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1. Introduction and Overview 1

1 Introduction and Overview

Within the project “Update of mobitool LCA data” life cycle inventory (LCI) data on
transport processes of the KBOB life cycle inventory (LCI) data v2.2:2016 (based on
ecoinvent data v2.2) were updated and life cycle inventory data on further transport
modes and vehicles were compiled. In this report the update and extension of the life
cycle inventory data of rail transport services are described and presented.

On one hand the existing data on passenger and good transport services in Switzerland
and neighbour countries are updated with current data on fuel consumption, emission
factors, transport performance, vehicle travel distances and load factors. The rail
transport activities are further distinguished between electricity only and diesel operated
trains. Furthermore the structure of the existing datasets in KBOB LCI data v2.2:2016
was aligned with the structure of ecoinvent data v3.1 (no differentiation of operation
anymore). Data describing the manufacturing and maintenance of the trains, locomo-
tives and wagons and construction of the rail track infrastructure are not updated.

2 Goal and Scope

2.1 Functional Unit

For freight transport services the functional unit is 1 ton kilometre (tkm). This corre-
sponds to the transport of 1 ton of goods over a distance of 1 kilometre.

For passenger transport services the functional unit is 1 passenger kilometre (pkm). This
corresponds to the transport of 1 person over a distance of 1 kilometre,

2.2  Definition of regional and long distance passenger traffic

Switzerland differentiates between regional and long-distance transport services. The
long-distance transport service covers the passenger transportation offered within the
long distance concession. It is not ordered nor funded by the Swiss Confederation. The
regional train transport service covers passenger transportation which are not part of the
long distance concession. The regional train transport service is ordered and paid by the
Swiss Confederation and the cantons.

The definition of long distance and regional transportation varies between countries as
the factual distinction between the two is up to the individual railway companies. UIC
simply prescribes the naming of the categories (suburban and regional passenger traffic,
mainline and intercity passenger traffic, and high-speed passenger traffic).

2.3  System Boundaries
The processes of rail transport services cover the following activities:

- Rail equipment manufacturing and end of life treatment

Life Cycle Inventories of Rail Transport Services treeze Ltd.



3. Rail Transport in Switzerland 2

- Rail infrastructure construction and operation

- Rail operation, including exhaust and non-exhaust emissions of transport and
shunting activities

- Fuel and electricity supply

2.4  Data Sources and Quality

Current data of transport performance, energy consumption, load factor as well as emis-
sion factors are provided by the national rail operator SBB and DB (SBB 2014, DB
2014), the regional operator ZVV (ZVV 2014) and international statistic (UIC 2012).
For the train transport in Switzerland performance data of the SBB are used. The ap-
proximation of the Swiss train transport with performance data of the SBB is considered
representative for the present study even though there are other operators in Switzer-
land. The processes are linked to background data of the KBOB LCI data v2.2:2016
(KBOB et al. 2016).

3 Rail Transport in Switzerland

3.1 Key Figures

For Switzerland data from the SBB are considered representative for the national rail
transport services. In Tab. 3.1 the key figures of passenger and freight transport are
summarized.

Tab. 3.1 The traction performance of the different rail transport activities on the rail network of SBB
(Data of the SBB corporate statistics (internal Access database), personal communication: Fa-
bian Scherer, SBB, 20. October 2015)

Indicator Unit Value

Traction performance all trains (passenger and goods transportation) |Mio. Gtkm 72'126
Traction performance goods transportation Mio. Gtkm 26'158
Traction performance regional trains Mio. Gtkm 15'932
Traction performance long distance trains Mio. Gtkm 30'037

The metropolitan transport (S-Bahn) is part of the regional transport. However in this
report metropolitan transport is also presented separately. ZVV is one of the biggest
metropolitan transport operators and is considered to be representative for metropolitan
transport in Switzerland. The traction performance of metropolitan transport (Gtkm) is
therefore calculated based on the information of ZVV (2014). The kilometric perfor-
mance is multiplied by the average weight of the metropolitan train (Tab. 3.2).

Life Cycle Inventories of Rail Transport Services treeze Ltd.



3. Rail Transport in Switzerland 3

Tab. 3.2 Key figures of the metropolitan train transport of ZVV (ZVV 2014)

Indicator Unit Value

Metropolitan train kilometric performance  |Mio. vkm 22
Transport performance Mio. pkm/a 2179
Weight of a train® t 225
Operating performance metropolitan trains 2| Mio. Gtkm/a 4'950
Supplied seats metropolitan trains” seats/train 378
Average load factor 2 % 26

2 Energiedatenbank Traktion-Schlussbericht (M. Tuchschmid, 2009)

2 .
) own calculation

3.2  Traction Energy

In Switzerland almost all trains (passenger and goods) are operated by electricity. No
separate data for diesel traction are available and therefore the simplifying assumption is
made that all trains in Switzerland are operated by electricity even though a few trips
are operated by diesel traction. The diesel use of these single trips is accounted to the
shunting processes. Tab. 3.3 presents the specific electricity consumption provided by
SBB! including a loss of 5.033 % due to the electricity transformation from medium
voltage to the voltage level used by the locomotives and the transmission on the over-
head powerline.

Tab. 3.3 Electricity consumption of passenger and goods transportation of SBB including an electricity

loss of 5.033 % *
Indicator for Switzerland Unit Goods Long distance Regional
Energy consumption GWh/a 437 787 519
Transport pen‘ormance” Mio tkm/a resp. Mio pkm/a 8'615 12'872 3'984
Specific electricity consumption (incl. losses) kWh/tkm resp. kWh/pkm 0.053 0.064 0.127

2 Transport performance only of the SBB, SBB Cargo und Cargo International in Switzerland

For metropolitan trains an average energy consumption of 33.5Wh/gtkm is published in
Tuchschmid 2009). By multiplying the average energy consumption with the average
weight of the train and dividing it by the number of people in the train an average ener-
gy consumption of 0.0782 kWh/pkm results inclusive the loss of 5.033%.

Data on diesel traction with and without particle filter for goods transportation were
compiled even though no diesel traction is used in Switzerland. The diesel consumption
is assumed to be similar to the consumption of goods transportation in Austria (10 g per

! Data of the SBB corporate statistics (internal Access database), personal communication, Fabian
Scherer, SBB, 20. October 2015

Life Cycle Inventories of Rail Transport Services treeze Ltd.



3. Rail Transport in Switzerland 4

tkm, see Chapter 4). The emissions of the diesel burned in locomotives with and with-
out particle filter is discussed in detail in Section 3.4.2.

3.3 Airborne, Soil and Water Emissions

3.3.1 Abrasion emissions

A comprehensive study regarding the abrasion emissions of rail transport was conduct-
ed by Adolph (2016). Tab. 3.4 presents the yearly abrasion emissions to the different
compartments (soil, water, air). These emissions correspond to a worst case scenario as
for all emission sources the highest values have been used for the calculation.? For the
air emissions the share of PM emission on the total abrasion was calculated and multi-
plied by the emission factors of the different substances. For the emissions into water it
is assumed that 30% of the rail network has a drainage system therefore only 70% of the
emissions are assumed to be emitted into the water. With these data and the yearly
transport performance on the SBB network in 20142 the abrasion per pkm or tkm was
calculated (Tab. 3.5).

Emissions of lubricants due to traction are not accounted for, since measures are in op-
eration to avoid such emissions.

2 Data of the internal database ANABEL, personal communication, Gunter Adolph, SBB, 30. June 2016
® Data of the SBB corporate statistics (internal Access database), personal communication, Stefan Wei-
gel, SBB, 23. June 2016: Transport performances of other operators than SBB are also included.

Life Cycle Inventories of Rail Transport Services treeze Ltd.



3. Rail Transport in Switzerland

Tab. 3.4 Total abrasion emission of passenger and freight transport on the rail network of SBB in 2014
(Adolph & Schmid 2016)*

Long-distance Regional

passenger transport |passenger transport Freight transport

[ke/a] [ke/a] [ke/a]
Particle Emissions into air
Iron 442.73 170.10 324.97
Copper 12.32 11.45 3.58
Zinc 2.31 2.97 0.35
Chromium 0.78 0.28 0.57
Mangan 1.73 0.59 1.40
Lead 0.09 0.11 0.06
Antimony 2.21 0.74 0.18
Emissions into soil
Iron 84.38 140.98 115.35
Copper 2.35 9.49 1.27
Zinc 0.44 2.46 0.13
Chromium 0.15 0.23 0.20
Mangan 0.33 0.49 0.50
Lead 0.02 0.09 0.02
Antimony 0.42 0.61 0.06
Hydrocarbon 46.75 30.73 37.79
PAH 92.06 94.47 91.21
Emissions into water
Copper 0.36 0.36 0.36
Zinc 3.43 3.43 3.43

*  Data of the internal database ANABEL, personal communication, Gunter Adolph, SBB, 30. June 2016

Life Cycle Inventories of Rail Transport Services
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3. Rail Transport in Switzerland 6

Tab. 3.5 Total transport performance in 2014 on the rail network of SBB in 2014°

Transport performance

Freight 11'883'825'578 [tkm/a
Regional train 5'196'313'239 |pkm/a
Long- distance train 12'442'797'635 |pkm/a
Metropolitan® 2'179'000'000 |pkm/a
Gross tonkilometric performance

Freight 26'157'869'920 |btkm/a
Regional train 15'931'696'841 |btkm/a
Long- distance train 30'036'917'406 |btkm/a
Metropolitan® 4'950'000'000 [btkm/a

Usee Tab. 3.2 metropolitan train transport

The metropolitan transport performed in 2014 was 11 % of the total Gtkm at the SBB
net. Therefore 11 % of the abrasion emission has been allocated to metropolitan trains.

3.3.2 Refrigerants

Most regional and long distance trains operated in Switzerland are air-conditioned. The
air conditioning equipment use refrigerants, which are classified as greenhouse gases.
According to the National Greenhouse Gas Inventory Report of Switzerland 2015
(BAFU 2015) and personal communication® the loss of refrigerants over the life time of
a train is about 23.7 kg. Tab. 3.6 presents the refrigerant emissions per pkm covered by
regional, long distance and metropolitan passenger trains. The yearly kilometric perfor-
mance of the single trains is provided for representative train types of the regional, long-
distance and metropolitan transport.” The average number of passengers in the regional
and long-distance trains was calculated using the number of available seats and the load
factors provided by the SBB (SBB 2014). For metropolitan transport the average num-
ber of people in the train was calculated using the transport performance (pkm) and kil-
ometric performance (vkm) provided by ZVV (ZVV 2014).

Data of the SBB corporate statistics (internal Access database), personal communication, Stefan Wei-
gel, SBB, 23. June 2016: Transport performances of other operators than SBB are also included
Personal communication Cornelia Stettler, Carbotech, 23. February 2016

Personal communication Matthias Tuchschmid, SBB, 26. November 2015

Life Cycle Inventories of Rail Transport Services treeze Ltd.



3. Rail Transport in Switzerland 7

Tab. 3.6 Figures for the calculation of the refrigerant emissions of different train transportation per pkm
(own calculations based on BAFU 2015)

Regional Long distance Metropolitan
Loss of refrigerants over the life time of a train kg 23.7 23.7 23.7
Average number of passenger p 66 193 99
Average yearly kilometric performance of a single train® |vkm 166'023 11'139'800 152'935
Life span’ a 40 40 40
Specific refrigerant emission kg/pkm 5.4E-08 1.1E-08 3.9E-08

Y National Greenhouse Gas Inventory Report of Switzerland 2015 (BAFU 2015) and personal communication, Cornelia
Stettler, Carbotech, 23. February 2016
4 personal communication, Matthias Tuchschmid, SBB, 21. June 2016

3 ecoinvent report 14

3.3.3 Noise

Noise emissions were accounted for as recommended by Frischknecht and Busser
(Frischknecht & Busser Knopfel 2013) in paragraph 15.1.5 (page 201).

3.4  Diesel Consumption and Emissions of Shunting Processes

3.4.1 Diesel Consumption for Shunting Processes

It is assumed that the diesel consumption for traction of the SBB in 2014 is used for
shunting processes of good and passenger transport as well as for the maintenance of
infrastructure. 3.4 % of shunting processes can be allocated to passenger transportation
and 67 % can be allocated to goods transportation (including the shunting and single
trips of diesel traction). The remaining share (29.6 %) is used for construction and
maintenance of infrastructure and has to be added to the maintenance and operation
processes of the rail track.

The diesel consumption for shunting processes, single trips of diesel traction and
maintenance of the infrastructure was 10°406°000 litre in 2014. According to the infor-
mation of the SBB the diesel consumption for shunting processes of goods transports is
0.66 g/tkm and for passenger transports 0.03 g/pkm (regional), 0.02 g/pkm (metropoli-
tan) and 0.01 g/pkm (long distance).

3.4.2 Emission to the Air

CO; and SO;-emissions are determined based on the carbon and sulphur content of the
diesel fuel.

The sulphur content of diesel used for shunting is assumed to be 0.001 mass-%
(10 ppm, in line with the sulphur content of diesel used in road transportation) resulting

8 Data of the SBB corporate statistics (internal Access database), personal communication Fabian

Scherer, SBB, 14. January 2016

Life Cycle Inventories of Rail Transport Services treeze Ltd.



3. Rail Transport in Switzerland 8

in an emission factor of 0.02 g SO,/kg. The emission factor of CO; is 3.1375 kg/kg die-
sel.

For the emission of heavy metals and other substances published data of the EM/EEA
Emission inventory guidebook 2013 for train and road transport are used. Emission fac-
tors of CO, NOyx, CH4, NMHC, N,0, PM and benzene are based on information for rail
vehicles with and without particle filter from the non-road database (Notter & Schmied
2015).

The specific emission factors of rail vehicles with and without particle filter are present-
ed in Tab. 3.7.

Life Cycle Inventories of Rail Transport Services treeze Ltd.



3. Rail Transport in Switzerland

Tab. 3.7 Emission factors of diesel used in diesel locomotives in Switzerland (Notter & Schmied 2015)
SBB
With particle |Whitout particle[(97.7% with particle

Emission filter filter filter)

Benzene g/kg 6.9E-03 7.1E-03 6.9E-03
Methane, fossil g/kg 5.5E-02 5.7E-02 5.5E-02
Carbon monoxide, fossil g/kg 2.5E+01 2.6E+01 2.5E+01
Carbon dioxide, fossil g/kg 3.2E+03 3.2E+03 3.2E+03
Dinitrogen monoxide g/kg 1.5E-01 1.6E-01 1.5E-01
Ammonia g/kg 1.0E-02 1.0E-02 1.0E-02
NMVOC, non-methane volatile organic|g/kg 4.2E+00 4.3E+00 4.2E+00
Ethane g/kg 1.5E-03 1.6E-03 1.5E-03
Propane g/kg 5.1E-03 5.3E-03 5.1E-03
Butane g/kg 7.7E-03 7.9E-03 7.7E-03
Pentane g/kg 3.1E-03 3.2E-03 3.1E-03
Heptane g/kg 1.5E-02 1.6E-02 1.5E-02
Toluene g/kg 5.1E-04 5.3E-04 5.1E-04
m-Xylene g/kg 5.0E-02 5.2E-02 5.0E-02
o-Xylene g/kg 2.0E-02 2.1E-02 2.0E-02
Formaldehyde g/kg 4.3E-01 4.4E-01 4.3E-01
Acetaldehyde g/kg 2.3E-01 2.4E-01 2.3E-01
Benzaldehyde g/kg 7.0E-02 7.2E-02 7.0E-02
Acrolein g/kg 9.0E-02 9.3E-02 9.0E-02
Styrene g/kg 2.9E-02 2.9E-02 2.9E-02
Nitrogen oxides g/kg 4.5E+01 4.6E+01 4.5E+01
PM g/kg 1.8E-01 1.9E+00 2.2E-01
Particulates, > 10 um g/kg 7.1E-03 7.3E-02 8.5E-03
Particulates, >2.5um, and < 10um g/kg 6.9E-03 7.1E-02 8.3E-03
Particulates, <2.5um g/kg 1.7E-01 1.7E+00 2.0E-01
Sulfur dioxide g/kg 2.0E-02 2.0E-02 2.0E-02
Benzo(a)pyrene g/kg 3.0E-05 3.0E-05 3.0E-05
PAH, polycyclic aromatic hydrocarbons [g/kg 3.3E-03 3.3E-03 3.3E-03
Arsenic g/kg 1.0E-07 1.0E-07 1.0E-07
Selenium g/kg 1.0E-05 1.0E-05 1.0E-05
Zinc g/kg 1.0E-03 1.0E-03 1.0E-03
Copper g/kg 1.76-03 1.7€-03 1.76-03
Nickel g/kg 7.0E-05 7.0E-05 7.0E-05
Chromium g/kg 5.0E-05 5.0E-05 5.0E-05
Chromium VI g/kg 1.0E-07 1.0E-07 1.0E-07
Mercury g/kg 5.3E-06 5.3E-06 5.3E-06
Cadmium g/kg 1.0E-05 1.0E-05 1.0E-05
Lead g/kg 5.2E-05 5.2E-05 5.2E-05

The distribution of the particle size of PM emissions with and without particle filter is

presented in Tab. 3.8.

Life Cycle Inventories of Rail Transport Services
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3. Rail Transport in Switzerland 10

Tab. 3.8 Particle size distributions (based on Spielmann et al. 2007) and exhaust emission factors [g/kg]
(based on Notter & Schmied 2015) for diesel locomotives

Vehicle Category Emission factors for different size classes
Fine Particles [Coarse Large
Fraction of [Fraction of|(<2.5) Particles Particles (>10)
PM10 PM10with [TSP with (2.5-10)
emission adiameter |diameter
factor <25 <10
[g/kel % % [g/ke] [g/kel [g/kel
Diesel locomotive without particle filter 1.879 92.3 96.2 1.735 0.073 0.071
Diesel locomotive with particle filter 0.182 92.3 96.2 0.168 0.007 0.007
Diesel locomotive SBB 0.227 92.3 96.2 0.209 0.009 0.009

3.5 Demand of Rail Transport Equipment

3.5.1 Goods Transport

The demand of locomotive and waggon per tkm is determined with data from the SBB
(see Tab. 3.9). The number of goods transport locomotives (323) is divided by 40 times
the total yearly goods transport performance (tkm) in 2014 (assuming a constant goods
transport performance during the lifetime of the equipment). For the manufacturing of
the locomotives and wagons existing processes from the KBOB LCI data v2.2:2016 are
used (KBOB et al. 2016).

Tab. 3.9 Demand of locomotive and wagon per tkm

Number of locomotives SBBY unit 327
Life time? a 40
Good transport performance of SBBin (2014)2) tkm 1.45E+10
Share of locomotive per performed tkm unit/tkm 5.65E-10
Number of wagon sBB® unit 20'071
Life time? a 40
Good transport performance in Switzerland® tkm 1.23E+10
Share of wagon per performed tkm unit/tkm 4.08E-08

Y zahlen und Fakten, SBB, 2014
2 ecoinvent report 14
3 estimation calculated by Stefan Weigel, SBB, 27.6.2016

4 BFF 2016, Tab. 11.5.1.2., provided by Stefan Weigel, SBB, 5.7.2016
For the maintenance of the locomotives and wagons the existing processes of the KBOB
LClI data v2.2:2016 are used. The process of the maintenance covers the maintenance of

the whole life time of the locomotives and wagons. Therefore the demand of mainte-
nances per tkm is equal to the demand of the locomotive and waggon per tkm.

