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Inland freight transport in Belgium L
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Inland freight transport in Belgium T

GHG emissions in Belgium in 2012
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Inland freight transport in Belgium & TR

Air pollution in Belgium in 2012
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Intermodal freight transport
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27558

» Shifting of road transport in long distances to rail or IWW transport

» Advantages:

» Environnemental performance

» |IWW transport = Highest energy-efficiency

» High payload capacity of trains
» Reduced externalities: energy consumption, noise, congestion, traffic accidents
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Intermodal freight transport

» Weakness of rail freight transport:

» Higher investments in infrastructure for passengers
» Freight < Passenger (86.5% rail traffic in Belgium in 2009)’

K
&

» Priority of passenger transport over freight transport

» High operating costs and investments needed for rail
freight transport

» Belgium: 12 rail freight operators L"VEAS

—> LINEAS 86.62% of tkm in 2012

» Smaller railway network (3,582 km) compared to
road (153,447 km) eSS

» Weak access = Lack of direct rail links ==Y

» Mass use of the rail infrastructure - Poor flexibility 1 {.f'!
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Life Cycle Assessment (LCA) Ry e

» Environmental impacts of a product from raw material
extraction, through materials use, and finally to disposal
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LCA - Cradle-to-grave approach
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» Pollution transfer
between life cycle
stages
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‘ Stages of a LCA L

» LCA methodology is a structured, comprehensive and
internationally standardized method by ISO 14040 and 14044

Llfe cycle assessment framewoh
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| LCA - Goal and scope definition

» To analyse and compare the environmental impacts of the
different inland freight transport modes in Belgium
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» Modal splits of inland freight transport in Belgium
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» Functional unit: “1 tkm (tonne-kilometre) of freight transported”
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LCA - Goal and scope definition
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| LCA - Life Cycle Inventory (LCI) yos
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LCA - Life Cycle Impact Assessment (LCIA)

2003
» The information collected in the LCl is translated into
environmental impacts
LCIA method (ReCiPe 2008)
Environmental mechanism (impact pathway)
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LCIA method - ILCD 2011 Midpoint+

Life Cycle Inventory

C0,, CO, NMVOC,
NO,, SO,, PM,,, dioxins...

land use and
other resource flows
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Inland freight transport
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LCIA method - ReCiPe 2008

Environmental mechanism (impact pathway)

Life Cycle Inventory Midpoints categories Endpoints Area of
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‘ LCA of rail freight transport
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Energy consumption (kJ/tkm) of rail freight transport
Rail transport (Belgian traction mix) -o- Electric trains -o-Diesel trains
1000
200 804
800 725 746 760
685 650
700 608
585 ces 592 590
600 530
500 — 491 479 457 .
200 541 597 549 5N e 417 o
438 454 456
300 427
200
100
0
2006 2007 2008 2009 2010 2011 2012 Ecoinvent EcoTransIT

v3 2014 2005

20



. . . qLu‘zGE
Rail operation: Energy consumption & TR,

Belgian traction mix
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Rail operation: Energy consumption
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‘ Rail operation: Direct emissions T

» Exhaust emissions from diesel locomotives

Exhaust emissions to air

CO, NMVOC PM Methane

CO NH, PM, . Toluene

NO, N,O PM;, Benzene
Heavy metals (Cd, Cu, Cr, Ni, Se, Zn, Pb, Hg) Xylene

» Emission to air of SF, (electricity consumption)

» Emission to soil of Fe (wheels, brakes and rails)
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Rail operation: Direct emissions W i

SO, exhaust
emissions

» Emission to air of SO, are dependent

on the Sulphur content in the diesel Iﬁ — l |B
Diesel traction
Diesel Sulphur content in Belgium
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Rail operation: Electricity supply mix Qs e

» Emission factors varies widely as result of a
variation in the energy split of the country

= » Domestic production mix # Supply mix

Conversion emissions
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W (79.7%) | -
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m— — - -25kV A
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. OJ(35°/ 5% 3.2% 1.2% . 0*410/
. 0 . 0
3692GWh 2341 GWh 879 GWh Sources: Eurostat statistics, 2017; Infrabel, 2014
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» Locomotives
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Diesel Electric L"V-A
locomotives locomotives

