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Abbreviations

a year (annum)

CH Switzerland

CH, methane

Cco carbon monoxide
Co, carbon dioxide

CO,-eq carbon dioxide equivalents

DB German Railways (Deutsche Bahn)

EF emission factor

ENTSO-E European Network of Transmission System Operators for Electricity

GHG greenhouse gas

GLO global average

GVW gross vehicle weight

GWP global warming potential

h hour

HBEFA  Handbook Emission Factors for Road Transport
ICE internal combustion engine
kg kilogram

km kilometre

LCA life cycle assessment

LClI life cycle inventory analysis
MJ mega joule

NEDC New European Driving Cycle
NH; ammonia
NMVOC non-methane volatile organic compounds

N,O nitrous oxide / dinitrogen monoxide

NOy nitrogen oxides

PAH polycyclic aromatic hydrocarbon

pkm passenger kilometre (transport unit)

PM particulate matter (index gives size range in pm)
RAS East Asia (regional code in ecoinvent)

RER Europe (regional code in ecoinvent)

RLA Latin America (regional code in ecoinvent)
SBB Swiss Federal Railways (Schweizerische Bundesbahnen)
SO, sulphur dioxide

t ton

tkm ton kilometre (transport unit)
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UBP eco-points (German: Umweltbelastungspunkte)
vkm vehicle kilometre (transport unit)
VOC volatile organic compounds
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Summary

This study is part of a project to update and extend the environmental indicator results
of various transport services contained in mobitool. The environmental impacts of
passenger and freight transports by road, rail, airplane, ships and further carriers such as
cable cars and videoconference were calculated with KBOB life cycle inventory data
v2.2:2016, which is based on ecoinvent data v2.2, and by employing the most recent
impact assessment methods.

The life cycle inventories of passenger transports by electric cars, bus, trolleybus, coach
and tram, the freight transports by light commercial vehicle as well as the operation of
building machines and hydraulic diggers were updated in this study based on the most
recent data available. New life cycle inventories were created to model passenger
transports by passenger cars, hybrid and plug-in hybrid passenger cars, motorcycles and
minibuses. In addition, fleet mixes of passenger transports by car and by motorcycle as
well as of freight transports by lorry were compiled in order to represent the average
situation in Switzerland in 2015. The life cycle inventories of freight transports by
lorries with a gross vehicle weight above 32t was disaggregated into several size
classes. In addition, new life cycle inventories of the production of NCM Li-ion
batteries and updated life cycle inventories of petrol and diesel supply in Switzerland
and Europe are presented. All processes compiled in the present study are linked to
KBOB life cycle inventory data v2.2:2016.

The environmental indicator results of the road and non-road transport processes
compiled in this study are available via mobitool®.

1 http://mobitool.ch/, accessed on 23.11.2016.

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



Content

1 INTRODUCTION

2 GOAL AND SCOPE
2.1 Functional unit

2.2 System boundaries

2.3 Data sources and data quality

3  GENERAL INFORMATION ON ROAD DEMAND AND EMISSION FACTORS

3.1 Overview

3.2 Road demand

3.3 NMVOC speciation

3.4 Heavy metal and PAH emissions
3.5 Refrigerant emissions

3.6 Noise emissions

3.7 Non-exhaust emissions

4  PASSENGER TRANSPORT

4.1 Overview

4.2 Passenger car
4.2.1 Overview
4.2.2 Vehicle manufacture and road demand
4.2.3 Fuel consumption and emissions during operation
4.2.4 Unit process life cycle inventory data
4.2.5 Fleet mixes

4.3 Electric car
4.3.1 Overview
4.3.2 Vehicle manufacture and road demand
4.3.3 Electricity consumption
4.3.4 Emissions during operation
4.3.5 Unit process life cycle inventory data

4.4 Hybrid and plug-in hybrid car

Life Cycle Inventories of Road and Non-Road Transport Services

w W w w

© o0 ~N o o1 o1 o1 ;o

10
10

10
10
11
12
13
22
23
23
23
24
24
24
25

treeze Ltd.



4.5

4.6

4.7
4.8
4.9
4.10

51
52

Life Cycle Inventories of Road and Non-Road Transport Services

4.4.1 Overview

4.4.2 Vehicle manufacture and road demand
4.4.3 Fuel and electricity consumption
4.4.4 Emissions during operation

4.4.5 Unit process life cycle inventory data
Motorcycle

451 Overview

4.5.2 Vehicle manufacture

4.5.3 Transport

4.5.4 Fleet mixes

Other two wheel vehicles

4.6.1 Overview

4.6.2 Bicycle

4.6.3 Electric bicycle

4.6.4 Scooter

4.6.5 Electric scooter

Minibus

Bus

Coach

Tram and trolleybus

4.10.1 Overview

4.10.2 Transport performance and electricity consumption

4.10.3 Emissions during operation
4.10.4 Infrastructure demand

4.10.5 Unit process life cycle inventory data

FREIGHT TRANSPORT

Overview

Light commercial vehicles

5.2.1 Overview

5.2.2 Vehicle production and maintenance

5.2.3 Load factor and road demand

25
25
26
26
27
35
35
35
37
43
44
44
45
45
45
45
45
48
51
56
56
57
57
59
59

61
61

61
61
61
62

treeze Ltd.



5.2.4 Fuel consumption and emissions during operation
5.2.5 Unit process life cycle inventory data
5.3 Lorries with a GVW exceeding 32 tons
5.3.1 Overview
5.3.2 Payload and load factors
5.3.3 Demand of lorry manufacture and maintenance and road infrastructure
5.3.4 Fuel consumption and emissions during operation
5.3.5 Unit process life cycle inventory data
5.4 Lorry fleet mixes
5.4.1 Overview
5.4.2 Shares of lorry sizes
5.4.3 Shares of emission classes
5.4.4 Swiss average lorry
5.4.5 Emissions during operation

5.4.6 Unit process life cycle inventory data

6 NON-ROAD VEHICLES

6.1 Overview
6.2 Building machine
6.2.1 Overview
6.2.2 Manufacture of building machines
6.2.3 Fuel consumption and emissions during operation
6.2.4 Unit process life cycle inventory data
6.3 Hydraulic Digger
6.3.1 Overview
6.3.2 Manufacture of hydraulic diggers
6.3.3 Fuel consumption and emissions during operation

6.3.4 Unit process life cycle inventory data

Life Cycle Inventories of Road and Non-Road Transport Services

62
63
65
65
66
66
67
67
71
71
71
71
71
71
72

74
74

74
74
75
75
76
79
79
80
80
81

treeze Ltd.



7  CONCLUSION
REFERENCES

A APPENDIX: NCM LI-ION BATTERY
A.1 Overview

A.2  Assembly of the NCM Li-ion battery

A.3 Manufacture of the single cell

A.4 Manufacture of the anode

A.5 Manufacture of the cathode

A.6 Manufacture of the electrolyte

A.7 Manufacture of the separator

A.8 Manufacture of the battery management system

A.9 Manufacture of the battery cooling system

B APPENDIX: PETROL AND DIESEL SUPPLY
B.1 Overview

B.2 Crude oil production

B.3 Long distance transport of crude oil
B.3.1 Crude oil in Switzerland
B.3.2 Crude oil in Europe

B.4 Refinery
B.4.1 Petrol and diesel in Switzerland
B.4.2 Petrol and diesel in Europe

B.5 Regional distribution in Switzerland

Life Cycle Inventories of Road and Non-Road Transport Services

85

86

93
93

93
94
95
96
99
99
99
100

101
101

101
105
105
108
111
111
115
121

treeze Ltd.



1. Introduction 1

1 Introduction

This study is part of a project to update and extend the environmental indicator results
of various transport services contained in mobitool®>. The environmental impacts of
passenger and freight transports by road, rail, airplane, ships and further carriers such as
bicycles, cable cars, building machines and videoconference were calculated with
KBOB life cycle inventory data v2.2:2016, which is based on ecoinvent data v2.2, and
by employing the most recent impact assessment methods.

The life cycle inventories of some road and non-road transport services were not
updated in recent years. These processes include the passenger transports by bus,
trolleybus, coach and tram, the freight transports by light commercial vehicles as well as
the operation of building machines and hydraulic diggers. In the mobitool project, these
road transport processes were updated based on the most recent data available. The life
cycle inventory of transports by electric passenger cars were updated to account for the
latest information on the battery manufacturing process. Special attention was payed at
the continuity and consistency of the datasets with regard to the original processes
contained in ecoinvent data v2.

New life cycle inventories of additional road transport processes, namely passenger
transports by passenger cars, hybrid and plug-in hybrid passenger cars, motorcycles and
minibuses, were created. Another category of transport processes considered in this
study are fleet mixes of different vehicles. These are very useful for analyses in which
the exact specification of a vehicle, for instance its size or emission standard, is not
known. The fleet mixes of passenger cars, motorcycles and lorries were updated or
newly compiled.

The updated freight transport processes by lorries up to a gross vehicle weight (GVW)
of 32t that are available in ecoinvent data v3.1 were embedded in KBOB life cycle
inventory data v2.2:2016. The difference in the environmental impacts of freight
transports by lorries with a GVW above 32t is substantial when comparing datasets
available in ecoinvent data v3.1 to those available in ecoinvent data v2. The reason for
this deviation is that this lorry size class encompasses vehicles up to a gross weight of
60 t in ecoinvent data v3.1 (compared to 40t in the dataset available in ecoinvent data
v2). The transport process by lorries with a GVW above 32 t was therefore revised in
this study and disaggregated into several size classes.

The goal and scope are described in chapter 2. Some general information about the road
demand and the emission factors used in various processes of road and non-road
transport services is given in chapter 3. The new and updated life cycle inventories of
passenger and freight transports are presented in chapters 4 and 5, respectively. Chapter
6 contains a documentation of the updated life cycle inventories of non-road vehicles.

2 http://mobitool.ch/, accessed on 03.05.20186.
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1. Introduction 2

Conclusions are drawn in chapter 7. In addition, new life cycle inventories of the
production of NCM Li-ion batteries, wich are used in the life cycle inventories of
battery electric vehicles, were created based on literature data. The supply chain of
petrol and diesel were updated in a previous study. The life cycle inventories of NCM
Li-ion batteries as well as the petrol and diesel supply are presented in the appendices A
and B, respectively.

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



2. Goal and scope 3

2 Goal and scope

2.1 Functional unit

The functional unit of passenger transport services is 1 passenger kilometre (pkm),
which corresponds to the transport of 1 person over a distance of 1 kilometre.
Exceptions are the transports by passenger car and by motorcycle, which use 1 vehicle
kilometre (vkm or km) as a functional unit.

The functional unit of freight transport services is 1ton kilometre (tkm), which
corresponds to the transport of 1 ton of goods over a distance of 1 kilometre.

The functional units of non-road vehicle operation are 1 MJ of diesel consumed in a
building machine and 1 m* excavated volume by a hydraulic digger.

The functional unit of the production of vehicles and components is 1 kg.
The functional unit of crude oil and fuels is 1 kg.

2.2 System boundaries

The life cycle inventories compiled in this study encompass the whole life cycle of road
transport services. This includes the following processes:

¢ Road manufacturing, maintenance and disposal,

¢ Vehicle manufacturing, maintenance and disposal;

e Fuel supply;

e Operation of the vehicle including exhaust and non-exhaust emissions;
e Supply of raw materials and energy carriers;

e Transports between individual life cycle stages.

2.3 Data sources and data quality

The life cycle inventories compiled in this study are linked to KBOB life cycle invento-
ry data v2.2:2016, which is based on ecoinvent data v2.2 (KBOB et al. 2016), and doc-
umented in the EcoSpold v1 format. Most of the life cycle inventories of the production
and disposal of vehicles and of the construction, operation and decommissioning of in-
frastructure were not updated due to limited resources. These life cycle inventories are
described in Spielmann et al. (2007; road infrastructure, most of the vehicles), Kellen-
berger et al. (2007; building machine, hydraulic digger) and Leuenberger and
Frischknecht (2010; two wheel vehicles). The life cycle inventories of the manufacture
of passenger cars (petrol / natural gas, diesel, electric) and electric scooters, of transport
services by lorries (up to a GVW of 32 t) and of non-exhaust emissions by lorries and
passenger cars were updated in ecoinvent data v3.1 (ecoinvent Centre 2014) and em-
bedded in the KBOB life cycle inventory database v2.2:2016. The life cycle inventories

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



2. Goal and scope 4

of petrol and diesel supply in Switzerland and Europe were updated in KBOB life cycle
inventory data v2.2:2016. The data sources, assumptions and calculations are docu-
mented in Stolz and Frischknecht (2016) and the updated life cycle inventories are pre-
sented in appendix B of this report.

The Handbook Emission Factors for Road Transport (HBEFA) (INFRAS 2014) was an
important source of information regarding real-life fuel consumption and air pollutant
emission factors of several means of transport. Data from the Swiss non-road database®
were used to compile the life cycle inventories of the operation of non-road vehicles.
Emission factors of additional air pollutants and heavy metals were taken from the
EMEP/EEA air pollutant emission inventory guidebook (Ntziachristos et al. 2014;
Ntziachristos & Boulter 2014; Winther et al. 2013). A number of other reports and da-
tasets were used in addition to these main data sources.

In general, the data quality of the road and non-road transport processes compiled in this
study is classified as good and data gaps as well as assumptions are transparently
documented.

®  Federal Office for the Environment: Non-road database, http://www.bafu.admin.ch/Iuft/00596/06906/
offroad-daten/index.html?lang=en, accessed on 21.03.2016.
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3. General information on road demand and emission factors 5

3 General information on road demand and
emission factors

3.1 Overview

This chapter contains information on the common road demand and emissions of all
road and non-road transport services modelled in this project. The road infrastructure
demand factors are presented in subchapter 3.2 and the speciation of a fraction of the
non-methane volatile organic carbon (NMVOC) emissions is described in subchapter
3.3. The emission factors of heavy metals and polycyclic aromatic hydrocarbons
(PAHS), refrigerants and noise are documented in the subchapters 3.4, 3.5 and 3.6,
respectively. The non-exhaust emissions encompass the abrasion of road, tyres and
brakes and are described in more detail in subchapter 3.7.

3.2 Road demand

The demand of road infrastructure depends on the gross weight of the vehicle
considered, which is defined as the sum of the net vehicle weight and the weight of the
load (passengers and/or freight). The vehicle weight and the average load are
documented for each means of road transport in the respective life cycle inventories.
The weight of the driver is added to the vehicle weight for transport processes with
vehicle kilometres as a functional unit such as motorcycle transports. For passengers an
average weight of 75 kg was assumed based on Leuenberger and Frischknecht (2010).

The road infrastructure demand factors were taken from road transport processes in
ecoinvent data v2 (Spielmann et al. 2007). It is assumed that the construction of new
roads and the transport performance have grown with similar rates so that changes in
these factors are insignificant. The demand for road construction and disposal is a
function of the gross transport performance and amounts to 4.73-10™ my/(tGVW-km).
The demand factor for road operation and maintenance depends on the vehicle
kilometres travelled and equals 1.17-10° my/km.

3.3 NMVOC speciation

Emissions of NMVOC to air encompass a very wide range of different substances with
different impacts on the environment. The fraction of some important substances in the
total NMVOC emissions was estimated in order to allow for the application of specific
characterization factors to assess the impacts of these substances. However, it was not
possible to break the total NMVOC emissions down to the level of single substances.

The NMVOC speciation depends on the vehicle considered and on the type of fuel
consumed (Ntziachristos et al. 2014, Tab. 3-112). The substances distinguished were
selected based on the availability of data and also on the elementary flows included in
the freight transport processes by lorry in ecoinvent data v3.1 (ecoinvent Centre 2014).
The NMVOC profile assumed in the life cycle inventories compiled in the present

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



3. General information on road demand and emission factors 6

project is based on information from the EMEP/EEA air pollutant emission inventory
guidebook and is shown in Tab. 3.1.
Tab. 3.1 NMVOC speciation of road and non-road transport services (Ntziachristos et al. 2014, Tab.

3-112). Light vehicles include passenger cars, motorcycles, minibuses and light commercial
vehicles. Lorries, buses and coaches belong to the category of heavy vehicles.

Vehicle Category Light Vehicles Heavy Vehicles

Fuel Type Petrol Diesel Diesel

NMVOC (unspecified) 45.24% 53.02% 81.23%
Ethane 3.19% 0.33% 0.03%
Propane 0.65% 0.11% 0.10%
Butane 5.24% 0.11% 0.15%
Pentane 2.15% 0.04% 0.06%
Hexane 1.61% 0.00% 0.00%
Cyclohexane 1.14% 0.65% 0.00%
Heptane 0.74% 0.20% 0.30%
Ethene 7.30% 10.97% 0.00%
Propene 3.82% 3.60% 0.00%
1-Pentene 0.11% 0.00% 0.00%
Benzene 5.61% 1.98% 0.07%
Toluene 10.98% 0.69% 0.01%
m-Xylene 5.43% 0.61% 0.98%
o-Xylene 2.26% 0.27% 0.40%
Formaldehyde 1.70% 12.00% 8.40%
Acetaldehyde 0.75% 6.47% 4.57%
Benzaldehyde 0.22% 0.86% 1.37%
Acetone 0.61% 2.94% 0.00%
Methyl ethyl ketone 0.05% 1.20% 0.00%
Acrolein 0.19% 3.58% 1.77%
Styrene 1.01% 0.37% 0.56%

3.4 Heavy metal and PAH emissions

The emissions of heavy metals, arsenic, selenium and PAHSs to air are a function of the
fuel consumption of the transport service considered. Furthermore, the emission factors
depend on the vehicle category and on the fuel type (Ntziachristos et al. 2014; Winther
et al. 2013). The emissions of the heavy metals zinc, copper, nickel, chromium,
mercury, cadmium and lead are taken into account. In alignment with the road transport
processes contained in ecoinvent data v3.1, chromium VI emissions were distinguished
separately and calculated as a fraction of 0.2 % in the total chromium emissions to air
(ecoinvent Centre 2014). The emission factor of PAH by non-road machinery (building
machine and hydraulic digger) is higher than the corresponding emission factor for road
vehicles by about two orders of magnitude. Additionally, emissions of benzo(a)pyrene
were considered separately from the remaining PAHs in the case of non-road
machinery. The emission factors used to calculate the emissions of PAHSs, arsenic,
selenium and heavy metals to air by road and non-road transport processes were taken
from the EMEP/EEA air pollutant emission inventory guidebook and are listed in Tab.
3.2.

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



3. General information on road demand and emission factors

Tab. 3.2 Emission factors of PAHSs, arsenic, selenium and heavy metals to air for road and non-road
transport services (Ntziachristos et al. 2014, Tab. 3-100 and Tab. 1-103; Winther et al. 2013,

Tab. 3-1).

Motorcycles, Non-Road
Vehicle Category Passenger Cars Light Commercial Vehicles Lorries, Buses Machinery
Fuel Type Petrol Petrol Diesel Diesel Diesel
Unit kg/kgfuel kg/kgfuel kg/kgfuel kg/kgfuel kg/kgfuel
Benzo(a)pyrene n.a. n.a. n.a. n.a. 3.00E-08
PAHs 3.48E-08 2.02E-08 5.69E-08 7.82E-08 3.29E-06
Arsenic 3.00E-10 3.00E-10 1.00E-10 1.00E-10 1.00E-10
Selenium 2.00E-10 2.00E-10 1.00E-10 1.00E-10 1.00E-08
Zinc 2.16E-06 2.16E-06 1.74E-06 1.74E-06 1.00E-06
Copper 4.20E-08 4.20E-08 2.12E-08 2.12E-08 1.70E-06
Nickel 1.30E-08 1.30E-08 8.80E-09 8.80E-09 7.00E-08
Chromium 1.60E-08 1.60E-08 3.00E-08 3.00E-08 5.00E-08
Chromium VI 3.20E-11 3.20E-11 6.00E-11 6.00E-11 1.00E-10
Mercury 8.70E-09 8.70E-09 5.30E-09 5.30E-09 5.30E-09
Cadmium 1.08E-08 1.08E-08 8.70E-09 8.70E-09 1.00E-08
Lead 3.32E-08 3.30E-08 5.20E-08 5.21E-08 5.20E-08

3.5 Refrigerant emissions

A high and continuously growing share of road vehicles are equipped with air
conditioners. Most of these devices use synthetic fluorinated gases, predominantly
HFC-134a, as a refrigerant, which have a high impact on climate change due to their
elevated global warming potential (GWP). The emissions of HFC-134a to air by air
conditioning devices were taken into account for all relevant road transport services.

The refrigerant emissions were estimated based on the parameter values provided in
item 2F1 of Switzerland’s Greenhouse Gas Inventory (BAFU 2015) and additional
information* (Tab. 3.3). Information on the average life time, initial charge and
emission factors during the production, use, servicing and disposal of air conditioners
were used to calculate the refrigerant emission factors over the life time of the device or
the vehicle. In the use phase, it is further distinguished between refrigerant losses, which
are refilled (usually 70 % or 100 % depending on the type of vehicle considered) and
losses, which are not balanced by refilling.

The refrigerant emissions from air conditioners were considered for an average vehicle
(including both vehicles with and without air conditioning devices). The share of
vehicles with air conditioners was determined based on expert information®. It is
assumed that this share is independent of the emission class of the vehicle. Furthermore,
the refrigerant HFC-134a is being replaced by alternative substances such as
HFO-1234yf, which have a significantly lower GWP. The share of HFO-1234yf in the
total amount of refrigerants contained in mobile air conditioners is currently low and

4 Personal communication Cornelia Stettler, Carbotech, 23.02.2016.
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3. General information on road demand and emission factors 8

was estimated by an expert®. The total refrigerant emissions over the whole life time
were scaled according to the share of vehicles equipped with air conditioners and the
share of alternative refrigerants. The emissions of HFO-1234yf were neglected due to
their minor importance in terms of amount and GWP compared to HFC-134a.

Tab. 3.3 Parameters used to calculate the refrigerant emissions from air conditioners in road vehicles

(BAFU 2015; personal communication Cornelia Stettler, Carbotech, 23.02.2016).

Light Commercial

Passenger Cars Buses, Trams Vehicles, Lorries
Life time a 15 12 12
Initial charge kgRefrigerant 0.55 7.5 1.1
EF production % of initial charge 0.5% 0.5% 0.5%
EF life 1/a 8.5% 15.0% 8.5%
Refilled refrigerant 1/a 6.0% 15.0% 6.0%
Not refilled refrigerant 1/a 2.6% 0.0% 2.6%
EF service over life time % of initial charge 10.0% 10.0% 10.0%
Charge end of life % of initial charge 57.9% 100.0% 63.3%
EF disposal % of remaining charge 50.0% 50.0% 50.0%
Loss over life time kgRefrigerant 0.79 18 1.4
Share of vehicles with AC % 96.0% 91.1% 67.3%
Share of refrigerant HFC-134a  |% 98.5% 98.1% 98.1%
Loss over life time, corrected  |kgHFC-134a 0.75 16 0.94

3.6 Noise emissions

The assessment of noise emissions from transport processes was newly introduced by
Frischknecht and Bisser Knopfel (2013, chapter 15) in the ecological scarcity method
2013. They derived eco-factors based on the number of people highly annoyed by traffic
noise and defined elementary flows for noise emissions of average passenger cars
(average noise level: 72 dB(A)) and lorries (average noise level: 81 dB(A)). The unit of
these elementary flows is 1 vkm. Following the recommendation of Frischknecht and
Biisser Knopfel (2013), the noise emissions were included in all relevant road and non-
road transport services analysed in this project. The average noise level of each means
of transport was determined based on literature information or expert judgement. The
noise emissions were then modelled by the elementary flows for noise caused by
passenger cars and lorries. Differences in the noise level were accounted for by
correction factors presented in Tab. 3.4 (Frischknecht & Busser Knopfel 2013).