Life Cycle Inventories of Rail Transport Services treeze Ltd.



3. Rail Transport in Switzerland 11

3.5.2 Passenger Transport

The demand of a passenger train per pkm was calculated based on data of the SBB
(2014) and ZVV (2014) assuming a constant transport performance over the 40 years
lifetime. (see Tab. 3.10). The yearly distance covered by an average long-distance, met-
ropolitan or regional train was multiplied by the average life span of the train (40 years)
and the average number of people in the train to get the life time transport performance
(expressed in pkm) of the train.

For the production process of the different trains (long distance and regional train) the
existing processes in the KBOB LCI database v2.2:2016 were taken. For the metropoli-
tan train a regional train is used.

As the weight of the different trains have changed compared to the existing processes in
the KBOB LCI data v2.2:2016 the demand of train has been scaled based on the old and
new weight (Tab. 3.10) (KBOB et al. 2016).

Tab. 3.10 Demand of passenger train per pkm

Regional Metropolitan Long distance
Traction performance passenger trains” Mio. Gtkm 15932 4950 30037
Transport performance passenger trains” Mio. pkm 5196 2179 12443
Ratio gross tonne/carried personz) Gt/p 3.07 2.27 2.41
Average number of seats in the train® # 292 378 626
Average load® % 23 26 31
Average people in the train® # 67 99 193
Calculated Weight of a train 2 t 205 225 467
Weight of the train in ecoinvent 2.2 t 171 220 317
Yearly performance of a single passenger train® vkm/a 166'023 11'139'800 152'935
Share of train per performed pkmz) unit/pkm 2.70E-09 1.20E-09 6.84E-10

Y Data of the SBB corporate statistics (internal Access database), traction and transport performance on the rail
network of SBB (including other operators) in 2014, Fabian Scherer, SBB, 20.10.2015 and Stefan Weigel, SBB, 23.6.2016

% calculated
% zahlen und Fakten 2014, SBB
4 personal communication, Matthias Tuchschmid, SBB, 21.6. 2016

The process of the maintenance in the KBOB LCI database v2.2:2016 covers the
maintenance of the whole life time of the trains and has the unit “one amount”. There-
fore the same input as for the train demands is used for the maintenance.

For the average passenger train transport in Switzerland a mix of 73 % long distance
and 27 % regional train transport was calculated based on the transport performance of

the SBB in 2014 (SBB 2014).
Tab. 3.11 Transport performance of regional and long distance trains of the SBB (SBB 2014)

Transport performance regional trains Mio pkm/a 4861
Transport performance long distance trains  |Mio pkm/a 12872

Life Cycle Inventories of Rail Transport Services treeze Ltd.



3. Rail Transport in Switzerland 12

3.5.3 Rail Track

Both passenger and goods train use the same rail track. With the total transport perfor-
mance of passenger and good transportation® and the ratio Gtmk/tkm and Gtkm/pkm the
specific rail track demand for passenger and goods transport was determined.

According to information of the SBB the total network length is 3’027 km including
single and double track. The length of double track is 1’743 km (double track) plus the
single track divided by two (642 km). This results in a total double track length of
2385 km. The yearly demand of rail track construction of the different railway transport
services is summarized in Tab. 3.12.

The existing construction process dataset of the rail track in the KBOB LCI data
v2.2:2016 has been used to model the rail track construction (KBOB et al. 2016).

Tab. 3.12 Specific demand of rail track per pkm and tkm

Total transport performance on SBB rail network” Gtkm 7.21E+10
Length rail network SBB (calculated double track) km 2385
Rail track per total transport performance km/Gtkm 3.31E-08
Ratio gross tonne/carried goods Gtkm/tkm 2.24
Ratio gross tonne/carried person regional train Gtkm/pkm 3.07
Ratio gross tonne/carried person metropolitan train Gtkm/pkm 2.27
Ratio gross tonne/carried person long distance train Gtkm/pkm 2.41
Specific rail track demand per tkm m*a/tkm 7.41E-05
Specific rail track demand per pkm regional train m*a/pkm 1.01E-04
Specific rail track demand per pkm metropolitan train m*a/pkm 7.51E-05
Specific rail track demand per pkm long distance train m*a/pkm 7.98E-05

Y Data of the SBB corporate statistics (internal Access database): traction performance on the rail
network of SBB (including other operators) in 2014, Fabian Scherer, SBB, 20.10.2015

° Including transport performances of other operators at the SBB network

Life Cycle Inventories of Rail Transport Services treeze Ltd.
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3.6

Life Cycle Inventories

Tab. 3.13 Life cycle inventory data of freight rail transport in Switzerland

Name

Location

InfrastructureProcess

Unit
wansport,freight,rail, electricity with shunting

product
product transport, freight,rail, diesel, with particle fiter
product wanspor, freigh, ral, electricity without shunting
product transport, freight,rail, diesel, without particle fiter
technosphere locomotive

goods wagon

‘emission soll, industrial

‘emission air, unspecified

emission waer,
unspecified

‘emission soll, industrial
‘emission i, unspecified

emission water,
unspecified

‘emission soll, industrial

‘emission soll, industrial

‘emission air, unspecified

‘emission i, unspecified

Life Cycle Inventories of Rail Transport Services

maintenance, goods wagon

ce, locomotive.
disposal, locomotive
railway track

operation, maintenance, raiway track

disposal,railway track
diesel, at regional storage

electricity, medium voltage, SBB, at grid

ron

ron

Copper

Copper

Copper, ion

Zinc

Zinc

Zinc, ion

Oils, unspecified

Lead

Lead

Chromium

Chromium

Manganese

Manganese

Antimony.

Animony.
Heat, waste

Benzene

Methane, fossil

Carbon monoide, fossil

Carbon dioxide, fossil

Dinitrogen monoxide

Ammonia

NMVOC, non-methane volatile orgaric compounds, unspecified origin

Ethane

Propane

Butane

Location

RER
RER
RER

cH

cH

cH

CcH

CcH

InfrastructureProcess

cocoo

Unit

unit

unit

unit

ma

ma

ma

transport, reight,

rail, electricity with

shunting

coor HENE

5.656-10

4.08E-8

4.08E-8
5.656-10
5.65E-10
7.39E5
73965

7.39E5

26564

53382

971E-9

27368

107E-10

301E-10

302611

105E-11

297€-11

2.88E-10

318E-9

178612

5.026-12

170E-11

47811

418E-11

118610

5.34E-12

151E-11

19261

18269

146E-8

661E-6

834E-4

40168

26569

110E-6

4.06E-10

1.35E-9

20369

transport, freight,
rail, diesel, with
partcle fiter

oo o EI

5.656-10

4.08E-8

4.08E-8
5.656-10
5.656-10
7.39E5
7.39E5

7.39E5

10662

971E9

27368

107610

301E-10

302611

105E-11

297611

288610

318E-9

178612

502612

170811

47811

418E-11

118610

53412

151E-11

7.26E-8

581E7

26364

33362

160E-6

1.06E-7

439E5

16268

5.40E-8

8.10E-8

transport, freight,
ail electricity
without shuniing

o ool

5.65E-10

408E:8

408E-8
5.65E-10
5.65E-10
7.39E5
7.39E5

73965

53362

971E9

27368

107E-10

301E-10

302811

1.05E-11

297611

2.88E-10

31869

17812

502612

170611

478E-11

418E-11

1.18E-10

5.34E-12

151E-11

19261

transport, freight,
rail, diesel, without
paricle fiter

oo o CE

5.65E-10

408E-8

4.08E-8

5.65E-10

5.65E-10
73965
73965

73965

106E-2

971E9

27368

107610

301E-10

302611

105E-11

2976-11

2.88E-10

318E-9

178612

502612

L70E-11

478E-11

418E-11

1.18E-10

5.34E-12

151611

7.486-8

5.98E-7

27164

3332

L6566

106E-7

45265

167E-8

5.56E-8

B34E8

UncertaintyType

StandardDeviation95%

309
300
309

13

GeneralComment

(211,

5/8U:3); calculation based on the number of locomotives of

SBB in 2014, an assumed constant yearly performance of
14478000000 vkm/a and a lfe time of 40 years; p
cortesponence 585, Jne. 2015
(21,1,1,3,5,BU:3); calculation based on the number of wagons of
SBBIn 2014 an assumed constant yearly performance of
12300000000 vkm/a and a lfe time of 40 years; pers.

1,11.3,58U3);:
(21.11358U3) ;
5.8U3).
,1,1,1,3,5,8U:3); based on the gross ton kiometric performance on
the SBB track in 2014: 72126484166Gtkm and the rai track length

m; pers. correspondence SBB, Dec. 2015

(21,1,1,3,5,BU:3); based on the gross ton kiometric performance on
the SBB track in 2014: 72126484166Gtkm and the rai track length
2385 km pers. correspondence SBB, Dec. 2015
3.5,8U:3); based on the gross ton kiometric performance on
the SBB track in 2014: 72126484166Gtkm and the rai track length
2385 km; pers. correspondence SBB, Dec. 201
5/BUL0S); ; pers. correspondence SBB, Dec. 2015
1,1,1,1,5,BU:1.05); average electricity_ consumption of freight
transport in CH: 5.33E-2 KWhitk (incl. 5.03% losses); pers.
correspondence SBB, Dec. 2015

@3 5); ; Data from ANABEL; Personal correspondence
G wow sas June 2016

1,3,5,BUS); ; Data from ANABEL;
Gunter Adof, SBB, June 2016

3, 1.5);; Data from ANABEL; Personal correspondence
Gunler Mu\( SBB, June 2016

1,35,BU35); ; Data from ANABEL;
Gunter Adolf, SBB, June 2016

BUS3); ; Data from ANABEL;
Gumer Adolf, sea June 2016

,BU:LS); ; Data from ANABEL; Personal correspondence
Gunter Adolf, SBB, June 2016

(232.1,35,BU5);; Data from ANABEL;
‘Gunter Adof, SBB, June 2016

(2:3,2.1,35,8U:5); ; Data from ANABEL;
‘Gunter Adof, SBB, June 2016

(23.2,1,3,5,BU:15); hydrocarbon emission assumed as oil emission
into soil; Data from ANABEL; Personal correspondence Gunter Adoff,
SBB, June 2016

(2:32.1,35,BU:1.5); ; Data from ANABEL; Personal correspondence
Gunter Adolf, SBB, June 2016

 Data from ANABEL;
Gunler Adolf, sas June 2016

(232,1,35,BU11.5); ; Data from ANABEL; Personal correspondence
‘Gunter Adof, SB, June 2016

 Data from ANABEL;
Gunler Adolf, sea June 2016

@3 1.5);; Data from ANABEL; Personal correspondence
G Adol, SBB, Jine 2016

1,3,5,BUS); ; Data from ANABEL;
Gunter Adolf, SBB, June 2016

@3z
Gunter

5,BUIL5); ; Data from ANABEL; Personal correspondence
jolf, SBB, June 2016

1,35,BU3S); ; Data from ANABEL;
‘Gunter Adolf, SBB, June 2016

(352

5,BU:1.05); devault value;

(332 U:3); emission factor of diesel: 6.87E-3 gikg diesel,
assuming a share of 97.7% with paricle fiter; BAFU 2015: non road
emission factor database

(3:3,25,55,BU:1.5); emission factor of diesel: 5.506-2 g/kg diesel,
‘assuming a share of 97.7% with particle filter; BAFU 2015: non road
emision actor database

(332 U:S); emission factor of diesel: 2.49E+1 g/kg diesel,
assuming a shave of 97. ™ with particle fiter; BAFU 2015 non road
‘emission factor databass

(332 U11.08); mission facor of desel: 3 156+3 ghq diesel,
assuming a share of 97.7% with paricle fiter; BAFU 2015: non road
emission factor database

(3:3,25,55,BU:1.5); emission factor of diesel: 1.51€-1 glkg diesel,
‘assuming a share of 97.7% with particle filer; BAFU 2015: non road
emission factor database

(3:3,25,55,BU:1.2); emission factor of diesel: 1.00E-2 g/kg diesel,
‘assuming a share of 97.7% with particle filer; EMEP/EEA guidebook
2013, 1A3.c, Tab. 33

(332 U:1.5); emission factor of diesel: 4.15E+0 glkg diesel,
assuming a share of 97.7% with particlefier; non road emission

(3:3,25,55,BU:1.5); emission factor of diesel: 1.53€-3 g/kg diesel,
‘assuming a share of 97.7% with particle fiter; oy 2015 Non-road
database: EVEP/EEA quidebook 2013, Tab. 3-1

(33255, 5); emission factor of diesel: 5. Fea glkg diesel,
assuming a share of 97.7% with particle fiter, BAFU 2015: Non-road
database: EVEP/EEA auidebook 2013, Tab. 3-113
(3:3,25,55,BU:L5); emission factor of diesel: 7.66E-3 g/kg diesel,
assuming a share of 97.7% with particle fiter, BAFU 2015: Non-road
database: EVEP/EEA quidebook 2013, Tab. 3-114

treeze Ltd.
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Tab. 3.13 Life cycle inventory data of freight rail transport in Switzerland (continued)

R
Name H : 5
S H
i
E
Location

InfrastructureProcess
Unit
transport, freight,rail, electrcity with shunting cH [ tkm 1 [) o o
transport, freight,rai, diesel, with particle fiter CH [ tkm o 1 0 o
transport, freight, ral electricity without shuniing CcH o thm 0 0 1 0
transport freight,rai, diesel, without particle fiter CH 0 km ° o o 1
(33,2,55,5,BU:L5); emission factor of diesel: 3.07E-3 kg diesel,
Pentane - kg 8.126-10 32068 3HES 1 23 assuminga share of 97.7% with particl fiter; BAFU 2015: Non-road
EMEP/EEA auidebook 2013, Tab. 3-115
(3 3 2 55 5,BUILS); emission factor 153E-2 glkg diesel,
Heptane - - kg 4.06E-9 16267 16767 1 231 assuminga share of 97.7% ith pariclefter; BAFU 2015 Nonroad
VEPIEEA auidebook 2013, Tab. 3-116
(33.2.5.55,BU:3); emission factor of diesel: 0.00E+0 ghkg dlesel
Benzene - - kg [ 0 0 1 an assuminga share of 97.7% with particle fiter; o 2015 Non-

e: EMEP/EEA auidebook 2013, Tab. 3-1
(3 3 2 55 5,BU:L.5); emission factor of diesel: 5. 1154 glkg diesel,
Toluene - - kg 1356-10 5.40E-9 556E9 1 231 assumingashare of 97.7% with particle fter; BAFU 2015: Non-road
database: EMEP/EEA auidebook 2013, Tab. 3-118
(33,2,55,5,BU:L5); emission factor of diesel: 5.01E-2 glkg diesel,
m-Xytene - - kg 133E8 52067 54567 1 231 assumingashare of 97.7% with particle fiter; BAFU 2015: Non-road
database: EMEP/EEA auidebook 2013, Tab. 3-119
(33.2.5.5.5,BU:LS); emission factor of diesel: 2.04€-2 glkg diesel,
o-Xylene - - kg 54269 21667 2267 1 23 assuminga share of 97.7% with particl fier; BAFU 2015: Non-road
e: EMEP/EEA auidebook 2013, Tab. 3120
(3 3 2 55 5,BU:1.5); emission factor of diesel: 4.29E-1 glkg diesel,
- - kg 11467 45466 4676 1 231 assumingashare of 97.7% with particle fter; oy 2015: Non-road
database: EMEP/EEA auidebook 2013, Tab. 3-
5255015, amioon il of deses 2 35E-1 gk dese,
- - kg 61958 24766 25466 1 231 assumingashare of 97.7% with particle fter; BAFU 2015: Non-road
database: EMEP/EEA auidebook 2013, Tab. 3122
(33.2.5.5.5,BU:15); emission factor of diesel: 7.00E-2 glkg diesel,
mgasnmmw 7% with particle fiter; BAFU 2015: Non-road
e: EMEP/EEA auidebook 2013, Tab. 3123
(52555015, amioon il of deses 9 O1E 2 gk dese,
- - kg 24068 956E-7 984ET 1 23 sssuming ‘a share of 97.7% with partcle fiter; BAFU 2015: Non-road
e: EMEP/EEA auidebook 2013, Tab. 3124
5255015, amioon il of Gese 2 36E-2 gk dese,
Styrene - - kg 75869 30267 311E7 1 231 assumingashare of 97.7% with particle fter; BAFU 2015: Non-road
database: EMEP/EEA auidebook 2013, Tab. 3125
(33.2.5.5,5,BU:LS); emission factor of diesel: 4 SIE+1 ghkg diesel,
- - kg 11965 4T6E-4 29164 1 231 assumingashare of 97.7% with particle fiter; BAFU 2015: non road

- - kg 18568 7.4087 76267 1 23

Nitrogen oxides.

emission factor database
(3.3:2.55,5,BU:LS); emission factor of diesel: 7.10E-3 g/kg diesel,
Particulates, > 10 um B - kg 22569 75168 77467 1 2m hare of 97.7% wi i

(3.3,25,5,5,BU:2); emission factor of diesel: 6.92E- smmeseq
Partculates, > 2.5 um, and < 10um - - kg 21069 731E8 75567 1 2 hare of 97.7%wi

(3.3,2,55,5,BU3); emission factor of diesel: 1.68E-1 g/kg diesel,
ern of 87 Tkt ”

Paricultes, <25 um E - ig sazE8 17886 1835 1 am
- @ BUILOS); of dies
Srwesie - - k9 e 2L 2y 1208 suming a share of 97.7% with namcle fer HEEFA 31.CH
(3325558
Benzo(a)pyrene a - g 794612 317610 317E10 1 am e

PAH, polycyclic aromatic hydrocarbons - - kg 871E-10 34868 34868 1 3
Arsenic - - kg 265614 106E-12 106612 1 s
Selenium - - kg 265612 106E-10 106E-10 1 s
13, 1ALl Tab. 3-1

(3.3.25,5,5,BUS); emission factor of diesel: 1.00E-3 g/kq diesel,
Zinc - - kg 265E-10 106E-8 106E-8 1 58 hare of 97.7% wi

2013, 1A21i. Tab. 3-1

(33255581

mission factor of diesel: 1.70E-3 glkg diesel,
Copper - - kg 450E-10 180E8 180E-8 1 s of 7.

2013, 1A2
(33255581 00E-5 kg diesel,
Nickel - - kg 185611 7.406-10 7.406-10 1 s h

2013, 1A2.
(332555

i. Ta. 3-1
15); emission factor of diesel: 5.00E-5 gikg diesel,
of 97.