» Goods wagon

» Railway infrastructure

» Allocation of construction and disposal INFR/ABEI-

Right On Track

» Allocation of operation and maintenance
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» The LCl of the Belgian railway infrastructure includes:
» Tunnels and bridges

» Track bedding, rails, sleepers, fastening system

Rail Rail

28 Base
$® (Ballast)

/ \ Subbase

/ \ Subgrade

Screw spike Bolt Base plate Clip Rubber pad
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» Switches and crossings

» Overhead contact system

Catenary wire | F

Insulators

T

D

Earth wire Brafket
\

Contact wires

- o i i o _____,_..._,.. e _,_I;fr;
I T o [ — -
I T

H Dropper

<«~— Mast

» Maintenance

» Fuel consumption and exhaust
emissions from the machinery

> New materials in the track renewal
> Weed control




LCIA of rail freight transport W

2007
LCIA of 1 tkm of rail freight transport in Belgium in 2012
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LCIA of 1 tkm of rail freight transport in Belgiumin 2012
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‘ LCIA of electric trains in different countries 2012 & wives
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42% Nuclear 42% Coal 75% Nuclear  39% Natural gas 81% Coal

LCIA of 1 tkm transported by rail freight transport in 2012

m {BE} Diesel trains = {BE} Electric trains m {DE} Electric trains

m {FR} Electric trains = {NL} Electric trains = {PL} Electric trains

100%
90%

80%

70%

60%

50%

40%

30%

I i |

[0)

I|| I 1l il

N\ N\ N\ Q
o \0 X > X : X
0 N N N N N \\ N
@ ¥ N : o° N «° & & N
e bQ'Q @ > > N N & R
> 2 o & o o S S @
& & & @ S Ny N 3 ©
& loi4 & O v \° @ &
Q° & N @ @ &
& & & & &
‘(\Q’ K@ Q*Q
O

< 31



| LCIA of IWW transport
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IWW operation: Energy consumption
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Energy consumption (kJ/tkm) of IWW transport

=o-Canals =e=River Upstream River Downstream
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» Exhaust emissions from barges

Exhaust emissions to air

CO, NMVOC PM Methane

CO NH, PM, ¢ Toluene

NOy N,O PM, Benzene

SO, Benzo(a)pyrene HCI Xylene
Heavy metals (Cd, Cu, Cr, Ni, Se, Zn, Pb, Hg)
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LCIA of IWW transport
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LCIA of 1 tkm transported by IWW transport in Belgium in 2012
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LCIA of 1 tkm of IWW transport in Belgium in 2012
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LCIA of road freight transport
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» Load Factors (LF) of 50%, 60% and 85%

» Articulated lorry of 34-40 t represents *75% of tkm of road transport

every year in Belgium

Rigid <7.5 t

Rigid 28 - 32 t

Rigid 7.5 - 12 t Rigid >32t

Rigid 12 - 14
Rigid 14 - 20 t
Rigid 20 - 26 t
Rigid 26 - 28 t

Art. 14-20t
Art. 20- 28 t
Art. 28 - 34 t

Art. 34 -40°t
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Road operation: Direct emissions

3 LIEGE
2007

» Fuel dependent emissions (CO,, SO, and Heavy metals) Gi

» Emissions dependent on the engine emission technology (CO, NO,, PM...) ‘
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Road operation: Direct emissions

» Emission standards are different between lorry categories
Comparison emissions factors lorry >32 t
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LCIA of 1 tkm transported by road in Belgium in 2012
m Average road LF 50% Average road LF 60% Average road LF 85%  mEcoinvent v3

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

o Q Q Qo Q
S O & ‘ O O O O
> & > Q r2>\\ > o o &
N N O «© 9 S
e® & @ & & 8 N N &
(5\' (%) &(0 06\ < o \$O \$O 17}
\((\ ) O < $ v O O &0
O v & <O W N @ 3
Q? & > N Gl Q&
S N & 3
& ) S
& A 2
O
o
Q\\