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



3. General information on road demand and emission factors 9

Tab. 3.4 Correction factors used to scale the noise emissions of road and non-road transport services to
the noise level of passenger cars or lorries. The correction factors were calculated by
Frischknecht and Bisser Knopfel (2013, Tab. 113) using the formula
correction factor:lo(change in noise Ievel/lo).

Change in noise level |Correction factor
dB(A) -
-5 0.32
-4 0.40
-3 0.50
-2 0.63
-1 0.79
0 1.00
1 1.26
2 1.58
3 2.00
4 2.51
5 3.16
6 3.98
7 5.01
8 6.31
9 7.94
10 10.00

3.7 Non-exhaust emissions

The non-exhaust emissions as defined by Simons (2013) include emissions from the
abrasion of road, tyres and brakes. Unit process life cycle inventories of the three types
of non-exhaust emissions are available for passenger cars and lorries in ecoinvent data
v3.1 and include the emissions of particulate matter (PM), PAHSs, metals and further
substances to air, water and soil (ecoinvent Centre 2014). These datasets were used to
model the non-exhaust emissions of the road transport services described in this report.
The emission factors are a function of the GVW and are different for light vehicles (e.g.,
passenger cars, motorcycles) and heavy vehicles (e.g., lorries, buses) as shown in Tab.
3.5.

Tab. 3.5 Emission factors of non-exhaust emissions by road, tyre and brake wear for road transport
services (ecoinvent Centre 2014). Light vehicles include passenger cars, motorcycles, minibus-
es and light commercial vehicles. Lorries, buses and coaches belong to the category of heavy
vehicles.

Vehicle Category Light Vehicles Heavy Vehicles
Unit kg/(tGVW-km) kg/(tGVW-km)
Road wear emissions 9.77E-06 7.00E-06
Tyre wear emissions 5.72E-05 8.06E-05
Brake wear emissions 4.44E-06 8.13E-06

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



4. Passenger transport 10

4  Passenger transport

4.1 Overview

New or updated life cycle inventories were compiled for transports by petrol and diesel
fuelled passenger cars of different size classes and compliant with the most important
emission standards (subchapter 4.2). The life cycle inventory of transports by electric
car was updated and is documented in subchapter 4.3. Life cycle inventories were newly
created for transport processes by hybrid and plug-in hybrid cars (subchapter 4.4) and
motorcycle (subchapter 4.5). The life cycle inventories of other two wheel vehicles such
as bicycle and sooter were not updated in this study. However, the battery of electric
bicycles and scooters is modelled by a new life cycle inventory (subchapter 4.6). The
newly created life cycle inventory of passenger transports by minibus is presented in
subchapter 4.7. The life cycle inventories of bus, passenger coach as well as tram and
trolleybus transports were updated and are described in subchapters 4.8, 4.9 and 4.10,
respectively.

4.2 Passenger car

4.2.1 Overview

The life cycle inventories of transports by petrol and diesel fuelled passenger cars of the
emission standards Euro 3 to Euro 5 were updated. New life cycle inventories were
compiled for transports by passenger cars compliant with the Euro 6 emission standard,
which applies to vehicles sold after 1% September 2015 (European Union 2007). The
functional unit of the life cycle inventories has been changed from 1 pkm in ecoinvent
data v2 to 1 vkm, which is in alignment with ecoinvent data v3.1. The life cycle inven-
tories of passenger cars using the alternative fuels natural gas, biogas or petrol / ethanol
were not updated and are described in Jungbluth et al. (2007).

The life cycle inventories of passenger car transports are representative for Europe,
whereby the fuel demand and emission factors were calculated for Germany. It is as-
sumed that Germany is representative for passenger cars in central and Western Europe.
The fleet average of passenger cars is based on Swiss statistics and thus valid for Swit-
zerland. The most recent data available were used to compile the life cycle inventories.
The fuel demand and emission factors were calculated for the year 2015.

The vehicle manufacture and road demand are described in section 4.2.2. The calcula-
tion of the fuel demand and the emissions during operation is documented in section
4.2.3. The unit process life cycle inventory data of transports by passenger car are pre-
sented in section 4.2.4. Additionally, new passenger car fleet mixes were compiled for
Switzerland in 2015, which are shown in section 4.2.5.
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4.2.2 Vehicle manufacture and road demand

The life cycle inventories of passenger car manufacture have been updated by Althaus
and Gauch (2010) and are available in ecoinvent data v3.1. These life cycle inventories
were embedded in KBOB life cycle inventory data v2.2:2016 and slightly adapted in
order to ensure consistency. The transport of input and waste materials was included
using standard distances as recommended by Frischknecht et al. (2007). More than
80 % of the passenger cars in Switzerland are imported from European countries (EZV
2013). It is assumed that a similar situation applies to Europe. The geographical repre-
sentation of the life cycle inventory of passenger car manufacture was therefore changed
from global to Europe. The electricity demand is covered by the ENTSO-E (European
Network of Transmission System Operators for Electricity) electricity mix.

The energy demand for car assembly was taken from the life cycle inventory of passen-
ger car manufacture in ecoinvent data v2 (2’140 kWh electricity covered by the EN-
TSO-E mix, 2°220 MJ heat from natural gas burned in an industrial furnace, 63 MJ heat
from light fuel oil burned in an industrial furnace; Spielmann et al. 2007) and divided by
the weight of the (diesel and petrol) passenger car. It is assumed that the energy demand
in assembling one car did not change in the last 15 years (higher complexity on one
hand versus higher energy efficiency on the other). This energy demand was included in
the life cycle inventories of passenger car manufacture. In the updated life cycle inven-
tories contained in ecoinvent data v3.1 and transferred to KBOB life cycle inventory
data v2.2:2016, the dismantling of the passenger car and the disposal of waste materials
at the end of life are included in the production of the passenger car, the glider and the
internal combustion engine.

It is distinguished between petrol and diesel fuelled passenger cars, which have different
shares of internal combustion engine and glider. The average weight of the newly im-
matriculated passenger cars within the ten-year period from 2005 to 2014 was deter-
mined based on statistical data from BFE (2015). Petrol passenger cars have an average
vehicle weight of 1’380 kg, which is significantly lower than the weight of the average
diesel passenger cars (1’700 kg).

In alignment with ecoinvent data v3.1, different life cycle inventories were compiled for
transports by small, medium and large size passenger cars (ecoinvent Centre 2014).
Small passenger cars as defined in ecoinvent data v3.1 have an engine displacement of
up to 1.4 L and an average weight of 1’200 kg. The engine displacement of medium size
passenger cars is between 1.4 L and 2.0 L and their weight amounts to 1’600 kg. Large
size passenger cars have an engine displacement above 2.0 L and an average weight of
2’000 kg. The vehicle life time performance was taken from the life cycle inventories of
transports by passenger car in ecoinvent data v2 and amounts to 150’000 km
(Spielmann et al. 2007). This results in a demand of passenger car manufacture of
8.00-10%, 1.07-10, 1.33-10 kg/km for small, medium and large size passenger cars,
respectively.

The life cycle inventory of passenger car maintenance was not updated in ecoinvent
data v3.1. This process was therefore modelled by the dataset available in ecoinvent
data v2 and scaled based on the vehicle weight. The basic vehicle weight, which the
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original dataset relates to, is 1’240 kg according to ecoinvent data v3.1 (ecoinvent
Centre 2014). The resulting demand of passenger car maintenance is 6.45-107,
8.60-10°, 1.08-10° p/km for small, medium and large size passenger cars, respectively.

The input of road construction and disposal and of operation and maintenance was cal-
culated with the demand factors given in subchapter 3.2. The demand of road construc-
tion and disposal is modelled as a function of the GVW. As in ecoinvent data v3.1, the
average load of passenger cars was estimated to 100 kg, which was added to the net
vehicle weight (ecoinvent Centre 2014). The input of road construction is 6.15-107,
8.04:10™, 9.93-10™ ma/km for small, medium and large size passenger cars, respective-
ly. Road operation and maintenance is assumed to be solely a function of the travel dis-
tance and is therefore independent of the vehicle size (1.17-10°° ma/km).

4.2.3 Fuel consumption and emissions during operation

Data on the real-life fuel consumption and the emissions of selected pollutants (CO»,
CO, CHg4, N2O, NMVOC, NOy, NH3, SO,, PM) were retrieved from HBEFA (INFRAS
2014). This is in alignment with other road transport processes modelled in the present
study but in contrast to the life cycle inventories of passenger car transports available in
ecoinvent data v3.1, which are based on data from the TREMOVE model v2.7b
(ecoinvent Centre 2014; Simons 2013). The fuel consumption and emission factors re-
ported in HBEFA for Germany in 2015 were used and applied to the European situa-
tion. Besides the engine size, it is distinguished between passenger cars compliant with
different emission standards. Furthermore, different categories exist in HBEFA for Eu-
ro 3 and Euro 4 diesel passenger cars with or without particle filter.

Life cycle inventories of transports by petrol and diesel fuelled passenger cars of the
emission standards Euro 3 to Euro 6 were compiled in this study. Average diesel pas-
senger cars compliant with the emission standards Euro 3 and Euro 4 were considered,
which were calculated based on the share of kilometres travelled by vehicles with and
without particle filter. The fuel demand and pollutant emissions during the continuous
operation of the passenger cars are included in the so-called hot emission factors availa-
ble in HBEFA.

Some additional fuel is consumed and elevated emissions occur during the cold start of
the vehicles, which is accounted for by excess emission factors. Another category of
emissions, which is only relevant for petrol fuelled passenger cars, is fuel evaporation
due to running losses, soaking and diurnal temperature changes. All categories of emis-
sions were taken into account in the life cycle inventories of transports by passenger car.
An average travel distance had to be defined to aggregate the different emission factors
since the excess emissions due to cold starts and the evaporation emissions by soaking
are given per event. According to detailed surveys of mobility in Switzerland the aver-
age distance travelled by passenger cars in 2010 was 32 km (BFS/ARE 2012). These
data were used because information on the average travel distance of passenger cars was
not available for Europe. The emission factors of petrol evaporation due to diurnal tem-
perature changes are given per day. They were then converted to the functional unit of
1 km by assuming that two trips of 32 km are taken on average per day.
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The emissions of PM, CO, NOx and volatile organic compounds (VOC) are regulated
by the European emission standards. A fraction of the total NMVOC emissions was
divided into main components based on the shares reported in Tab. 3.1. The emissions
of CO,;, SO,, PAHSs, arsenic, selenium and heavy metals (cadmium, chromium,
chromium VI, copper, lead, mercury, nickel, zinc) depend on the amount of fuel
consumed. The corresponding emission factors for petrol and diesel fuelled vehicles
(except CO, and SO,, which were taken from HBEFA) are compiled in Tab. 3.2. Noise
emissions were accounted for as recommended by Frischknecht and Bisser Knopfel
(2013). The calculation of refrigerant emissions from air conditioners is described in
subchapter 3.5 and summarized in Tab. 3.3. The resulting refrigerant emissions are
4.99-10° kgHFC-134a/km. The non-exhaust emissions by road, tyre and brake wear
were calculated using the emission factors shown in Tab. 3.5 and the GVW of 1’300,
1’700 and 2°100 kg of small, medium and large size passenger cars, respectively.

4.2.4 Unit process life cycle inventory data

Tab. 4.1 to Tab. 4.4 show the unit process life cycle inventories of transports by petrol
fuelled passenger cars compliant with the emission standards Euro 3 to Euro 6. The life
cycle inventories of transports by diesel fuelled passenger cars compliant with the
emission standards Euro 3 to Euro 6 are presented in Tab. 4.5 to Tab. 4.8.
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Tab. 4.1 Life cycle inventory of transports by small, medium and large petrol fuelled passenger cars
compliant with the emission standard Euro 3.

» 2
e 8
g & 5
< 2 transport, transport, transport, 2 E
s T = z g
Name § 5 5 | ReReCiaSieal R e Ressenaci et S &  GeneralComment
S g8 smallsize, petrol,  medium size, large size, petrol, £ o
- EURO3 petrol, EURO3 EURO3 g 5
g g g
£ k]
= a
Location RER RER RER
InfrastructureProcess o 4 o
Unit km km km
product transport, passenger car, small size, petrol, EURO 3 RER 0 km 1 [} [}
transport, passenger car, medium size, petrol, EURO3 ~ RER 0 km 0 1 o
ransport, passenger car, large size, petrol, EURO 3 RER 0 km 0 ) 1
(3.1.32,1,5,8U:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 1200 kg:
technosphere passenger car, petrolinatural gas RER 1 kg 8.00E-3 LR bt (3.1
1,5,8U:3); Vehicle lfe tme 1 m; Vehicle weight: 1600 kg;
passenger car, petrolinatural gas RER 1 kg 107E2 R T et g
g (3.1.32,1,5,8U:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 2000 kg:
passenger car, petrolinatural gas. RER 1 kg 133E2 LT G et 1
e —— T 64556 86056 LogEs L a0y (3132158U) Vehicle e ime performance: 150000 vkm; Basic vehicle weight: 1240
i g g § kg; Simons 2013; Ecoinvent13.1
g g (3.1,32,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW-km); Average load: 100 kg;
road CH 1 ma 6.15E-4 8.04E4 9,934 107 s
operation, maintenance, road CH 1 ma 11763 11763 11763 1 307 (3132.15BU3);Road demand: 1.17E-03 mykm: Ecoinvent\2
petrol, low-sulphur, at regional storage RER 0 kg 5.11E2 6.54E-2 8.74E2 1 109 (2223.2BU:L05); Fuel demand for Germanyin 2015; HBEFA database 3.2
(2:2.23,1,2,8U:1.05); Refrigerant emissions: 4.99E-06 kg/km; Vehicle lfe time
refrigerant R134a, at plant RER 0 kg 4.99E6 4.99E6 4.99E-6 1 109  performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech
:n'“s'::‘:i;'e‘z" Carbon dioxide, fossil - B 160E-1 205E-1 27481 1 109 (222312BU:105); Emission factor for Germanyin 2015; HBEFA database \3.2
Carbon monoside, fossil - -k 1.76E3 15763 15763 1 501 (222312BUS) Emission factor for Germanyin 2015; HBEFA database \3.2
Methane, fossil - -k 55166 54366 5.44E6 1 151 (222312BU:LS); Emission factor for Germanyin 2015; HBEFA database V3.2
1 12,8U1L5); Unspecified .
NMVOC, non-methane volatile organic compounds, L5)i ecified NMVOC for which no exsts; 45.2%
e - ) 40265 3.98E5 3.98E5 1 151  oftotal NMVOC emissions: HBEFA database v3.2; EMEP/IEEA guidebook 2013, 1LAZ.b.iiv,
Tab.3-112
(2.22.3,1,2,8U:1.5); Share in total NMVOC emissions: 3.19%; HBEFA database \3.2;
Bl kg aE=se aEEs 2B 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.65%; HBEFA database v3.2;
Bicpeig kg &= BT B 1 151 CuEPEEAguidebook 2013, LA3 by, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 5.24%; HBEFA database \3.2:
Brane - - ke AEEES AEES AEHED 1 151 cEp/EEA guidebook 2013, 1A3b.-iv, Tab. 3-112
(2:2.23,1,2,BU:1.5); Share in total NMVOC emissions: 2.15%; HBEFA database 3.2;
(REIEN kg A5=6 4= A= 1 151 CuEPEEAguidebook 2013, LA3 by, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.61%; HBEFA database V3.2
e kg AE=6 AHEG =G 1 151 ElEpEEAguidebook 2013, 1LABb.iv, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 1.14%; HBEFA database \3.2:
Gl . c ke Lol LOE LR 1 151 EVEpEEAquidebook 2013, 1 A3y, Tab. 3112
. . g g g (22.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.74%; HBEFA database v3.2;
(RGN kg G G =Y 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3-112
. . y y y (2.2.23,12,BU:1.5); Share in total NMVOC emissions: 7.30%; HBEFA database 3.2:
B kg G0 GH=0 GeH=6 1 151 EVEP/EEAguidebook 2013, 1Ay, Tab. 3-112
(2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 3.82%; HBEFA database \3.2:
(R kg G0 SSSE SSSE 1 151 EyEPEEAguidebook 2013, 1 A3y, Tab. 3112
’ . . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.11%; HBEFA database V3.2
RLgeens kg 2CES OE1=D OE=D 1 151 EVEP/EEAguidebook 2013, LABb.iv, Tab. 3-112
(2.2.23.12.8U:3); Share in total NMVOC emissions: 5.61%; HBEFA database \3.2;
Benzie - -k =S AEEEE AEHED 1 301 cEp/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-112
@22 U:1.5); Share in total NMVOC emissions: 10.98%; HBEFA database 3.
e kg QE=0 QEE=6 ESE 1] 1st EMEPIEEA guidebook 2013, 1A3 b.i-iv, Tab. 3-112
g . . g g g @2 U:1.5); Share in total NMVOC emissions: 5.43%; HBEFA database \8.2;
I kg AEHEG RREES) =D 1] 15t EMEP/EF_Agumeboak 2013, LA3bi-iv, Tab. 3-112
@2 U:1.5); Share in total NMVOC emissions: 2.26%; HBEFA database \3.2:
Clers . © ke 201E 420 &0 L e EMEP/EEA quidebook 2013, 1A3.b.i-iv, Tab. 3-112
. . y y g (22.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.70%; HBEFA database v3.2;
RO kg =S 4500 IEED 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3-112
. . g g g (2.2.23,12,BU:1.5); Share in total NMVOC emissions: 0.75%; HBEFA database 3.2
(e kg G G G 1 151 EVEP/EEAquidebook 2013, 1Ay, Tab. 3-112
(2.2.23,1,2,8U:1.5); Share in total NMVOC emissions: 0.22%; HBEFA database V3.2
ez e kg L2cE LE3E Y 1] 18 EMEP/EEA guidebook 2013, 1A3b.i-iv, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.61%; HBEFA database v3.2;
(RED kg BRI Giga=Y 2eE 1] 15t EMEP/EEAgmdeboak 2013, 1A3.b.i-iv, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 0.05%; HBEFA database 3.2:
Methyl ethyl ketone - ) 4.44E8 4.40E-8 439E-8 LSl e Aguidobaok 2013, 1 A8 b v, Tab 3.112
(2:2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.19%; HBEFA database 3.2;
CEld kg A=Y AEEY 4EEY 1 151 EVEPEEAQuidebook 2013, 1A3b.iv, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.01%; HBEFA database v3.2;
SpEe kg GEH= AE=Y E=Y 1 151 EVEpEEAguidebook 2013, LABb.iv, Tab. 3-112
Nitrogen oxides - ) 6.93E5 75065 750E-5 1 151 (2223.12BU:LS) Emission factor for Germanyin 2015; HBEFA database 3.2
Ammonia - -k 4.06E5 4.08E5 4.09E5 1 121 (222312BU:12); Emission factor for Germanyin 2015; HBEFA database V3.2
Dinitrogen monoxide - -k 43867 4.68E7 5.08E-7 1 151 (222312BU:15) Emission factor for Germanyin 2015; HBEFA database \3.2
Sulfur dioxide - 1 7.2867 9.31E7 12566 1 109 (2223.12BU:L05); Emission factor for Germanyin 2015; HBEFA database v3.2
Particulates, < 2.5 um - -k 38366 38366 38366 1 301 (2223.12BU:3) Emission facior for Germanyin 2015; HBEFA database \G.2
. (2:2.2:3,1,2,8U:3); Fuel dependent emission factor: 2.62E-08 kglkgfuel; EMEP/EEA
PAH, polycyclic aromatic hydrocarbons - ) 1.34E9 17169 22069 1 301 gumelmnk 5013 1 Aab i Tab, 3.6 and 9.0
@2 BU:S), Fuel dependent emission factor: 3.00E-10 kg/kgfuel; EMEP/EEA
Asenic - ) 153611 1.96E-11 262611 1 so01 gmdebmk 0151 A2 Tab 3110
. . g g g (2.2.23,1,2,8U5); Fuel dependent emission factor: 2.00E-10 kg/kgfuel; EMEP/EEA
Selenium kg 102E11 13111 175E11 L 0L 2015, 1 A% Tab 5105
(22.23.1,2.8U5); Fuel dependent emission factor: 2.16€-06 kghkgfuel; EMEP/EEA
Zinc kg L1167 14167 189E-7 LSO 01 1 A%t Tab o1
(2.22,3,1,2,BU’5); Fuel dependent emission factor: 4.20E-08 kg/kgfuel; EMEPIEEA
Copper L) 21569 27569 36789 1 5% gidebook 2013, 1.A3b.iiv, Tab. 3103
. . § § g (2.2.23.12.BU5); Fuel dependent emission factor: 1.30E-08 kg/kgfuel; EMEP/EEA
Nickel kg 6.64E-10 8.50E-10 1.14E9 LSOl 2015 1 A% Tab 5105
(2.22.3,1,2.8U5); Fuel dependent emission factor: 1.60E-08 kg/kgfuel; EMEP/EEA
Chromium kg 8.17E-10 105E-9 1.40E-9 LSO 2015 1A% Tab 3105
. . g g g (2:2.23,1,2,8U5); Fuel dependent emission factor: 3.20E-11 kghkgfuel; EMEP/EEA
Chromium \1 b 163612 200812 280812 1 5% glidebook 2013, 1.A3..v, Tab. 3-103; Spielmann etal. 2007
(22.23.12.8U5); Fuel dependent emission factor: 8.70E-09 kghkgfuel; EMEP/EEA
Mercury - ) 4.44E-10 5.69E-10 7.60E-10 LSOl 2015 1 A% Tab 5105
(2:2.23,1,2.BU5); Fuel dependent emission factor: 1.0BE-08 kghkgfuel; EMEP/EEA
Cadmium kg 5.526-10 7.06E-10 9.44E-10 LSO 201 1 AS . Tab 3105
. . g g g (2.2.23,1,2,8U5); Fuel dependent emission factor: 3.32E-08 kghkgfuel; EMEP/EEA
lie) kg 4700 aui= RECES) 1 501 idebook 2013, LAZ.b.iiv, Tab. 3-103
(2.2.23.12,BU:1.5); Refrigerant emissions: 4.99E-06 kghkm; Vehicle life time
Ethane, 1,1,1,2-tetrafluoro-, HFC-134a - -k 4.99E6 4.99E6 4.99E6 1 151 performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Comelia Stettler, Carbotech
emission Non
material emissions, Noise, road, passenger car, average = - km 100E+0 100E+0 100E+0 1 15 (2205323 1:2,8U:1.9); Ecological Scarcity method 2013; Frischknecht & BUsser Kndpfel
unspecified
technosphere road wear emissions, passenger car RER 0 kg 12765 1.66E-5 2.05E-5 1 202 ($233128U2) Emission factor: 9.77E-06 kg/(GWkm); Average load: 100 kg;

Ecoinvent3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1.A3.b.vii, Tab. 3-2
(2.2:3.3,1,2,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load: 100 k

e e RER o ko WEES E=S E20E N 202 £ loinvent va.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1.A3.b.vi, Tab. 3-1
(2.2.33,1,2,BU:2); Emission factor: 4.44E-06 kg/(tGVW*km); Average load: 100 kg;

DGR SIS RS R ST8ES 7996 93386 1 292 Edginventya.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1A3b.vi, Tab. 3-1

disposal, road RER 1 ma G ey OFER4 1 307 (813215BU:3) Road demand: 4.73E-04 my(IGW/km); Average load: 100 kg;

Ecoinvent2
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Tab. 4.2 Life cycle inventory of transports by small, medium and large petrol fuelled passenger cars
compliant with the emission standard Euro 4.