Chromium - - kg 132611 528610 5.286-10 1 s

2013, 1 A2, Tab. 3-1
(3.3:2,55,5,BU:5); emission factor of diesel: 1.00E-7 g/kg diesel,
Chromium Vi - - kg 265614 106612 106E-12 1 58 hare of 97.7% wi

2013, 1A21i. Tab. 3-1
(3.3.25,5,5,BUS); emission factor of diesel: 5.30E-6 g/kq diesel,
Mercury - - kg 140512 5.60E-11 560E-11 1 s hare of 97.7% wit
2013, 1A21i. Tab, 3-1

(3.3.25,5,5BUS); emission factor of diesel:

Cadmium - - kg 265612 106E-10 106E-10 1 s hare of 97.

i. Tab, 3-1

‘emission factor of diesel: 5.20-5 g/kq diesel,
of 97.79% wit

00E-5 glkg diesel,

2013, 1A2.
(3325558

Lead - - kg 138611 5.50E-10 5.506-10 1 s ;
2013, 1A21ii. Tab, 3-12
1132 45261 45261 1 208 (33.2555BU:L0S); default value;

(3.355,5,5BU:1.5); ; Ecological Scarcity method 2013; Frischknecht
& BUsser Knopfel 2013

Heat, waste B B

2

Noise, ral, freight train - - km 100E+0 100E40 LO0E+0 100E+0 1 28

Life Cycle Inventories of Rail Transport Services treeze Ltd.
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Tab. 3.14 Life cycle inventory data of passenger train transport in Switzerland

product

technosphere

emission so,
industrial
‘emission air,
unspecified
‘emission sol,
industrial
‘emission ar,
unspecified

‘emission o,
industrial

unspecified
‘emission water,

‘emission sol,
industrial
‘emission air,
unspecified

ission air,
unspecified

ransport in Switzerland

Location

InfrastructureProcess
Ur

it
wansport long-distance train, SBB mix
transport, metropolitan train, SBB mix
transpor, regional train, SBB mix
ransport, average train, SBB mix

long-distance train
long-distance train

regional train

disposal,long-distance train
disposal, regional ain
maintenance, long-distance rain
maintenance, regional train

raitway track

operation, maintenance, raitway track
disposal, raitway track

diesel, at regional storage
electricity, medium voltage, SBB, at grid

refrigerant R134a, at plant

on
o
Copper
Copper
Copper, ion
Zinc

Zinc

Zinc, ion

Oils, unspecified

Chromium
Chromium
Manganese
Manganese
Antimony
Antimony

Heat, waste

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a
Benzene

Methane, fossil

Carbon monoxide, fossil

Carbon dioxide, fossil

Dinitrogen monoxide

Ammonia

NMVOC, non-methane volatil organic compounds, unspecified origin
Ethane

Propane

Pentane
Heptane
Benzene
Toluene
m-Xylene
o-Xylene
Formaldenyde
Acetaldehyde
Benzaldehyde
Acrolein

Styrene

Location

CH

cooo InfrastructureProcess

pkm
pkm
pkm

unit

unit

& & & & & & &

&

Life Cycle Inventories of Rail Transport Services

transport,long-
distance train, SBB
mix

coonf8

6.84E-10

6.84E-10
[
6.84E-10
0
7.98E-5

7.98E5
7.98E-5

10565
64262

108E-8

6.78E-9
356E-8
1.89E-10
9.90E-10
289E-11
354E-11
1.86E-10
2.756-10
3.76E-9
137612
718E-12
119E-11
6.256-11
2.66E-11
1.39E-10
339E-11
178E-10

23181

108E-8
722611
5.77E-10
26267
331E5
159E-9
1.05E-10
436E8
161E-11
537E-11
8.05E-11
322611

161E-10

5.37E-12
5.26E-10
2156-10
45169
24569
7.35€-10
9.50E-10

301E-10

transport,
etropolitan train,
SBB mix

conofS

°

12089

12059
0
120E-9
0
75165

75165
75165

20565
7.99E-2

391E-8

13268
28268
5.70E-10
12169
178E-11
207E-10
4.40E-10
1.69E-10
38369
483612
103E-11
228611
485E-11
497E-11
1.06E-10
6.30E-11
134E-10

2.88E-1

39168
141E-20
11369
51267
6.46E5
310E-9
205E-10
85168
314E-11
1.05E-10
157E-10
6.20E-11

314E-10

1.05E-11
10369

419E-10
881E9
4.79E-9
144E-9
186E-9

5.87E-10

transport, regional
train, SBB mix

N

27069

4
27089
27089
101E-4

101E-4
101E-4

309E5
12761

5.36E-8

271E8

32768

18359

22089
6.99E-11
474E-10
5.726-10
6.60E-10

591E-9
174811
210E-11
451E-11
5.44E-11
9.47E-11
114E-10
118E-10
143610

4.58E-1

5.36E-8
213810
1709
7.7ET7
9.74E5
4.68E-9
3.09E-10
12857
47411
158E-10
237610
9.48E-11

474E-10

158E-11
155E-9
6.326-10
13388
7.2269
21669
2.80E-9

8.85E-10

transport, average

train, SBB mix

- o oo HENE

501E-10

7.21E-10

501E-10
7.21E-10
501E-10
7.21E-10

8.56E-5

8.56E-5
8.56E-5

159E-5

81052

22268

12268

34868

6.26E-10

13169

399E-11

152610

2.89E-10

378E-10

43369

564E-12

109E-11

208E-11

6.04E-11

447611

133610

5.64E-11

168E-10

29261

22268

110E-10

8.77E-10

398E7

5.02E5

24169

159E-10

6.62E8

245611

8.15E-11

122610

489E-11

2.45€-10

815612

7.99E-10

3.26E-10

6.85E-9

37369

11269

144E-9

457E-10

Uncertainty Type.

‘StandardDeviation95%

305
305

305

305

305
305

15

GeneralComment

(2:3,1,1,1,5,BU3); calculated lfespan transport performance
11139800 vikm, assuming a lfe ime of 40 years and a constant
transport performance; SBB Geschéftsbericht 2014, pers
communication SBB, 20.10.2015

(2:3.1,1,1,5,BU3); calculated lfespan transport performance 6117400
vkm, assuming a lfe ime of 40 years and a constant transport
performance; ZVV 2014 Geschaftsbericht

(2,3,1,1,1,5,8U:3); calculated lifespan transport performance 6640920
vkm, assuming a e time of 40 years and a constant transport
seB

14, pers
SBB, 20.10.2015
(23,1,1,15BU3)
(23.1.1,15BU3)
(2311.158U3):;

(2311,158U3);;

(2:3,1,1,1,5,8U3); demand infrastructure per Gtkm 3.31E-8km/Gikm;
pers. communication SBB, 20.10.2015

(231,1,15BU3);
(231,1,158U3)
(2:3,1,1,1,5,8U:1.05); diesel consumption for shunting 2.03€-3
kgivkm; SBB Geschéftsbericht 2014, pers. communication SBB,
14.1.2016

(2:3.1,1,15,BU:1.05); ; pers. Communication, SBB, Dez.2015
(2:3,1,1,1,5,BU:L.05); assumption of refrigerant consumption in CH
2.10E-6 kg/pkm; National Greenhouse Gas Inventory Report of
Switzerland 2010 (tem 2F1, p. 156)

(3:315,1,5,BU:L5); ; Data from ANABEL; Personal correspondence
Gunter Adol, SBB, June 2016

(3:3.15,15,BU:5): ; Data from ANABEL; Personal correspondence
Gunter Adolf, SBB, June 2016

(3:3.15,1,5,BU:L5); ; Data from ANABEL; Personal correspondence
Gunter Adol, SBB, June 2016

(3:3,15,1,5,8U:5); ; Data from ANABEL; Personal correspondence
Gunter Adolf, SBB, June 2016

(3:3,1,5,1,5,BU:3); ; Data from ANABEL; Personal correspondence
Gunter Adoll, SBB, June 2016

(3:3.15,15,BU:L5); : Data from ANABEL; Personal correspondence
Gunter Adol, SBB, June 2016

(3:3,15,1,5,8U:5); ; Data from ANABEL; Personal correspondence
Gunter Adolf, SBB, June 2016

(3:3,15,1,5,BU:5); ; Data from ANABEL; Personal correspondence
Gunter Adolf, SBB, June 2016

(3:3,1,5,15,BU:L5); ; Data from ANABEL; Personal correspondence
Gunter Adol, SBB, June 2016

(3:3.15,1,5,BU:L5); ; Data from ANABEL; Personal correspondence
Gunter Adol, SBB, June 2016

(3:3,15,1,5,8U:5); ; Data from ANABEL; Personal correspondence
Gunter Adolf, SBB, June 2016

(3:3,15,1,5,BU:L5); ; Data from ANABEL; Personal correspondence
Gunter Adolf, SBB, June 2016

(3:3.15,1,5,BU5). ; Data from ANABEL; Personal correspondence
Gunter Adolf, SBB, June 2016

(3:315,1,5,BU:L5); ; Data from ANABEL; Personal correspondence
Gunter Adol, SBB, June 2016

(3:3,15,1,5,BU:5); ; Data from ANABEL; Personal correspondence
Gunter Adolf, SBB, June 2016

(3:3,1,5,15,BU:L5); ; Data from ANABEL; Personal correspondence
Gunter Adol, BB, June 2016

(3:3.15,1,5,BU:5); ; Data from ANABEL; Personal correspondence
Gunter Adol, SBB, June 2016

(3:3,15,1,5,BU:L.05); ; Data from ANABEL Personal correspondence
Gunter Adol, SBB, June 2016

(2:3,1,1,1,5,BU:L5); assumption of refrigerant emission in CH 2. 10E-
6 kg/pkm; National Greenhouse Gas Inventory Report of Switzerland
2010 (Kem 2F1, p. 156)

(3:3.25,5,5,BU3); emission factor of diesel: 6.88E-3 g/kg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: non road
emission factor database

(3:3,25,5,5,BU:L5); emission factor of diesel: 5.50E-2 glkg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: non road
emission factor database

(3:3.25,5,5,BU5); emission factor of diesel: 2.50E+1 g/kg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015 non road
emission factor database

(3,3,25,5,5,BU:105); emission factor of diesel: 3.15€+3 gikg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: non road
emission factor database

(3:3,25,5,5,BU:L5); emission factor of diesel: 151E-1 ghkg diesel,
assuming a share of 97.7% with particle fter; BAFU 2015: non road
emission factor database

(33.2,5.55,BU:1.2); emission factor of diesel: 1.00-2 glkg diesel,
assuming a share of 97.7% with particle fiter; EMEP/EEA guidebook
2013, 1A3.c, Tab. 33

(3:3.25,5,5,BU:L5); emission factor of diesel: 4.156+0 gikg diesel,
assuming a share of 97.7% with particle fter; non road emission

factor
(3:3,25,5,5,BU:L5); emission factor of diesel: 1.53€-3 gkg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: Non-road
database; EMEP/EEA uidebook 2013, Tab. 3-112
(3:3.255,5,5,BU:L5); emission factor of diesel: 5.11E-3 glkg diesel,
assuming a share of 97.796 with parice fier; BAFU 2015: Non-road
database; EMEP/EEA quidebook 2013, Tab, 3-112
(3.3.25,5,5,BUL5); emission factor of diesel: 7.67E-3 glkg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: Non-road
database; EMEP/EEA auidebook 2013, Tab. 3-112
(3:3.25,5,5,BU:L5); emission factor of diesel: 3.07€-3 ghkg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: Non-road
database; EMEP/EEA uidebook 2013, Tab. 3-112
(3:3,255,5,5,BU:L5); emission factor of diesel: 1.53€-2 glkg diesel,
assuming a share of 97.796 with parice fiter; BAFU 2015: Non-road
database; EMEP/EEA uidebook 2013, Tab. 3-112
(3:3.25,5,5,BU3); emission factor of diesel: 0.00E+0 g/kg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: Non-road
database; EMEP/EEA quidebook 2013, Tab. 3-112
(3.3.25,5,5,BUL5); emission factor of diesel: 5,114 ghkg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: Non-road
database; EMEP/EEA quidebook 2013, Tab. 3-112
(3:3,25,5,5,BU:L5); emission factor of diesel: 5.01€-2 ghkg diesel,
assuming a share of 97.7% with partcle fiter; BAFU 2015: Non-road
database; EMEP/EEA uidebook 2013, Tab. 3-112
(33.2.5.5,5,BU:L5); emission factor of diesel: 2.05€-2 g/kg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: Non-road
database; EMEP/EEA quidebook 2013, Tab. 3-112
(3.3.25,5,5,BUL5); emission factor of diesel: 4.29E-1 ghkg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: Non-road
database; EMEP/EEA quidebook 2013, Tab. 3-112
(3:3,25,5,5,BU:L5); emission factor of diesel: 2.34E-1 ghkg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: Non-road
database; EMEP/EEA quidebook 2013, Tab. 3-112
(3:3.255,5.5,BU:L5); emission factor of diesel: 7.00E-2 glkg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: Non-road
database; EMEP/EEA quidebook 2013, Tab, 3-112
(3:3.25,5,5,BUL5); emission factor of diesel: 9.05E-2 glkg diesel,
assuming a share of 97.7% with particle fiter; BAFU 2015: Non-road
database; EMEP/EEA auidebook 2013, Tab. 3-112
(3:3,25,5,5,BU:L5); emission factor of diesel: 2.86E-2 glkg diesel,
assuming a share of 97.7% with partcle fiter; BAFU 2015: Non-road
database; EMEP/EEA uidebook 2013, Tab. 3-112
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Tab. 3.14 Life cycle inventory data of passenger train transport in Switzerland (continued)

g 2 2
8 > 5
s : N g
H : ranspor,long ransport, ) 5 3
g s £ . PO, ransport, regional  ransport average g
g s
Name E 5 £ dstancewan SBB mewopoliantiain,  yero s (USPOLAGR 5 5 Generaicomment
g ] mix 5 8
Z g g
g 5
£ 8
Location cH cH cH cH
nfastuctureProcess 0 0 0 o
Unit pkm pkm pkm ok
product wanspor, long-distance trin, SBB mix cH 0 pkm 1 0 o 0
product wansport, metropolian rain, SBB mix cH 0 phm 0 1 0 0
product wansport, regional rain, SBB mix oH o pkm 0 0 1 o
product wansport average tran, SBB mix oH 0 phm 0 o 0 1

(3:3.25,5.5,BU:L5); emission factor of diesel: 4 51E+1 glkg diesel,
Nitrogen oxides - - kg 47487 9.256-7 13966 71967 1 231 assuming ashare of 97.7% with particle fiter; BAFU 2015: non road
emission factor database
(3:3.255,5,5,BU-L5); emission factor of diesel: 8.49E-3 g/kg diesel,
Particulates, > 10 um - - kg 8.91E-11 174E-10 262E-10 135E-10 1 231 assuming ashare of 97.7%with particle fter; own calculation with
SBB wactions data and non road emission factor (BAFU 2015)
(3:3:2,5.55,BU:2); emission factor of diesel: 8.27E-3 glkg diesel,
Partculates, > 2.5 um, and < 10um - - kg 8.69E-11 170E-10 2.56E-10 132610 1 274 assuming ashare of 97.79 with particle fiter; own calculation with
SBB tractions data and non road emission factor (BAFU 2015)
(3:3.25,5.5,8U:3); emission factor of diesel: 8.27E-3 g/kg diesel,
Particulates, < 2.5 um - - kg 21169 41269 6.21E-9 32069 1 374 assuming ashare of 97.7% with particle fiter; own calculation with
SBB tractions data and non road emission factor (BAFU 2015)

(3:3.255,5,5,BU:105); emission factor of diesel: 2.01E-1 gkg diesel,
assuming a share of 97.7% with particle fiter; HBEFA3.1., CH

(3:3.255,5,5,BU3); emission factor of diesel: 2.00E-2 glkg diesel,
Benzo(@)pyrene - - kg 3156413 6.15E-13 9.27E13 478613 1 374 assuming ashare of 97.79 with particle fiter, EMEP/EEA guidebook

2013, 1A21ii, Tab. 3-1

(3:3.25,5.5,8U3); emission factor of diesel: 3.00E-5 gk diesel,
PAH, polycyclic aromatic hydrocarbons. - - kg 345E-11 6.75E-11 102510 525611 1 374 assuming ashare of 97.79 with particle fiter; EMEP/EEA guidebook

2013, 1A24ii, Tab. 31

(3:3.25,5.5,8U:5); emission factor of diesel: 3.20E-3 glkg diesel,
Arsenic - - kg 105E-15 205615 3.00E-15 159E-15 1 586  assuming ashare of 97.7% with particle fiter; EMEP/EEA guidebook

2013, 1A21ii, Tab. 3-1

(3:3.255,5.5,BU:5); emission factor of diesel: 1.00E-7 glkg diesel,
Selenium - - kg 105E-13 205613 3.09E-13 159E-13 1 586  assuming ashare of 97.7%with particle fiter, EMEP/EEA guidebook

2013, 1A 21, Tab. 3-1

(3:3.255,5.5,BU:5); emission factor of diesel: 1.00E-5 kg diesel,
Zinc - - kg 105E-11 205611 309E-11 159611 1 586  assumingashare of 97.79 with particle fiter; EMEP/EEA guidebook

2013, 1A21ii, Tab. 31

(3:3.25,5.5,8U:5); emission factor of diesel: 1.00E-3 g/kg diesel,
Copper - - kg 178811 349611 525611 271811 1 586 assuming ashare of 97.7% with particle fiter; EMEP/EEA guidebook

2013, 1A21ii, Tab. 3-1

Sulfur dioxide - - kg 210E-10 410E-10 6.18E-10 3.19E-10 1 20

(3:3.255,5.5,BU:5); emission factor of diesel: 1.70E-3 gk diesel,
Nickel - - kg 7.35E-13 144E-12 216612 112612 1 586  assuming ashare of 97.7%with particle fiter, EMEP/EEA guidebook

2013, LA2ii, Tab. 3-1

(33:2,5.55,BU:5); emission factor of diesel: 7.00E-5 glkg diesel,
Chromium - - kg 525613 103E-12 155612 797613 1 586  assumingashare of 97.79 with particle fiter, EMEP/EEA guidebook

2013, 1A21ii, Tab. 3-1

(3:3.25,5.5,BU:5); emission factor of diesel: 5.00E-5 kg diesel,
Chromium VI - - kg 105E-15 205615 309E-15 159615 1 586  assuming ashare of 97.7% with particle fiter; EMEP/EEA guidebook

2013, 1A21ii, Tab. 31

(3:3.255,5.5,8U:5); emission factor of diesel: 1.00E-7 g/kg diesel,
Mercury - - kg 5.56E-14 109E-13 164E-13 8.45E-14 1 586  assumingashare of 97.7%with particle fiter, EMEP/EEA guidebook

2013, 1A 21, Tab. 3-1

(3:3.25,5.5,BU:5); emission factor of diesel: 5.30E-6 glkg diesel,
Cadmium - - kg 105E-13 205613 3.09E-13 159E-13 1 586  assuming ashare of 97.79 with particle fiter; EMEP/EEA guidebook

2013, 1A21ii, Tab. 3-1

(3:3.255,5.5,BU:5); emission factor of diesel: 1.00E-5 gk diesel,

Lead . E kg 546513 107612 161612 829E-13 1 58 assumingashare of 97.7% with partce fter; EVEPIEEA guidebook
2013, LA24ii, Tab. 3-1
Heat, waste - - W 23264 28964 45064 20264 1 208 (332555BU1105) defaultvalue:
[ (1,1,1,1,1,1,BU:L5);; Ecological Scarcity method 2013; Frischinecht
material emissions, | Noise, ai, passenger rain, average - - pkm L00E+0 L00E+0 L00E+0 L00E+0 1 s (pluuen s g
unspecified P

4 Rail Transport in Neighbour Countries

4.1  Key Figures

Data on the rail transport and rail system in neighbour countries are limited. Some data
of rail transport operators covering the year 2011/2012 are published in the current UIC
Statistic (2012) (Tab. 4.1). However, UIC Statistic (2012) covers only data of some rail
transport operators of the different countries. For Austria data of the OBB and GKB, for
Germany data of the DB, for France data of the RFF and for Italy data of the FS are
included in the statistic. As the availability of the data is limited the data covered in the
UIC Statistic (2012) are assumed to be representative for the rail transport service in the
different countries. For the freight transport an average process of Europe was compiled
using the sum of the transport performance, kilometric performance, energy consump-
tion of the freight transport in Switzerland and the neighbour countries assuming that
these countries are representative for the European train transport.

