ()
Densty ()

» Vehicle cycle * Energy cycle :
o 1-5% (ICEV) o 75-99% of lifecycle
0 5-25% (EV) emissions

o disposa[/recyc[ing <1%. o) oper.ationa.l emissions
dominate lifecycle

emissions, 50-85%.

Comparison to international studli Transport Erersy " Research

* Results ~ align with IPCC

. A MCV ICEV [
lifecycle emissions for HCV ICEV |
i ATICEV | (®
freight trucks.. _ _ i
* O: low emission intensity HCV BEV |
heavy articulated trucks. S — —
. MCV FCEV -
. - wider range HCV FCEV | . " - ) ialid
AT FCEV | This study
hydrogen trucks 18 s e e — —————"
i MDT ICEV T
— elevated uncertainty gl s o S :
— they can produce the MDT BEV T
; cainn i ; HDT BEV | ~"
highestemission intensity. | == 250 | : ; <
HDT FCEV ' : IPCC 2022
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Greenhouse Gas Emissions Performance of Electric, Hydrogen
and Fossil-Fuelled Freight Trucks with Uncertainty Estimates
Using a Probabilistic Life-Cycle A (pLCA)
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Transport Efesr " Research

Passenger vehicle (cars, SUVs)
+ power-train technology mix

High-speed train

Long-haul truck (B-Double) +
power-train technology mix

Freight train (diesel or electric)
N ®

Bulk carrier (45/75 kt DWT) or
container ship (2700/4500 TEU)

Narrow-body single-aisle
~aircraft (A320/B737)

400 km &
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Mode + country specific modelling Transport Efesr " Research
e
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Intermodal comparison passengert Transport Efesr " Research

Passenger Transport Freight Transport

* E-rail deep and
robust GHG
emission
reductions.

500
60
1

400
T
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* Shipping low but
more variable/
uncertain.

3
® [ Air +RF

200
T
CO,-e (kg/tonne-km)
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CO,-e (g/passenger-km)

* Different
decarbonisation
trajectories
— cumulative RAIE
emissions. & o

L I l L I |
2019 2030 2050 2019 2030 2050
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Note: aircraft not included
— far outside GHG scale
(up to a factor 100).
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Composition of total travel by transport mode

Transport Efesr " Research

Transport mode shift too

Impacts of made shift on well-to-wheel emissions from inte

3. Results

Greenhouse gas emissions intensity

0C0;-e/passenger-km

i
Loz a2 LIS L ke = 4. |
Plausibterange™ | 728 | 1511 | 549 | MBS | 294 | 688 |
Plausiblerange™ | 820 | 1375 | 656 | 1077 | 345 | 430 |

Sea - bulk carrier
|Sea - container

Version

Mode Shift Transport Emis

Release date- 14 August 2026
Aufthors: Rabin Smit and Paul Boulter

CALCULATE
| |
Road Statistic 2050
Rail - electric Mean 445 423 267 |
Reil - diesel Medizn LbL 422 266 |
A Plousiblerenge | 388 | 506 | 371 | e92 | 294 | 39 |

[Emission Research (TER) and EMM Consulting. Australia.

It from this tool are solely 1

Plausibterange™ | 406 | 488 | 386 | 46s | 235 | 300 208 203 2050 209 030 2090
This toal is free and can be used subject to the conditions lsid aut in the signed Ded for Use of the Transport Mads Shift taol (TMS toal)

Any published results Using the tool will properly scknowledge the tool. and must display the following copyright statement

© Generated with the Mode Shift Transport Emissions Toolv.1, ereated by Transport Eneray/Emission Research (TER) and EMM Consulting, Australia, 2024

*) plausible range is defined as @ 99.7% Confidence Interval
. plausible range is defined as a 5% Confidence Interval

Transport Ersa Research
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The technicel background underpinning this tool can be

This tool hes been prepared with all due diigence and care, based on the best available infarmation ot the time of publication.
TER and EMM Consulting hold no responsibility for ny zrrrars or amissions in the toal
Any decisions made by other parties based on the

sibility of {hose parties.
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Thank you for your time.

robin.smit@transport-e-research.com
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