» 2
e 8
g & 5
< 2 transport, transport, transport, 2 E
s T = z g
Name § 5 5 | ReReCiaSieal R e Ressenaci et S &  GeneralComment
S g8 smallsize, petrol,  medium size, large size, petrol, £ o
- EURO4 petrol, EURO 4 EURO 4 g E
g g g
£ k]
= a
Location RER RER RER
InfrastructureProcess o 4 o
Unit km km km
product transport, passenger car, small size, petrol, EURO 4 RER 0 km 1 [} [}
transport, passenger car, medium size, petrol, EURO4 ~ RER 0 km 0 1 o
ransport, passenger car, large size, petrol, EURO 4 RER 0 km 0 ) 1
(3.1.32,1,5,8U:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 1200 kg:
technosphere passenger car, petrolinatural gas RER 1 kg 8.00E-3 LR bt (3.1
1,5,8U:3); Vehicle lfe tme 1 m; Vehicle weight: 1600 kg;
passenger car, petrolinatural gas RER 1 kg 107E2 R T et g
g (3.1.32,1,5,8U:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 2000 kg:
passenger car, petrolinatural gas. RER 1 kg 133E2 LT G et 1
e —— T 64556 86056 LogEs L a0y (3132158U) Vehicle e ime performance: 150000 vkm; Basic vehicle weight: 1240
i g g § kg; Simons 2013; Ecoinvent13.1
g g (3.1,32,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW-km); Average load: 100 kg;
road CH 1 ma 6.15E-4 8.04E4 9,934 107 s
operation, maintenance, road CH 1 ma 11763 11763 11763 1 307 (3132.15BU3);Road demand: 1.17E-03 mykm: Ecoinvent\2
petrol, low-sulphur, at regional storage RER 0 kg 4.89E-2 6.1262 8.41E2 1 109 (2223.2BU:L05); Fuel demand for Germanyin 2015; HBEFA database 3.2
(2:2.23,1,2,8U:1.05); Refrigerant emissions: 4.99E-06 kg/km; Vehicle lfe time
refrigerant R134a, at plant RER 0 kg 4.99E6 4.99E6 4.99E-6 1 109  performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech
:n'“s'::‘:i;'e‘z" Carbon dioxide, fossil - - kg 15361 19261 264E-1 1 109 (222312BU:105); Emission factor for Germanyin 2015; HBEFA database v3.2
Carbon monoside, fossil - -k 1103 10563 1.05€-3 1 501 (222312BUS) Emission factor for Germanyin 2015; HBEFA database \3.2
Methane, fossil - -k 42166 42066 4.20E6 1 151 (222312BU:LS); Emission factor for Germanyin 2015; HBEFA database V3.2
1 1.2.BU°1.5); Unspecified .
NMVOC, non-methane volatile organic compounds, L5)i NMVOC for which no exsts; 45.2%
et - ) 32965 32865 32865 1 151  oftotal NMVOC emissions: HBEFA database v3.2; EMEP/IEEA guidebook 2013, 1LAZ.b.iiv,
G Z Tab. 3-112
(2.22.3,1,2,8U:1.5); Share in total NMVOC emissions: 3.19%; HBEFA database \3.2;
Bl kg 25280 251E 0 2810 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.65%; HBEFA database v3.2;
Bicpeig kg 2 ATEy AriEY 1 151 CuEPEEAguidebook 2013, LA3 by, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 5.24%; HBEFA database \3.2:
Brane - - ke HHI=E = S 1 151 cEp/EEA guidebook 2013, 1A3b.-iv, Tab. 3-112
(2:2.23,1,2,BU:1.5); Share in total NMVOC emissions: 2.15%; HBEFA database 3.2;
(REIEN kg A53=6 4536 45320 1 151 CuEPEEAguidebook 2013, LA3 by, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.61%; HBEFA database V3.2
e kg AH1=5 AH1=6 AH=6 1 151 ElEpEEAguidebook 2013, 1LABb.iv, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 1.14%; HBEFA database \3.2:
Gl . c ke B20e B28E B2eE 1 151 EVEpEEAquidebook 2013, 1 A3y, Tab. 3112
. . g g g (22.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.74%; HBEFA database v3.2;
(RGN kg B Bga=y gz 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3-112
. . y y y (2.2.23,12,BU:1.5); Share in total NMVOC emissions: 7.30%; HBEFA database 3.2:
B kg BE=e 820 826 1 151 EVEP/EEAguidebook 2013, 1Ay, Tab. 3-112
(2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 3.82%; HBEFA database \3.2:
(R kg e 2 2 1 151 EyEPEEAguidebook 2013, 1 A3y, Tab. 3112
’ . . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.11%; HBEFA database V3.2
RLgeens kg UEIEe vEHED 7D 1 151 EVEP/EEAguidebook 2013, LABb.iv, Tab. 3-112
(2.2.23.12.8U:3); Share in total NMVOC emissions: 5.61%; HBEFA database \3.2;
Benzie - -k =S =S AU 1 301 cEp/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-112
@22 U:1.5); Share in total NMVOC emissions: 10.98%; HBEFA database 3.
e kg UaES ZESEE UEEE0 1] 1st EMEPIEEA guidebook 2013, 1A3 b.i-iv, Tab. 3-112
g . . g g g @2 U:1.5); Share in total NMVOC emissions: 5.43%; HBEFA database \8.2;
I kg aeI=e g6 G0 1] 15t EMEP/EF_Agumeboak 2013, LA3bi-iv, Tab. 3-112
@2 U:1.5); Share in total NMVOC emissions: 2.26%; HBEFA database \3.2:
Clers . © ke azEs a=Es 8L L e EMEP/EEA quidebook 2013, 1A3.b.i-iv, Tab. 3-112
. . y y g (22.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.70%; HBEFA database v3.2;
RO kg AZED 4= AZE0 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3-112
. . g g g (2.2.23,12,BU:1.5); Share in total NMVOC emissions: 0.75%; HBEFA database 3.2
(e kg B = B 1 151 EVEP/EEAquidebook 2013, 1Ay, Tab. 3-112
(2.2.23,1,2,8U:1.5); Share in total NMVOC emissions: 0.22%; HBEFA database V3.2
ez e kg a5 LESE ST 1] 18 EMEP/EEA guidebook 2013, 1A3b.i-iv, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.61%; HBEFA database v3.2;
(RED kg AWEEY AHEY AeHEY 1] 15t EMEP/EEAgmdeboak 2013, 1A3.b.i-iv, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 0.05%; HBEFA database 3.2:
Methyl ethyl ketone - ) 3638 36268 36268 LSl e Aguidobaok 2013, 1 A8 b v, Tab 3.112
(2:2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.19%; HBEFA database 3.2;
CEld kg A=Y 4559 4257 1 151 EVEPEEAQuidebook 2013, 1A3b.iv, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.01%; HBEFA database v3.2;
SpEe kg U A A 1 151 EVEpEEAguidebook 2013, LABb.iv, Tab. 3-112
Nitrogen oxides - ) 7.04E5 75065 755E5 1 151 (2223.12BU:LS) Emission factor for Germanyin 2015; HBEFA database 3.2
Ammonia - -k 40565 4.06E5 4.08E5 1 121 (222312BU:12); Emission factor for Germanyin 2015; HBEFA database V3.2
Dinitrogen monoxide - -k 48267 51467 564E-7 1 151 (222312BU:15) Emission factor for Germanyin 2015; HBEFA database \3.2
Sulfur dioxide - 1 6.96E-7 871E7 12066 1 109 (2223.12BU:L05); Emission factor for Germanyin 2015; HBEFA database v3.2
Particulates, < 2.5 um - -k 1.95E-6 1.95E-6 1.95E-6 1 301 (2223.12BU:3) Emission facior for Germanyin 2015; HBEFA database \G.2
. (2:2.2:3,1,2,8U:3); Fuel dependent emission factor: 2.62E-08 kglkgfuel; EMEP/EEA
PAH, polycyclic aromatic hydrocarbons - ) 12869 160E-90 22069 1 301 gumebank 5013 1 Aab i Tab, 3.6 and 9.0
@2 BU:S), Fuel dependent emission factor: 3.00E-10 kg/kgfuel; EMEP/EEA
Asenic - ) 147611 183611 252611 1 so01 gmdemmk 0151 A2 Tab 3110
. . g g g (2.2.23,1,2,8U5); Fuel dependent emission factor: 2.00E-10 kg/kgfuel; EMEP/EEA
Selenium kg 977612 122611 168E-11 L 0L 2015, 1 A% Tab 5105
(22.23.1,2.8U5); Fuel dependent emission factor: 2.16€-06 kghkgfuel; EMEP/EEA
Zinc kg 106E-7 13267 18267 LSO 01 1 A%t Tab o1
(2.22,3,1,2,BU’5); Fuel dependent emission factor: 4.20E-08 kg/kgfuel; EMEPIEEA
Copper L) 20569 25789 35389 1 5% gidebook 2013, 1.A3b.iiv, Tab. 3103
. . § § g (2.2.23.12.BU5); Fuel dependent emission factor: 1.30E-08 kg/kgfuel; EMEP/EEA
Nickel kg 6.356-10 7.95€-10 1.09E-9 LSOl 2015 1 A% Tab 5105
(2.22.3,1,2.8U5); Fuel dependent emission factor: 1.60E-08 kg/kgfuel; EMEP/EEA
Chromium kg 7.826-10 9.79E-10 1.35€-9 LSO 2015 1A% Tab 3105
. . g g g (2:2.23,1,2,8U5); Fuel dependent emission factor: 3.20E-11 kghkgfuel; EMEP/EEA
Chromium \1 b 156612 19612 260812 1 5% glidebook 2013, 1.A3..v, Tab. 3-103; Spielmann etal. 2007
(22.23.12.8U5); Fuel dependent emission factor: 8.70E-09 kghkgfuel; EMEP/EEA
Mercury - ) 4.256-10 5.326-10 7.326-10 LSOl 2015 1 A% Tab 5105
(2:2.23,1,2.BU5); Fuel dependent emission factor: 1.0BE-08 kghkgfuel; EMEP/EEA
Cadmium kg 5.28E-10 6.61E-10 9.08E-10 LSO 201 1 AS . Tab 3105
. . g g g (2.2.23,1,2,8U5); Fuel dependent emission factor: 3.32E-08 kghkgfuel; EMEP/EEA
lie) kg A= B 2= 1 501 idebook 2013, LAZ.b.iiv, Tab. 3-103
(2.2.23.12,BU:1.5); Refrigerant emissions: 4.99E-06 kghkm; Vehicle life time
Ethane, 1,1,1,2-tetrafluoro-, HFC-134a - -k 4.99E6 4.99E6 4.99E6 1 151 performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Comelia Stettler, Carbotech
emission Non
material emissions, Noise, road, passenger car, average = - km 100E+0 100E+0 100E+0 1 15 (2205323 1:2,8U:1.9); Ecological Scarcity method 2013; Frischknecht & BUsser Kndpfel
unspecified
technosphere road wear emissions, passenger car RER 0 kg 12765 1.66E-5 2.05E-5 1 202 ($233128U2) Emission factor: 9.77E-06 kg/(GWkm); Average load: 100 kg;

Ecoinvent3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1.A3.b.vii, Tab. 3-2
(2.2:3.3,1,2,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load: 100 k

e e RER o ko WEES E=S E20E N 202 £ loinvent va.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1.A3.b.vi, Tab. 3-1
(2.2.33,1,2,BU:2); Emission factor: 4.44E-06 kg/(tGVW*km); Average load: 100 kg;

DGR SIS RS R ST8ES 7996 93386 1 292 Edginventya.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1A3b.vi, Tab. 3-1

disposal, road RER 1 ma G ey OFER4 1 307 (813215BU:3) Road demand: 4.73E-04 my(IGW/km); Average load: 100 kg;

Ecoinvent2

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.
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Tab. 4.3 Life cycle inventory of transports by small, medium and large petrol fuelled passenger cars
compliant with the emission standard Euro 5.

» 2
e 8
g & 5
< 2 transport, transport, transport, 2 E
s T = z g
Name § 5 5 | ReReCiaSieal R e Ressenaci et S &  GeneralComment
S g8 smallsize, petrol,  medium size, large size, petrol, £ o
- EUROS petrol, EURO5 EUROS g 5
g g g
£ k]
= a
Location RER RER RER
InfrastructureProcess o 4 o
Unit km km km
product transport, passenger car, small size, petrol, EUROS. RER 0 km 1 [} [}
transport, passenger car, medium size, petrol, EURO5 ~ RER 0 km 0 1 o
ransport, passenger car, large size, petrol, EURO’S RER 0 km 0 ) 1
(3.1.32,1,5,8U:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 1200 kg:
technosphere passenger car, petrolinatural gas RER 1 kg 8.00E-3 LR bt (3.1
1,5,8U:3); Vehicle lfe tme 1 m; Vehicle weight: 1600 kg;
passenger car, petrolinatural gas RER 1 kg 107E2 R T et g
g (3.1.32,1,5,8U:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 2000 kg:
passenger car, petrolinatural gas. RER 1 kg 133E2 LT G et 1
e —— T 64556 86056 LogEs L a0y (3132158U) Vehicle e ime performance: 150000 vkm; Basic vehicle weight: 1240
i g g § kg; Simons 2013; Ecoinvent13.1
g g (3.1,32,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW-km); Average load: 100 kg;
road CH 1 ma 6.15E-4 8.04E4 9,934 107 s
operation, maintenance, road CH 1 ma 11763 11763 11763 1 307 (3132.15BU3);Road demand: 1.17E-03 mykm: Ecoinvent\2
petrol, low-sulphur, at regional storage RER 0 kg 45762 551E2 7.84E-2 1 109 (2223.2BU:L05); Fuel demand for Germanyin 2015; HBEFA database 3.2
(2:2.23,1,2,8U:1.05); Refrigerant emissions: 4.99E-06 kg/km; Vehicle lfe time
refrigerant R134a, at plant RER 0 kg 4.99E6 4.99E6 4.99E-6 1 109  performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech
:n'“s'::‘:i;'e‘z" Carbon dioxide, fossil - - kg 14361 17361 246E-1 1 109 (222312BU:105); Emission factor for Germanyin 2015; HBEFA database v3.2
Carbon monoside, fossil - -k 8.99E-4 9.04E4 9.04E4 1 501 (22231.2BUS); Emission factor for Germanyin 2015; HBEFA database \3.2
Methane, fossil - -k 5E- 5E- 5E- 1 151 (222312BU:LS); Emission factor for Germanyin 2015; HBEFA database V3.2
hane, fossil K 38566 38566 38566 factor f datab
1 1.2.BU°1.5); Unspecified .
NMVOC, non-methane volatile organic compounds, L5)i ecified NMVOC for which no exsts; 45.2%
e - ) 3.00E-5 301E5 3.00E5 1 151  oftotal NMVOC emissions: HBEFA database v3.2; EMEP/IEEA guidebook 2013, 1LAZ.b.iiv,
Tab.3-112
(2.22.3,1,2,8U:1.5); Share in total NMVOC emissions: 3.19%; HBEFA database \3.2;
Bl kg am=s 21280 21280 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.65%; HBEFA database v3.2;
Bicpeig kg A= AEHEY AEHEY 1 151 CuEPEEAguidebook 2013, LA3 by, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 5.24%; HBEFA database \3.2:
Brane - - ke s BEEE e 1 151 cEp/EEA guidebook 2013, 1A3b.-iv, Tab. 3-112
(2:2.23,1,2,BU:1.5); Share in total NMVOC emissions: 2.15%; HBEFA database 3.2;
(REIEN kg LE0 AHE0 EED 1 151 CuEPEEAguidebook 2013, LA3 by, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.61%; HBEFA database V3.2
e kg AT=6 A6 A6 1 151 ElEpEEAguidebook 2013, 1LABb.iv, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 1.14%; HBEFA database \3.2:
Gl . c ke ZEE ZEIE ZElE) 1 151 EVEpEEAquidebook 2013, 1 A3y, Tab. 3112
. . g g g (22.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.74%; HBEFA database v3.2;
(RGN kg A= AEHET AEHET 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3-112
. . y y y (2.2.23,12,BU:1.5); Share in total NMVOC emissions: 7.30%; HBEFA database 3.2:
B kg ARG AEHED AEEED 1 151 EVEP/EEAguidebook 2013, 1Ay, Tab. 3-112
(2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 3.82%; HBEFA database \3.2:
(R kg aEEs ZEaE 8EES 1 151 EyEPEEAguidebook 2013, 1 A3y, Tab. 3112
’ . . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.11%; HBEFA database V3.2
RLgeens kg USED vEIED VD 1 151 EVEP/EEAguidebook 2013, LABb.iv, Tab. 3-112
(2.2.23.12.8U:3); Share in total NMVOC emissions: 5.61%; HBEFA database \3.2;
Benzie - -k EE=s =0 ST 1 301 cEp/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-112
@22 U:1.5); Share in total NMVOC emissions: 10.98%; HBEFA database 3.
e kg UEED UEIED UEED 1] 1st EMEPIEEA guidebook 2013, 1A3 b.i-iv, Tab. 3-112
g . . g g g @2 U:1.5); Share in total NMVOC emissions: 5.43%; HBEFA database \8.2;
I kg HEEG HE=e HEED 1] 15t EMEP/EF_Agumeboak 2013, LA3bi-iv, Tab. 3-112
@2 U:1.5); Share in total NMVOC emissions: 2.26%; HBEFA database \3.2:
Clers . © ke LE0E LE0E EECE L e EMEP/EEA quidebook 2013, 1A3.b.i-iv, Tab. 3-112
. . y y g (22.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.70%; HBEFA database v3.2;
RO kg AEED 4HED 4EE0 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3-112
. . g g g (2.2.23,12,BU:1.5); Share in total NMVOC emissions: 0.75%; HBEFA database 3.2
(e kg A AR AR 1 151 EVEP/EEAquidebook 2013, 1Ay, Tab. 3-112
(2.2.23,1,2,8U:1.5); Share in total NMVOC emissions: 0.22%; HBEFA database V3.2
ez e kg LacE LacE LacE 1] 18 EMEP/EEA guidebook 2013, 1A3b.i-iv, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.61%; HBEFA database v3.2;
(RED kg AT AR AR 1] 15t EMEP/EEAgmdeboak 2013, 1A3.b.i-iv, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 0.05%; HBEFA database 3.2:
Methyl ethyl ketone - ) 33268 33268 33268 LSl e Aguidobaok 2013, 1 A8 b v, Tab 3.112
(2:2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.19%; HBEFA database 3.2;
CEld kg 2= ZSE ZSE 1 151 EVEPEEAQuidebook 2013, 1A3b.iv, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.01%; HBEFA database v3.2;
SpEe kg Gl Gl Gl 1 151 EVEpEEAguidebook 2013, LABb.iv, Tab. 3-112
Nitrogen oxides - ) 3.03E5 3.03E5 3.03E5 1 151 (2223.12BU:LS) Emission factor for Germanyin 2015; HBEFA database 3.2
Ammonia - -k 40365 4.04E5 4.04E5 1 121 (222312BU:12); Emission factor for Germanyin 2015; HBEFA database V3.2
Dinitrogen monoxide - -k 4.36E7 44767 4.69E7 1 151 (222312BU:15) Emission factor for Germanyin 2015; HBEFA database \3.2
Sulfur dioxide - 1 6.50E-7 7.856-7 11266 1 109 (2223.12BU:L05); Emission factor for Germanyin 2015; HBEFA database v3.2
Particulates, < 2.5 um - -k 20766 20766 20766 1 301 (2223.12BU:3) Emission facior for Germanyin 2015; HBEFA database \G.2
. (2:2.2:3,1,2,8U:3); Fuel dependent emission factor: 2.62E-08 kglkgfuel; EMEP/EEA
PAH, polycyclic aromatic hydrocarbons - ) 1.2060 1.44E-9 20569 1 301 gumelmnk 5013 1 Aab i Tab, 3.6 and 9.0
@2 BU:S), Fuel dependent emission factor: 3.00E-10 kg/kgfuel; EMEP/EEA
Asenic - ) 137611 165E-11 235611 1 so01 gmdebmk 0151 A2 Tab 3110
. . g g g (2.2.23,1,2,8U5); Fuel dependent emission factor: 2.00E-10 kg/kgfuel; EMEP/EEA
Selenium kg 913612 110E11 157E11 L 0L 2015, 1 A% Tab 5105
(22.23.1,2.8U5); Fuel dependent emission factor: 2.16€-06 kghkgfuel; EMEP/EEA
Zinc kg 9.87E8 110E7 L7067 LSO 01 1 A%t Tab o1
(2.22,3,1,2,BU’5); Fuel dependent emission factor: 4.20E-08 kg/kgfuel; EMEPIEEA
Copper L) 19269 23189 32989 1 5% gidebook 2013, 1.A3b.iiv, Tab. 3103
. . § § g (2.2.23.12.BU5); Fuel dependent emission factor: 1.30E-08 kg/kgfuel; EMEP/EEA
Nickel kg 5.93E-10 7.16E-10 10269 LSOl 2015 1 A% Tab 5105
(2.22.3,1,2.8U5); Fuel dependent emission factor: 1.60E-08 kg/kgfuel; EMEP/EEA
Chromium kg 7.30E-10 882610 12569 LSO 2015 1A% Tab 3105
. . g g g (2:2.23,1,2,8U5); Fuel dependent emission factor: 3.20E-11 kghkgfuel; EMEP/EEA
Chromium \1 b 14612 176612 251812 1 5% glidebook 2013, 1.A3..v, Tab. 3-103; Spielmann etal. 2007
(22.23.12.8U5); Fuel dependent emission factor: 8.70E-09 kghkgfuel; EMEP/EEA
Mercury - ) 39710 4.80E-10 6.826-10 LSOl 2015 1 A% Tab 5105
(2:2.23,1,2.BU5); Fuel dependent emission factor: 1.0BE-08 kghkgfuel; EMEP/EEA
Cadmium kg 4.93E-10 5.95€-10 8.47E-10 LSO 201 1 AS . Tab 3105
. . g g g (2.2.23,1,2,8U5); Fuel dependent emission factor: 3.32E-08 kghkgfuel; EMEP/EEA
lie) kg A= A= RELEE) 1 501 idebook 2013, LAZ.b.iiv, Tab. 3-103
(2.2.23.12,BU:1.5); Refrigerant emissions: 4.99E-06 kghkm; Vehicle life time
Ethane, 1,1,1,2-tetrafluoro-, HFC-134a - -k 4.99E6 4.99E6 4.99E6 1 151 performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Comelia Stettler, Carbotech
emission Non
material emissions, Noise, road, passenger car, average = - km 100E+0 100E+0 100E+0 1 15 (2205323 1:2,8U:1.9); Ecological Scarcity method 2013; Frischknecht & BUsser Kndpfel
unspecified
technosphere road wear emissions, passenger car RER 0 kg 12765 1.66E-5 2.05E-5 1 202 ($233128U2) Emission factor: 9.77E-06 kg/(GWkm); Average load: 100 kg;

Ecoinvent3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1.A3.b.vii, Tab. 3-2
(2.2:3.3,1,2,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load: 100 k

e e RER o ko WEES E=S E20E N 202 £ loinvent va.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1.A3.b.vi, Tab. 3-1
(2.2.33,1,2,BU:2); Emission factor: 4.44E-06 kg/(tGVW*km); Average load: 100 kg;

DGR SIS RS R ST8ES 7996 93386 1 292 Edginventya.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1A3b.vi, Tab. 3-1

disposal, road RER 1 ma G ey OFER4 1 307 (813215BU:3) Road demand: 4.73E-04 my(IGW/km); Average load: 100 kg;

Ecoinvent2

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.
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Tab. 4.4 Life cycle inventory of transports by small, medium and large petrol fuelled passenger cars
compliant with the emission standard Euro 6.