Life Cycle Inventories of Rail Transport Services treeze Ltd.
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Tab. 4.1 Key figures of the train transport performance in neighbour countries approximated by data of
the UIC statistic (UIC 2012)

Unit Austria Germany France Italy
Gross transport performance passenger transport Mio Gtkm/a 27'611 166'945 150'499 75'327
Gross transport performance freight transport Mio Gtkm/a 36'301 218'268 48'165 39'674
Passenger transport performance Mio pkm/a 10'346 80210 85'634 37'489
Freight transport performance Mio tkm/a 17'753 105'894 24'985 12'757
Average number passenge rs p 107 125 208 166
Average load” t 522 521 577 380

1 .
Jown calculation

4.2  Traction Energy

In the neighbour countries Austria, Germany, France and Italy both traction by electrici-
ty and by diesel locomotives is used for passenger and goods transportation.

In Tab. 4.2 and Tab. 4.3 the share of diesel and electricity transportation as well as the
consumption per pkm and tkm is summarized. The electricity loss of the rail transport in
France, Austria and Germany is assumed to be similar to Switzerland with about 5.0 %
whereas for Italy a higher loss of 7 % is assumed®. The Italian railway uses direct cur-

rent (DC) electricity, which leads to higher losses (additional transformation) compared
to alternate current (AC) electricity.

The share of diesel traction varies between 0 % (goods, France) and 13 % (passenger,

Germany). Generally, the share of electric traction is higher with goods compared to
passengers.

Tab. 4.2 Passenger transport: the diesel and electricity consumption of the traction in Austria, Germany,
France, Italy (UIC 2012)

Electric traction Share of Share of diesel
Country including losses |Diesel traction |electrictraction [traction
kWh/pkm kg/pkm % %
Austria 0.0915 0.0020 91.6% 8.4%
Germany 0.0828 0.0028 87.8% 12.2%
France 0.0713 0.0014 92.5% 7.5%
Italy 0.0910 0.0014 93.8% 6.2%

19 personal communication Matthias Tuchschmid, SBB, 28.1.2016
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4. Rall Transport in Neighbour Countries 18

Tab. 4.3 Goods transport: The diesel and electricity consumption of rail traction in Austria, Germany,
France, Italy (UIC 2012)

Electric traction Share of Share of diesel
Country including losses |Diesel traction |electric traction [traction
kWh/tkm kg/tkm % %
Austria 0.0394 0.0007 92.8% 7.2%
Germany 0.0275 0.0010 86.9% 13.1%
France 0.0785 0.0000 100.0% 0.0%
Italy 0.0446 0.0002 97.8% 2.2%

For freight transport also transport processes using only electricity are compiled. The
electricity demand for these transport processes was calculated by dividing the electrici-
ty consumption by the share of the transport performance of the electricity traction.

4.3  Airborne Emissions

4.3.1 Emission from Diesel

Emission factors of Swiss diesel locomotives are used to model emissions of Austrian,
German, French and Italian diesel locomotives (see Section 3.4.2). Diesel locomotives
operated in the neighbour countries are assumed not to be equipped with a particle filter.
No additional inquiries on this aspect were performed since the last update of these data.
Thus this assumption may not be fully representative for the current situation in Austria,
Germany, France and Italy.

4.3.2 Abrasion Emissions and Refrigerants Emissions

No country-specific data on abrasion emissions and refrigerants emissions of railway
transports are available. Therefore the abrasion emission factors per gross transport per-
formance (Gkm) of Switzerland are applied (see subchapter 3.3) and multiplied by the
ratio Gtkm/pkm or Gtkm/tkm transported in the different trains. For passenger transport
a long distance train is assumed.

The determination of the specific refrigerant emission for each country is based on the
emission factor per kilometric performance of a long distance train in Switzerland and
divided by the number of people in the train of each country (see Tab. 4.1).

Tab. 4.4 Specific refrigerant emission of passenger transport in neighbour countries

Emission per kilometric performance of a long distance train (CH) kg/vkm 2.0976E-06
Passenger transport Austria kg/pkm 1.96244E-08
Passenger transport Germany kg/pkm 1.67693E-08
Passenger transport France kg/pkm 1.00976E-08
Passenger transport Italy kg/pkm 1.2636E-08

Life Cycle Inventories of Rail Transport Services treeze Ltd.
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4.4  Diesel Consumption and Emissions of Shunting Processes

The diesel consumption for shunting processes of passenger and goods transport in the
neighbour countries is calculated based on the diesel consumption for shunting process-
es in Switzerland per kilometric performance and divided by the number of people or
the transported tonnage, see subchapter 3.4.

4.5 Demand of Rail Transport Equipment

4.5.1 Goods Transport

The demand of rail transport equipment is calculated based on the demand of locomo-
tives and wagons per kilometric performance in Switzerland and divided by the trans-
ported tonnage of each train.

Tab. 4.5 Demand of locomotive and wagon per vkm

Number of locomotives SBB” unit 327
Life time? a 40
Good kilometric transport performance of SBB in (2014)2) vkm 3.36E+07
Share of locomotive per performed vkm unit/vkm 2.43E-07
Number of wagon sBB> unit 20'071
Life time” a 40
Good kilometric transport performance in Switzerland” vkm 2.41E+08
Share of wagon per performed vkm unit/vkm 2.08E-06

Y zahlen und Fakten, SBB, 2014
2 ecoinvent report 14
% estimation calculated by Stefan Weigel, SBB, 27.6.2016

* Data of the SBB corporate statistics (internal Access database), provided by Stefan Weigel, SBB, 27.6.2016

4.5.2 Passenger Transport

The passenger transport in neighbour countries is assumed to be provided by a long dis-
tance train. The demand of trains per pkm for the different countries is summarized in
Tab. 4.6.

Tab. 4.6 The demand of passenger train per pkm for passenger transport on Austria, Germany, France

and Italy
Austria Germany France Italy
Transport performance Mio. pkm 10'346 80'210 85'634 37'489
Train performance 1000 vkm 96'794 641'245 412'233 225'836
People in the train # 107 125 208| 166
Yearly performance of a long distance passenger train (CH) Mio. vkm 11.14] 11.14 11.14] 11.14]
Share of train per performed pkm unit/pkm 7.56E-10 5.89E-10 4.98E-10 4.52E-10

453 Rail Track

The specific demand of rail track per Gtkm of the Swiss railway system is used (see
Section 3.5.3) because no country specific data are available. Specific ratios of “gross

Life Cycle Inventories of Rail Transport Services treeze Ltd.



4. Rall Transport in Neighbour Countries

20

tonne/carried goods” and “gross tonne/carried passenger” representative of the national
railway companies were applied, based on data of traffic (gtkm) and transport (tkm)
performance published by UIC (UIC 2012). The specific demand of railway track per
tkm and pkm representative for the railway transportation in the four European coun-

tries are presented in Tab. 4.7.

Tab. 4.7 The specific demand of rail track for passenger and freight transport in Austria, Germany,

France and Italy

Austria Germany France Italy
Rail track per total transport performance (CH) km/Gtkm 3.3E-08 3.3E-08 3.3E-08 3.3E-08
ratio gross tonne/carried goods Gtkm/tkm 2.04 2.06 1.93 3.11
ratio gross tonne/carried person regional train Gtkm/p 2.67 2.08 1.76 2.01
specific rail track demand per tkm m*a/tkm 6.8E-08 6.8E-08 6.4E-08 1.0E-07
specific rail track demand per pkm regional train m*a/pkm 8.8E-05 6.9E-05 5.8E-05 6.6E-05
Life Cycle Inventories of Rail Transport Services treeze Ltd.
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4.6  Life Cycle Inventories

Tab. 4.8 Life cycle inventory data of freight rail transport in the neighbour countries Austria, Germany,
France and Italy

g g %
N .
Name 3 3 S uanspon, freight, rail transport, freight, rail transport, freight, rail transpor, freigh, rail g & GeneralComment
g g g
- H g £
g 5
£ é
Location AT m R DE
InfrastructureProcess 0 0 0 0
Unit than thm tan thm
product wansport, freight, rail AT 0 tan 1 0 0 0
product ransport,freight, ral i 0 tan 0 1 0 0
product ransport,freight, rail FR 0 tan 0 0 1 0
product transport,freight, rail DE 0 tan 0 0 0 1
product transport, freight, rail RER 0 tan 0 0 0 o
(2.4,1,3,4,5,BU:3) estimation based on the demand per vkm from CH
technosphere locomotive RER 1 unit 466E-10 6.40E-10 437610 467610 1 329 (243E-7unitvkm)) and the average load: SBB Zahien und Fakten

2014, UC Statistic 2012
(24,1,3.45,BU:3); estimation based on the demand per vkm from CH
goods wagon RER 1 unit 3999 5.49E-9 37569 4.00E-9 1 329 (208E-6unitvkm) and the average load; SBB Zahlen und Fakien
2014, UIC Statistic 2012

@ .5,8U:3); same demand s for goods wagon; SBB Zahlen
und Fakten 2014, UIC Statistic 2012

(24, . :ame demand as for locomotive; SBB Zahlen und
Fakten 2014, UC Statistic 2012

(2:4,1,3,45,8U3); same demand as for locomotive; SBB Zahlen und
Fakien 2014, UIC Statistic 2012

(24,1,3,4.5,BU:3); estimation based on track demand per Gikm for
CH (3.31E-8km/Gikm) and the specific gross ransport performance.
per tkm (Gtkm/tkm); SBB Zahlen und Fakten 2014, UIC Statistic
2012
2

maintenance, goods wagon RER 1 unit 399E9 5.49E-9 375E9 4.00E-9 1 82

maintenance, locomotive RER 1 unit 4.66E-10 6.40E-10 437610 467E-10 1 a2

disposal, locomotive RER 1 unit 4.66E-10 6.40E-10 437610 467E-10 1 32

raitway rack CH 1 ma 6.76E-5 103E-4 637E-5 6.82E-5 1329

( 4,5,BU3); same demand as for il rack; SBB Zahien und
Fakten 2014, UIC Statistic 2012
(2:4,1,3,4,5,8U3); same demand as for rail track; SBB Zahien und
Fakten 2014, UIC Statistic 2012
(2.4,1,3,4,5,BU:1.05); specific diesel consumption of the country; UIC
Statistic 2012

(1,1,1,1,1,5,BU:L05); electricity consumption 0.04kWhitkm, assumed
electricity, medium voltage, OBB, at grid AT 0 KWh 394E-2 TL2L e UK Sttt 2012
(11.1,1,15,BU:1.05); electicity consumption 0.04kWhitkm, assumed
losses 75%; UIC Statistic 2012

(L111,158U105); slectrctyconsumpion 0 08KWhitkm, assumed
electricity, medium voltage, railway, at grid FR 0 kwh 78562 L e UC Sttt
(L111,15BU105); elecmcwcansumpnan 0.03kWhitkm, assumed
losses 79; UIC Statistic 2012

(1,1,1,1,1,5,BU:L.05); electricity consumption 0.04kWhitkm, assumed
electricity, medium voltage, production ENTSO, at grid ENTSO 0 Kwh 112 e U St 2012
(3:3,1,3,11,BUL5); estimation based on the emission per Gkm from
CH (4 41E-9unitivkm)) and the average load; Data from ANABEL;

Personal correspondence Gunter Adol, SBB, June 2016, UIC

Statistic 2012

operation, maintenance, railway track CH 1 ma 6.76E5 10364 637E5 6.82E5 1 32
disposal, railway track CcH 1 ma 6.76E5 10364 637E5 6.82E5 1 32

diesel, at regional storage RER 4 kg 12863 971E-4 5.03E-4 15463 1 188

electricity, medium voltage, raitway, at grid m 0 KWwh 44662 1z

electricity, medium voltage, DB, at grid DE 0 Kwh 27562 1oz

emission so,

e ron - - kg 9.02E-9 13768 850E-9 9.09E-9 118

(3:3.1,3,1,1BUS); estimation based on the emission factors per Gkm

emission air, of freight transport in Switzeriand and specifc gross ton kiometric

unspecified [iEn - - kg 2D e 2D 2D 1 502 o formance per tkm (Gtkmitkm); Data from ANABEL; Personal
correspondence Gunter Adol, SBB, June 2016, UIC Statistc 2012

(3:3.13.11BUL5); estimation based on the emission per Gk from
emission soll, CH (0.00E-+Ourithkm) and the average load: Daa from ANABEL:
industial (Copper . i L) 983 LSIE10 937ELL 987E12 1 2% personal correspondence Gunter Adof, SEB, June 2016, UIC

Siasic 2012
18U csimaionbased on e emissonper G fom
(6000 umapden) et he verae oo Do
Personal correspondence Gunter Adol, SBB, June 2016, UIC
Statistic 2012
(3:3.13.118U:3); estimaion based on the emission per Gim from
emission water, CH (0.00E-+Ourithkm) and the average load; Data from ANABEL;
unspecified (Copper,lon . . L 28181 427E41 265611 270810 1 3% personal correspondence Gunter Adof, SEB, June 2016, UIC

Statisic 2012

(8:3.13.11BULS); estimation based on the emission per Gk from
emission soll, CH (0.00E+Ouritikam) and the average load; Daa fom ANABEL
industial 2 - - '3 9ToE12 LA%EAL 9212 987E12 1 %2 personal comespondence Gunter Adot, SBB, June 2016, UC

Statistc 2012

(3:3.13118US); estimation based on the emission per Gim from
emission air, CH (0.00E-+Ourithkm) and the average load; Data from ANABEL:
unspecified g - - kg A= ez A= 2= 1802 el cortespondence Gunter Adot, S5, June 2016, UIC
Statistic 2012
(3:3.13.11BUS); estimation based on the emission per Gkim from
CHi (0.00E +Ounitivkm)) and the average load: Data from ANABEL:
Personal correspondence Gunter Ado,, SBB, June 2016, UC
Statisic 2012
(3.3.1.3,11BUILS); hycro carbon emissions assumed s oi
Ols, unspecified - - i 29569 44989 27969 29869 1 152 emission; Dataffom ANABEL; Personal correspondence Gunter
Adolf, SBB, June 2016, UIC Statistic 2012
(3:3.13.11BU:15); estimation based on the emission per Gk from
CH (kg/pkmunitivkm) and the average load: Data from ANABEL:
Personal correspondence Gunter Adoll, SBB, June 2016, UC
Statisic 2012
(3:3.13.11BUS); estimaiion based on the emission per Gkim from

H (kgpkmunitkm)) and the average load: Data from ANABEL:
Personal correspondence Gunter Adof, SEB, June 2016, UC
Statistc 2012
(3:3.13.118U:15); estimation based on the emission per Gk from
emission soll, CH (kg/pkmunitivkm) and the average load; Data from ANABEL:
industrial [z . - ‘o Lo8EL 240841 4oL LS9 1] 1= Pevéuz/a\ omasponcencs Gure ot S35, e 316, UE
Statistc 2012
(3:3.13.11BUS); estimaion based on the emission per Gkim from
CH (ky/pkmunitvkm)) and the average load; Daa from ANABEL:
Personal correspondence Gunter Adof, SEB, June 2016, UIC
Statisic 2012
(3:3.13.118U:15); estimation based on the emission per Gk from
emission soll, CH (kglpkmenitivkem)) and the average load; Data from ANABEL:
industrial Venganese - - ‘o 386 S90ELL 36611 3o1EL 1] 1= Pev;ug:\ omasponcutos Gurer ot SBB, A 016, UG

Statistic 2012

(3:3.13.11BUS); estimaion based on the emission per Gim from
emission air, CH (kg/pkmunitvkm)) and the average load; Daa from ANABEL;
unspecified Venganese . i L L0910 166510 103610 L1010 1 % personal comespondence Gunter Adof, SBB, June 2016, UIC
Statisic 2012
(8:3.13.11BU.L5); estimation based on the emission per Gk from
CH (kgfpkmenitvkem)) and the average load; Data from ANABEL:
personl corespondence Guer A, 538, ne 2516, UC
Stat

emission air,

sy Copper - - kg 2.80E-10 4.26E-10 2.64E-10 278E-11 1 502

emissionwater, . o - - kg 2,68E-10 4.08E-10 253610 2.70E-10 1 502
unspecified

mission soil,
industrial

Lead - - kg 1.66E-12 252612 156E-12 167E-12 118

R Lead - - kg 467612 710612 4.40E-12 470812 1 s02
unspecified

emission air, (e - - kg 4.44E-11 6.76E-11 419E-11 4.48E-11 1 502
unspecified

emission soll,
emislon Antimony Q0 496512 755612 468E-12 500812 1o
@2 2115 estimato based o theemissionpe Gk o
emssen i, . . § § § § CH (kg/pkmunitvkem)) and the average load; Data from ANABEL:
unspeci Py kg A= k= dem= A= 1 802 grsonal correspondence Gunter Adolf, SBB, June 2016, UIC
Statistic 2012
Heat, waste - - w 14261 16161 2831 9.89E-2 1109 (281311BU11.05); defaultvalue:
(3,3.2,5,5/5/BU:3); emission factor of diesel: 7.08-3 glkg diesel,
Benzene - - i 9039 687E:9 356E9 100E:8 1 374 assumingnouse of parile fitrs; BAFU 2015: non road emission
factor database
(3:3.2.5,5.5,BULL5); emission factor of iesek: 5.66E-2 glkg diesel,
Nethane, fossi - - i 72388 550E:8 285E8 871E8 1 231 assumingnouse of parilefiters; BAFU 2015: non road emission
factor database
(3:32.5,5,5,BU:5); emission factor of desel: 2.67E+1 ghg diesel,
(Carbon monoxide, fossil - E g 32865 24985 12065 39565 1 586 assuming nouse of parcle fiters; BAFU 2015: non road emission
focor dtabase
(3:3:2.555,8U11,05); emission factorof desel: 3.156+3 gkg diesel,
Carbon dioxide, fossi . a i 20263 30sE:3 15883 48463 1 20 assummg o use of partice fiters; BAFU 2015: non road emission

{54 SS9 emission factor o et 1.56E-1 gkg sel
Dinitrogen monoxide - - kg 199E7 15167 78368 23967 1 231 assumingno use of particle fiers; BAFU 2015: non road emission
factor database
(3.3.2,5,55,8U:1.2); emission factor of diesel: 1.00E-2 glkg diesel,
Ammonia - - kg 128E-8 971E9 5039 154E-8 1 213 assumingno use of partcle fiters; EMEP/EEA guidebook 2013,
1A3.c.Tab. 3
(3:3.255,5,5,BU:L5); emission factor of diesel: 4.27E+0 kg diesel,
‘assuming no use of particle fiers; non road emission factor