41



. . # LIEGE
LCIA of road freight transport Y e

LCIA of 1 tkm transported by an art. lorry 34-40 t in Belgium in 2012
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Energy consumption & e
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LCIA of inland freight transport - ILCD 2011 P ;'::;E

LCIA of 1 tkm by inland freight transport in Belgium in 2012

Belgian traction mix m Diesel train ® Electric train ® [WW canal
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LCIA of inland freight transport - ReCiPe 2008 1: université
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LCIA of 1 tkm by inland freight transport in Belgium in 2012
Belgian traction mix m Diesel train ® Electric train = [WW canal
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These results have been published in:

Merchan, A.L, Léonard, A., Limbourg, S., Mostert, M., “Life cycle externalities versus external costs:
The case of inland freight transport in Belgium”, Transportation Research Part D: Transport and
Environment, Vol. 67, pp. 576 - 595, 2019. https://doi.org/10.1016/j.trd.2019.01.017

46


https://doi.org/10.1016/j.trd.2019.01.017

LCIA of inland freight transport - ReCiPe 2008 ¥ ;'(;E&E

LCIA of 1 tkm by inland freight transport in Belgium in 2012
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l. Introduction

1. Inland freight transport 2. The LCA methodology

~ >

Il. LCA of inland freight transport in Belgium

3. LCA of rail freight
transport

5. LCA of road freight

4., LCA of IWW transport
transport

6. Comparison of the environmental impacts of the transport modes

~ >

Ill. Environmental impact assessment of freight transport

7. Study of intermodal freight 8. Study of the modal split of inland
transport routes freight transport in Belgium

>

IV. Conclusions and perspectives
9. Conclusions and perspectives
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Intermodal route Port of Antwerp - Ludwigshafen lo université

200>
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P Main haulage by
rail, IWW or road i
Port of Antwerp Intermodal ) Intermodal Terminal
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Average gross weight TEU? 14.3 t/TEU
1. Transhipment in the Port of Antwerp? 16,560 kJ/TEU

Max. payload (TEU/vehicle) 78 200 2
2. Main

haulage

Load factor 75% 60% 50% - 60% - 85%
Distance (km)3 488 621 407
3. Transhipment in Ludwigshafen? 16,560 kJ/TEU

1Janic (2008);2Messagie et al. (2014); 3EcoTransIT World 49
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LCIA of 1 tkm of freight transportin 2012 & et
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LCIA of intermodal route Port of Antwerp - Ludwigshafen l& université
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Modal split of inland freight transport & s

» Scenarios obtained for the optimization of operational costs
» Intermodal allocation model developed by Mostert, Caris, and Limbourg (2017, 2018)

Optimization of operational costs
Year 2012 Reference Best-case Medium-case | Worst-case
scenario in 2030 in 2030 in 2030

14.6% 23% 30% 23% 13%
20.9% 4%, 6% 4%, 1%

64.5% 73% 64% 73% 86%
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Modal split of inland freight transport =~ & =

» Electricity 2030: Targets for CO, emissions reduction achieved and no nuclear power

LCIA of 1 tkm of freight transport

Belgian traction mix 2012 = [WW 2012 m Road 2012 (LF 50%)
® Electric trains 2030 Road 2030 (LF 60% Euro VI)
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Modal split of inland freight transport & ;'::E

LCIA of 1 tkm modal split for the optimization of operation costs

m Modal split 2012 m Reference scenario Best-case scenario
Medium-case scenario ®m\Worst-case scenario
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Conclusions L

» Detailed study of rail freight transport in Belgium
» Regionalisation of LCA results
» Improvement of the existing LCA commercial databases

» Increase of the share of electric trains in the Belgian
traction mix

» Enhancement of the electricity used by electric trains

» Increase of the load factors and energy efficiency

» Improvement of the emission technology of the vehicles
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Perspectives Y e

» Update and improvement of the considered data
» Lack of available data
» Time period from 2006 to 2012

» Enhancement of the LCA methodology
» Environmental impactindicators: accidents damage or noise

» Extensions of some parts of this thesis
» Study other countries
» Otherintermodal routes
» Intermodal terminals and ports
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