» 2
g C
g & 5
< 2 transport, transport, transport, 2 E
s T = z g
Name g | 5 E [ RESCIGSIEN | ResStagctan | pesSelgeiesn S &  GeneralComment
S g8 smallsize, petrol,  medium size, large size, petrol, £ o
- EURO6 petrol, EURO6 EURO6 g 5
g g g
£ k]
= a
Location RER RER RER
InfrastructureProcess o 4 o
Unit km km km
product transport, passenger car, small size, petrol, EURO 6 RER 0 km 1 [} [}
transport, passenger car, medium size, petrol, EURO6 ~ RER 0 km 0 1 o
ransport, passenger car, large size, petrol, EURO 6 RER 0 km 0 ) 1
(3.1.32,1,5,8U:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 1200 kg:
technosphere passenger car, petrolinatural gas RER 1 kg 8.00E-3 LR bt (3.1
1,5,8U:3); Vehicle lfe tme 1 m; Vehicle weight: 1600 kg;
passenger car, petrolinatural gas RER 1 kg 107E2 R T et g
g (3.1.32,1,5,8U:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 2000 kg:
passenger car, petrolinatural gas. RER 1 kg 133E2 LT G et 1
e —— T 64556 86056 LogEs L a0y (3132158U) Vehicle e ime performance: 150000 vkm; Basic vehicle weight: 1240
i g g § kg; Simons 2013; Ecoinvent13.1
g g (3.1,32,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW-km); Average load: 100 kg;
road CH 1 ma 6.15E-4 8.04E4 9,934 107 s
operation, maintenance, road CH 1 ma 11763 11763 11763 1 307 (3132.15BU3);Road demand: 1.17E-03 mykm: Ecoinvent\2
petrol, low-sulphur, at regional storage RER 0 kg 43262 5202 7472 1 109 (2223.2BU:L05); Fuel demand for Germanyin 2015; HBEFA database 3.2
(2:2.23,1,2,8U:1.05); Refrigerant emissions: 4.99E-06 kg/km; Vehicle lfe time
refrigerant R134a, at plant RER 0 kg 4.99E6 4.99E6 4.99E-6 1 109  performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech
:n'“s'::‘:i;'e‘z" Carbon dioxide, fossil - B 13561 16361 234E1 1 109 (222312BU:105); Emission factor for Germanyin 2015; HBEFA database \3.2
Carbon monoside, fossil - -k 8.98E-4 9,034 9,034 1 501 (222312BUS) Emission factor for Germanyin 2015; HBEFA database \3.2
Methane, fossil - -k 35166 35166 35166 1 151 (222312BU:LS); Emission factor for Germanyin 2015; HBEFA database V3.2
1 12,8U1L5); Unspecified .
NMVOC, non-methane volatile organic compounds, L5)i ecified NMVOC for which no exsts; 45.2%
e - ) 27365 27365 27365 1 151  oftotal NMVOC emissions: HBEFA database v3.2; EMEP/IEEA guidebook 2013, 1LAZ.b.iiv,
Tab.3-112
(2.22.3,1,2,8U:1.5); Share in total NMVOC emissions: 3.19%; HBEFA database \3.2;
Bl kg AEE0 40 S0 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.65%; HBEFA database v3.2;
Bicpeig kg Q=Y Q=Y =Y 1 151 CuEPEEAguidebook 2013, LA3 by, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 5.24%; HBEFA database \3.2:
Brane - - ke EH=E SHl=s Eh=s 1 151 cEp/EEA guidebook 2013, 1A3b.-iv, Tab. 3-112
(2:2.23,1,2,BU:1.5); Share in total NMVOC emissions: 2.15%; HBEFA database 3.2;
(REIEN kg AEN=0 450=0 40E0 1 151 CuEPEEAguidebook 2013, LA3 by, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.61%; HBEFA database V3.2
e kg QI =Y Ry 1 151 ElEpEEAguidebook 2013, 1LABb.iv, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 1.14%; HBEFA database \3.2:
Gl . c ke CEE CEE Gy 1 151 EVEpEEAquidebook 2013, 1 A3y, Tab. 3112
. . g g g (22.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.74%; HBEFA database v3.2;
(RGN kg LTV LB IR 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3-112
. . y y y (2.2.23,12,BU:1.5); Share in total NMVOC emissions: 7.30%; HBEFA database 3.2:
B kg AHEES AKHED AUHED 1 151 EVEP/EEAguidebook 2013, 1Ay, Tab. 3-112
(2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 3.82%; HBEFA database \3.2:
(R kg 221E Z51E 0 25180 1 151 EyEPEEAguidebook 2013, 1 A3y, Tab. 3112
’ . . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.11%; HBEFA database V3.2
RLgeens kg GE=9 GE3=0 eI 1 151 EVEP/EEAguidebook 2013, LABb.iv, Tab. 3-112
(2.2.23.12.8U:3); Share in total NMVOC emissions: 5.61%; HBEFA database \3.2;
Benzie - -k 8= 8= S0 1 301 cEp/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-112
@22 U:1.5); Share in total NMVOC emissions: 10.98%; HBEFA database 3.
e kg GEES GEES GEES 1] 1st EMEPIEEA guidebook 2013, 1A3 b.i-iv, Tab. 3-112
g . . g g g @2 U:1.5); Share in total NMVOC emissions: 5.43%; HBEFA database \8.2;
I kg 8Z=6 8Z1=6 8210 1] 15t EMEP/EF_Agumeboak 2013, LA3bi-iv, Tab. 3-112
@2 U:1.5); Share in total NMVOC emissions: 2.26%; HBEFA database \3.2:
Clers . © ke a51=0 &5=0 S8R L e EMEP/EEA quidebook 2013, 1A3.b.i-iv, Tab. 3-112
. . y y g (22.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.70%; HBEFA database v3.2;
RO kg A= A= AE=0 1 151 EVEPEEAQuidebook 2013, 1 A3y, Tab. 3-112
. . g g g (2.2.23,12,BU:1.5); Share in total NMVOC emissions: 0.75%; HBEFA database 3.2
(e kg A AERIEY CERE 1 151 EVEP/EEAquidebook 2013, 1Ay, Tab. 3-112
(2.2.23,1,2,8U:1.5); Share in total NMVOC emissions: 0.22%; HBEFA database V3.2
ez e kg LS3E G557 SEEEY 1] 18 EMEP/EEA guidebook 2013, 1A3b.i-iv, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.61%; HBEFA database v3.2;
(RED kg BEI=Y eIz eIy 1] 15t EMEP/EEAgmdeboak 2013, 1A3.b.i-iv, Tab. 3-112
(2.2.23,12,BU:1.5); Share in total NMVOC emissions: 0.05%; HBEFA database 3.2:
Methyl ethyl ketone - ) 30268 30268 30268 LSl e Aguidobaok 2013, 1 A8 b v, Tab 3.112
(2:2.23,1,2,BU:1.5); Share in total NMVOC emissions: 0.19%; HBEFA database 3.2;
CEld kg 03 4437 4437 1 151 EVEPEEAQuidebook 2013, 1A3b.iv, Tab. 3-112
. . g g g (2.2.23,1,2,BU:1.5); Share in total NMVOC emissions: 1.01%; HBEFA database v3.2;
SpEe kg GE= G G 1 151 EVEpEEAguidebook 2013, LABb.iv, Tab. 3-112
Nitrogen oxides - ) 201E5 2015 201E5 1 151 (2223.12BU:LS) Emission factor for Germanyin 2015; HBEFA database 3.2
Ammonia - -k 40265 4.03E5 4.03E5 1 121 (222312BU:12); Emission factor for Germanyin 2015; HBEFA database V3.2
Dinitrogen monoxide - -k 41467 418E7 4.28E7 1 151 (222312BU:15) Emission factor for Germanyin 2015; HBEFA database \3.2
Sulfur dioxide - 1 6.156-7 74167 1.06E6 1 109 (2223.12BU:L05); Emission factor for Germanyin 2015; HBEFA database v3.2
Particulates, < 2.5 um - -k 20766 20766 20766 1 301 (2223.12BU:3) Emission facior for Germanyin 2015; HBEFA database \G.2
. (2:2.2:3,1,2,8U:3); Fuel dependent emission factor: 2.62E-08 kglkgfuel; EMEP/EEA
PAH, polycyclic aromatic hydrocarbons - ) 11369 1.36E0 1.96E-9 1 301 gumelmnk 5013 1 Aab i Tab, 3.6 and 9.0
@2 BU:S), Fuel dependent emission factor: 3.00E-10 kg/kgfuel; EMEP/EEA
Asenic - ) 130E-11 156E-11 224611 1 so01 gmdebmk 0151 A2 Tab 3110
. . g g g (2.2.23,1,2,8U5); Fuel dependent emission factor: 2.00E-10 kg/kgfuel; EMEP/EEA
Selenium kg 8.64E-12 104E11 149E11 L 0L 2015, 1 A% Tab 5105
(22.23.1,2.8U5); Fuel dependent emission factor: 2.16€-06 kghkgfuel; EMEP/EEA
Zinc kg 9.34E8 11267 16267 LSO 01 1 A%t Tab o1
(2.22,3,1,2,BU’5); Fuel dependent emission factor: 4.20E-08 kg/kgfuel; EMEPIEEA
Copper . - LBIES 21889 31489 1 5% gidebook 2013, 1.A3b.iiv, Tab. 3103
. . § § g (2.2.23.12.BU5); Fuel dependent emission factor: 1.30E-08 kg/kgfuel; EMEP/EEA
Nickel kg 561E-10 6.76E-10 97110 LSOl 2015 1 A% Tab 5105
(2.22.3,1,2.8U5); Fuel dependent emission factor: 1.60E-08 kg/kgfuel; EMEP/EEA
Chromium kg 6.91E-10 8.326-10 12060 LSO 2015 1A% Tab 3105
. . g g g (2:2.23,1,2,8U5); Fuel dependent emission factor: 3.20E-11 kghkgfuel; EMEP/EEA
Chromium \1 b 138612 16612 230812 1 5% glidebook 2013, 1.A3..v, Tab. 3-103; Spielmann etal. 2007
(22.23.12.8U5); Fuel dependent emission factor: 8.70E-09 kghkgfuel; EMEP/EEA
Mercury - ) 3.76E-10 452610 6.50E-10 LSOl 2015 1 A% Tab 5105
(2:2.23,1,2.BU5); Fuel dependent emission factor: 1.0BE-08 kghkgfuel; EMEP/EEA
Cadmium kg 4.66E-10 5.61E-10 807E-10 LSO 201 1 AS . Tab 3105
. . g g g (2.2.23,1,2,8U5); Fuel dependent emission factor: 3.32E-08 kghkgfuel; EMEP/EEA
lie) kg AE=D AR RS 1 501 idebook 2013, LAZ.b.iiv, Tab. 3-103
(2.2.23.12,BU:1.5); Refrigerant emissions: 4.99E-06 kghkm; Vehicle life time
Ethane, 1,1,1,2-tetrafluoro-, HFC-134a - -k 4.99E6 4.99E6 4.99E6 1 151 performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Comelia Stettler, Carbotech
emission Non
material emissions, Noise, road, passenger car, average = - km 100E+0 100E+0 100E+0 1 15 (2205323 1:2,8U:1.9); Ecological Scarcity method 2013; Frischknecht & BUsser Kndpfel
unspecified
technosphere road wear emissions, passenger car RER 0 kg 12765 1.66E-5 2.05E-5 1 202 ($233128U2) Emission factor: 9.77E-06 kg/(GWkm); Average load: 100 kg;

Ecoinvent3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1.A3.b.vii, Tab. 3-2
(2.2:3.3,1,2,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load: 100 k

e e RER o ko WEES E=S E20E N 202 £ loinvent va.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1.A3.b.vi, Tab. 3-1
(2.2.33,1,2,BU:2); Emission factor: 4.44E-06 kg/(tGVW*km); Average load: 100 kg;

DGR SIS RS R ST8ES 7996 93386 1 292 Edginventya.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1A3b.vi, Tab. 3-1

disposal, road RER 1 ma G ey OFER4 1 307 (813215BU:3) Road demand: 4.73E-04 my(IGW/km); Average load: 100 kg;

Ecoinvent2
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4. Passenger transport 18

Tab. 4.5 Life cycle inventory of transports by small, medium and large diesel fuelled passenger cars
compliant with the emission standard Euro 3.

" 2
8 8
g &
< 2 transport, transport, transport, 2 E
g T = 2
] S ¢ opassengercar, passengercar, passengercar, £ S
3 £ £
Name g 2 5 smalisize diesel, mediumsize, large size, diesel, & g ComEEEmmaE
S 2 EURO3 diesel, EURO3 EURO3 g E
g s £
£ ]
= @
Location RER RER RER
InfrastructureProcess 0 0 0
Unit km km km
product transport, passenger car, small size, diesel, EURO 3 RER 0 km 1 0 0
wransport, passenger car, medium size, diesel,EURO3 ~ RER 0 km 0 1 0
wansport, passenger car,large size, diesel, EURO 3 RER 0 km 0 0 1
[ee—— S——— o4 50053 1 a0y (BLAZLSEUI venice e me peromance: 150000 i Vehicle weight 1200k
15,8U3)
A——— m=oa Lot 1 eor @13218EU3)Vendeleime 150000 vkm; Vehicle weight: 1600 kg;
passenger car, diesel RER 1 ko s 1 sor (13218BUD)Venie e tme peromance: 150000 Veficle welght 2000 k3
maintenance, passenger car RER 1 unit 6.45E-6 8.60E-6 108E-5 1 807 E;'];'mns izlé)::;‘:‘i:::fﬂ"';e performance: 150000 km; Basic vehicle weight: 1240
- & a8 m GEEa e o 1 sor (13218603 Roa demand: 473604 my(GWHkm); Arage load 100ks:
operation, maintenance, road CH 1 ma 11763 11763 11763 1 307 (3.132.15BU:3) Road demand: L17E-03 mykm: Ecoinventv2
diesel, low-sulphur, at regional storage RER 0 kg 32762 461E2 6.26E-2 1 109 12,8U11.05); Fuel demand for Germany in 2015; HBEFA database \3.2

BU:1.05); Refrigerant emissions: 4.99E-06 kg/ikm; Vehicle life tme
refrigerant R134a, at plant RER 0 kg 499E-6 499E-6 4.99E6 1 109 performance: 150E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech

in'"s':zzge‘:" Carbon dioxide, fossil - - kg 104E-1 146E-1 199E-1 1100 (2 BU:1.05); Emission factor for Germanyin 2015; HBEFA database \3.2
Carbon monoside, fossil - - kg 9.88E5 9.88E5 9.88E5 1 501 (2223.12BUS)Emission factor for Germanyin 2015; HBEFAdatabase \8.2
Methane, fossil - - kg 6.58E-7 6.58E-7 6.58E-7 1151 (2 BU:L5); Emission factor for Germany in 2015; HBEFA database 3.2
NMVOC. non-methane volatile organic compounds (2:2.2,312.8U:1.5); Unspecified NMVOC for which no elementary exchange exists; 53.0%
: E (RS - ) 14265 14265 14265 1 151  oftotal NMVOC emissions: HBEFA database 3.2; EMEPIEEA guidebook 2013, 1LAZ.b.iiv,

unspecified origin

Tab. 3-112
e T
Cyclohexane - - kg 17487 17487 17487 1181 gf;,;g;j jej};ui”;gi;‘{",'j‘g' :WTCEET;‘Z"S‘ 0.65%: HBEFAdatabase (0.2
Ethene . — 203E6 PR ACEEG 1| 1s (Ez’.ﬂzézp.lelEig:die:‘)mskh;:;n;ag :mo;srn;slslugns. 10.97%; HBEFA database v3.2;
Propene . . 063E7 s QRS ™ gféﬁfggfjdﬁ‘iﬁia‘"m :mo;:a:rr!sls;gns 3.60%; HBEFA database \3.2;
Formaldehyde - ) 32166 32166 321E6 1oast (EMEP/EEAgjdtszai”;‘:a‘“l“’g :"""‘Cofa:’"g‘sfl‘g"s‘ 12.00%; HBEFA database \a.
Acrolein - 1 9.58E-7 9.58E-7 9.58E-7 1o1st (EZMZE;SE;;;‘ dle ;)J‘Oi";z“l“’z EW&ETS;“S: 3.58%; HBEFAdatabase \3.2;
Nitrogen oxides s - kg 7.87E-4 8.026-4 8.03E-4 1 151 (2223.12BULS) Emission factovlurGevmanym 2015; HBEFA database \3.2
Ammonia - - kg 1.00E-6 1.00E-6 1.00E-6 1 121 (2.2,2,3,1,2,BU:1.2); Emission factor for Germany in 2015; HBEFA database v3.2
Dinitrogen monoxde - - kg 467E-6 467E-6 467E-6 1 151 (2. BU:1.5); Emission factor for Germany in 2015; HBEFA database v3.2
Sulfur dioxide - - kg 5.23E-7 7.37E-7 1.00E-6 1 1.09 (2.2 2 3,1,2,BU:1.05); Emission factor for Germanyin 2015; HBEFA database v3.2
Particulates, < 2.5 um - - kg 383E5 39265 380E5 1 301 (2223,128U:3); Emission factor for Germanyin 2015; HBEFAdatabase \3.2
PAH, polycyclic aromatic hydrocarbons - -k 2519 354E-9 481E-9 1 301 (;jd'zbmk ;7”1;)iz:g‘_[:iﬁf’;::r‘;i“;z“;‘9‘“‘“" 7.68E-08 kg/kgfuel; EMEP/EEA
Arsenic . 5 g 227612 G G 1| sor (gzmzdzsoik ;li;)f::\::aie?g:n;egfsmn factor: 1.00E-10 kg/kgfuel; EVEP/EEA
Selenium . — 2 AR G 1| sot ;mdemuk zoli:)li:?‘fme:«:zn;egfswun factor: 1.00E-10 kg/kgfuel; EMEP/EEA
Zinc . I GG B6ES ARG 1| so1 gumbmk ;li:)li:?;?ﬁle?gzngegssmn factor: 1.74E-06 kghkgluel; EMEP/EEA
Copper - - kg 6.93E-10 9.77E-10 13369 1 501 ;ﬁz;ﬂik ;)‘j;)f:;‘:ﬁ:ﬂg:n;ﬂ;smn factor: 2.12E-08 kg/kgfuel; EVEP/EEA
Nickel . - Iy AT TG SEEw 1| so1 ;Zmzd;3“0:;ﬁ:)ligwseﬁlsxzn;e{gswon factor: 8.80E-09 kg/kgfuel; EMEP/EEA
Chromium . - K 9.80E-10 aeE AR 1| sor (gzmzdzbsni:;)li35)::;\;759:2?293;5mn factor: 3.00E-08 kg/kgfuel; EVEP/EEA
T
Mercury - - kg 1.73E-10 2.44E-10 332E-10 1 501 (gzmzdzb.‘sockz;&as)liig\bdme?::n;eﬁ;:smn factor: 5.30E-09 kg/kgfuel; EMEP/EEA
Cadmium . 5 g 284E-10 A R 1| sor (gzmzdzsoi:;li;)]F:;\:?Ee?g:n;egfsmn factor: 8.70E-08 kg/kgfuel; EVEP/EEA
Lead ) ke AT PED SoTES L s (222312BUS) Fuel dependent emission factor: 5.20E-08 kykgfuel; EMEP/EEA

guidebook 2013, 1.A3.b.i-v, Tab. 3-103

(2.2,2,3,1,2,BU:15); Refrigerant emissions: 4.99E-06 kghkm; Vehicle life time

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a - - kg 499E-6 499E-6 499E-6 1 151 performance: 150E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech

emission Non

(2223128U:15)
material emissions, Noise, road, passenger car, average . - km 1.00E40 1.00E40 1.00E40 1oas &2 Ecological 2013; &Busser Knopfel
unspecified
(2,2,3,3,1,2,BU:2); Emission factor: 9.77E-06 kg/(tGVW*km); Average load: 100 k¢
technosphere road wear emissions, passenger car RER [ kg 127E-5 1.66E-5 2.05E-5 1 2.02 Ecoinvent\8.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1.A3 b.vi, Tab, 3-2
(2,2,3,3,1,2,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load: 100 kg;
SO B I =R 0 9 T43ES 97285 20 1202 Eoginventya.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1A3 b, Tab, 3-1
g g g (2,2:3,3,1,2,BU:2); Emission factor: 4.44E-06 kg/(tGVWkm); Average load: 100 ke
brake wear emissions, passenger car RER 0 ko EEEED VEEED R2ES 1202 pooinventya.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1A3 b, Tab, 3-1
CE e R A om oG oo o L a0y (313215BU:3)Road demand: 4.73E-04 my(IGW+km); Average load: 100 kg;

Ecoinvent 2
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4. Passenger transport 19

Tab. 4.6 Life cycle inventory of transports by small, medium and large diesel fuelled passenger cars
compliant with the emission standard Euro 4.