NMVOC, non-methane volatile organic compounds, unspecified origin - - kg 5.46E-6 41566 21566 6.57E-6 1 231
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Tab. 4.8 Life cycle inventory data of freight rail transport in the neighbour countries Austria, Germany,
France and Italy (continued)

508 . £ 3
Name § g 5 wansport, freight, rail transport, freight, rail transport, freight, rail transport, freight, rail § g GeneralComment
= H g 5
g >3
= @
Location AT m FR DE
InfrastructureProcess o o o o
Unit tkm tkm tkm tkm
product transport, freight, rail AT 0 thm 1 0 ) 0
product transport, freight, rail m 0 tkm 0 1 o 0
product. transport, freight, rail FR 0 tkm 0 o 1 o
product transport, freight, rail DE 0 tkm 0 o o 1
product transport, freight, rail RER 0 tkm 0 o o o
(3.3.25,5,5,BU:1.5); emission factor of diesel: 1.58E-3 glkg diesel,
Ethane - - kg 2.01E-9 153E-9 7.93E-10 2.43E-9 1 231  assuming no use of particle filters; BAFU 2015: Non-road database;

EMEP/EEA auidebook 2013, Tab, 3-1
5558 BUL 55 armesion facir of diesel 5 2663 gkg desel
Propane - - kg 6.72E9 511E-9 264E-9 8.09E-9 1 231 assumingno use of particle fiters; BAFU 2015: Non-road database;
EMEP/EEA uidebook 2013, Tab, 3-1
o858 BT 55 armetion i of diesel: 7.89E-3 gkg desel
Butane - - kg 101E-8 7.67E-9 397E-9 12168 1 231 assumingno use of particle fftrs; BAFU 2015: Non-road database;
EMEP/EEA auidebook 2013, Tab, 3-1
30558 BUL 55 armetion facir of tiesel 3 16E-3 ghkg desel
assuming no use of particle fiters; sm:u 2015: Non-road database;
EMEP/EEA uidebook 2013, Tab, 3-1
30558 BUL 55 armgtion fatir of diesel 156E-2 gkg desel,
Heptane - - kg 201E-8 1538 79369 2438 1 231 assumingno use of particle fiters; sm:u 2015: Non-road database;
EMEP/EEA uidebook 2013, Tab.
o858 8IS, omsion tacbrof deset 0.00E+0 ghg desel,

Pentane - - kg 40369 307E-9 159E-9 48569 1 23;

Benzene - - kg 0 0 0 0 1 374 assumingno use of particle mters BATL 2015 Non road database;
EMEP/EEA auidebook 2013, Tab. 3-1
(355558 BUL 55 ermgbion ot of diesel 5.26E-4 ghg desel,
Toluene - - kg 6.72E-10 5.11E-10 264E-10 8.09E-10 1 231 assumingno use of particle mters EAFU 2015: Non-road database;

EMEP/EEA auidebook 2013, T
50858 Bk 5y emesion fattor o mesel 5.16E-2 glkg diesel,

m-Xylene - - kg 6.58E-8 50168 259E-8 7938 1 231 assuming o use of partice mters oA 2015 Non road database;
MEP/EEA auidebook 2013, T
5558 BUL 5 ermebion atior of diesel 2 116-2 gg desel,
o-Xylene - - kg 2.69E-8 20468 1.06E-8 32468 1 231 assumingno use of particle fiters: oA 2015 Non road database;

EMEP/EEA auidebook 2013, Tab. 3-
(355558 BUL 5 ermsion atior o diesel: 4.426-1 ghg desel,
Formaldehyde - - kg 5.64E-7 42987 22267 6.80E-7 1 231 asamingrouse of particle fiters; 2AU 2015 Non road database;
EA quidebook 2013, Tab. 3-1
BSres s o ermesion acior o diesel 2.416-1 ghg dlese\
Acetaldehyde - - kg 30767 234E7 12167 37087 1 23 assuming o use of particle fiters; oxy 2015 Non-road databas:
EA quidebook 2013, Tab. 3-12
By E ermesion atior f diesel: 7.216-2 gig desel,
Benzaldehyde - - kg 9.20E-8 7.00E-8 36268 11167 1 231 assumingno use of partice fiters; ol 2015: Non-road database;
EMEP/EEA quidebook 2013, Tab. 3-1
(055555 BUL Sy ermason acior o diesel: 031E-2 ghg dlese\
Acrolein - - kg 11967 9.05E-8 4.68E-8 14367 1 231 assumingno use of particle fiters oy 2015: Non-road databast
EMEP/EEA quidebook 2013, Tab. 3-1
(555,55 BUL Sy ermson acior o diesel 2956-2 ghg dlese\
Styrene - - kg 3.76E-8 286E-8 148E-8 45368 1 231 assumingnouse of pav\\c\e fiters; EAFU 2015: Non-road databas:
EMEP/EEA quidebook 2 3-12
(055555 BUL 5 erms0n attor f diesel: 4 64E+1 ghg desel,
Nitrogen oxides - - kg 5.93E5 451E5 2335 7.14E5 1 231 assumingno use of particle fiters; BAFU 2015: non road emission

factor database
(3:3.2,5,5,5BU-LS); emission factor of diesel: 7.33€-2 g/kg diesel,
Particulates, > 10 um - - kg 9.35E-8 71268 3.68E-8 11367 1 231 assumingno use of particle fiters; BAFU 2015: non road emission

factor database
(3:3.2,5,5,5,BU:2); emission factor of diesel: 7.14E-2 glkg diesel,
Particulates, > 2.5 um, and < 10um - - kg 9.11E-8 6.94E-8 3.59E-8 11087 1 274 assumingno use of particle fiters; BAFU 2015: non road emission

factor database
(3:3.2,5,5,5,BU:3); emission factor of diesel: 1.73E+0 kg diesel,

Particulates, < 2.5 um - - kg 221E6 168E-6 87267 26766 1 374 assumingno use of particle fiters; BAFU 2015: non road emission

factor database

(3.3.2,5,5,5BU:L05); emission factor of diesel: 2.00E-2 kg diesel,

assuming no use of particle fiers; HBEFA3.1., CH

(3.3.2,5,5,5,BU:3); emission factor of diesel: 3.00E-5 g/kg diesel,
Benzo(a)pyrene - - kg 3.83E-11 291E-11 151E-11 461E-11 1 374 assumingno we of particle fiters; EMEP/EEA guidebook 2013,

1A21ii. Tab,

5515515873 emission facor ofdesel: 329E-3 gikg diese,
PAH, polycyclic aromatic hydrocarbons - - kg 4.20E9 32069 165E-9 5.06E-9 1 374  assumingno we of particle fiters; EMEP/EEA guidebook 2013,

1A21ii. Tab,

5515515875 emission facor ofdesel: 1.00E-7 gikg diese,
Arsenic - - kg 1.28E-13 971E-14 5.036-14 154E-13 1 586  assuming no use of partcle fiters; EMEP/EEA guidebook 2013,

1A2fii. Tab. 3-1

(33.2555,5,8U:5); emission factor of diesel: 1.00E-5 g/kg diesel,
Selenium - - kg 1.28E-11 97112 5.03€-12 154E-11 1 586  assuming no use of partcle fiters; EMEP/EEA guidebook 2013,

1A21i. Tab. 3-1

(3.32,55,5BU:5); emission factor of diesel: 1.00E-3 g/kg diesel,
Zine - - kg 1.28E-9 9.71E-10 5.036-10 154E-9 1 586  assuming no use of paricle fiters; EMEP/EEA guidebook 2013,

LA2(ii. Tab. 3-1

(3.3:2,5,5,5.8U:5); emission factor of diesel: 1.70E-3 g/kg diesel,
Copper - - kg 21769 L65E-9 854E-10 2619 1 586  assuming no use of partcle fiters; EMEP/EEA guidebook 2013,

LA2(ii. Tab, 3-1

(3.32,55,5,8U:5); emission factor of diesel: 7.00E-5 g/kg diesel,
Nickel - - kg 8.93E-11 6.80E-11 3526-11 108E-10 1 586 assumingno use of particle fiters; EMEP/EEA guidebook 2013,

1A2fii. Tab. 3-1

(3.32,5,5,5,8U:5); emission factor of diesel: 5.00E-5 g/kg diesel,
Chromium - - kg 6.38E-11 4.86E-11 251611 7.69E-11 1 58  assumingno we of particle fiers; EMEP/EEA guidebook 2013,

A2.Lji. Tab. 3

A5 850 emision factor of deset 1.008-7 gk diesel,

Chromium V1 - - kg 128613 971E-14 50314 154613 1 58 assumingno we of particle fiters; EMEP/EEA guidebook 2013,
A2.Lji. Tab. 3

A5 855, emission factorof deset 5 306-6 gk diesel,
Vercury - - kg 6.76E-12 5.156-12 266E-12 815612 1 58 assumingnouse ul particle fitters; EMEP/EEA guidebook 2013,

1A2.Lii. Tab. 3.

A5 8555, emision factor o deset 1.006-5 g diesel
Cadmium - - kg 128611 97112 503612 154E-11 1 58 assumingnouse ul particle fiters; EMEP/EEA guidebook 2013,

LA2Aii, Tab.

{35855 emission factorof deset 5 206-5 gk diesel,
Lead - - kg 6.64E-11 5.05E-11 261E-11 8.00E-11 1 58  assumingno use of particle fiters; EMEP/EEA guidebook 2013,

1A24£ii, Tab. 3-12

Heat, waste - - M 5.46E-2 41662 21562 6.58E-2 1 109 (231311BU:105) default value;

emission Non . . - (3.3,55,5,5BU:15); ; Ecological Scarcity method 2013; Frischknecht
material emissions, | Nise: ral reight rain thm 1.00E+0 100E+0 1.00E+0 100E+0 L 288 el 2013

Sulfur dioxide - - kg 2.55E-8 194E-8 101E-8 308E-8 1 208
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Tab. 4.9 Life cycle inventory data of freight rail transport only with electricity in the neighbour coun-
tries Austria, Germany, France and Italy

g S 5
£ 2
5 % ’ ) ) £
g g £ wransport, freight, transport, freight,  transport, freight,  transport, freight, 2 H
Name i H : B & . ¥ = yowy & & cenericonmen
H g 5
£ 5 %
= 3
Location AT ™ FR DE
nftastructureProcess 0 0 0 o
Unit tam tan am tan
product wansport, freigh, rai, lectrcity only AT 0 tm 1 o 0 o
product ranspor, freight, rai, electriciy only m 0 thm 0 1 0 o
product wansport, freigh,rail electrciy only FR 0 thm 0 0 1 0
product transport,freigh, rai, electricity only DE 0 tkm 0 0 0 1
product transport,freigh, rai, electricity only RER 0 tm 0 0 0 0
(2.4,1,3,45,BU:3); estimation based on the demand per vkm from CH
technosphere  locomotive RER 1 unit 466E-10 6.40E-10 437E10 467E-10 1329 @ASE k) an th vrag nd 3B, Zahen un Folen
24 1 3,458U:3) estimation based on the demand per vkm from CH
goods wagon RER 1 unit 3999 5.49E:9 375E9 40089 1 a2 unitvk) and the average load; SBE, Zahien und Fakien
e
maintenance, goods wagon RER 1 unit 3999 54969 37589 40089 1 3z (PALSASELS): same demand as for goods wagon; S8, Zahien
maintenance, locomolive RER 1 unit 466E-10 6.40E-10 437610 467E-10 1 3z ZRL34SBUI) same demand as forlocomotive: S8, Zahien und
3 3 § 3 (21431583 same demar a rocomoive; 3B Zaenund
disposal,locomotive RER 1 unit 466E-10 6.40E-10 437620 467E-10 1 3 @RLOASELY) same don
(502545 50:3): entimaton based an rack e pr Gk or
y § . y CH (3 31E-8km/Gikn) and the specifc gross ansport performance
roiwey track o * ma 67655 LOsE4 637ES 68255 L 329 herian (Gtkmitam); SBB Zahlen und Fakien 2014, UIC Statistic
2012
g § g gy (241,345,BU:3); same demand as for rai rack; SBE Zahen und
operation, maintenance, raivay track cH 1 ma 67665 1034 637E5 68265 1 3z RLSASBOY:same domor
y y . y (2.4,1,3.4,5,8U:3); same demand as for rail rack: SBB Zahlen und
disposal,raiway track cH 1 ma 676E5 1034 637ES 682E5 1 sz BRLSASEUS) same b
y (2.4,1,3,4,5,BUL05); electriity consumption 0.04kWhitkm, assumed
electricity, medium voliage, BB, at grid AT o wwh 42562 1 as
(2:4.1,3458U:1.05); electricity consumption 0.04kWHIkm, assumed
I " h 456E- 1 o1ss
electricity, medium voliage, raiway, at grid 0w s6E2 I A
x (2.4.1,345,BU:L05);electricity consumption 0.07kWhitkm, assumed
electriciy, medium voltage, raiway, al grid PR 0 kwh 785E-2 PR envesiong s
§ (2:4,1,3,4,5 BU:L05); electricity consumption 0.03KWhitkm, assumed
electricity, medium voltage, DB, at grid oE 0o wh a16E2 1 ass (ALSASBUA0e) decril
electricity, medium volage, production ENTSO, at grid ENTSO 0 wh 1 1ss  (4L34SBULOS) electichy consumption 0.04kWhkm; average

of AT, DE, IT and FR
(3:3.1,31,1 BU:L5); estimation based on the emission factors per
—— Gkm of freight transport in Switzerland and specific gross ton
T ron - - kg 9.02E-9 137E8 8.50E-9 9.09E-9 1 152 kiometric performance per tkm (Gtkm/tkm); Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016, UIC statistic
12
(3:3,31,1,BU:5); estimation based on the emission factors per Gkm
of freight transport in Switzerland and specific gross ton kiometric
rformance per tkm (Gtkm/tkm); Data from ANABEL; Personal
correspondence Gunter Adol, SBB, June 2016, UIC statistic 2012

emission air,

e iron - - kg 25468 386E8 239E8 2.56E-8 1 502

(3:3.1,31,1 BU:L5); estimation based on the emission raclovs per
—— Gk of freight transport in Switzerland and specific gross ton
B Copper - - kg 9.93E-11 151E-10 937E-11 1.00E-10 1 152 kiometric performance per tkm (Gtkmitkm); Data from o L
Personal correspondence Gunter Adolf, SBB, June 2016, UIC statistic
2012
(3,3.1,31,1,BU:5); estimation based on the emission factors per Gkm
‘emission air, of freight transport in Switzerland and specific gross ton kiometric
unspecified Copper . B ‘o 280810 4.26E-10 264E-10 282810 1 59 performance per tam (Gtkmiti); Data from ANABEL: Personal
correspondence Gunter Adol, SBB, June 2016, UIC statistic 2012

(3:3.1,31,1,BU:3); estimation based on the emission factors per Gkm
of freight transport in Switzerland and specific gross ton kiometric
performance per tkm (Gtkm/tkm); Data from ANABEL; Personal
correspondence Gunter Adof, SBB, June 2016, UIC statistic 2012

‘emission water,

unspecified Copper, ion - - kg 281E-11 427611 265611 283611 1 30

(3:3.1,3.1,1 BU:L5); estimation based on the emission factors per
- Gk of freight transport in Switzerland and specific gross ton
i Zinc - - kg 9.79E-12 149E-11 9.23E-12 987E-12 1 152 kiometric performance per tkm (Gtkmitkm); Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016, UIC statistic
2012

(3:3.1,31,1BU:5); estimation based on the emission factors per Gkm
of freight transport in Switzerland and specific gross ton kiometric
performance per tkm (Gtkm/tkm); Data from ANABEL; Personal
correspondence Gunter Adof, SBB, June 2016, UIC statistic 2012

emission air,
nspecned) Zinc - - kg 276E-11 419E-11 2.60E-11 2.78E-11 1 502

(3:3.1,3,1BU:5); estimation based on the emission factors per Gkm
of freight transport in Switzerland and specific gross ton kiometric
performance per tkm (Gtkm/tkm); Data from ANABEL; Personal
correspondence Gunter Adof, SBB, June 2016, UIC statistic 2012

‘emission water,

T Zinc, ion - - kg 268E-10 4.08E-10 253E-10 2.70E-10 1 50

(3.3,13,1,1BU:1.5); estimation based on the emission factors per
Gkm of freight transport in Switzerland and specific gross ton
Oils, unspecified - - kg 2.95E-9 4.49E-9 2.79E-9 2.98E-9 1 152 kiometric performance per tkm (Gtkm/tkm); Data from ANABEL;

‘emission soi,
al Personal correspondence Gunter Adolf, SBB, June 2016, UIC statistic
2012

industri

(3:3.1,31,1 BU:L5); estimation based on the emission factors per
Gk of freight transport in Switzerland and specific gross ton

Lead - - kg 166E-12 252612 156E-12 167E-12 1 152 Kiometic performance per tkm (Gtkmitkm); Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016, UIC statistic
2012

‘emission soil,
industrial

(33.1,3,1,1,BUS); estimation based on the emission factors per Gkm
of freight ransport in Switzerland and specific gross ton kiometric
performance per tkm (Gtkm/tkm); Data from ANABEL; Personal
correspondence Gunter Adof, SBB, June 2016, UIC statistic 2012

emission air,

nspeched Lead - - kg 467E-12 7.10E-12 4.40E-12 4.70E-12 1 502

(3:3.1,31,1 BU:L5); estimation based on the emission factors per
‘emission soll Gk of freight transport in Switzerland and specific gross ton
i Chromium - - kg 158E-11 240811 149E-11 159E-11 1 152 kiometic performance per tkm (Gtkm/tkm); Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016, UIC statistic
2012

(33,1,3,1,1,BUS); estimation based on the emission factors per Gkm
of freight transport in Switzerland and specific gross ton kiometric
performance per tkm (Gtkm/tkm); Data from ANABEL; Personal
correspondence Gunter Adof, SBB, June 2016, UIC statistic 2012

emission air,

iEnspesitad) Chromium - - kg 4.44E-11 6.76E-11 419E-11 4.48E-11 1 502

(3:31,31,1BU:L5); estimation based on the emission factors per
Gk of freight transport in Switzerland and specific gross ton

Manganese - - kg 3.88E-11 5.90E-11 3.66E-11 391E-11 1 152 kiometic performance per tkm (Gtkm/tkm); Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016, UIC statistic
2012

emission soil,
industrial

(3:3.1,31,1,BU:S); estimation based on the emission factors per Gkm
of freight ransport in Switzerland and specific gross ton kiometric
performance per tkm (Gtkm/tkm); Data from ANABEL; Personal
correspondence Gunter Adof, SBB, June 2016, UIC statistic 2012

emission air,

unspecified Manganese - - kg 1.09E-10 1.66E-10 103E-10 1.10E-10 1 502

(3:31,31,1BU:L5); estimation based on the emission factors per
Gk of freight transport in Switzerland and specific gross ton

Animony - - kg 4.96E-12 7.55€-12 4.68E-12 5.00E-12 1 152 kiometric performance per tkm (Gtkm/tkm); Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016, UIC statistic
2012

emission soil,
industrial

(3:31,31,1,BU:S); estimation based on the emission factors per Gkm
of freight transport in Switzerland and specific gross ton kiometric
performance per tkm (Gtkm/tkm); Data from ANABEL; Personal
correspondence Gunter Adol, SBB, June 2016, UIC statistic 2012