" £
8 8
g & 3
< 2 transport, transport, transport, 2 E
g T = 2
] S ¢ opassengercar, passengercar, passengercar, £ S
3 £ £
Name g 2 5 smalisize diesel, mediumsize, large size, diesel, & g ComEEEmmaE
S 2 EURO4 diesel, EURO 4 EURO 4 g E
g s £
£ ]
= @
Location RER RER RER
InfrastructureProcess 0 0 0
Unit km km km
product transport, passenger car, small size, diesel, EURO 4 RER 0 km 1 0 0
wransport, passenger car, medium size, diesel,EURO4  RER 0 km 0 1 0
wansport, passenger car, large size, diesel, EURO 4 RER 0 km 0 0 1
[ee—— S——— o4 50053 1 a0y (BLAZLSEUI venice e me peromance: 150000 i Vehicle weight 1200k
15,8U3)
A——— m=oa Lot 1 eor @13218EU3)Vendeleime 150000 vkm; Vehicle weight: 1600 kg;
S R A m Lase2 1 sor (13218BUD)Venie e tme peromance: 150000 Veficle welght 2000 k3
maintenance, passenger car RER 1 unit 6.45E-6 8.60E-6 108E-5 1 807 E;'];'mns izlé)::;‘:‘i:::fﬂ"';e performance: 150000 km; Basic vehicle weight: 1240
oad o 1 ma 1554 0854 00364 1 sor (13218603 Roa demand: 473604 my(GWHkm); Arage load 100ks:
operation, maintenance, road CH 1 ma 11763 11763 11763 1 307 (3.132.15BU:3) Road demand: L17E-03 mykm: Ecoinventv2
diesel, low-sulphur, at regional storage RER 0 kg 35262 463E2 6.27E2 1 109 12,8U11.05); Fuel demand for Germany in 2015; HBEFA database \3.2

BU:1.05); Refrigerant emissions: 4.99E-06 kg/ikm; Vehicle life tme
refrigerant R134a, at plant RER 0 kg 499E-6 499E-6 4.99E6 1 109 performance: 150E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech

in'“s':z‘c"lge‘:" Carbon dioxide, fossil - - kg 11261 14761 199E-1 1100 (2 BU:1.05); Emission factor for Germanyin 2015; HBEFA database \3.2
Carbon monoside, fossil - - kg 59265 59265 59265 1 501 (2223.12BUS)Emission factor for Germanyin 2015; HBEFAdatabase \8.2
Methane, fossil - - kg 33767 337E-7 337E-7 1 151 (2. BU:1.5); Emission factor for Germanyin 2015; HBEFA database V3.2
e ——————— (2.2.23.12,8U:1.5); Unspecified NMVOC for which no elementary exchange exists; 53.0%
y 9 P . - - kg 7.27E-6 7.27E-6 7.27E-6 1 151 of total NMVOC emissions; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,

unspecified origin

Tab. 3-112
T IRy e s —
Cyclohexane - - kg 891E8 891E8 891E8 1181 g;é,lg;j jej,’,‘ui";gi;‘{",'j‘g' Q‘Tféﬁmff,‘g“s' 0.65%: HBEFAdatabase (0.2
Ethene . — (G TS AR 1| 181 (Ezr'wzézp'/gslaig:dle;)mih;igm;ag :mo;smswslslugns. 10.97%; HBEFAdatabase \8.2;
Propene - - kg 49367 494E7 49487 1 151 gf;ﬁ;g;j dt s\:ﬂih;;i;";"g :'I‘”xlofa:";sls]'g"s 3.60%; HBEFA database v3.2;
Formaldehyde - ) 164E6 165E6 165E6 1oast (EMEP/EEAgjdtszai”;‘:a‘“l“’g :"""‘Cofa:’"g‘sfl‘g"s‘ 12.00%; HBEFA database \a.
Acrolein - 1 491E7 491E7 491E7 1o1st (EZMZE;SE;;;‘ dle ;)J‘Oi";z“l“’z EW&ETS;“S: 3.58%; HBEFAdatabase \3.2;
Nitrogen oxides - - kg 525E-4 534E-4 534E-4 1 151 (2223128U15) Emission factor for Germanyin 2015; HBEFA database V3.2
Ammonia - - kg 100E-6 100E-6 L00E6 1 121 (2223.12BU:12) Emission facior for Germanyin 2015; HBEFAdatabase \3.2
Dinitrogen monoside - S kg 467E6 467E6 467E6 1181 BU:LS); Emission factor for Germany in 2015; HBEFA database 3.2
Sulfur dioxide - - kg 563E7 74267 100E6 1 109 (222312)8U11.05) Emission factor for Gemanyin 2015; HBEFAdatabase v3.2
Particulates, < 2.5 um - - kg 126E5 106E5 9.33E-6 1 301 (2223.12BU3); Emission factor for Germanyin 2015; HBEFAdatabase \G.2

PAH, polycyclic aromatic hydrocarbons - - kg 2709 356E-9 4.82E-9 1 a0t (;jd'zbmk ;7”1;)iz:g‘_[:iﬁf’;::r‘;i“;z“;‘9‘“‘“" 7.68E-08 kofkgfuel; EMEP/EEA
Asenic . . ke asEw o TR 1+ | st (gzufdzsoik ;li;);i::\:?ie?g:ngegfsmn factor: 1.0OE-10 kg/kgluel; EMEP/EEA
Selenium - - kg 352612 463E-12 6.27E-12 1 soL ;mdebwk 20'1?]::;‘:??:‘:2“;93‘;5‘“” factor: 1.00E-10 kg/kgfuel; EMEP/EEA
Zinc . I GG GEEED ARG 1| so1 gu‘demmk fbﬁfﬁiﬁ?ff?fﬂi"ﬁ”&f“” factor: 1.74E-06 kghkgluel; EMEP/EEA
Copper - - kg 747E-10 9.82E-10 13369 1 501 ;ﬁz;ﬂik ;)‘j;)f:;‘:ﬁ:ﬂg:n;ﬂ;smn factor: 2.12E-08 kg/kgfuel; EMEP/EEA
Nickel . . @ ai0e10 AT 552610 + | sot ;zu.lzl;z,;;o:;li?&;\;eﬁ::g?fg?smn factor: 8.80E-09 kg/kgluel; EMEP/EEA
Chromium . L ke e e AT 1| st (gifdzbani:;li ?f:;‘ bd‘e‘;le:calzn; mission factor: 30508 ghghel ENEPIEE
chromum 1 S amEl amEnR amEI 1 S0 s et 200
Mercury 5 - kg 187E-10 2.46E-10 332E-10 1 501 (gzmzdzb.‘sockz;&as)liig\bdme?::n;eﬁ;:smn factor: 5.30E-09 kg/kgfuel; EMEP/EEA
Cadmium - - kg 3.06E-10 403610 5.46E-10 1 so01 (gzu‘lzd‘zS&i‘ffﬂli’;);T;‘:iif?g:"sg‘:s“’” factor: 8.708-09 kgkgfuel; EMEPIEEA
Neeq . . vy e 22680 L o1 (2223128U5) Fuel dependentemission facior: 5.20E-08 kykgfuel; EMEPIEEA

guidebook 2013, 1.A3.b.i-v, Tab. 3-103

(2.2,2,3,1,2,BU:15); Refrigerant emissions: 4.99E-06 kghkm; Vehicle life time

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a - - kg 499E-6 499E-6 499E-6 1 151 performance: 150E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech

emission Non

(2223128U:15)
material emissions, Noise, road, passenger car, average . - km 1.00E40 1.00E40 1.00E40 1oas &2 Ecological 2013; &Busser Knopfel
unspecified
(2,2,3,3,1,2,BU:2); Emission factor: 9.77E-06 kg/(tGVW*km); Average load: 100 k¢
technosphere road wear emissions, passenger car RER [ kg 127E-5 1.66E-5 2.05E-5 1 2.02 Ecoinvent\8.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1.A3 b.vi, Tab, 3-2
(2,2,3,3,1,2,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load: 100 kg;
SO B I =R 0 9 T43ES 97285 20 1202 Eoginventya.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1A3 b, Tab, 3-1
g g g (2,2:3,3,1,2,BU:2); Emission factor: 4.44E-06 kg/(tGVWkm); Average load: 100 ke
brake wear emissions, passenger car RER 0 ko EEEED VEEED R2ES 1202 pooinventya.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1A3 b, Tab, 3-1
CE e R A om oG oo o L a0y (313215BU:3)Road demand: 4.73E-04 my(IGW+km); Average load: 100 kg;

Ecoinvent 2

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



4. Passenger transport 20

Tab. 4.7 Life cycle inventory of transports by small, medium and large diesel fuelled passenger cars
compliant with the emission standard Euro 5.

" 2
8 8
g &
< 2 transport, transport, transport, 2 E
g T = 2
] S ¢ opassengercar, passengercar, passengercar, £ S
3 £ £
Name g 2 5 smalisize diesel, mediumsize, large size, diesel, & g ComEEEmmaE
S 2 EUROS diesel, EUROS EUROS g E
g s £
£ ]
= @
Location RER RER RER
InfrastructureProcess 0 0 0
Unit km km km
product transport, passenger car, small size, diesel, EURO'§ RER 0 km 1 0 0
wransport, passenger car, medium size, diesel, EUROS ~ RER 0 km 0 1 0
wansport, passenger car,large size, diesel, EURO 5 RER 0 km 0 0 1
[ee—— S——— o4 50053 1 a0y (BLAZLSEUI venice e me peromance: 150000 i Vehicle weight 1200k
15,8U3)
A——— m=oa Lot 1 eor @13218EU3)Vendeleime 150000 vkm; Vehicle weight: 1600 kg;
passenger car, diesel RER 1 ko s 1 sor (13218BUD)Venie e tme peromance: 150000 Veficle welght 2000 k3
maintenance, passenger car RER 1 unit 6.45E-6 8.60E-6 108E-5 1 807 E;'];'mns izlé)::;‘:‘i:::fﬂ"';e performance: 150000 km; Basic vehicle weight: 1240
- & a8 m GEEa e o 1 sor (13218603 Roa demand: 473604 my(GWHkm); Arage load 100ks:
operation, maintenance, road CH 1 ma 11763 11763 11763 1 307 (3.132.15BU:3) Road demand: L17E-03 mykm: Ecoinventv2
diesel, low-sulphur, at regional storage RER 0 kg 32862 42962 56262 1 109 12,8U11.05); Fuel demand for Germany in 2015; HBEFA database \3.2

BU:1.05); Refrigerant emissions: 4.99E-06 kg/ikm; Vehicle life tme
refrigerant R134a, at plant RER 0 kg 499E-6 499E-6 4.99E6 1 109 performance: 150E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech

in'“s':z‘c"lge‘:" Carbon dioxide, fossil - - kg 104E-1 136E-1 179E-1 1100 (2 BU:1.05); Emission factor for Germanyin 2015; HBEFA database \3.2
Carbon monoside, fossil - - kg 52485 524E5 524E5 1 501 (2223.12BUS)Emission factor for Germanyin 2015; HBEFAdatabase \8.2
Methane, fossil - - kg 27167 27167 27167 1 151 (2. BU:1.5); Emission factor for Germanyin 2015; HBEFA database V3.2
e ——————— (2.2.23.12,8U:1.5); Unspecified NMVOC for which no elementary exchange exists; 53.0%
y 9 P . - - kg 5.84E-6 5.84E-6 5.84E-6 1 151 of total NMVOC emissions; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,

unspecified origin

Tab. 3-112
Ry e i —
Cyclohexane - - kg 7.16E8 7.16E8 71658 1181 (EZJE?E;;:‘J jej);ui";gi;‘{",'j‘g' :T‘\C?TCEETZS,‘;“S‘ 0.65%: HBEFAdatabase (0.2
Ethene . — A s s 1| 181 (Ezrfézp'/gglgig:dle;)mih;:;“;ag :mﬂ;sm;slsllgns. 10.97%; HBEFAdatabase \8.2;
Propene . - EERe BEED o ™ (EzMinlaElE::jdt s\:aih;i e voc ;n!sls].;ns 3.60%; HBEFA database \3.2;
Formaldehyde - ) 13266 132E6 13266 1oast (EMEP/EEAgjdtszai”;‘:a‘“l“’g :"""‘Cofa:’"g‘sfl‘g"s‘ 12.00%; HBEFA database \a.
Acetone - " 3247 32467 32467 1 1s1 (EZJE;:‘EE " :j o s‘)j‘aih;;i;";"g :mofa:rgsls;g"s 2.94%; HBEFAdatabase \3.2;
Acrolein - 1 3.94E-7 3.94E-7 3.94E-7 1o1st (EZMZE;SE;;;‘ o ;)J‘Oi";z“l“’z EW&ETS;“S: 3.58%; HBEFAdatabase \3.2;
Nitrogen oxides - - kg 657E-4 667E-4 667E-4 1 151 (2223128U15) Emission factor for Germanyin 2015; HBEFA database V3.2
Ammonia - - kg 100E-6 L100E-6 100E-6 1 121 (2223.12BU:12) Emission facior for Germanyin 2015; HBEFAdatabase \3.2
Dinitrogen monoside - S kg 467E6 467E6 467E6 1181 BU:LS); Emission factor for Germany in 2015; HBEFA database 3.2
Sulfur dioxide - - kg 5.25E7 6.86E-7 8.99E-7 1 109 (222312)8U11.05) Emission factor for Gemanyin 2015; HBEFAdatabase v3.2
Particulates, < 2.5 um - - kg 20366 20366 20366 1 301 (2223.1,2BU:3) Emission factor for Germanyin 2015; HBEFAdatabase \3.2

PAH, polycyclic aromatic hydrocarbons - -k 25269 3209 431E-9 1 301 (;jd'zbmk ;7”1;)iz:g‘_[:iﬁf’;::r‘;i“;z“;‘9‘“‘“" 7.68E-08 kg/kgfuel; EMEP/EEA
Asenic . . ke azEw R BT 1+ | st (gzu?dzsoik Z:auliﬁs)ﬂgwl’dme?g:ngegfsmn factor: 1.0OE-10 kg/kgluel; EMEP/EEA
Selenium . . azsE2 AR T + | sor (guldebouk £, Fuldependentemission factr: 100E-10 kgl SNEPIEER
Zinc . I B2 PAEES TS 1| so1 gmdemmk z"bul?ﬁiiffflf?gi"éeﬂim" factor: 1.74E-06 kghkgluel; EMEP/EEA
Copper - - kg 6.95E-10 9.10E-10 119E9 1 501 ;ﬁz;ﬂik ;)‘j;)f:;‘:ﬁ:ﬂg:n;ﬂ;smn factor: 2.12E-08 kg/kgfuel; EVEP/EEA
Nickel . © k@ 28910 A 494510 + | sot ;zu.lzézg‘;of;ﬂ;)&g:e‘;:::g:?fgiswon factor: 8.80E-00 kghkguel; EMEP/EEA
Chromium . © ke esaEl0 s ACTES 1| st (gzu‘zdzbani’:;li ;)ip:gw bd‘e‘;z/e?gzn; mission factor: 30508 ghghel ENEPIEE
e e e e o SEERRh e s
Mercury - - kg 1.74E-10 227E-10 2.98E-10 1 501 (gzmzdzb.‘sockz;&as)liig\bdme?::n;eﬁ;:smn factor: 5.30E-09 kg/kgfuel; EMEP/EEA
Cadmium . . ke 28sE10 QTR T 1+ | so (gzglzd.zf‘;if;li?‘]T;\:ii%?g:n;?gfsmn factor: B.70E-09 kglkgluel; EMEP/EEA
Neeq . . AT Crrn) 20260 L o1 (2223128U5) Fuel dependentemission facior: 5.20E-08 kykgfuel; EMEPIEEA

guidebook 2013, 1.A3.b.i-v, Tab. 3-103

(2.2,2,3,1,2,BU:15); Refrigerant emissions: 4.99E-06 kghkm; Vehicle life time

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a - - kg 499E-6 499E-6 499E-6 1 151 performance: 150E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech

emission Non

(2223128U:15)
material emissions, Noise, road, passenger car, average . - km 1.00E40 1.00E40 1.00E40 1oas &2 Ecological 2013; &Busser Knopfel
unspecified
(2,2,3,3,1,2,BU:2); Emission factor: 9.77E-06 kg/(tGVW*km); Average load: 100 k¢
technosphere road wear emissions, passenger car RER [ kg 127E-5 1.66E-5 2.05E-5 1 2.02 Ecoinvent\8.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1.A3 b.vi, Tab, 3-2
(2,2,3,3,1,2,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load: 100 kg;
SO B I =R 0 9 T43ES 97285 20 1202 Eoginventya.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1A3 b, Tab, 3-1
g g g (2,2:3,3,1,2,BU:2); Emission factor: 4.44E-06 kg/(tGVWkm); Average load: 100 ke
brake wear emissions, passenger car RER 0 ko EEEED VEEED R2ES 1202 pooinventya.1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1A3 b, Tab, 3-1
CE e R A om oG oo o L a0y (313215BU:3)Road demand: 4.73E-04 my(IGW+km); Average load: 100 kg;

Ecoinvent 2

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



4. Passenger transport

Tab. 4.8 Life cycle inventory of transports by small,
compliant with the emission standard Euro 6.

product

technosphere

emission air,
unspecified

emission Non
material emissions,
unspecified

technosphere

Name

Location
InfrastructureProcess
Unit
transport, passenger car, small size, diesel, EURO 6

transport, passenger car, medium size, diesel, EURO 6
transport, passenger car, large size, diesel, EURO 6

passenger car, diesel
passenger car, diesel
passenger car, diesel
maintenance, passenger car

road

operation, maintenance, road
diesel, low-sulphur, at regional storage

refrigerant R134a, at plant

Carbon dioxide, fossil

Carbon monoxide, fossil
Methane, fossil

NMVOC, non-methane volatile organic compounds,
unspecified origin

Ethane
Propane
Butane
Pentane
Cyclohexane
Heptane
Ethene
Propene
Benzene
Toluene
m-Xylene
o-Xylene
Formaldehyde
Acetaldehyde
Benzaldehyde
Acetone
Methyl ethyl ketone
Acrolein

Styrene

Nitrogen oxides.
Ammonia

Dinitrogen monoxide
Sulfur dioxide
Particulates, < 2.5 um

PAH, polycyclic aromatic hydrocarbons
Arsenic

Selenium

Zinc

Copper

Nickel

Chromium

Chromium Vi

Mercury

Cadmium

Lead

Ethane, 1,1,1;

-tetrafiuoro-, HFC-134a

Noise, road, passenger car, average

road wear emissions, passenger car
tyre wear emissions, passenger car
brake wear emissions, passenger car

disposal, road

Location

RER

RER
RER

RER

InfrastructureProcess

» ocoo

Unit

unit

transport,
passenger car,

small size, diesel,

EURO6

6.45E-6

6.15E-4

1173
3.10E-2

4.99E-6

9.87E-2

5.24E-5
27167

5.84E-6

363E-8

121E-8

121E-8

4.40E-9

7.16E-8

2.20E-8

121E-6

3.96E-7

2.18E-7

7.60E-8

6.72E-8

297E-8

1.32E-6

71267

9.47E-8

3.24E-7

13267

3.94E-7

407E-8

2.56E-4
1.00E-6
467E-6
497E-7
2.036-6

2.38E-9

3.10E-12

3.10E-12

5.39E-8

6.58E-10

2.736-10

9.31E-10

1.86E-12

164E-10

2.70E-10

161E-9

4.99E-6

1.00E+0

12765

74365

5.78E-6

6.15E-4

transport,
passenger car,
medium size,
diesel, EURO 6

107E-2

8.60E-6

8.04E-4

1173
407E-2

4.99E-6

1.29E-1

5.24E-5
271E-7

5.84E-6

3.63E-8
121E-8
121E-8
4.40E-9
7.16E-8
2.20E-8
121E-6
3.96E-7
2.18E-7
7.60E-8
6.72E-8
2978
132E-6
71267
9.47E-8
3.24E-7
132E-7
3.94E-7

407E-8

259E-4
1.00E-6
467E-6
651E-7
2.036-6

3.12E-9
407E-12
407E-12

7.07E-8
8.62E-10
3.58E-10

1.22E-9
2.44E-12
2.16E-10
3.54E-10

2.12E-9

4.99E-6

1.00E+0

166E-5
9.72E-5
7.55E-6

8.04E-4

21

medium and large diesel fuelled passenger cars

transport,

13362
1.08E-5

9.93E-4

117€-3
5.30E-2

4.99E-6

168E-1

5.24E-5
2.71E-7

5.84E-6

3.63E-8
121E8
121E-8
4.40E-9
7.16E-8
2.20E-8
121E-6
3.96E-7
2.18E-7
7.60E-8
6.72E-8
2978
1.32E-6
71267
9.47E-8
3.24E-7
132E-7
3.94E-7

407E8

259E-4
1.00E-6
467E-6
8.47E-7
2.03E-6

407E9
5.30E-12
5.30E-12
9.20E-8
112E-9
4.66E-10
159E-9
3.18E-12
281E-10
461E-10

2.75€-9

4.99E-6

1.00E+0

2.05E-5
1.20E-4
9.33E-6

9.93E-4

Life Cycle Inventories of Road and Non-Road Transport Services

UncertaintyType

hRrRRRR R R

StandardDeviation95%

151

GeneralComment

(3.1.3,2,1,5,BU:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 1200 kg:
Simons 2013; Ecoinvent 3.1
1,5,8U:3); Vehicle life time
Simons 2013; Ecoinvent\3.1
(3.1.3,2,1,5,BU:3); Vehicle life time performance: 150000 vkm: Vehicle weight: 2000 kg:
Simons 2013; Ecoinvent 3.1
(3.1.32,1,5,BU:3); Vehicle life time.
kg; Simons 2013; Ecoinvent va.1
(3.1,3,2,1,5,8U:3); Road demand: 4.73E-04 my/((IGVW*km); Average load: 100 kg;
Ecoinvent 2
(3.1,3,2,1,5,8U:3); Road demand: 1.17E-03 mykm: Ecoinvent 2
(2.2,2,3,1,2,BU:1.05); Fuel demand for Germany in 2015; HBEFA database 3.2
(2.2,2,3,1,2,BU:1.05); Refrigerant emissions: 4.99E-06 kghkm; Vehicle life time
performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech

(222

(2.2,2,3,1,2,BU:S); Emission factor for Germany in 2015; HBEFA database 3.2
(2.2,2,3,1,2,BU:1.5); Emission factor for Germany in 2015; HBEFA database v3.2

[¢ 3.1,2,BU:1.5); Unspecified NMVOC for which no exists; 53.0%
of total NMVOC emissions; HBEFA database \3.2; EMEP/EEA guidebook 2013, 1.A3.b.iv,
Tab.3-112

(2.2,2:3,1,2,BU:1.5); Share in total NMVOC emissions: 0.33%; HBEFA database \3.2;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-112

(2.2.2:31,2.BU:15); Share in total NMVOC emissions: 0.11%; HBEFA database 3.2;
EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-112

(2.2,2.3,1,2,BU15); Share in total NMVOC emissions: 0.11%; HBEFA database 3.2;
EMEP/EEA guidebook 2013, 1.A3b.i-, Tab. 3-112

(2.2 U:1.5); Share in total NMVOC emissions: 0.04%; HBEFA database v3.2;
EMEP/EEAgumeboak 2013, 1.A3.0.i-v, Tab. 3-112

(2.2.2:31,2,BU:L5); Share in total NMVOC emissions: 0.65%; HBEFA database 3.2;
EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-112

(2.2.2:31,2,8U:1.5); Share in total NMVOC emissions: 0.20%; HBEFA database v3.2;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-112

(2.2.2:31,2.BU:1.5); Share in total NMVOC emissions: 10.97%; HBEFA database 13.2;
EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-112

(2.2.2:31,2.BU:L5); Share in total NMVOC emissions: 3.60%; HBEFA database \3.2;
EMEP/EEA guidebook 2013, LA3.b.i-v, Tab. 3-112

(2.2,2:31,2,8U:3); Share in total NMVOC emissions: 1.98%; HBEFA database \3.2;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-112

(2.2.2:31,2.BU:L5); Share in total NMVOC emissions: 0.69%; HBEFA database v3.2;
EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-112

(2.2.2:31,2,8U:1.5); Share in total NMVOC emissions: 0.61%; HBEFA database \3.2;
EMEP/EEA guidebook 2013, LA3.b.i-v, Tab. 3-112

(2.2,2,3,1,2,BU:15); Share in total NMVOC emissions: 0.27%; HBEFA database 3.2;
EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-112

(2.2.2:31,2.BU:1.5); Share in total NMVOC emissions: 12.00%; HBEFA database \3.2;
EMEP/EEA guidebook 2013, LA3.b.i-v, Tab. 3-112

222 U:1.5); Share in total NMVOC emissions: 6.47%; HBEFA database \3.2;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-112

(2.2.2:31,2.BU:L5); Share in total NMVOC emissions: 0.86%; HBEFA database 3.2;
EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-112

(2.2,2.3,1,2,BU15); Share in total NMVOC emissions: 2.94%; HBEFA database 3.2;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-112

(2.2.2:31,2,BU:1.5); Share in total NMVOC emissions: 1.20%; HBEFA database \3.2;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-112

(2.2.2:31,2,BU:L5); Share in total NMVOC emissions: 3.58%; HBEFA database 3.2;
EMEP/EEA guidebook 2013, 1.A3.b.i-, Tab. 3-112

(2.2.2:3,1,2,BU:1.5); Share in total NMVOC emissions: 0.37%; HBEFA database \3.2;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-112

(2,2,2,3,1,2 BU:L5); Emission factor for Germanyin 2015; HBEFA database 3.2
(22,2,3,12BU:1.2); Emission factor for Germany in 2015; HBEFA database \3.2
22,2,3,1,2 BU:L5); Emission factor for Germany in 2015; HBEFA database \3.2
(2.2.2:3,1,2,BU:1.05); Emission factor for Germany in 2015; HBEFA database \/s 2
2,2,2,3,1,2/BU:3); Emission factor for Germany in 2015; HBEFA database 3.
(22,2,3,12BU:3); Fuel dependent emission factor: 7.68E-08 kg/kgfuel; EMEP/EEA
guidebook 2013, 1LA3.bi-v, Tab. 3-8 and 3-9

(2.2.2:31,2.BU'5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA
guidebook 2013, 1.A3.b.i-v, Tab. 3-103

(2.2.2,31,2,BU'5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA
guidebook 2013, 1. A3 b.-iv, Tab. 3-103

(2.2.2:31,2.BU'5); Fuel dependent emission factor: 1.74E-06 kg/kgfuel; EMEP/EEA
guidebook 2013, 1A3.b.i-iv, Tab. 3-103

(2.2,2,3,1,2,BU:5); Fuel dependent emission factor: 2.12E-08 kg/kgfuel; EMEP/EEA
guidebook 2013, 1.A3.b.-iv, Tab. 3-103

(2.2.2:31,2,BU'5); Fuel dependent emission factor: 8.80E-09 kg/kgfuel; EMEP/EEA
guidebook 2013, 1AZ.b.i-iv, Tab. 3-103

(2.2.2:31,2.BU'5); Fuel dependent emission factor: 3.00E-08 kg/kgfuel; EMEP/EEA
guidebook 2013, 1.A3.b.i-v, Tab. 3-103

2,2,3,1,2,BU'5); Fuel dependent emission factor: 6.00E-11 kg/kgfuel; EMEP/EEA
guidebook 2013, 1.A3.b.i-v, Tab. 3-103; Spielmann et al. 2007

(2.2.2:31,2,BU'5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel; EMEP/EEA
guidebook 2013, 1A3.b.i-iv, Tab. 3-103

(2.2.2:31,2,BU'5); Fuel dependent emission factor: 8.70E-09 kg/kgfuel; EMEP/EEA
guidebook 2013, 1.A3.b.i-v, Tab. 3-103

(2.2.2:31,2,BU'5); Fuel dependent emission factor: 5.20E-08 kg/kgfuel; EMEP/EEA
guidebook 2013, 1 A3.b.-iv, Tab. 3-103

(2.2,2,3,1,2,BU:15); Refrigerant emissions: 4.99E-06 kghkm: Vehicle life time
performance: 1.50E+05 vm; National Greenhouse Gas Inventory Report of Switzerland
2010, ltem 2F1, Tab. 4-12; Personal communication Comelia Stettler, Carbotech

150000 vkm; Vehicle weight: 1600 kg;

150000 vkm; Basic vehicle weight: 1240

BU:1.05); Emission factor for Germany in 2015; HBEFA database \3.2

(2.2,2,3,1,2,BU:1.5); Ecological Scarcity method 2013; Frischknecht & Biisser Knopfel
2013
(2.2.3.3,1,2,BU:2); Emission factor: 9.77E-06 kg/(tGVW km); Average load: 100 kg:

Ecoinvent13.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1A3.bii, Tab. 3-2
(2.2,3:3,1,2,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load: 100 k
Ecoinvent13.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, LA3.b.i, Tab. 3-1
(2.2.3:3,1,2,BU:2); Emission factor: 4.44E-06 kg/(tGVW*km); Average load: 100 kg;
Ecoinvent13.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, LA3.b.i, Tab. 3-1
(3.1,3.2,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW*km); Average load: 100 kg;
Ecoinventv2

treeze Ltd.
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425 Fleet mixes

Fleet mixes of transports by passenger car were compiled based on ecoinvent processes
of different size and emission classes. It is distinguished between a petrol car fleet, a
diesel car fleet and an overall fleet with petrol and diesel passenger cars.

The average fleet of passenger cars in Switzerland in the year 2015 was modelled based
on the share of each size and emission class in the total vehicle kilometres travelled as
reported in HBEFA (INFRAS 2014). The size classes small, medium and large and the
emission classes Euro 3, Euro 4, Euro 5 and Euro 6 were included in the fleet mixes.
The shares of cars, which do not comply with one of these emission classes, were not
considered due to missing life cycle inventory data.

The life cycle inventories of the petrol and diesel car fleet mixes are shown in Tab. 4.9
and Tab. 4.10, respectively. The life cycle inventory of the passenger car fleet mix
including both petrol and diesel cars is presented in Tab. 4.11.

Tab. 4.9 Life cycle inventory of the average petrol car fleet in Switzerland in 2015.

=
a )
a o 3
g & 5
E g [
Name g s 5 ° ® ' 5 & GeneralComment
S 5 petrol, fleet =l [a}
3 s o <]
5 average 2 s
@ s °
< =) c
£ 5
Location CH
InfrastructureProcess [
Unit km
product transport, passenger car, petrol, fleet average CH 0 km 1
technosphere transport, passenger car, small size, petrol, EURO 3 RER 0 km 2.39E-2 1 206 (2,2,1,13,3,BU:2); Size class <1.4L; HBEFAV3.2
transport, passenger car, small size, petrol, EURO 4 RER 0 km 9.72E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class <1.4L; HBEFA\3.2
transport, passenger car, small size, petrol, EURO 5 RER 0 km 1.41E-1 1 206 (2,2,1,1,33,BU:2); Size class <1.4L; HBEFA\3.2
transport, passenger car, small size, petrol, EURO 6 RER 0 km 1.72E-2 1 2.06 1,3,3,BU:2); Size class <1.4L; HBEFA V3.2
transport, passenger car, medium size, petrol, EURO 3 RER 0 km 6.94E-2 1 2.06 BU:2); Size class 1.4-2.0L; HBEFA V3.2
transport, passenger car, medium size, petrol, EURO 4 RER 0 km 2.13E-1 1 2.06 BU:2); Size class 1.4-2.0L; HBEFAV3.2
transport, passenger car, medium size, petrol, EURO 5 RER 0 km 1.88E-1 1 206 (2,2,1,1,33,BU:2); Size class 1.4-2.0L; HBEFAV3.2
transport, passenger car, medium size, petrol, EURO 6 RER 0 km 2.35E-2 1 206 (2,2,1,13,3,BU:2); Size class 1.4-2.0L; HBEFAV3.2
transport, passenger car, large size, petrol, EURO 3 RER 0 km 4.19E-2 1 206 (22.1,1,3,3,BU:2); Size class >2.0L; HBEFAV3.2
transport, passenger car, large size, petrol, EURO 4 RER 0 km 1.17E-1 1 206 (2,2,1,1,33,BU:2); Size class >2.0L; HBEFA\3.2
transport, passenger car, large size, petrol, EURO 5 RER 0 km 6.13E-2 1 206 (2,2,1,1,3.3,BU:2); Size class >2.0L; HBEFAV3.2
transport, passenger car, large size, petrol, EURO 6 RER 0 km 751E-3 1 206 (2,2,1,1,33,BU:2); Size class >2.0L; HBEFAV3.2

Tab. 4.10 Life cycle inventory of the average diesel car fleet in Switzerland in 2015.

2 2
@ o 3
o S s
R
N b 5 £ s = i I
ame 8 2 5 diesel, fleet 3 8 GeneralComment
3 2 8 B
1 average o s
@ S =
s =
£ 8
= (7]
Location CH
InfrastructureProcess [
Unit km
product transport, passenger car, diesel, fleet average CH 0 km 1
technosphere transport, passenger car, small size, diesel, EURO 3 RER 0 km 1.99E-3 1 206 (2,2,1,1,3,3,BU:2); Size class <1.4L; HBEFAV3.2
transport, passenger car, small size, diesel, EURO 4 RER 0 km 8.81E-3 1 2.06 BU:2); Size class <1.4L; HBEFAV3.2
transport, passenger car, small size, diesel, EURO 5 RER 0 km 9.69E-3 1 2.06 BU:2); Size class <1.4L; HBEFA V3.2
transport, passenger car, small size, diesel, EURO 6 RER 0 km 1.39E-3 1 2.06  (2,2,1,1,3,3,BU:2); Size class <1.4L; HBEFAV3.2
transport, passenger car, medium size, diesel, EURO 3 RER 0 km 5.01E-2 1 206 (2,2,1133,BU:2); Size class 1.4-2.0L; HBEFAV3.2
transport, passenger car, medium size, diesel, EURO 4 RER 0 km 1.98E-1 1 2.06  (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFAV3.2
transport, passenger car, medium size, diesel, EURO 5 RER 0 km 3.22E-1 1 2.06 (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFAV3.2
transport, passenger car, medium size, diesel, EURO 6 RER 0 km 4.09E-2 1 2.06  (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFAV3.2
transport, passenger car, large size, diesel, EURO 3 RER 0 km 3.71E-2 1 206 (2,2,1,1,33,BU:2); Size class >2.0L; HBEFAV3.2
transport, passenger car, large size, diesel, EURO 4 RER 0 km 1.31E-1 1 206 (2.2, BU:2); Size class >2.0L; HBEFA V3.2
transport, passenger car, large size, diesel, EURO 5 RER 0 km 1.76E-1 1 206 (2.2, BU:2); Size class >2.0L; HBEFAV3.2
transport, passenger car, large size, diesel, EURO 6 RER 0 km 2.23E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class >2.0L; HBEFAV3.2
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Tab. 4.11 Life cycle inventory of the average petrol and diesel car fleet in Switzerland in 2015.

2
¢ s B
g s 8
§ 3 . transport, 2 .§
Name g 3 5 passenger car, g 2 GeneralComment
S E} fleetaverage 8 =]
= ¢ 5
& =) c
£ 5
Location CH
InfrastructureProcess 0
Unit km
product transport, passenger car, fleet average CH 0  km 1
technosphere transport, passenger car, small size, petrol, EURO 3 RER 0 km 1.45E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class <1.4L; HBEFA\3.2
transport, passenger car, small size, petrol, EURO 4 RER 0 km 5.91E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class <1.4L; HBEFAV3.2
transport, passenger car, small size, petrol, EURO 5 RER 0 km 8.57E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class <1.4L; HBEFAV3.2
transport, passenger car, small size, petrol, EURO 6 RER 0 km 1.04E-2 1 206 (2,2,1,133,BU:2); Size class <1.4L; HBEFAV3.2
transport, passenger car, medium size, petrol, EURO 3 RER 0 km 4.22E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFA\V3.2
transport, passenger car, medium size, petrol, EURO 4 RER 0 km 1.29E-1 1 2.06 (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFA\V3.2
transport, passenger car, medium size, petrol, EURO 5 RER 0 km 1.14E-1 1 2.06 (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFAV3.2
transport, passenger car, medium size, petrol, EURO 6 RER 0 km 1.43E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFA\3.2
transport, passenger car, large size, petrol, EURO 3 RER 0 km 254E-2 1 206 (2,2,1,133,BU:2); Size class >2.0L; HBEFAV3.2
transport, passenger car, large size, petrol, EURO 4 RER 0 km 7.08E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class >2.0L; HBEFAV3.2
transport, passenger car, large size, petrol, EURO 5 RER 0 km 3.72E-2 1 206 (2,2,1,133,BU:2); Size class >2.0L; HBEFA\3.2
transport, passenger car, large size, petrol, EURO 6 RER 0 km 457E-3 1 206 (22.1,1,3,3,BU:2); Size class >2.0L; HBEFA3.2
transport, passenger car, small size, diesel, EURO 3 RER 0 km 7.81E-4 1 2.06 (2,2,1,1,3,3,BU:2); Size class <1.4L; HBEFAV3.2
transport, passenger car, small size, diesel, EURO 4 RER 0 km 3.46E-3 1 206 (2,2,1,13.3,BU:2); Size class <1.4L; HBEFAV3.2
transport, passenger car, small size, diesel, EURO 5 RER 0 km 3.80E-3 1 2.06 (2,2,1,1,3,3,BU:2); Size class <1.4L; HBEFAV3.2
transport, passenger car, small size, diesel, EURO 6 RER 0 km 5.46E-4 1 206 (2,2,1133,BU:2); Size class <1.4L; HBEFA\3.2
transport, passenger car, medium size, diesel, EURO 3 RER 0 km 1.97E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFAV3.2
transport, passenger car, medium size, diesel, EURO 4 RER 0 km 7.79E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFA\3.2
transport, passenger car, medium size, diesel, EURO 5 RER 0 km 1.27E-1 1 2.06  (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFAV3.2
transport, passenger car, medium size, diesel, EURO 6 RER 0 km 1.61E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class 1.4-2.0L; HBEFA\V3.2
transport, passenger car, large size, diesel, EURO 3 RER 0 km 1.46E-2 1 206 (2,2,1,13.3,BU:2); Size class >2.0L; HBEFAV3.2
transport, passenger car, large size, diesel, EURO 4 RER 0 km 5.14E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class >2.0L; HBEFAV3.2
transport, passenger car, large size, diesel, EURO 5 RER 0 km 6.90E-2 1 2.06 (2,2,1,1,3,3,BU:2); Size class >2.0L; HBEFAV3.2
transport, passenger car, large size, diesel, EURO 6 RER 0 km 8.73E-3 1 2.06 (2,2,1,1,3,3,BU:2); Size class >2.0L; HBEFAV3.2

4.3 Electric car

4.3.1 Overview

The dataset representing transport by electric car has been adapted from the dataset pub-
lished in ecoinvent data v3.1. The weight of the car as well as the geographic represen-
tation of the dataset were changed. The process of vehicle manufacture and the demand
of road infrastructure are described in section 4.3.2. The electricity consumption as well
as the emissions during the operation of the electric car are documented in sections 4.3.3
and 4.3.4, respectively. The unit process life cycle inventory data are presented in sec-
tion 4.3.5.

4.3.2 Vehicle manufacture and road demand

The vehicle demand depends on the life time performance and the weight of the electric
car. In the original dataset the weight of the electric car was assumed to be 1°253 kg
including the battery of 262 kg. This has been adjusted to 1°585 kg including a battery
of 318 kg according to the technical datasheet of the e-Golf. The life time performance
of the electric car and the battery has not been changed and still remains at 150’000 km
and 100’000 km, respectively. No further usage of the battery is assumed at the end of
its service life in the car. The spent battery is assumed to undergo a mix of hydrometal-
lurgical and pyrometallurgical treatment. The maintenance demand was adjusted to
9.20-10°® p/km according to the corrected weight of the electric car.

The manufacture of the Li-ion battery is one of the key drivers of environmental im-
pacts of electric car driving. Different types of Li-ion battery are used in electric cars.
However, information on Li-ion battery manufacture is hardly available. The life cycle
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inventory data of battery manufacture were updated using recent data from a battery
manufacturer of NCM?® Li-ion batteries (Ager-Wick Ellingsen et al. 2014). The battery
cell is manufactured in East Asia and the assembly of the battery takes place in Norway.
The authors describe a scenario in which the observed energy consumption in the bat-
tery production was reduced to cope with efficiency improvements by increasing the
capacity utilisation of the factory analysed. The data assuming full capacity utilisation
are used in the life cycle inventory of battery production. The detailed life cycle inven-
tory data of the battery manufacture are presented in Appendix A.

The road demand depends on the GVW and is 7.97-10™* my/km driven with an electric
car (4.73:10* my/(t GVW-km)). The demand of road operation and maintenance is
1.17-10™ my/km.

4.3.3 Electricity consumption

The New European Driving Cycle (NEDC) consumption of a VW e-Golf provided by
VW is 12.1 kwWh/100 km. For electric cars, a real world surcharge (including electricity
used for heating, electronics, etc.) of 65 % was added to the NEDC consumption. The
resulting real electricity consumption of 20 kWh/100 km corresponds well with the val-
ue published by Althaus and Gauch (2010). The electricity consumption is covered with
the Swiss supply mix (low voltage).

4.3.4 Emissions during operation

Noise emissions were accounted for as recommended by Frischknecht and Busser
Kndpfel (2013). According to VCS (2015a) electric cars emit noise of between 66 and
75 dB(A). The VW e-Golf emits 69 dB(A) and thus the amount of noise kilometres is
reduced by 50 % compared to the average car fleet in Switzerland (see Tab. 3.4).

The non-exhaust emissions by road, tyre and brake wear are a function of the GVW and
were calculated using the emission factors shown in Tab. 3.5. To account for the recu-
peration the brake wear emissions were reduced to 10 % of the initial value (Althaus &
Gauch 2010). Refrigerant emissions from air conditioning were added to the datasets
according to the information provided in subchapter 3.5.

4.3.5 Unit process life cycle inventory data

Tab. 4.12 shows the unit process life cycle inventory data of electric car transport in
Switzerland.

> NCM: Nickel-Cobalt-Manganese, the metals included in the cathode of the battery.
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Tab. 4.12 Life cycle inventory of electric car transport in Switzerland.

o 2
¢ 13 8
<4 =5 S
5 % R 5 3
2 [ £ transport, passenger car, £ >
7 £ 3
Name g H 5 o T § &  GeneralComment
3 s 1 B
@ = 8
g =l g
£ 2]
Location CH
InfrastructureProcess 0
Unit km
product transport, passenger car, electric, LINCM cH 0 km 1
technosphere battery, rechargeable, prismatic, LINCM, at plant NO 0 . 3.18E-03 1 124 (;a‘:‘elr'ﬁé‘sgf:f’;lg?g{ 'f:c“:r:‘yc'!le dg‘maec:’z{'é:)’;azcgfsloo 000km,
- - a na TR . 07 (2A41515BU3) Road demand: 4.73E-04 my/(GVW-km); Average
load: 100 kg; Ecoinvent v2
operation, maintenance, road CH 1 ma 1.17E-03 1 3.07 (2/4,151,5BU:3); Road demand: 1.17E-03 my/km; Ecoinvent v2
g (2,4,1,5,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average
disposal, road RER 1 ma 7.97E-04 1 307 oo 100 kg Ecoinvent v2
r
(14,1,3,1,5,BU:3); vehicle life time performance: 150°000km, Vehicle
, electric, without batt RER 1 ke 8.45E-03 1 3.06 N .
[PEEETEEE Cl € SR T =y 9 weight : 1585kg (incl. battery); technical data of e-Golf, 2015
maintenance, electric vehicle, without battery RER 1 unit 9.20E-06 1 4.06 &:;gif‘;’;s’st; ia;sg:;‘:x;x;e performance: 150'000km, Vehicle
(1,5,2,5,1,5,BU:1.05); electricity consumption 0.199kW h/km;
electricity, low voltage, at grid CH 0 kwh 1.99E-01 1 132 Vergleichende Okobilanz individueller Mobilitat: elektro vs.
Konventioneller Mobilitat, H. Althaus, M. Gauch, 2010
(2:2,2,2,1,5,BU:1.05); Refrige I : 4.99E-06 kg/vkm;
. Vehicle life time performance: 1.50E+05 vkm; National Greenhouse
{  99E- ;
=shostantRIstataplant RER ® kg QEI=ES L 122 Gas Inventory Report of Switzerland 2010, ltem 2F1, Tab, 4-12;
Personal communication Cornelia Stettler, Carbotech
(2,2,2,2,1,5BU:1.5); 4.99E-06 kg/vkm; Vehicle
eemission air, life time performance: 1.50E+05 vkm; National Greenhouse Gas
P Ethane, 1,1,1,2-tetrafluoro-, HFC-134 - - ke 4.99E-06 1 157 - g
unspecified e etrafluoro © a 9 2 Inventory Report of Switzerland 2010, Item 2F1, Tab. 4-12; Personal
communication Cornelia Stettler, Carbotech
2
(2,1,3,5,1,5,BU:2); Emission factor: 9.77E-06 kg/(tGVW*km); Average
road wear emissions, passenger car RER 0 kg 1.65E-05 1 2.08 load: 100 kg; Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA
guidebook 2013, 1.A3.b.vii, Tab. 3-2
(2,1,3,5,1,5,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average
tyre wear emissions, passenger car RER 0 kg 9.64E-05 1 2.08 load: 100 kg; Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA
guidebook 2013, 1.A.3.b.vii, Tab. 3-2
(2,1,3,5,1,5,8U:2); Only 10% of brake ware emission assumed for
electic vehicles, Emission factor: 4.44E-06 kg/(tGVW*km); Average
brake wear emissions, passenger car RER 0 kg 7.49E-07 1 208 load: 100 kg; ; Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA
guidebook 2013, 1.A.3.b.vii, Tab. 3-2; Vergleichende Okobilanz
individueller Mobilitét: elektro vs. Konventioneller Mobilitét, H. Althaus,
disposal, Li-ions batteries, mixed technology cLo 0 kg 3.18E-03 11z (bza;;ys\j;gﬁfallgz Battery lfe ime performacne 100000k,
emission Non e
material emissions, Noise, road, passenger car, average . s km 5.00E-01 1 194 S‘S;,ifgl,ﬁfou'.lefibig oloaial Searey method 2013 Fischinectt
unspecified P

4.4 Hybrid and plug-in hybrid car

4.4.1 Overview

The dataset representing transports by hybrid and plug-in hybrid cars have been adapted
from the dataset published in Althaus and Gauch (2010). The process of vehicle manu-
facture and the demand of road infrastructure are described in section 4.4.2. The petrol
and electricity consumption as well as the emissions during the operation of the hybrid
and plug-in hybrid car are documented in sections 4.4.3 and 4.4.4, respectively. The unit
process life cycle inventory data are presented in section 4.4.5.

4.4.2 Vehicle manufacture and road demand

The vehicle demand depends on the life time performance and the weight of the hybrid
and plug-in hybrid car. According to the technical information the weight of the Toyota
Prius Il hybrid is 1’460 kg and of the Toyota Prius Plug-In 1°500 kg. The Toyota Prius
plug-in hybrid is similar to the Toyota Prius hybrid except the battery size which is
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41 kg for the hybrid and 80 kg for the plug-in hybrid car®. The Toyota Prius IlI is
equipped with an electric motor, a range extender (including an internal combustion
engine (ICE) and a generator) and a battery. The manufacture of the range extender is
modelled with data published by Althaus and Gauch (2010). The electric powertrain and
the glider are modelled with the corresponding datasets of ecoinvent data v3.1, embed-
ded in KBOB life cycle inventory data v2.2:2016. The weight of the electric powertrain
was adjusted to 77.6 kg according to the lower engine power of the hybrid car (60 kW)
compared to the electric car.

The life time performance of the hybrid car and the battery are 150’000 km and
100°000 km, respectively. The maintenance demand was adjusted to 1.03-10” p/km
according to the adjusted weight of the hybrid car (excluding battery). The manufacture
of the NCM? Li-ion battery is modelled using recent data from a battery manufacturer
(Ager-Wick Ellingsen et al. 2014, see Appendix A).

The demand of road construction, maintenance and disposal of the road were calculated
using the demand factors described in subchapter 3.2 and the GVW of the hybrid car
(1.56 t including a payload of 100 kg) or plug-in hybrid car (1.60 t including a payload
of 100 kg).

4.4.3 Fuel and electricity consumption

The fuel consumption of the Toyota Prius Ill hybrid (Euro 5) in the NEDC cycle is
3.9 1/100 km (Althaus & Gauch 2010). For hybrid and plug-in hybrid cars, ICCT (2015)
reports a real world surcharge of 42 %, resulting in 5.5 1/100 km. The fuel consumption
of the Toyota Prius Il hybrid (Euro 6) was adjusted according to the ratio of the fuel
consumption of a medium size petrol passenger car Euro 5 and Euro 6 (see Tab. 4.3 and
Tab. 4.4).