‘emission air,
ied

speci Antimony - - kg 1.40E-11 213611 1326-11 141E-11 1 50

emission

Heat, waste - - W 15361 16461 28361 1141 1109 (231311,BU:1.05); default value;

‘emission Non
material emissions, | Noise, rail reight train - - tkm 100E+0 100E+0 100E+0 100E+0 1 28
unspecified

(3:35,55,5BU:L5); ; Ecological Scarcity method 2013; Frischknecht
& Biisser Kndpfel 2013
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Tab. 4.10 Life cycle inventory of freight rail transport (with diesel and electricity) and only with electrici-

ty in Europe

Name
Location
InfrastructureProcess
i
product transport, freight, rail, electricity only
product transport, freight, rail
technosphere. locomotive
goods wagon
maintenance, goods wagon
maintenance, locomotive
disposal, locomotive
railway track
operation, maintenance, railway track
disposal, railway track
diesel, at regional storage
electricity, medium voltage, production ENTSO, at grid
emission soll,
industrial fron
emission ai,
. Iron
unspecified
emission soll,
industrial Copper
emission ai, o
unspecified
emission waer,
unspecified Copper, ion
emission soll
. . " Zinc
industrial
emission ai, e
unspecified
e(ﬂISSIOI'! water, Zinc, ion
unspecified
emission soil,
. . ’ s, un: ifi
seion O, unspecified
Lead
emission Lead
unspecified
emission soll,
emission Chromium
emissional, Chromium
unspecified
emission soll,
industrial =D
emission N
unspecified
emission soll, )
industrial Antmony
emission i, e
unspecified
Heat, waste
Benzene

Life Cycle Inventories of Rail Transport Services

Methane, fossil
Carbon monoxide, fossil

Carbon dioxide, fossil

Location

RER
RER

CH

CH

InfrastructureProcess

tkm
tkm

unit

unit

unit

unit

unit

ma

ma

ma

transport, freight,
rail, electricity only

4.81E-10

41269

41269
4.81E-10

4.81E-10

7.03E-5

7.03E-5

7.03E5

371E-2

9.38E-9

2.64E-8

1.03E-10

2.91E-10

2.926-11

1.02E-11

2.87E-11

2.79E-10

3.07E-9

1.72E-12

4.85E-12

164E-11

4.62E-11

4.04E-11

1.14E-10

5.17E-12

1.46E-11

1.34E-1

transport, freight, rail

481E-10

4.12E-9

41269
481E-10

481E-10

7.03E-5

7.03E-5
7.03E-5
127€-3

3.60E-2

9.38E-9

2.64E-8

1.03E-10

2.91E-10

2.926-11

1.02E-11

287E-11

2.79E-10

3.07E-9

172E-12

4.85E-12

164E-11

4.62E-11

4.04E-11

1.14E-10

5.17E-12

1.46E-11
1.30E-1
9.00E-9
7.20E-8
3.26E-5

4.00E-3

Uncertainty Type

StandardDeviation95%

189

212
3.78

234

GeneralComment

(4,4,1,3,4,5,BU:3); average of the freight transport in AT (10%), IT
(79), FR (15%), DE (629%) and CH (5%); SBB Zahlen und Fakten
2014, UIC Statistic 2012

(4,4,1,3,4,5,BU:3); average of the freight transport in AT (10%6), IT
(79%), FR (15%), DE (62%) and CH (5%); SBB Zahlen und Fakten
2014, UC Statistic 2012

(4,4,1,3,4,5,BU:3); same demand as for goods wagon; SBB Zahlen
und Fakien 2014, UIC Statistic 2012

(4,4,1,3,4,5,BU:3); same demand as for locomotive; SBB Zahlen und
Fakten 2014, UIC Statistic 2012

(4,4,1,3,4,5,BU:3); same demand as for locomotive; SBB Zahlen und
Fakten 2014, UIC Statistic 2012

(4,4,1,3,4,5,BU:3); estimation based on track demand per Gtkm for
CH (3.31E-8km/Gtkm) and the specific gross transport performance
per tkm (Gtkm/tkm)); SBB Zahlen und Fakten 2014, UIC Statistic
2012

(4,4,1,3,4,5,BU:3); same demand as for rail track; SBB Zahlen und
Fakten 2014, UIC Statistic 2012

(4,4,1,3,4,5BU:3); same demand as for rail track; SBB Zahlen und
Fakten 2014, UIC Statistic 2012

(44,1,3,4,5,BU:1.05); diesel consumption in AT, DE, IT for freight
transport; UIC Statistic 2012

(4,4,1,3,4,5,BU:1.05); electricity consumption 0.04kWhitkm, assumed
losses 5.03%; UIC Statistic 2012

(4,4,1,3,4,5,BU:1.5); estimation based on the emission per Gkm from
CH (4.41E-9unitivkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5BUSS); estimation based on the emission factors per Gkm
of freight transport in Switzerland and specific gross ton kiometric
performance per tkm (Gtkm/tkm); Data from ANABEL; Personal
correspondence Gunter Adolf, SBB, June 2016; UIC Statistic 2012

(4,4,1,3,4,5,BU:1.5); estimation based on the emission per Gkm from
CH (0.00E+Ounit/vkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4.4, 4,5,BU:5); estimation based on the emission per Gkm from
CH (0.00E-+0unit/vkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5,BU:3); estimation based on the emission per Gkm from
CH (0.00E+Ounitivkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5,BU:1.5); estimation based on the emission per Gkm from
CH (0.00E-+Ounit/vkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5BU:S); estimation based on the emission per Gkm from
CH (0.00E+Ounitivkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5,BU:S); estimation based on the emission per Gkm from
CH (0.00E-+0unit/vkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5BU:1.5); hydro carbon emissions assumed as ol
emission; Data from ANABEL; Personal correspondence Gunter
Adolf, SBB, June 2016; UIC Statistic 2012

(4,4,1,3,4,5,BU:1.5); estimation based on the emission per Gkm from
CH (kg/pkmunitivkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(44,1,3,4,5BUSS); estimation based on the emission per Gkm from
CH (kg/pkmunitivkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5,BU:1.5); estimation based on the emission per Gkm from
CH (kg/pkmunitvkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5,BU:5); estimation based on the emission per Gkm from
CH (kg/pkmunitivkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5,BU:1.5); estimation based on the emission per Gkm from
CH (kg/pkmunitivkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5,BU:5); estimation based on the emission per Gkm from
CH (kg/pkmunitivkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5,BU:1.5); estimation based on the emission per Gkm from
CH (kg/pkmunitivkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,4,1,3,4,5,BU:S); estimation based on the emission per Gkm from
CH (kg/pkmunitivkm)) and the average load; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016; UIC
Statistic 2012

(4,3.2,5,5,5,8U:1.05); default value;

(413,2,5,5,5,5U:3); €IMISSION I4CIOr OF UIESEL: 1.UBE-S /KQ Ulesel,
assuming no use of particle fiters; BAFU 2015 non road emission
(37572, 3787818U1 1.0), ernission 14Gu0r U1 uiesel 9,002 YKy Ulesel,
assuming no use of particle filters; BAFU 2015: non road emission
(@572, 3BBBU), enission 1acion o1 uieser £07ETL giky uieser,
assuming no use of particle fiters; BAFU 2015 non road emission
{27372, 8B BBU Lo, enmission 1ACWN U1 UlESE 5,155+ YIKg Ulesel,
assuming no use of particle filters; BAFU 2015: non road emission

treeze Ltd.
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Tab. 4.10 Life cycle inventory of freight rail transport (with diesel and electricity) and only with electrici-

ty in Europe (continued)

Name

Location

InfrastructureProcess

Unit
transport, freight, rail, electicity only
transport, freight, rail

product
product

Dinitrogen monoxide

Ammonia

NMVOC, th

volatile organic

Ethane

Propane

Butane

Pentane

Heptane

Benzene

Toluene

m-Xylene

o-Xylene

Formaldehyde

Acetaldehyde

Benzaldehyde

Acrolein

Styrene

Nitrogen oxides

Particulates, > 10 um

Particulates, > 2.5 um, and < 10um

Particulates, < 2.5 um

Sulfur dioxide

Benzo(a)pyrene

PAH, polycyclic aromatic hydrocarbons

Arsenic

Selenium

Zinc

Copper

Nickel

Chromium

Chromium Vi

Mercury

Cadmium

Lead

Heat, waste

‘emission Non

e Noise, rai, freigh
material emissions, | \0ise: railfreight train

Life Cycle Inventories of Rail Transport Services

origin

Location

RER
RER

InfrastructureProcess

Unit

tkm
tkm

tkm

transport, freight,
rail, electricity only

-

1.00E+0

transport, freight, rail

1.98E-7

1.27E-8

5.43E-6

2.01E-9

6.69E-9

1.00E-8

4.01E-9

2.01E-8

6.69E-10

6.56E-8

2.68E-8

5.62E-7

3.06E-7

9.16E-8

1.18E-7

3.75E-8

5.90E-5

9.32E-8

9.08E-8

2.20E-6

2.54E-8

3.81E-11

4.18E-9

1.27€-13

127611

12769

2.16E-9

8.90E-11

6.36E-11

127613

6.74E-12

127611

6.61E-11

5.44E-2

1.00E+0

UncertaintyType

StandardDeviation95%

GeneralComment

(43,2,5,5,5,BU:1.5); emission factor of diesel: 1.56E-1 g/kg diesel,
assuming no use of particle filters; BAFU 2015: non road emission
factor database

(43,2,5,5,5,BU:1.2); emission factor of diesel: 1.00E-2 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
1A3.c, Tab. 3-3

(43,2,5,5,5,BU:1.5); emission factor of diesel: 4.27E+0 g/kg diesel,
assuming no use of particle fiters; non road emission factor

(4.3,2,5,5,5,BU:1.5); emission factor of diesel: 1.58E-3 g/kg diesel,
assuming no use of particle fiters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(43,2,5,5,5,BU:1.5); emission factor of diesel: 5.26E-3 g/kg diesel,
assuming no use of particle filters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-113

(43,2,5,5,5,BU:1.5); emission factor of diesel: 7.89E-3 g/kg diesel,
assuming no use of particle fiiters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-114

(43,2,5,5,5,BU:1.5); emission factor of diesel: 3.16E-3 glkg diesel,
assuming no use of particle filters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-115

(43,2,5,5,5,BU:1.5); emission factor of diesel: 1.58E-2 g/kg diesel,
assuming no use of particle fiters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-116

(43,2,5,5,5,BU:3); emission factor of diesel: 0.00E+0 g/kg diesel,
assuming no use of particle filters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-117

(43,2,5,5,5,BU:1.5); emission factor of diesel: 5.26E-4 glkg diesel,
assuming no use of particle fiiters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-118

(4,3,2,5,5,5,BU:1.5); emission factor of diesel: 5.16E-2 glkg diesel,
assuming no use of particle filters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-119

(43,2,5,5,5,BU:1.5); emission factor of diesel: 2.11E-2 glkg diesel,
assuming no use of particle fiters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-120

(43,2,5,5,5,BU:1.5); emission factor of diesel: 4.42E-1 glkg diesel,
assuming no use of particle filters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-121

(43,2,5,5,5,BU:1.5); emission factor of diesel: 2.41E-1 glkg diesel,
assuming no use of particle filters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-122

(43,2,5,5,5,BU:1.5); emission factor of diesel: 7.21E-2 glkg diesel,
assuming no use of particle filters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-123

(43,2,5,5,5,BU:1.5); emission factor of diesel: 9.31E-2 g/kg diesel,
assuming no use of particle filters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-124

(43,2,5,5,5,BU:1.5); emission factor of diesel: 2.95E-2 glkg diesel,
assuming no use of particle filters; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-125

(43,2,5,5,5,BU:1.5); emission factor of diesel: 4.64E+1 g/kg diesel,
assuming no use of particle filters; BAFU 2015: non road emission
factor database

(43,2,5,5,5,BU:1.5); emission factor of diesel: 7.33E-2 g/kg diesel,
assuming no use of particle filters; BAFU 2015: non road emission
factor database

(43,2,5,5,5,BU:2); emission factor of diesel: 7.14E-2 glkg diesel,
assuming no use of particle filters; BAFU 2015: non road emission
factor database

(43,2,5,5,5,BU:3); emission factor of diesel: 1.73E+0 g/kg diesel,
assuming no use of particle filters; BAFU 2015: non road emission
factor database

(43,2,5,5,5,BU:1.05); emission factor of diesel: 2.00E-2 glkg diesel,
assuming no use of particle filters; HBEFA 3.1, CH

(43,2,5,5,5,BU:3); emission factor of diesel: 3.00E-5 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
LA2£ii, Tab. 3-1

(43,2,5,5,5,BU:3); emission factor of diesel: 3.20E-3 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
1A24ii, Tab. 31

(43,2,5,5,5,BU:S); emission factor of diesel: 1.00E-7 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
1A2£ii, Tab. 31

(43,2,5,5,5,BU:S); emission factor of diesel: 1.00E-5 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
LA2£ii Tab. 3-1

(43,2,5,5,5,BU:5); emission factor of diesel: 1.00E-3 g/kg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
LA2fii, Tab. 3-1

(43,2,5,5,5,BU:S); emission factor of diesel: 1.70E-3 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
1A24ii, Tab. 31

(43,2,5,5,5,BU:S); emission factor of diesel: 7.00E-5 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
1A2£ii, Tab. 31

(43,2,5,5,5,BU:5); emission factor of diesel: 5.00E-5 g/kg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
LA2£ii, Tab. 3-1

(43,2,5,5,5,BU:5); emission factor of diesel: 1.00E-7 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
LA2fii, Tab. 3-1

(43,2,5,5,5,BU:S); emission factor of diesel: 5.30E-6 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
1A24ii, Tab. 3-1

(43,2,5,5,5,BU:S); emission factor of diesel: 1.00E-5 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
1A2£ii, Tab. 31

(43,2,5,5,5,BU:5); emission factor of diesel: 5.20E-5 glkg diesel,
assuming no use of particle filters; EMEP/EEA guidebook 2013,
LA2fii, Tab. 3-12

(4,3,2,5,5,5,8U:1.05); default value;

(3,3,3,5,5,5,BU:1.5); ; Ecological Scarcity method 2013; Frischknecht
& Busser Knopfel 2013
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Tab. 4.11 Life cycle inventory of passenger train transport in the neighbour countries Austria, Germany,

France and Italy

Name
Location
InfrastructureProcess
Unit
product transport, average train
product transport, average train
product transport, average train

product transport, average train
technosphere fong-distance train
maintenance, long-distance train
disposal, long-distance train
railway track
operation, maintenance, railway track
k

disposal, railway trac
diesel, at regional storage

electricity, medium voltage, OBB, at grid
electricity, medium volage, raitway, at grid
electricity, medium voltage, raitway, at grid
electricity, medium voltage, DB, at grid

refrigerant R134a, at plant

ron

‘emission soll,
ustrial

ron
Copper
Copper

Copper, ion

Zinc, ion

‘emission soll,
el Oils, unspecified
Lead
‘emission ai,
g Lead
fied

Chromium
Chromium

Manganese
Manganese

Antimony

Antimony

unspecified

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a

Heat, waste

Benzene

Methane, fossil

Carbon monoxide, fossil

Carbon dioxide, fossil

Dinitrogen monoxide

Ammonia

NMVOC, non-methane volatile organic compounds, unspecified origin

Ethane

Propane

Butane

Pentane

Heptane

Toluene

m-Xylene

o-Xylene

Formaldehyde

Acetaldehyde

Benzaldehyde

Life Cycle Inventories of Rail Transport Services

Location

AT

DE
CH

CH
CcH

CH

CH

RER

AT

InfrastructureProcess

ke k cooo

5

KWwh

g & &8 8 &8 &8 &8 &8 58 &8 & 58 &8 & &8 &8 &8 8 &8 &

&

transport, average  transport, average

train
AT m
[ 0
pkm pkm
1 0
0 1
0 0
0 0
7.56E-10 452E-10
7.56E-10 452E-10
7.56E-10 452E-10
8.82E5 6.64E-5
8.82E5 6.64E-5
8.82E-5 6.64E-5
2.05E-3 1.456-3
9.15E-2
9.10E-2
196E-8 12668
7.50E-9 5.64E-9
39368 2.96E-8
2.00E-10 157E-10
109E-9 8.24E-10
320611 241E-11
392611 2.95E-11
2.06E-10 155E-10
3.05E-10 229E-10
41569 31369
151E-12 114E-12
7.94E-12 5.98E-12
132611 9.92E-12
6.91E-11 5.20E-11
294E-11 221E-11
154E-10 116E-10
375611 282611
197E-10 148E-10
196E-8 12668
3.20E-1 328E-1
14568 103E-8
116E-7 8238
5.26E5 37365
6.45E-3 45863
31967 226E7
2.05E-8 1.456-8
8.76E-6 621E-6
32369 229E-9
108E-8 7.64E-9
16268 11568
6.47E-9 459E-9
3.23E8 229E-8
108E-9 7.64E-10
1.06E-7 7.49E-8
431E-8 3.06E-8
9.06E-7 6.42E-7
49367 3.49E-7
148E-7 1.05E-7

transport, average  transport, average

train
FR DE
[ 0
pkm pkm
0 0
0 0
1 0
0 1
4.98E-10 5.89E-10
4.98E-10 5.89E-10
4.98E-10 5.89E-10
581E-5 6.88E-5
5.81E-5 6.88E-5
581E-5 6.88E-5
141E3 281E-3
71362
8.28E-2
101E-8 168E-8
4.94E-9 5.85E-9
2.50E-8 30768
1.376-10 1.63E-10
7.21E-10 854E-10
211E-11 2.496-11
258E-11 3.05E-11
135€-10 1.60E-10
201E-10 238E-10
2.74E9 32469
9.96E-13 118E-12
5.236-12 6.19E-12
8.67E-12 103E-11
4.55E-11 5.39E-11
193611 229-11
101E-10 1.20E-10
247611 202611
129E-10 153E-10
101E-8 168E-8
25761 298E-1
9.99E-9 199E-8
7.99E-8 159E-7
363E5 721E5
44563 8.85E-3
22067 437E-7
141E-8 281E-8
6.04E6 1.20E-5
22389 44369
7439 1.48E-8
111E8 22268
4.46E-9 887E-9
2238 44368
7.43€-10 1.48E-9
7.28E8 1.456-7
297E-8 591E-8
6.24E-7 1.24E-6
3.40E-7 6.76E-7
10267 20367

UncertaintyType

StandardDeviation95%

300

309
300

GeneralComment

(2.1,1,1,35,BU:3); estimated with the yearly transport performance;
UIC Statistik 2014
@

1.35BU33); ; UC Statistik 2014
(21,1,1,35BU:3)
{211 135,8U%5); inocated pased on gross ton Kiometric

performance per pkm (Gtkm/pkm) and the rail track demand per
gross ton Klometric performance in Switzerand (ian/Gtm); UC
r2111355u3),‘
@ 3

1351

(211,1358U; 1 05)‘ : UC Statistik 2014

(2.1,1,1,35,BU:1.05); electricity consumption 0.09kWhipkm,
assumed losses 5.03%; UIC Statistik 2014, SBB pers.
Correspondence, Dez. 2015

(2.11,1,35,BU:1.05); electricity consumption 0.09kWhipkm assumed
losses 7%; UIC Statistik 2014, SBB pers. Correspondence, Dez
2015