According to Althaus and Gauch (2010) the range of plug-in hybrids is 50 km and thus
a split of 80 % electricity and 20 % petrol can be assumed. The electricity consumption
is covered with the Swiss supply mix (low voltage).

4.4.4 Emissions during operation

Noise emissions were accounted for as recommended by Frischknecht and Bisser
Knopfel (2013). According to VCS (2015a) hybrid cars have noise emissions of be-
tween 71 and 73 dB(A). The Toyota Prius 11l emits 72 dB(A) which is identical with the
noise emissions of the fleet average.

The non-exhaust emissions by road, tyre and brake wear are a function of the GVW and
were calculated using the emission factors shown in Tab. 3.5. To account for the recu-
peration the brake wear emissions were reduced to 10 % of the initial value (Althaus &

®  www.priuswiki.de, accessed on 15.06.2016.

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



4. Passenger transport 27

Gauch 2010). Refrigerant emissions from air conditioning were added to the datasets
according to the information provided in subchapter 3.5.

For the exhaust emissions from burning petrol the emission profiles of Euro 5 and Eu-
ro 6 medium size petrol passenger cars are used.

4.4.5 Unit process life cycle inventory data

Tab. 4.13 and Tab. 4.14 show the unit process life cycle inventory data of hybrid car
(Euro 5 and Euro 6, respectively) transport in Switzerland. Tab. 4.15 and Tab. 4.16
present the unit process life cycle inventory data of plug-in hybrid car (Euro 5 and Euro
6, respectively) transport in Switzerland.
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Tab. 4.13 Life cycle inventory of hybrid car transport in Switzerland (Euro 5).

Name
Location
InfrastructureProcess
Unit
product transport, passenger car, hybrid, petrol, EURO 5

technosphere road
operation, maintenance, road
disposal, road

passenger car, hybrid, without battery

battery, rechargeable, prismatic, LINCM, at plant

maintenance, electric vehicle, without battery

petrol, low-sulphur, at regional storage

refrigerant R134a, at plant

eemission air, un Ethane, 1,1,1,2-tetrafluoro-, HFC-134a

emission air, un Carbon dioxide, fossil
Carbon monoxide, fossil
Methane, fossil

NMVOC, non-methane volatile organic compounds,
unspecified origin

Cyclohexane
Ethane
Propane
Butane
Pentane
Heptane
Benzene
Toluene
m-Xylene
o-Xylene
Formaldehyde
Acetaldehyde
Benzaldehyde
Acrolein
Methyl ethyl ketone
Acetone

Styrene

Nitrogen oxides

Ammonia

Dinitrogen monoxide

Sulfur dioxide

Particulates, < 2.5 um

PAH, polycyclic aromatic hydrocarbons

Selenium

Location

CH
CH

CH

RER

NO

RER

CH

InfrastructureProcess

Unit

ma
ma

ma

kg

kg

unit

kg

kg

kg

kg
kg
kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg
kg
kg
kg
kg
kg
kg

kg

transport,
passenger car,
hybrid, petrol,

EURO 5

CH

km

7.38E-4
1.17E-3
7.38E-4

9.46E-3

4.10E-4

1.03E-5

4.15E-2

4.99E-6

4.99E-6

1.30E-1
6.81E-4

2.90E-6

2.27E-5

5.71E-7

1.60E-6

3.25E-7

2.62E-6

1.08E-6

3.71E-7

2.81E-6

5.50E-6

2.72E-6

1.13E-6

8.51E-7

3.76E-7

1.10E-7

9.51E-8

2.50E-8

3.05E-7

5.06E-7

2.28E5
3.04E-5
3.37E-7
5.92E-7
1.56E-6
1.09E-9

8.31E-12

Uncertainty Type
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StandardDeviation95%

1.58

1.58

GeneralComment

(2,4,1,5,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average load:
100 kg; Ecoinvent v2
(2,4,1,5,1,5,BU:3); Road demand: 1.17E-03 my/km; Ecoinvent v2

(2,4,1,5,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average load:
100 kg; Ecoinvent v2

(1,4,1,3,1,5,BU:3); Vehicle life time performance: 150000 vkm; Vehicle
weight: 1460 kg; Technical data Toyota Priuslll ,H.J. Althaus und M.Gauch
(1,4,1,3,1,5,BU:1.05); battery life time performance: 100000km, battery
weight: 41kg; Technical data Toyota Priuslll ,H.J. Althaus und M.Gauch
(2010), Ecoinvent v3.1

(4,5,5,5,5,5,BU:3); Vehicle life time performance: 150000 vkm; Vehicle
weight: 1439 kg (without battery); H.J. Althaus und M.Gauch (2010),
Ecoinvent v3.1

(1,4,1,3,1,5,BU:1.05); assumed real consumption 5.5/100km; H.J. Althaus
und M.Gauch (2010)

(2,2,2,2,1,5,BU:1.05); Refrigerant 4.99E-06 kg/vkm; Vehicle life
time performance: 1.50E+05 vkm; National Greenhouse Gas Inventory
Report of Switzerland 2010, Item 2F1, Tab. 4-12; Personal communication
Cornelia Stettler, Carbotech

(2,2,2,2,1,5,BU:1.5); Refrigerant emissions: 4.99E-06 kg/vkm; Vehicle life
time performance: 1.50E+05 vkm; National Greenhouse Gas Inventory
Report of Switzerland 2010, Item 2F1, Tab. 4-12; Personal communication
Cornelia Stettler, Carbotech

(1,4,1,3,1,5,BU:1.05); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol,
Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv,

Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.,
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:1.2); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:1.05); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol,
Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-8 and 3-9
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
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Tab. 4.13 Life cycle inventory of hybrid car transport in Switzerland (Euro 5). (continued)

Name

Location
InfrastructureProcess
Unit
product transport, passenger car, hybrid, petrol, EURO 5

Zinc
Copper
Nickel

Chromium

Chromium VI

Mercury
Cadmium

Lead

Hexane

Propene

Arsenic

Ethene

1-Pentene

road wear car

tyre wear emissions, passenger car

brake wear emissions, passenger car

disposal, Li-ions batteries, mixed technology

‘emission Non m Noise, road, passenger car, average

Location

InfrastructureProcess

Unit

kg
kg
kg

kg

kg

kg
kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

transport,
passenger car,
hybrid, petrol,

EURO 5

CH
0
km
1

8.98E-8
1.74E-9
5.40E-10

6.65E-10

1.33E-12

3.61E-10
4.49E-10

1.38E-9

8.06E-7

1.91E-6

1.25E-11

3.66E-6

5.51E-8

1.52E-5

8.92E-5

6.93E-7

4.10E-4
1.00E+0

Uncertainty Type

Life Cycle Inventories of Road and Non-Road Transport Services

StandardDeviation95%

1.24
1.94

GeneralComment

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103; Spielmann et
al. 2007

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:2); Emission factor: 9.77E-06 kg/(tGVW*km); Average load:
100 kg; Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013,
1.A.3.b.vii, Tab. 3-2

(1,4,1,3,1,5,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load:
100 kg; Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013,
1.A.3.b.vii, Tab. 3-2

(1,4,1,3,1,5,BU:2); 90% reduction due to recuperation; Emission factor:
4.44E-06 kg/(tGVW+km); Average load: 100 kg; H.J. Althaus und M.Gauch
(2010), Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013,
1.A.3.b.vii, Tab. 3-2

(1,4,1,3,1,5,BU:1.05); battery life time performance: 100000km, battery
weight: 41kg;

(4,5,5,5,1,5,BU:1.5); ; Ecological Scarcity method 2013; Frischknecht &
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Tab. 4.14 Life cycle inventory of hybrid car transport in Switzerland (Euro 6).

Name
Location
InfrastructureProcess
Unit
product transport, passenger car, hybrid, petrol, EURO 6

technosphere road
operation, maintenance, road

disposal, road

passenger car, hybrid, without battery

battery, rechargeable, prismatic, LINCM, at plant

maintenance, electric vehicle, without battery

petrol, low-sulphur, at regional storage

refrigerant R134a, at plant

emission air,

unspecified Ethane, 1,1,1,2-tetrafluoro-, HFC-134a
SMISSION AT, carhon dioxide, fossil

unspecified

Carbon monoxide, fossil

Methane, fossil

NMVOC, thane volatile organic
unspecified origin

Cyclohexane

Ethane

Propane

Butane

Pentane

Heptane

Benzene

Toluene

m-Xylene

o-Xylene

Formaldehyde

Acetaldehyde

Benzaldehyde

Acrolein

Methyl ethyl ketone

Acetone

Styrene

Nitrogen oxides
Ammonia

Dinitrogen monoxide
Suifur dioxide
Particulates, < 2.5 um

PAH, polycyclic aromatic hydrocarbons

Life Cycle Inventories of Road and Non-Road Transport Services

Location

CH

CH

RER

CH

InfrastructureProcess

Unit

ma
ma

ma

kg

kg

unit

kg

kg

kg

kg
kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg

kg
kg
kg
kg
kg
kg

kg

transport,
passenger car,
hybrid, petrol,

EURO 6

CH

km

7.38E-4
1.17E-3

7.38E-4

9.46E-3

4.10E-4

1.03E-5

3.92E-2

4.99E-6

4.99E-6

1.23E-1
6.80E-4

2.64E-6

2.06E-5

5.19E-7

1.45E-6

2.96E-7

2.39E-6

9.79E-7

3.37E-7

2.55E-6

5.00E-6

2.47E-6

1.03E-6

7.74E-7

3.41E-7

1.00E-7

8.65E-8

2.28E-8

2.78E-7

4.60E-7

2.19E-5
3.03E-5
3.15E-7
5.58E-7
1.56E-6

1.03E-9

Uncertainty Type

StandardDeviation95%

1.58

1.58

GeneralComment

(2,4,1,5,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average load:
100 kg; Ecoinvent v2

(2,4,1,5,1,5,BU:3); Road demand: 1.17E-03 my/km; Ecoinvent v2

(2,4,1,5,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average load:
100 kg; Ecoinvent v2

(1,4,1,3,1,5,BU:3); Vehicle life time performance: 150000 vkm; Vehicle
weight: 1460 kg; Technical data Toyota Priuslll ,H.J. Althaus und M.Gauch
(2010), Ecoinvent v3.1

(1,4,1,3,1,5,BU:1.05); battery life time performance: 100000km, battery
weight: 41kg; Technical data Toyota Priuslll ,H.J. Althaus und M.Gauch
(2010), Ecoinvent v3.1

(4,5,5,5,5,5,BU:3); Vehicle life time performance: 150000 vkm; Vehicle
weight: 1439 kg (without battery); H.J. Althaus und M.Gauch (2010),
Ecoinvent v3.1

(1,4,1,3,1,5,BU:1.05); assumed real consumption 5.71/100km; H.J. Althaus
und M.Gauch (2010)

(2,2,2,2,1,5,BU:1.05); Refrigerant emissions: 4.99E-06 kg/vkm; Vehicle life
time performance: 1.50E+05 vkm; National Greenhouse Gas Inventory
Report of Switzerland 2010, Item 2F1, Tab. 4-12; Personal communication
Cornelia Stettler, Carbotech

(2,2,2,2,1,5,BU:1.5); Refrigerant emissions: 4.99E-06 kg/vkm; Vehicle life
time performance: 1.50E+05 vkm; National Greenhouse Gas Inventory
Report of Switzerland 2010, Item 2F1, Tab. 4-12; Personal communication
Cornelia Stettler, Carbotech

(1,4,1,3,1,5,BU:1.05); Same emission factor used as for passenger car,
petrol, Euro 6; HBEFA database v3.2

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 6; HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 6; HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 6; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 6; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.h.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol,
Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv,
Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.h.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.h.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.h.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:1.2); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:1.05); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol,
Euro 5; HBEFA database v3.2

(1,4,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-8 and 3-9
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Tab. 4.14 Life cycle inventory of hybrid car transport in Switzerland (Euro 6). (continued)

Name

Location
InfrastructureProcess
Unit
product transport, passenger car, hybrid, petrol, EURO 6
Selenium
Zinc
Copper
Nickel

Chromium
Chromium VI

Mercury
Cadmium

Lead

Hexane

Propene

Arsenic

Ethene

1-Pentene

technosphere road wear emissions, passenger car

tyre wear emissions, passenger car

brake wear emissions, passenger car

disposal, Li-ions batteries, mixed technology

emission Non
material
emissions,
unspecified

Noise, road, passenger car, average

Life Cycle Inventories of Road and Non-Road Transport Services

Location

InfrastructureProcess

Unit

transport,
passenger car,
hybrid, petrol,

EURO 6

CH
0
km
1

7.84E-12
8.47E-8
1.65E-9

5.09E-10

6.27E-10

1.25e-12

3.41E-10
4.23E-10

1.30E-9

7.33E-7

1.74E-6

1.18E-11

3.32E-6

5.01E-8

1.52E-5

8.92E-5

6.93E-7

4.10E-4

1.00E+0

UncertaintyType

StandardDeviation95%

1.58

5.07

2.06

GeneralComment

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro MEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103; Spielmann et
al. 2007
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro MEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol,
Euro 5; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car,
petrol, Euro 5; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-
iv, Tab. 3-112

(1.4,1,3,1,5,BU:2); Emission factor: 9.77E-06 kg/(tGVW*km); Average load:
100 kg; Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013,
1.A.3.b.vii, Tab. 3-2

(1,4,1,3,1,5,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load:
100 kg; Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013,
1.A.3.b.vii, Tab. 3-2

(1,4,1,3,1,5,BU:2); 90% reduction due to recuperation; Emission factor:
4.44E-06 kg/(tGVW*km); Average load: 100 kg; H.J. Althaus und M.Gauch
(2010), Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013,
1.A.3.b.vii, Tab. 3-2

(1,4,1,3,1,5,BU:1.05); battery life time performance: 100000km, battery
weight: 41kg;

(4,5,5,5,1,5,BU:1.5); ; Ecological Scarcity method 2013; Frischknecht &
Busser Kndpfel 2013
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Tab. 4.15 Life cycle inventory of plug-in hybrid car transport in Switzerland (Euro 5).

Location
InfrastructureProcess
Uit

transport, passenger car, plug-in hybrid, petrol,
[l EURO 5

transport, passenger car, plug-in hybrid, petrol,

peocuct certfied electricity, EURO 5

technosphere  road
operation, maintenance, road

disposal, road

passenger car, hybrid, without battery

battery, rechargeable, prismatic, LINCM, at plant
maintenance, electric vehicle, without battery
petrol, low-sulphur, at regional storage
electricity, low voltage, at grid

electricity, low voltage, certified electricity, at grid

refrigerant R134a, at plant

emission air, un Ethane, 1,1,1,2-tetrafluoro-, HFC-134a
emission air, un Carbon dioxide, fossil
Carbon monoxide, fossil

Methane, fossil

NMVOC, non-methane volatile organic compounds,
unspecified origin

Cyclohexane
Ethane

Propane

Butane

Pentane

Heptane

Benzene

Toluene

m-Xylene

o-Xylene
Formaldehyde
Acetaldehyde
Benzaldehyde
Acrolein

Methyl ethyl ketone
Acetone

Styrene

Nitrogen oxides
Ammonia
Dinitrogen monoxide
Sulfur dioxide
Particulates, < 2.5 um
PAH, polycyciic aromatic hydrocarbons.
Selenium

Zine

Copper

Nickel

Chromium
Chromium VI

Mercury

Location

CH

CH

CH

CH

CH

CH

CH

InfrastructureProcess

Unit

km

km

ma

ma

ma

kWh

KWh

transport,

passenger car,

plug-in hybrid,

petrol, EURO
5

7.56E-4
1.17E-3

7.56E-4

9.46E-3

8.00E-4
1.03E-5
8.31E-3

1.60E-1

4.99E-6

4.99E-6
2.60E-2
1.36E-4
5.81E-7
4.53E-6
1.14E-7
3.19E-7
6.51E-8
5.25E-7
2.15E-7
7.41E-8
5.62E-7
1.10E-6
5.44E-7
2.26E-7
1.70E-7
7.51E-8
2.20E-8
1.90E-8
5.01E-9
6.11E-8
1.01E-7
4.56E-6
6.08E-6
6.74E-8
1.18E-7
3.12E-7
2.18E-10
1.66E-12
1.80E-8
3.49E-10
1.08E-10
1.336-10
2.66E-13

7.23E-11

transport,
passenger car,
plugn hybrid,
petrol, certified
electricity,
EURO 5

CH
0
km

o

7.56E-4

117E-3

7.56E-4

9.46E-3

8.00E-4

1.03E-5

8.31E-3

1.60E-1

4.99E-6

4.99E-6

2.60E-2

1.36E-4

5.81E-7

4.53E-6

1.14E-7

3.19E-7

6.51E-8

5.25E-7

2.15E-7

7.41E-8

5.62E-7

1.10E-6

5.44E-7

2.26E-7

1.70E-7

7.51E-8

2.20E-8

1.90E-8

5.01E-9

6.11E-8

1.01E-7

4.56E-6

6.08E-6

6.74E-8

1.18E-7

3.12E-7

2.18E-10

1.66E-12

1.80E-8

3.49E-10

1.08E-10

1.336-10

2.66E-13

7.23E-11

Life Cycle Inventories of Road and Non-Road Transport Services

UncertaintyType

StandardDeviation95%

GeneralComment

(24,1,5,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average load: 100 kg;
Ecoinvent v2
(1,4,1,3,1,5,8U:3); Road demand: 1.17E-03 my/km; Ecoinvent v2

(14,1,3,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average load: 100 kg;
Ecoinvent v2

(14,1,3,1,5,BU:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 1500kg
(incl. Battery); Technical data Toyota Priusiil ,H.J. Althaus und M.Gauch (2010),
Ecoinvent v3.1

(14,1,3,1,5,8U:1.05); battery life time performance: 100000km, battery weight: 80kg;
Technical data Toyota Priuslil ,H.J. Althaus und M.Gauch (2010), Ecoinvent v3.1

, BU:3); Vehicle life time 150000 vim; Vehicle weight: 1420 kg
(without battery); H.J. Althaus und M.Gauch (2010), Ecoinvent v3.1

(1,4,1,3,1,5,BU:1.05); assumed operation with petrol: 20%, real consumption
5.50100km; H.J. Althaus und M.Gauch (2010)

(22,2,2,1,5,BU:1.05); assumed operation with electricity: 80%, real consumption
20kWH/100km; H.J. Althaus und M.Gauch (2010)

(22,2,2,1,5,BU:1.05); assumed operation with electricity: 80%, real consumption
20kWh/100km; H.J. Althaus und M. Gauch (2010)

(2,2.2,2,1,5,BU:1.05); Refrigerant emissions: 4.99E-06 kg/vkm; Vehicle life time
performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, Item 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech

(2,2,2,2,1,5,BU:1.5); Refrigerant emissions: 4.99E-06 kg/vkm; Vehicle life time
performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, Item 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech
(1,4,1,3,1,5,BU:1.05); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1.4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:1.2); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:1.05); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database V3.2

(1,4,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(14,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A3.b.i-v, Tab. 3-8 and 3-9

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A3.b.i-v, Tab. 3-103

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A3.b.i-v, Tab. 3-103

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A.3.b.i-v, Tab. 3-103; Spielmann et al. 2007
(14,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
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Tab. 4.15 Life cycle inventory of plug-in hybrid car transport in Switzerland (Euro 5). (continued)

H
3
3
Location
InfrastructureProcess
Unit

Location
InfrastructureProcess
Unit

transport, passenger car, plug-in hybrid, petrol,
Edl cH ) km 1 0
transport, passenger car, plug-in hybrid, petrol,
certfied electricity, EURO 5 e 0 km 0 B
) (1.4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
Cadmium - - kg 897E:41  897E11 1 507 EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103
(L.4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
Lead - - kg 2.76E-10 276E-100 1 5.07 EMEP/EEA guidebook 2013, 1.A 3.b.i-v, Tab. 3-103
(1,4,1,3,1,5,BUIL5); Same emission factor used as for passenger car, petrol, Euro 5;
hieane) - - kg LeE L 1 158 HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-v, Tab. 3-112
(14,1,3,1,5,BU:L5); Same emission factor used as for passenger car, petrol, Euro 5;
Biobene) - - kg ShEEY SESE 1 158 HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-v, Tab. 3-112
(1.4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
Arsenic - - kg 2.49E-12 249E12 1 5.07 EMEP/EEA guidebook 2013, 1.A3.b.i-v, Tab. 3-103
(1,4,1,3,1,5,BUIL5); Same emission factor used as for passenger car, petrol, Euro 5;
Ethene - - kg 73167 73ET 1 158 HBEFA database 3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-v, Tab. 3-112
(4, FL5) Seime smisso factor ed a5 fof peSSenger o Dl 110 5:
1-Pentene - - kg 110E:8 1108 1 1.58 CREFA dotabase b5 EMEPIEEA quidebook 2013, 1.A.3.b.Fiv, Tab. 3-11:
(1.4,1,3,1,5,BU:2); Emission factor: 9.77E-06 kg/(tGVW*km); Average load: 100 kg;
road wear emissions, passenger car RER ) kg 1.56E-5 156E5 1 206 Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1.A.3.b.vi, Tab. 3-2
) (1.4,1,3,1,5,BU:2); Emission factor: 5.72E-05 kg/(tGVW*km); Average load: 100 kg;
tyre wear emissions, passenger car RER o kg 9.15E-5 9.15E5 1 2.06 Ecoinvent v3.1; Tremove model v2.7b; EMEP/EEA guidebook 2013, 1.A.3.b.vi, Tab. 3-2
(141315802 90% reccion due 0 recuperato; Emisionacor: 4 44€-06
brake wear emissions, passenger car RER 0 kg 7.10E-7 7.10E-7 1 2.06 kg/(tGVW*km); Average load: 1( i Althaus und M.Gauch (2010), Ecoinvent
V3.1; Tremove model v2.7b; ey guldebook 2013, 1A 3.b.vii, Tab. 3-2
disposal, Liions batteries, mixed technology o) o v QETE ooz I 120 (1,4,1,3,1,5,BU:L.05); battery life time performance: 100000km, battery weight: 80kg:
(4.55,5,1,5,BU:LS); ; Ecological Scarcity method 2013; Frischknecht & Blisser Knopfel
2013
Noise, road, passenger car, average - - km  1.00E+0 LOOE+0 1 194
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Tab. 4.16 Life cycle inventory of plug-in hybrid car transport in Switzerland (Euro 6).

product

product

technosphere

emission air,
unspecified

emission air,

unspecified

Location
InfrastructureProcess
Unit
transport, passenger car, plug-in hybrid, petrol,
EURO 6

transport, passenger car, plug-in hybrid, petrol,
certfied electricity, EURO 6

road
operation, maintenance, road

disposal, road
passenger car, hybrid, without battery

battery, rechargeable, prismatic, LINCM, at plant
maintenance, electric vehicle, without battery
petrol, low-sulphur, at regional storage
electricity, low voltage, at grid

electricity, low voltage, certified electricity, at grid
refrigerant R134a, at plant

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

Carbon dioxide, fossil
Carbon monoxide, fossil

Methane, fossil

NMVOC, non-methane volatile organic compounds,

unspecified origin
Cyclohexane

Ethane

Propane

Butane

Pentane

Heptane

Benzene

Toluene

m-Xylene

o-Xylene
Formaldehyde
Acetaldehyde
Benzaldehyde
Acrolein

Methyl ethyl ketone
Acetone

Styrene

Nitrogen oxides
Ammonia

Dinitrogen monoxide
Sulfur dioxide
Particulates, < 2.5 um
PAH, polycyciic aromatic hydrocarbons.
Selenium