(2.1,1,1,35,8U:1.05); electricity consumption 0.07kWhipkm assumed
losse 5.03%; UIC Statistik 2014, SBB pers. Correspondence, Dez.
2015

(2.1,1,1,35,BU:1.05); electicity consumption 0.08KWhipkm; UIC
Statistik 2014, SBB pers. Correspondence, Dez. 2015
(23.2,1,35,BU:1.05); assumption of refrigerant consumption 2.10E-6
kg/pkm; National Greenhouse Gas Inventory Report of Switzerland
2010 (ftem 2F1, p. 156)

(2:3.2,1,35,BU:1.5); abrasion emission; Data from ANABEL;
F'ersnna\ correspondence Gunter Adolf, SBB, June 2016

:5); abrasion emission; Data from ANABEL; Personal
cnvrespondence Gunter Adolf, SBB, June 2016

(23.2,1,35,BU:1.5); abrasion emission; Data from ANABEL;
Personal correspondence Gunter Adoll, SBB, June 2016
(2:3.2.1,35,BU:S); abrasion emission; Data from ANABEL; Personal
correspondence Gunter Adoff, SB8, June 2016

(2:3.2,1,35,BU:3); abrasion emission; Data from ANABEL; Personal
cmvesponuence Gunter Adolf, SBB, June 2016

1,3,5,BU:L.5); abrasion emission; Data from ANABEL;
F'ersnna\ correspondence Gunter Adolf, SBB, June 2016
(2:3.2,1,35,BUSS); abrasion emission; Data from ANABEL; Personal
correspondence Gunter Adolf, SBB, June 2016

(2:3.2,1,35,BU:5); abrasion emission; Data from ANABEL Personal
correspondence Gunter Adolf, SBB, June 2016

(2:3.2,1,35,BU:L5); abrasion emission; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016
(23.2,1,35,BU:1.5); abrasion emission; Data from ANABEL;
Personal correspondence Gunter Adoll, SBB, June 2016
(2:3,2,1,35,BU:S); abrasion emission; Data from ANABEL; Personal
correspondence Gunter Adoff, SB8, June 2016

(23.2,1,35,BU:1.5); abrasion emission; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016
(2:3,21,3,5,BU:5); abrasion emission; Data from ANABEL; Personal
correspondence Gunter Adof, SBB, June 2016

(23.2,1,35,BU:1.5); abrasion emission; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016
(2:3.2,1,35,BU:5); abrasion emission; Data from ANABEL Personal
correspondence Gunter Adolf, SBB, June 2016

(2:3,2,1,35,BU:1.5); abrasion emission; Data from ANABEL;
Persona\ correspondence Gunter Adolf, SBB, June 2016

cmresuonuence Gunter Adof, SBB, June 2016
(3,3.2,5,5,5,BU:L5); abrasion emission; Data from ANABEL;
Personal correspondence Gunter Adolf, SBB, June 2016
5,5,5,BU:1.05); default value;

5,5,5,BU:3); emission factor of diesel: 7.08E-3 g/kg diesel, no
use of particle fiter is assumed; BAFU 2015: non road emission
factor database

(3,3,2,5,5,5,BU:L5); emission factor of diesel: 5.66E-2 glkg diesel, no
use of particle fiter is assumed; BAFU 2015: non road emission
factor database

(3,3,2,5,5,5,BU:5); emission factor of diesel: 2.57E+1 gkg diesel, no
use of particle fiter is assumed; BAFU 2015: non road emission
factor database

(3,3,2,5,5,5,BU:1.05); emission factor of diesel: 3.15E+3 g/kg diesel,
o use of particle fer is assumed; BAFU 2015: non road emission
factor database

(3,3,2,5,5,5,BU:L5); emission factor of diesel: 1.56E-1 glkg diesel, no
use of particle fiter is assumed; BAFU 2015: non road emission
factor database

5,5,5,BU:1.2); emission factor of diesel: 1.00E-2 g/kg diesel, no
use of particle fittr is assumed; EMEP/EEA guidebook 2013, 1A3.c,
Tab.3:3

(3:3.2,5,5,5,BU:1.5); emission factor of diesel: 4.27E+0 gikg diesel,
no use of particle filer is assumed; non road emission factor

(3,3.2,5,5,5,BU:LS); emission factor of diesel: 1.58E-3 glkg diesel, no
use of particle fifter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3,3.2,5,5,5,BU:L5); emission factor of diesel: 5.26E-3 glkg diesel, no
use of particle fifter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3,3,2,5,5,5,BU:LS); emission factor of diesel: 7.89E-3 glkg diesel, no
use of particle fifter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3,3.2,5,5,5,BU:L5); emission factor of diesel: 3.16E-3 glkg diesel, no
use of particle fifter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab, 3-112

(3,3.2,5,5,5,BU:L5); emission factor of diesel: 1.58E-2 glkg diesel, no
use of particle fifter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3,3,2,5,5,5,BU:L5); emission factor of diesel: 5.26E-4 glkg diesel, no
use of particle fifter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab, 3-112

(3,3,2,5,5,5,BU:L5); emission factor of diesel: 5.16E-2 glkg diesel, no
use of particle fifter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3,3,2,5,5,5,BU:L5); emission factor of diesel: 2.11E-2 glkg diesel, no
use of particle fifter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab, 3-112

(3,3,2,5,5,5,BU:L5); emission factor of diesel: 4.42E-1 glkg diesel, no
use of particle fifter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3,3,2,5,5,5,BU:L5); emission factor of diesel: 2.41E-1 glkg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road dat
EMEP/EEA guidebook 2013, Tab. 3-112

(3,3,2,5,5,5,BU:L5); emission factor of diesel: 7.21E-2 glkg diesel, no
use of particle fifter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112
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Tab. 4.11 Life cycle inventory of passenger train transport in the neighbour countries Austria, Germany,
France and Italy (continued)

Name

Location

InfrastructureProcess
Unit

product

product

product

product

transport, average train

transport, average train

transport, average train

transport, average train

Acrolein

Styrene

Nitrogen oxides

Particulates, > 10 um

Particulates, > 2.5 um, and < 10um

Particulates, < 2.5 um

Sulfur dioxide

Benzo(a)pyrene

PAH, polycyclic aromatic hydrocarbons

Arsenic

Selenium

Copper

Nickel

Chromium

Chromium VI

Mercury

Cadmium

Lead

Heat, waste
emission Non

material emissions,  Noise, rail, passenger train, average
unspecified

Location

AT

FR
DE

)
[
0
0

5

pkm
pkm

pkm

pkm

transport, average
train

ccorBo 3

19167

6.04E-8

951E-5

1.50E-7

146E-7

355E-6

4.10E-8

6.15E-11

6.74E-9

2.05E-13

2.05E-11

2.05E-9

348E-9

143610

102610

2.05E-13

100E-11

2.05E-11

107E-10

41764

100E+0

transport, average
train

3
coroZo 3

13567

42868

6.74E5

1.06E-7

1LO4E7

25266

291E8

436E-11

47869

145E-13

1.45E-11

1.456-9

24769

1.02E-10

7.26E-11

1456-13

7.70E-12

1.45E-11

7.55E-11

3.90E-4

100E+0

transport, average
train

orococBo 3

13267

4.16E-8

6.56E-5

10367

10167

24566

28268

424811

4.64E-9

141E13

141611

14169

24069

9.88E-11

7.06E-11

141E13

7.48E-12

141611

7.34E-11

31764

100E+0

transport, average
train

3
rooo&o

26267

8.28E-8

130E-4

2.06E-7

201E7

48TE-6

5.62E-8

8.43E-11

9.24E9

281E-13

281E-11

281E9

47869

197E-10

1.40E-10

281E-13

1.49E-11

281E-11

1.46E-10

418E-4

100E+0

UncertaintyType

StandardDeviation95%

GeneralComment

,2,5,5,5,BU:1.5); emission factor of diesel: 9.31E-2 g/kg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3:3.2,5,5.5,BU:1.5); emission factor of diesel: 2.95E-2 glkg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3:3.2,5,5,5,BU:1.5); emission factor of diesel: 4.64E+1 gkg diesel,
no use of particle filer is assumed; BAFU 2015: non road emission
factor database

(3:3.2,5,5,5,BU:1.5); emission factor of diesel: 7.33€-2 glkg diesel, no
use of particle fiter is assumed; BAFU 2015 non road emission
factor database

(3:3.2,5,5.5,8U:2); emission factor of diesel: 7.14E-2 gkg diesel, no
use of particle fiter is assumed; BAFU 2015 non road emission
factor database

(3:3.2,5,5.5,BU:3); emission factor of diesel: 1.73E+0 glkg diesel, no
use of particle fiter is assumed; BAFU 2015 non road emission
factor database

(3,3,2,5,5,5,BU:1.05); emission factor of diesel: 2.00E-2 g/kg diesel,
no use of particle filer is assumed; HBEFA3.1., CH

(3.3.2,5,5,5,BU:3); emission factor of diesel: 3.00E-5 glkg diesel, no
use of particle fiter is assumed; EMEP/EEA guidebook 2013,
1A24ii, Tab. 3-1

(3.3.2,5,5,5,BU:3); emission factor of diesel: 3.20E-3 g/kg diesel, no

BUSS); emission factor of diesel: 1.00E-7 glkg diesel, no
icle fiter is assumed; EMEP/EEA guidebook 2013,
ab.31

(33,2,5,5,5,BU:5); emission factor of diesel: 1.00E-5 g/kg diesel, no
use of particle fiter is assumed; EMEP/EEA guidebook 2013,

(33.255,55,BU:S); emission factor of diesel: 1.00E-3 glkg diesel, no
use of particle fiter is assumed; EMEP/EEA guidebook 2013,
LA21ii, Tab. 31

(33,2,5,5,5,BU:5); emission factor of diesel: 1.70E-3 g/kg diesel, no
use of particle filer is assumed; EMEP/EEA guidebook 2013,
LA21ii, Tab. 31

(33,2,5,5,5,BU:5); emission factor of diesel: 7.00E-5 g/kg diesel, no
use of particle filer is assumed; EMEP/EEA guidebook 2013,
LA21ji, Tab. 31

(33,2,5,5,5,BU:5); emission factor of diesel: 5.00E-5 g/kg diesel, no
use of particle fiter is assumed; EMEP/EEA guidebook 2013,
LA21i, Tab. 3-1

(33,2,5,5,5,BU:5); emission factor of diesel: 1.00E-7 g/kg diesel, no
use of particle filer is assumed; EMEP/EEA guidebook 2013,
LA2£i, Tab. 3-1

(3,3,2,5,5,5,BU:5); emission factor of diesel: 5.30E-6 g/kg diesel, no
use of particle filer is assumed; EMEP/EEA guidebook 2013,
LA2£i, Tab. 3-1

(33.255,55,BU:S); emission factor of diesel: 1.00E-5 glkg diesel, no
use of particle filer is assumed; EMEP/EEA guidebook 2013,
LA2£i, Tab. 3-1

(33.255,55,BU:S); emission factor of diesel: 5.20E-5 glkg diesel, no
use of particle fiter is assumed; EMEP/EEA guidebook 2013,
LA2£i, Tab. 3-1

(3.3,25,5,5,8U:1.05); default value;

(1,1,1,1,1,1,BU:LS); ; Ecological Scarcity method 2013; Frischknecht
& Bilsser Knopfel 2013

5 Transportation with High Speed Trains in

Europe

5.1

Introduction

The life cycle inventories of German, French and Italian high speed trains (ICE, TGV,
and FrecceRossa) are described in this chapter. The inventories are based on infor-
mation from UIC statistic and the Deutsche Bahn (DB). As the availability of data of
High speed train transport is limited for abrasion emission and refrigerant emissions for
an approximation some information is adopted from long-distance trains provided by
Swiss Railways. For Germany the specific electricity mix of DB is applied and for Italy
and France national electricity mixes are applied to cover the electricity demand of high

speed trains.

Life Cycle Inventories of Rail Transport Services
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5.2  Key Figures

In Tab. 5.1 the key figures of the ICE high speed train in Germany are presented. Due to
limited resources and the lack of information for other high speed trains these data are
used also for the French and Italian high speed trains.

Tab. 5.1 Key figures of the ICE high speed train in Germany (UIC 2012, DB 2014)

Average weight of ICE train 469t
Number of passengers 235.5|#
Kilometric performance of ICE 105'126'000 |vkm
Transport performance ICE 24'753'000'000 |pkm

5.3  Traction Energy

High speed trains have a generally higher electricity demand per pkm compared to long-
distance trains. Network-Rail 2009) published an electricity consumption of
0.04 kWh/seatkm resulting in an electricity consumption of 0.074 kWh/pkm using the
specific load factor of high speed trains in Europe. No specific electricity consumptions
for the different countries (Germany, Italy and France) are available for high speed
trains therefore the same energy consumption has been used for all three countries.
Electricity losses are added according to the electricity losses of average electric rail
transport in the different countries. No specific information about the diesel consump-
tion for shunting processes is available. Therefore the diesel consumption for the shunt-
ing processes are calculated based on half of the diesel consumption per vkm
(2.0g/vkm) for the average long distance train in Switzerland (due to the long distance
only 50% of the shunting processes are assumed for high speed trains) and divided by
the number of people in the train (see Tab. 5.1). The diesel consumption per pkm of the
German, French and Italian high speed train transportation is 0.0043g.

54 Airborne Emissions

5.4.1 Emission from Diesel

Emission factors of Swiss diesel locomotives are used to model emissions of German,
French and Italian diesel locomotives (see section 3.4.2 ). For the use of diesel locomo-
tives in the neighbour countries locomotives equipped with no particle filter are as-
sumed.

5.4.2 Refrigerant Emissions

No specific emission data are available for high speed trains. Therefore the emission
factors per kilometric performance (vkm) of Swiss long distance trains are applied (see
Subchapter 3.3) and divided by the number of people transported in the high speed train.

Life Cycle Inventories of Rail Transport Services treeze Ltd.
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55 Abrasion Emissions

No specific emission data are available for high speed trains. Therefore the emission
factors per gross transport performance (Gtkm) of Swiss long distance trains are applied
(see Subchapter 3.3 ) and divided by the ratio gross weight per passenger (Gt/p) of the
high speed train.

5.6 Demand of Rail Transport Equipment

5.6.1 High Speed Transport

With data of the high speed train transport provided from UIC 2012 and DB 2014 the
demand of high speed trains per pkm is calculated (see Tab. 5.2). This amount is used to
quantify the demand of the French (TGV) and Italian (FrecceRossa) high speed trains
too. For the production of the high speed train no update of the life cycle inventory was
performed and the life cycle inventory data of the KBOB LCI data v2.2:2016 were used
for the high speed train (KBOB et al. 2016).

Tab. 5.2 The demand of high speed train per pkm (UIC 2012, DB 2014)

Number of ICE trains of DB 253 unit
Transport performance 24'753'000'000 |pkm

Life span 40(a
demand of ICE per pkm 2.56E-10|unit/pkm

5.6.2 Rail Track

The demand of track per Gtkm was calculated based on data of DB 2014. The weight
the weight of the ICE train is multiplied by the kilometric performance (Tab. 5.1) The
specific ratios of “gross tonne/carried passenger” are determined based on data about
the traffic (Gtkm) and the transport performance (pkm) of ICE trains from the UIC Sta-
tistic and DB (see Tab. 5.3).

Tab. 5.3 Calculated traction performance and the gross weight per passenger

Traction performance ICE 4.929E+10|Gtkm
Transport performance ICE 2.475E+10|pkm
Average weight of train per passenger 1.99|Gt/p

Tab. 5.4 The specific demand of rail track for passenger transport with high speed trains (DB 2014)

Traction performance of all trains in Germany | 4.65E+11|Gtkm
Length network DB 33281|km
Demand of infrastructure per pkm 1.42E-07km/pkm
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5.6.3

Life Cycle Inventory Input Data
Tab. 5.5 Life cycle inventory data of high speed passenger train transport in DE, FR, IT

Name
Location
InfrastructureProcess
Unit
product transport, high speed train
product transport, high speed train
product transport, high speed train
technosphere ICE
disposal, ICE
maintenance, ICE
railway track, ICE
operation, maintenance, railway track, ICE
disposal, railway track
electricity, medium voltage, DB, at grid
electricity, medium voltage, railway, at grid
electricity, medium voltage, railway, at grid
diesel, at regional storage
refrigerant R134a, at plant
al Iron
Iron
emission soil,
5 . " Copper
industial o
emission ar,
unspecified G
emission water,
N Copper, ion
emission soil, Zinc.
industrial
emission ar,
P ’ Zinc
unspecified ©
emission water,
] Zinc, ion
emission soil,
industrial Oils, unspecified
Lead
emission ai,
unspecified Lead
emission soil,
dkistal Chromium
emission air,
] Chromium
emission sl N
ind
emission ar,
Wnspeciied Manganese
emission soil,
industrial Antimony
emission air,
P : Antimony
unspecified g

Life Cycle Inventories of Rail Transport Services

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a

Heat, waste

Benzene

Methane, fossil

Carbon monoxide, fossil

Carbon dioxide, fossil

Dinitrogen monoxide

Ammonia

NMVOC, non-methane volatile organic compounds, unspecified origin

Ethane

Propane

Location

DE

DE

DE

DE

DE

DE
CH

DE

InfrastructureProcess

co

Unit

pkm
pkm
pkm
unit

unit

unit

ma
ma
ma

Kwh

Kwh

Kwh

transport, high
speed train

DE

3z

0
km
1
0
0

2.56E-10
2.56E-10

2.56E-10

1.42E-4

1.42E-4
1.42E-4

7.77E-2

431E-6
8.91E-9
5.59E-9
2.94E-8
1.56E-10
8.17E-10
2.39E-11
2.92E-11
153E-10
2.27E-10
3.10E-9
113E-12
5.92E-12
9.83E-12
5.16E-11
2.19E-11
1.15E-10
2.79E-11
1.47E-10

8.91E-9
2.80E-1

3.05E-11
2.44E-10
111E-7
1.36E-5
6.71E-10
431E-11
184E-8
6.81E-12

2.27E-11

transport, high
speed train

FR

3z

0
km
0
1
0

2.56E-10
2.56E-10

2.56E-10

1.42E-4

1.42E-4
142E-4

77762

431E-6
8.91E-9
5.59E-9
2.94E-8
1.56E-10
8.17E-10
2.39E-11
2.92E-11
153E-10
2.27E-10
3.10E-9
113E-12
5.92E-12
9.83E-12
5.16E-11
2.19E-11
1.15E-10
2.79E-11
1.47E-10

8.91E-9
2.80E-1

3.05E-11
2.44E-10
111E-7
1.36E-5
6.71E-10
431E-11
1.84E-8
6.81E-12

2.27E-11

transport, high
speed train

3z
rocZo 3

2.56E-10

2.56E-10

2.56E-10

1.42E-4

1.42E-4
142E-4

7.926-2

431E-6

8.91E-9

5.50E-9

2.94E-8

1.56E-10

8.17E-10

2.39E-11

2.92E-11

153E-10

2.27E-10

3.10E-9

113E-12

5.92E-12

9.83E-12

5.16E-11

2.19E-11

1.15E-10

2.79€-11

1.47E-10

8.91E-9
2.85E-1

3.05E-11

2.44E-10

111E-7

1.36E-5

6.71E-10

431E-11

1.84E-8

6.81E-12

2.27E-11

Uncertainty Type:

StandardDeviation95%

30

GeneralComment

(2:4,1,3,4,5,BU:3); assuming a constant transport performance of
97837945 pkm per year and an average lfe time of 40 years; Data of
German ICE in UIC statistic, 2014

45BU3); ;
4,1,3,4,5,BU:3); assuming a constant year transport performance
of 97837945 pkm per year and an average life time of 40 years; Data
of German ICE in UIC statistic, 2014

(24,1,3.4,5BU3); assuming the length of 33281km of the German
rail track and a yearly gross transport performanc of
465248000000Gtkm/a; DB business report, 2015

(2:4,1,3,4,5,BU:1.05); assumed energy demand: 0.074kWh/pkm and
aloss of 5.033%; Velaro, ATOC (2009) and pers. Corrspondence
SBB, Matthias Tuchschmied, 2016

(2:4,1,3,4,5,BU:1.05); assumed energy demand: 0.074kWh/pkm and
aloss of 5.033%; Velaro, ATOC (2009) and pers. Corrspondence
SBB, Matthias Tuchschmied, 2016

(2,4,1,3,4,5,BU:1.05); assumed energy demand: 0.074kWh/pkm and
aloss of 79%; Velaro, ATOC (2009) and pers. Corrspondence SBB,
Mathias Tuchschmied, 2016

(2:4,1,3,4,5,BU:1.05); assuming 50% of the diesel consumption for
shunting processes in Switzerland (2.0E-3kg/vkm) and an average
(2.4,1,3,4,5,BU:1.05); extrapolated from refrigerant consumption in
CH 2.10E-6 kg/vkm;

(2:4,1,3,4,5BU:1.5); extrapolated from abrasion emission of long-
distance train in CH;

(2:4,1,3,4,5,BU:5); extrapolated from abrasion emission of long-
distance train in CH;

(2,4,1,3.4,5,BU:1.5); extrapolated from abrasion emission of long-
distance train in CH;

(2.4,1,3,4,5,BU5); extrapolated from abrasion emission of long-
distance train in CH;

(2:4,1,3.4,5,BU:3); extrapolated from abrasion emission of long-
distance train in CH;

(2:4,1,3,4,5,BU:1.5); extrapolated from abrasion emission of long-
distance train in CH;

(2,4,1,3,4,5,BU:5); extrapolated from abrasion emission of long-
distance train in CH;

(2:4,1,3.4,5BU:S); extrapolated from abrasion emission of long-
distance train in CH;

(2:4,1,3,4,5,BU:1.5); extrapolated from abrasion emission of long-
distance train in CH;

(2,4,1,3,4,5,BU:1.5); extrapolated from abrasion emission of long-
distance train in CH;

(2.4,1,3,4,5,BU:5); extrapolated from abrasion emission of long-
distance train in CH;

(2:4,1,3.4,5BU:15); extrapolated from abrasion emission of long-
distance train in CH;

(2:4,1,3,4,5,BU:5); extrapolated from abrasion emission of long-
distance train in CH;

(2:4,1,3,4,5,BU:15); extrapolated from abrasion emission of long-
distance train in CH;

(2,4,1,3,4,5BU:5); extrapolated from abrasion emission of long-
distance train in CH;

(2:4,1,3,4,5,BU:1.5); extrapolated from abrasion emission of long-
distance train in CH;

(2:4,1,3,4,5,BU:5); extrapolated from abrasion emission of long-
distance train in CH;

5,1,5,5,5,BU:1.5); extrapolated from abrasion emission of long-
distance train in CH;

(2,3,1,3,1,1BU:1.05); default value;

(3.3,2,5,5,5,BU:3); emission factor of diesel: 7.08E-3 glkg diesel, no
use of particle fiter is assumed; BAFU 2015: non road emission
factor database

(3.3.2,5,5,5,BU:1.5); emission factor of diesel: 5.66E-2 g/kg diesel, no
use of particle filter is assumed; BAFU 2015: non road emission
factor database

(3.3.2,5,5,5BU:5); emission factor of diesel: 2.57E+1 g/kg diesel, no
use of particle fiter is assumed; BAFU 2015: non road emission
factor database

(3.3,2,5,5,5,BU:1.05); emission factor of diesel: 3.15E+3 gkg diesel,
o use of particle fiter is assumed; BAFU 2015: non road emission
factor database

(3.3.2.5,5,5BU:1.5); emission factor of diesel: 1.56E-1 g/kg diesel, no
use of particle fiter is assumed; BAFU 2015: non road emission
factor database

(3.3.2,5,5,5,8U:1.2); emission factor of diesel: 1.00E-2 g/kg diesel, no
use of particle fiter is assumed; EMEP/EEA guidebook 2013, 1LA3.c,
Tab.33

(3.3.2,5,5,5,BU:1.5); emission factor of diesel: 4.27E+0 glkg diesel,
no use of particle filter is assumed; non road emission factor

(3.3.2,5,5,5,BU:1.5); emission factor of diesel: 1.58E-3 g/kg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3.3.2,5,5,5,BU:1.5); emission factor of diesel: 5.26E-3 g/kg diesel, no
use of particle filter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112
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Tab. 5.5 Life cycle inventory data of high speed passenger train transport in DE, FR, IT (continued)

Name

Location

InfrastructureProcess

Unit

product transport, high speed train

product transport, high speed train

product transport, high speed train

Butane

Pentane

Heptane

Toluene

m-Xylene

o-Xylene

Formaldehyde

Acetaldehyde

Benzaldehyde

Acrolein

Styrene

Nitrogen oxides

Particulates, > 10 um

Particulates, > 2.5 um, and < 10um

Particulates, < 2.5 um

Sulfur dioxide

Benzo(a)pyrene

PAH, polycyclic aromatic hydrocarbons

Arsenic

Selenium

Copper

Nickel

Chromium

Chromium VI

Mercury

Cadmium

Lead

Heat, waste

material emissions,  Noise, rail, passenger train, average
unspecified

Location

DE
FR

InfrastructureProcess

Unit

transport, high
speed train

DE

3z

0
km
1
0
0

3.40E-11
1.36E-11
6.81E-11
2.27E-12
2.22E-10
9.08E-11
191E-9
1.04E-9
3.11E-10
4.02E-10
1.27E-10
2.00E-7
3.16E-10
3.08E-10
7.48E-9
8.62E-11
1.29E-13
1.42E-11
431E-16
431E-14
431E-12
7.336-12
3.02E-13
2.16E-13
431E-16
2.20E-14
431E-14

2.24-13
1.85E-4

1.00E+0

transport, high
speed train

3z
oroZo

3.40E-11

1.36E-11

6.81E-11

2.27E-12

2.22E-10

9.08E-11
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1.04E-9

3.11E-10

4.02E-10

1.27E-10

2.00E-7

3.16E-10

3.08E-10

7.48E-9

8.62E-11

1.20E-13

1.42E-11

431E-16

431E-14

431E-12

7.336-12

3.02E-13

2.16E-13

431E-16

2.20E-14

431E-14

2.24E-13

1.85E-4

1.00E+0

transport, high
speed train

3z
rooZo 3

3.40E-11

1.36E-11

6.81E-11

2.27E-12

2.22E-10

9.08E-11

191E-9

1.04E-9

3.11E-10

4.02E-10

1.27E-10

2.00E-7

3.16E-10

3.08E-10

7.48E-9

8.62E-11

1.29E-13

1.42E-11

431E-16

431E-14

431E-12

7.33-12

3.02E-13

2.16E-13

431E-16

2.20E-14

431E-14

2.24E-13

1.85E-4

1.00E+0

Uncertainty Type

StandardDeviation95%
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GeneralComment

(3.3.2,5,5,5,BU:1.5); emission factor of diesel: 7.89E-3 g/kg diesel, no
use of particle filter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3.3,25,5,5BU:1.5); emission factor of diesel: 3.16E-3 g/kg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA quidebook 2013, Tab. 3-112

(3.3,2,5,5,5,BU:1.5); emission factor of diesel: 1.58E-2 g/kg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3,3,2,5,5,5,BU:1.5); emission factor of diesel: 5.26E-4 glkg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA quidebook 2013, Tab. 3-112

(3.3,2,5,5,5,BU:1.5); emission factor of diesel: 5.16E-2 g/kg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3.3.2,5,5,5,BU:1.5); emission factor of diesel: 2.11E-2 g/kg diesel, no
use of particle filter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3.3,2,5,5,5BU:1.5); emission factor of diesel: 4.42E-1 glkg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3.3,2,5,5,5,BU:1.5); emission factor of diesel: 2.41E-1 g/kg diesel, no
use of particle filter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3.3,2,5,5,5BU:1.5); emission factor of diesel: 7.21E-2 g/kg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA quidebook 2013, Tab. 3-112

(3.3,2,5,5,5,BU:1.5); emission factor of diesel: 9.31E-2 g/kg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(3,3,2,5,5,5,BU:1.5); emission factor of diesel: 2.95-2 glkg diesel, no
use of particle fiter is assumed; BAFU 2015: Non-road database;
EMEP/EEA quidebook 2013, Tab. 3-112

(3.3,2,5,5,5,BU:1.5); emission factor of diesel: 4.64E+1 gkg diesel,
o use of particle fiter is assumed; BAFU 2015: non road emission
factor database

(3.3,2,5,5,5,BU:1.5); emission factor of diesel: 7.33E-2 g/kg diesel, no
use of particle fiter is assumed; own calculation with SBB tractions
data and non road emission factor (BAFU 2015)

(3.3,2,5,5,5BU:2); emission factor of diesel: 7.14E-2 glkg diesel, no
use of particle fiter is assumed; own calculation with SBB tractions
data and non road emission factor (BAFU 2015)

(3.3:2,5,5,5,BU:3); emission factor of diesel: 1.73E+0 g/kg diesel, no
use of particle fiter is assumed; own calculation with SBB tractions
data and non road emission factor (BAFU 2015)

(3,3,2,5,5,5,BU:1.05); emission factor of diesel: 2.00E-2 g/kg diesel,
no use of particle fiter is assumed; HBEFA 3.1., CH

(3.3.2,5,5,5,BU:3); emission factor of diesel: 3.00E-5 g/kg diesel, no
use of particle filte is assumed; EMEP/EEA guidebook 2013,
1.A2fii, Tab. 3-1

(3,3,2,5,5,5,BU:3); emission factor of diesel: 3.29E-3 g/kg diesel, no
use of particle fiter is assumed; EMEP/EEA guidebook 2013,
LA24i, Tab. 3-1

(3.3,2,5,55,BU:5); emission factor of diesel: 1.00E-7 g/kg diesel, no
use of particle filter is assumed; EMEP/EEA guidebook 2013,
LA2£ii, Tab. 3-1

(3.3.2,5,5,5,BU:5); emission factor of diesel: 1.00E-5 g/kg diesel, no
use of particle filter is assumed; EMEP/EEA guidebook 2013,
LA2£i Tab. 3-1

(3.3.2,5,5,5BU:5); emission factor of diesel: 1.00E-3 glkg diesel, no
use of particle filer is assumed; EMEP/EEA guidebook 2013,
LA2fii Tab. 3-1

(3.3.2,5,5,5,BU:5); emission factor of diesel: 1.70E-3 g/kg diesel, no
use of particle filter is assumed; EMEP/EEA guidebook 2013,
1.A2fii, Tab. 3-1

(3.3.25,5,5BU:5); emission factor of diesel: 7.00E-5 glkg diesel, no
use of particle filer is assumed; EMEP/EEA guidebook 2013,
LA2fii Tab. 3-1

(3.3,2,5,5,5,BU:5); emission factor of diesel: 5.00E-5 g/kg diesel, no
use of particle filter is assumed; EMEP/EEA guidebook 2013,
1.A2fii, Tab. 3-1

(3,3,2,5,5,5,BU:5); emission factor of diesel: 1.00E-7 g/kg diesel, no
use of particle fiter is assumed; EMEP/EEA guidebook 2013,
LA24i, Tab. 3-1

(3.3,2,5,5,5,BU:5); emission factor of diesel: 5.30E-6 g/kg diesel, no
use of particle filter is assumed; EMEP/EEA guidebook 2013,
LA2f£ii, Tab. 3-1

(3.3.2,5,5,5,BU:5); emission factor of diesel: 1.00E-5 g/kg diesel, no
use of particle filter is assumed; EMEP/EEA guidebook 2013,
LA2£i, Tab. 3-1

(3.3.2,5,5,5BU:5); emission factor of diesel: 5.20E-5 glkg diesel, no
use of particle filter is assumed; EMEP/EEA guidebook 2013,
LA2fii, Tab. 3-1

(33.2.5,55BU:L.05); ;

(3,355555,BU:1.5); ; Ecological Scarcity method 2013; Frischknecht
& Biisser Knopfel 2013

6 Electricity Mixes of the Railway Operators

6.1

Introduction

The railway operators SBB, DB and OBB use specific electricity mixes on their railway
networks. In the following Subchapters 6.2, 6.3 and 6.4 the electricity mix used by SBB
in Switzerland, by DB in Germany and by OBB in Austria are described in more detail.
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6.2 Railway Mix of SBB

The electricity mix used by the Swiss Railways in the year 2014 consists of 96.4 % hy-
dropower, 2.9 % nuclear power and 0.7 % new renewables funded by KEV*!. The elec-
tricity generated with owned hydroelectric power plants is divided in electricity pro-
duced from Swiss run-of-river power plants, Swiss reservoir power plants and French
run-of-river power plants. The reservoir hydropower is modelled using the data set de-
scribing net production with reservoir hydroelectric power plants because the electricity
demand of the pumps is accounted for separately in the statistics provided by the Swiss
Railways. The supply pumps of reservoir power plants as well as the pumps of the
pumped storage power plants of the SBB use electricity from nuclear power plants,
which adds 1.3 % to the amount of electricity used by SBB.

73 % of the nuclear electricity purchased is produced by French nuclear power plants,
27 % by Swiss nuclear power plants.

0.7 % of the total electricity used by the Swiss Railways stems from the production
funded by the foundation KEV. This share is split in the different technologies accord-
ing to the annual report of the foundation KEV (2014). The production volumes and the
shares of the different technologies contributing to the electricity mix consumed by the
Swiss Railways are shown in Tab. 6.1.

Tab. 6.1 Electricity funded by the foundation KEV in the year 2014 according to KEV (2014)

Founded electricity KEV Production in 2014 (GWh) Share

Hydropow er 766.2 46%
Photovoltaics 214.4 13%
Wind 52.6 3%
Biomass 635.9 38%

Tab. 6.2 shows the mix of the electricity production of the Swiss railways for the year
2014.

11 personal communication, Fabian Scherer, SBB, per Mail, 2. November 2015
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Tab. 6.2 Electricity mix used by the Swiss railways in 2014 based on data provided by the Swiss Rail-

ways™.

Production Mix SBB GWh (2014) Shares (2014)

Hydropower total 2294.95 96.40%
Run-off-River CH 321.67 13.51%
Reservoir CH 1'486.17 62.43%
Run-off-River FR 487.11 20.46%
Renewables (KEV funded) 16.66 0.70%
Hydropower mix CH 7.65 0.32%
Photovoltaics 2.13 0.09%
Wind 0.53 0.02%
Biomass 6.35 0.27%
Nuclear Power 69.04 2.90%
Nuclear power CH 18.71 0.79%
Nuclear power FR 50.33 2.11%
Net production 2380.65 100.00%
Pumping energy 31.84 1.34%
Gross production 2412.50 101.34%

6.3  Railway Mix of OBB

The electricity mix used by the Austrian Railways for the year 2013 consists of 88.7% hydro-
power, 7.5% natural gas power and 3.8% new renewables (UIC 2013). The electricity generated
from hydropower is divided in electricity produced from run-of-river power plants and storage
type power plants according to the share of the different technologies in Austria. For the elec-
tricity production using natural gas power, a conventional power plant is assumed. The power
produced with new renewables can be divided into 1.2% wind, 0.8% biomass, 0.1% photovolta-
ics and other renewables (1.78 %). The other renewables were modelled as electricity from mu-
nicipal waste. In Tab. 6.3 the production mix of the Austrian Railway is presented.

Tab. 6.3 Electricity mix used by the Austrian railways in 2013 based on data provided by the railway
statistic (UIC 2013)

Production Mix 2013

Hydropow er 88.67%
Natural gas 7.50%
Renew ables

Wind 1.18%
Photovoltaics 0.10%
Biomass 0.77%
Other renew ables 1.78%

12 personal communication with Fabian Scherer, SBB, 9.11.2015
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6.4  Railway Mix of DB

The electricity mix used by the German Railways for the year 2014 consists of 27.4%
hard coal, 9.9% lignite, 16.2% nuclear power, 5.9% natural gas, 5% hydropower and
34.6% new renewables (DB 2014). The electricity generated from hydropower is divid-
ed in electricity produced from run-of-river power plants and storage type power plants
according to the share of the different technologies in the country (PRIS 2011). For the
electricity production using natural gas power, a conventional power plant is assumed.

For the electricity production using nuclear power, the production using German boiling
water and pressure-water power plants is distinguished according to the shares of the
different technologies in the country (PRIS 2011). The power produced with new re-
newables can be divided into 13% wind, 12% biomass, 9% photovoltaics and 1 % other
renewables (modelled as electricity from municipal waste). In Tab. 6.4 the production
mix of the German Railway is presented.

Tab. 6.4 Electricity mix used by the Austrian railways in 2013 based on data provided by the German

Railways
Production mix 2014
Lignit 9.90%
Hard coal 27.40%
Nuclear pow er 16.20%
Natural gas 5.90%
Wind 13%
Hydropow er 5%
Photovoltaics 9%
Biomass 12%
Others 1%

6.5 Life cycle Inventories of the Electricity Mixes

Tab. 6.5 Unit process raw data of the electricity production mixes of SBB (2014), OBB (2013) and DB
(2014)

GeneralComment

=

g

InfrastructureProce
Unit

o

8

2

o

8

8

o

8

UncertaintyType

StandardDeviation95%

Kwh
Kwh

Kwh

KWh 274E1 105 (1

1,11,11,BU:1.05); ; yearly report DB (2014)
(L111118U1 h

5); ; yearly report DB (2014)
rt DB (2014)
rt DB (2014)
rt DB (2014)
rt DB (2014)
rt DB (2014)
t DB (2014)
rt DB (2014)

Kwh 5.90E-2
Kwh 16261

Kwh 52262
Kwh 12361
Kwh 8.90E-2
KWh 1.00E-2
Kwh 7.50E-2

Kwh L1862

Kwh 8.87E-1

Kwh 7.70E-3

Kwh 1.00E-3

Kwh 17862

KWh 1.15E-02

KWh 3.09E-02

KWh 224E-04

KWh 1.35E-01

KWh 6.24E-01

KWh 321E-03

KWh 2.05E-01

KWh 8.96E-04

KWh 267E-03

:yearly
:yearly
;UL statsic 2013
;UL staisic 2013
;UL statsic 2013

ion SBB (2015)
ion SBB (2015)
ion SBB (2015)
ion SBB (2015)
ion SBB (2015)
ion SBB (2015)
ion SBB (2015)
ion SBB (2015)
ion SBB (2015)

x
m
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©00000000000000 0000000000000

BU:1.05);
105 (L111,11BUL08);
105 (L111,11BUL08);
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