Zine

Copper

Nickel

Chromium
Chromium VI

Mercury

Location

CH

CH

CH

CH

CH

CH

CH

InfrastructureProcess

Unit

km

km

ma

ma

ma

kwh

kWh

port,

trans|
passenger car,

plug-in hybrid,
petrol, EURO

7.56E-4
1176-3

7.56E-4

9.46E-3

8.00E-4

1.036-5

7.84E-3

1.60E-1

4.99E-6

4.99E-6

2.46E-2
1.36E-4
5.29E-7
4.12E-6
1.04E-7
2.90E-7
5.92E-8
4.77E-7
1.96E-7
6.74E-8
5.11E-7
1.00E-6
4.94E-7
2.06E-7
1.55E-7
6.83E-8
2.00E-8
1.736-8
4.55E-9
5.55E-8
9.20E-8
4.39E-6
6.07E-6
6.30E-8
1.12E-7
3.12E-7
2.05E-10
157E-12
1.69E-8
3.29E-10
1.02E-10
1.25E-10
2.51E-13

6.82E-11

ansport,
passenger car,
plug-n hybrid,
petrol, certified
lectriciy,
EURO 6

CH
0
km

o

7.56E-4

1.17E-3

7.56E-4

9.46E-3

8.00E-4

1.03E-5

7.84E-3

1.60E-1

4.99E-6

4.99E-6

2.46E-2

1.36E-4

5.29E-7

4.12E-6

1.04E-7

2.90E-7

5.92E-8

4.77E-7

1.96E-7

6.74E-8

5.11E-7

1.00E-6

4.94E-7

2.06E-7

1.556-7

6.83E-8

2.00E-8

1.73E-8

4.55E-9

5.55E-8

9.20E-8

4.39E-6

6.07E-6

6.30E-8

11267

3.12E-7

2.05E-10

157E-12

1.69E-8

3.29E-10

1.02E-10

1.25E-10

2.51E-13

6.82E-11

Life Cycle Inventories of Road and Non-Road Transport Services

Uncertainty Type

StandardDeviation95%

GeneralComment

(2,4,1,5,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW+km); Average load: 100 kg;
Ecoinvent v2
(1,4,1,3,1,5,BU:3); Road demand: 1.17E-03 my/km; Ecoinvent v2

(1.4,1,3,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW*km); Average load: 100 kg;
Ecoinvent v2

(1,4,1,3,1,5,BU:3); Vehicle life time performance: 150000 vkm; Vehicle weight: 1500kg
(incl. Battery); Technical data Toyota Priuslil ,H.J. Althaus und M.Gauch (2010),
Ecoinvent v3.1

(1,4,1,3,1,5,BU:1.05); battery life time performance: 100000km, battery weight: 80Kg;
Technical data Toyota Priuslil H.J. Althaus und M.Gauch (2010), Ecoinvent v3.1

BU:3); Vehicle life time 150000 viem; Vehicle weight: 1420 kg
(wnhuul battery); H.J. Althaus und M.Gauch (2010), Ecoinvent v3.1

(1,4,1,3,1,5,BU:1.05); assumed operation with petrol: 20%, real consumption
5.70100km; H.J. Althaus und M.Gauch (2010)

(22,2,2,1,5,BU:1.05); assumed operation with electricity: 80%, real consumption
20kWh/100km; H.J. Althaus und M.Gauch (2010)

(22,2,2,1,5,BU:1.05); assumed operation with electricity: 80%, real consumption
20kWH/100km; H.J. Althaus und M. Gauch (2010)

(2,2.2,2,1,5,BU:1.05); Refrigerant emissions: 4.99E-06 kg/vkm; Vehicle life time
performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, Item 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech

(22,2,2,1,5BU1.5); Refrigerant emissions: 4.99E-06 kg/vkm; Vehicle lfe time
performance: 1.50E+05 vkm; National Greenhouse Gas Inventory Report of Switzerland
2010, Item 2F1, Tab. 4-12; Personal communication Cornelia Stettler, Carbotech
(1,4,1,3,1,5,BU:1.05); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, pevo\ Euro’s;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, peuo\, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-112
(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:1.2); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:1.5); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:1.05); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,BU:3); Same emission factor used as for passenger car, petrol, Euro 5;
HBEFA database v3.2

(1,4,1,3,1,5,8U:3); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A3.b.i-v, Tab. 3-8 and 3-9

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A3.b.i-v, Tab. 3-103

(14,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A3.b.i-v, Tab. 3-103

(14,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(14,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A.3.b.i-iv, Tab. 3-103

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A.3.b.i-v, Tab. 3-103; Spielmann et al. 2007
(1,4,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
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Tab. 4.16 Life cycle inventory of plug-in hybrid car transport in Switzerland (Euro 6). (continued)

2
o 8
transport, a c
= & ransport, o cenger car, £ £
g g Passengercarn o ihbrid, £ £
Name 5 El 5 plug-in hybrid, P Rty 2 GeneralComment
k] etrol, EURO PeUrOl certified & s
E P electricity, 8 3
£ EURO6 S e
= 7]
Location cH cH
InfrastructureProcess 0 0
Unit km km
transport, passenger car, plug-in hybrid, petrol,
product Ll cH 0 km 1 0
transport, passenger car, plug-in hybrid, petrol,
product certiied elecicity, EURO 6 e 0 km 0 !
) . 3 g (14,1,3,1,5,BU:5); Same emission factor used as for passenger car, petrol, Euro 5;
Cadmium kg BAGE1l  B46E1l 1 507 CHEREER sutononk 2 S
. . 3 g (141,3,1,5,BU:5); Sam
Lead kg 2.60E-10 2.60E-10 1 5.07 EMEP/EEA guidebook 2
(1,4,1,3,1,5,BU:1.5); Sam
Hexane - - kg 14767 14767 1 158 CBErA datbens a2 EMER o
. . g g (141315 8U15);Same amisson facof used  or passerger cr,peto, Euo 5
Propene ko SA40ET SEE 158 HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A.3.b.i-v, Tab. 3-112
. . § 5 (1:4.:315,805 Same cmision actor s 5 o passen gor car, perol, Euro 5,
(s kg 22 Z3SEC2g 1 5.07 EMEP/EEA au uidebook 2013, 1.A 3.b.i-v, Tab. 3-103
Ethene - - kg 6.65E-7 6.65E-7 1 158 ise
1-Pentene - - kg 1.00E-8 1.00E-8 1 158
. 077608 k(O
technosphere  road wear emissions, passenger car RER o kg 156E-5 156E5 1 2.06 Ecoi 7b: EMEP/EEA guid
tyre wear emissions, passenger car RER 0 kg 9.15E-5 915E-5 1 2.06 + 5.728:05 kg/(tGVW
(1,4,1,3,1,5,BU:2);
brake wear emis: RER o kg 7.108-7 71087 1 2.06 Kg/(tGVW*km); Aver )
1; Tremove model v2.7b; EMEPIEEA guidebook 2013, 1.A3.b.vi, Tab. 3-2
disposal, Li-ions batteries, mixed technology GLo 0 kg 8.00E-4 800E-4 1 124 (1,4,1,3,1,5,BU:1.05); battery life time performance: 100000km, “a"e’y weight: 80kg;
emission Non (4,555,5,1,5,BU:L5); ; Ecological Scarcity method 2013; Frischknecht & BUsser Knopfel
jatertal Noise, road, passenger car, average = o km 1.00E+0 LO0E+0 1 194 2013
emissions,
unspecified

4.5 Motorcycle

45.1 Overview

Apart from scooters with an engine size of approximately 50 cm®, ecoinvent data v2 do
not contain datasets on transport processes by motorcycles. The life cycle inventories of
transports by motorcycles, grouped into the two size classes of 250-750 cm® and
>750 cm®, were therefore newly created within this project. In addition, fleet mixes of
motorcycle transports for Switzerland were compiled. Data on transport performance,
fuel consumption and emission factors represent the situation in Europe, in line with
other passenger transport datasets.

The life cycle inventory of the production of the motorcycle is documented in section
4.5.2. The transports by motorcycles with an engine size of 250-750 cm® and >750 cm®
are described in section 4.5.3. The motorcycle fleet mixes are presented in section 4.5.4.

45.2 Vehicle manufacture

Only little information is available on the production of motorcycles or their average
material composition. The vehicle production was therefore modelled analogously to
the production of passenger cars represented in ecoinvent data v3.1 and the processes of
engine and glider production were extrapolated to motorcycles (ecoinvent Centre 2014).
A motorcycle with a 1’000 cm? engine was considered to determine the shares of engine
and glider in the total vehicle weight. The BMW S 1000 XR has an unladen mass of
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approximately 210 kg’. Its four cylinder inline engine weighs 59.8 kg and the gearbox is
approximately 13 kg®. Based on these components, the weight of the glider was estimat-
ed to 137 kg. Data on the energy consumption of the manufacturing of motorcycles
were not available. In the passenger car manufacturing process contained in ecoinvent
data v3.1, the consumption of electricity, natural gas and light fuel oil for the assem-
bling was taken from the original dataset in ecoinvent data v2 and modelled as a func-
tion of the vehicle weight. A different approach was chosen in this study where the en-
ergy demand for the assembling was assumed to be comparable for different vehicles
such as passenger cars and motorcycles (see section 4.2.2). The energy consumption
was therefore taken from the passenger car manufacturing process in ecoinvent data v2
and divided by the weight of the BMW S 1000 XR (210 kg). It was thereby assumed
that the energy demand of assembling a vehicle is mainly determined by the number of
components rather than by their weight.

The dismantling of the used motorcycle at its end of life was assumed to be comparable
to the corresponding dataset for passenger cars as represented in ecoinvent data v3.1.
The amounts of waste rubber and waste glass were taken from the dismantling dataset
of passenger cars in ecoinvent data v3.1 and scaled based on the weight of the glider.
The same procedure was applied to the amount of waste mineral oil but this output was
scaled according to the weight of the engine. The life cycle inventory of the production
of motorcycles is presented in Tab. 4.17.

http://www.bmw-motorrad.ch/de/de/index.html?content=http://www.bmw-motorrad.ch/de/de/bike/
adventure/s1000xr/s1000xr_overview.html&notrack=1, accessed on 28.04.2016.

http://www.bmw-motorrad.ch/de/de/index.html?content=http://www.bmw-motorrad.ch/de/de/
technology_detail/engine_drive/item_four_cylinder_inline_engine.html&notrack=1, accessed on
28.04.2016.
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Tab. 4.17 Life cycle inventory of the production (and dismantling) of motorcycles.

g 2
4 @ @
S <3 2
S > S
5 3 . 5 B
Name E H g motorcycle é g) GeneralComment
S s ] ]
b7} = z
< =) c
£ s
= (7]
Location RER
InfrastructureProcess 0
Unit kg
product motorcycle RER 0 kg 1
technosphere internal combustion engine, for passenger car RER 1 kg 3.47E-1 1 3.05 (2,3,2,3,1,5BU:3); Estimation based on BMW S 1000 XR; BMW
glider, for passenger car RER 1 kg 6.53E-1 1 3.05 (2,3,2,3,1,5,BU:3); Estimation based on BMW S 1000 XR; BMW
. . . (2,3,3,3,1,5,BU:1.05); Energy demand for vehicle assembling:
electricity, medium voltage, production ENTSO, at grid ENTSO 0 kWh 1.02E+1 1 125 2140 kWhivehicle; Vehicle weight: 210 kg; Spielmann etal.
(2,3,3,3,1,5,BU:1.05); Energy demand for vehicle assembling:
heat, natural , atindustrial fi 100kW RER 0 Ml 1.06E+1 1 125 . " .
G5 AT G L EE NN EED = * 2220 MJivehicle; Vehicle weight: 210 kg; Spielmann etal. 2007;
0 . . (2,3,3,3,1,5,BU:1.05); Energy demand for vehicle assembling:
h light fuel oil | fi iMw RER .00E-1 1 1.2 N
Gt M=) el RS Bl e O @ e 5 63 MJ/vehicle; Vehicle weight: 210 kg; Spielmann etal. 2007;
L (2,3,2,3,1,5,BU:2); Transport of waste materials; Standard
transport, lorry >16t, fleet average RER 0 tkm 6.34E-4 1 2.06 distance: 10 km: Ecoinventv2
. . . . il )
CIS g eV ClSmaiig) e WIS, RER 1 kg 1.00E+0 1 305 (2323.158BU:3); Approximation; Ecoinvent\a.1

mechanically, at plant
(2,3,2,3,1,5,BU:1.05); Rubber from the tyres; Amount taken from

CH 0 kg 3.54E-2 1 123 passenger car production and scaled based on share of glider;
Ecoinvent v3.1; BMW Motorrad Deutschland 2015
(2,3,2,3,1,5,BU:1.05); Waste glass from the manual dismantling

disposal, glass, 0% water, to municipal incineration CH 0 kg 251E-2 1 123 of the vehicle; Amount taken from passenger car production and
scaled based on share of glider; Ecoinvent v3.1; BMW Motorrad
(2,3,2,3,1,5,BU:1.05); Various lubricants used in the vehicle;

CH 0 kg 2.87E-3 1 123  Amounttaken from passenger car production and scaled based
on share of internal combustion engine; Ecoinvent v3.1; BMW

disposal, rubber, unspecified, 0% water, to municipal
incineration

disposal, used mineral oil, 10% water, to hazardous waste
incineration

4.5.3 Transport

The vehicle demand depends on the life time performance and the weight of the motor-
cycle. The average life time was determined from TRACCS data on the number of im-
matriculated motorcycles (21.1 millions) and the new immatriculations (1.10 millions)
for the EU28 in 2010 (Papadimitriou et al. 2013). Assuming steady state conditions,
these figures yield an average life time of 19.2 years. The average yearly travel distance
of motorcycles in the EU28 in 2010 was 5’170 vkm (Papadimitriou et al. 2013), which
results in a life time performance of approximately 100’000 vkm. The typical unladen
weight of motorcycles with an engine size of 250-750 cm® is estimated to 180 kg®. Mo-
torcycles with an engine size of >750 cm?® have a weight of approximately 220 kg'°.

See for instance:

BMW G 650 GS, http://www.bmw-motorrad.ch/de/de/index.html?content=http://www.bmw-motorrad
.ch/de/de/bike/enduro/g650gs/g650gs_overview.html&notrack=1, accessed on 28 April 2016.
Kawasaki Ninja ZX-6R, http://www.kawasaki.eu/en/products/supersport/2016/ninja_zx-6r/specifica-
tions?Uid=081AC11YX11YDVIY XIFZXFxYUQIeW1FQXgpRC1IEOWFENDIS8, accessed on
28.04.2016.

10 gee for instance:

BMW S 1000 XR, http://www.bmw-motorrad.ch/de/de/index.html?content=http://www.bmw-motor-
rad.ch/de/de/bike/adventure/s1000xr/s1000xr_overview.html&notrack=1, accessed on 28.04.2016.
Kawasaki Ninja H2, http://www.kawasaki.ch/de/products/supersport/2015/ninja_h2/specifications?
Uid=0918DAIYWwlaDIoOCIXRXFtQCgkKXApQWYV5RXQ40WFpeCQw, accessed on 28.04.2016.

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



4. Passenger transport 38

The motorcycle maintenance was modelled by the ecoinvent v2 dataset representing the
maintenance of passenger cars due to lacking data on the consumption of tyres, lubricat-
ing oil, batteries and other materials during the life time of motorcycles. The specific
demand of maintenance was calculated to 8.06-10™ p/kg for passenger cars and then
applied to motorcycles. The road construction demand depends on the GVW (see sub-
chapter 3.2). The weight of the passenger (75 kg according to Leuenberger and
Frischknecht (2010)) was added to the vehicle weight, which leads to a road demand of
1.21-10" my/km and 1.40-10* my/km for motorcycles with a 250-750 cm® and a
>750 cm® engine, respectively. The demand of road operation and maintenance is mod-
elled as a function of the travel distance and amounts to 1.17-10™ my/vkm (Spielmann
et al. 2007).

Data on the fuel consumption and the emissions of selected pollutants (CO,, CO, CHy,
N.O, NMVOC, NOy, NHj;, SO,) were retrieved from HBEFA (INFRAS 2014). In
alignment with other transport processes in ecoinvent data v3.1, the emission factors
reported for Germany in 2015 were used and extrapolated to the European situation.
Besides the engine size, it is distinguished between motorcycles, which have been put
into operation before emission regulations were introduced (preEuro), and motorcycles,
which comply with one of the emission standards Euro 1 to Euro 4. Since the emission
standard Euro 4 for motorcycles was introduced on 1% January 2016 (European Union
2013), the corresponding fuel demand and emission factors were calculated based on
HBEFA data for the year 2020. Only the fuel demand and pollutant emissions during
the continuous operation of the motorcycles (hot emissions) were taken into account
since emission factors for cold starts and evaporation are either not available in HBEFA
or equal to zero. A fraction of the total NMVOC emissions was further divided into
main components based on the shares reported in Tab. 3.1. The emissions of PAHS,
arsenic, selenium and heavy metals (cadmium, chromium, chromium VI, copper, lead,
mercury, nickel, zinc) depend on the amount of fuel consumed. The corresponding
emission factors are compiled in Tab. 3.2. The emission factor of PM to air was taken
from the EMEP/EEA air pollutant emission inventory guidebook (Ntziachristos et al.
2014, Tab. 3-25). The emission factors of PM by motorcycles are a only function of the
distance travelled and amount to 0.014 g/km for the emission classes preEuro and
Euro 1 and 0.0035 g/km for the emission classes Euro 2 and Euro 3. For motorcycles
compliant with the Euro 4 emission standard, the emission factor of PM was assumed to
be the same as for the classes Euro 2 and Euro 3 since specific data were not available.

Noise emissions were accounted for as recommended by Frischknecht and Biisser
Knopfel (2013). The legal threshold value for noise emissions from motorcycles is
80 dB(A), which corresponds to the noise level of lorries (ASTRA 2013; Frischknecht
& Busser Knopfel 2013). The noise emissions were modelled by the elementary flow
for noise emissions by passenger cars (average noise level: 72 dB(A)) and scaled by the
factor 6.31 to account for the real noise level (see Tab. 3.4). The non-exhaust emissions
by road, tyre and brake wear are a function of the GVW and were calculated using the
emission factors for passenger cars (Tab. 3.5).

The life cycle inventories of transports by motorcycles with an engine size of
250-750 cm® and for the emission classes preEuro to Euro 3 are listed in Tab. 4.18. The
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life cycle inventories of transports by motorcycles with an engine size of >750 cm® are
presented in Tab. 4.19.
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Tab. 4.18 Life cycle inventory of transports by a 250-750 cm® motorcycle
standard Euro 0 (preEuro) to Euro 4.

Name
Location
InfrastructureProcess
Unit
product transport, motor cycle, 250-750 ccm engine, preEURO
product ransport, motor cycle, 250-750 ccm engine, EUROL
product transport, motor cycle, 250-750 ccm engine, EURO2
product transport, motor cycle, 250-750 com engine, EURO3
product ransport, motor cycle, 250-750 ccm engine, EURO4

technosphere | motorcycle

emission air,

unspecified

maintenance, passenger car

road

operation, maintenance, road

petrol, low-sulphur, at regional storage
Carbon dioxide, fossil

Carbon monoxide, fossil

Methane, fossil

NMVOC, non-methane wolaile organic compounds,

unspecified origin

Ethane

Propane

Butane

Pentane

Hexane

Cyclohexane

Heptane

Ethene

Propene

1-Pentene

Benzene

Toluene

m-Xylene

o-Xylene

Formaldehyde

Acetaldehyde

Benzaldehyde

Acetone

Methyl ethyl ketone

Acrolein

Styrene

Nitrogen oxides
Ammonia
Dinitrogen monoxide

Sulfur dioxide

Particulates, < 2.5 um

PAH, polyeyclic aromatic hydrocarbons

Location

RER
RER
RER
RER
RER

InfrastructureProcess.

cococoo

Unit

unit

ma

ma

transport, motor transport, motor transport, motor transport, motor  transport, motor
cycle, 250-750  cycle, 250-750

cycle, 250-750
cem engine,
PreEURO

1.45E-6

121E-4

1173
3.86E-2
121E-1
2.03E-2

45365

5.87E-4

414E-5

B8.44E-6

6.80E-5

2.79E-5

2.09E-5

148E-5

9.60E-6

9.48E-5

4.96E-5

1.43E-6

7.28E5

143E-4

7.05E-5

2.93E5

221E5

9.73E-6

2.86E-6

7.926-6

6.49E-7

247E-6

131E-5

3.12E-4
2.00E-6
2.00E-6

5.51E-7

1.40E-5

1.34E-9

cycle, 250-750
cem engine,
EURO1

coconofo

1.80E-3

1.45E-6

121E-4

117€-3

364E-2

1.14E-1

153E-2

5.60E-5

2.76E-4

1.95E-5

3.97E-6

320E-5

131E-5

9.83E-6

6.96E-6

45266

4.46E5

233E5

6.72E-7

3.43E5

6.71E5

33265

138E-5

1.04E-5

4.58E-6

134E-6

3.73E6

3.05E-7

1.16E-6

6.17E-6

3.08E-4

2.00E-6

2.00E-6

5.19E-7

1.40E-5

12769

cem engine,
EURO2

1.45E-6

121E-4

11763
3.19E-2
1.00E-1
37763

34765

17164

121E5

2.46E-6

1.98E-5

8.14E-6

6.10E-6

4.32E6

2.80E-6

2.76E5

1.45E-5

417E7

21265

4.16E5

2.06E-5

8.56E-6

6.44E-6

2.84E-6

8.33E-7

231E6

1.89E-7

7.20E-7

3.82E-6

3.04E-4
2.00E-6
2.00E-6

4.55E-7

3.50E-6

111E-9
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cem engine,
EURO3

RER

=
3

orooo

1.80E-3

1.45E-6

121E-4

11763

37262

11761

1.60E-3

1.28E-5

6.30E-5

2.44E6

9.06E-7

7.30E-6

3.00E-6

2.24E-6

159E-6

1.03E-6

1.02E-5

5.32E-6

153E-7

7.826-6

153E-5

757E-6

3.15E-6

237E-6

1.04E-6

3.07E-7

8.50E-7

6.97E-8

2.65E-7

141E-6

139E-4

2.00E-6

2.00E-6

5.30E-7

3.50E-6

1.29E-9

cycle, 250-750
cem engine,
EURO4

1.45E-6

121E-4

117E-3
3.68E-2
1.15E-1
133E-3

111E-5

5.48E-5

3.87E-6

7.88E-7

6.35E-6

261E-6

1.95E-6

138E-6

8.97E-7

8.85E-6

4.63E-6

133E-7

6.80E-6

133E-5

6.58E-6

2.74E-6

2.06E-6

9.09E-7

26767

7.39E-7

6.06E-8

2.30E-7

1.22E-6

1.13E-4
2.00E-6
2.00E-6

4.98E-7

3.50E-6

1.28E-9

UncertaintyType.

40

compliant with the emission

StandardDeviation95%

151

GeneralComment

(3.1,3.2,1,5,8U:2); Vehicle weight: 180 kg; Vehicle life time
performance: 100000 vkm; BMW 2016; Kawasaki 2016;
TRACCS 2013

(3.1.3.2,1,5,8U:3); Modelled by p: ger car with
demand factor: 8.06E-04 p/kg; Vehicle weight: 180 kg; Vehicle
life time performance: 100000 vkm; BMW 2016; Kawasaki 2016;
TRACCS 2013; Ecoinvent v3.1

(3.1.3.2,1,5,8U:3); Road demand: 4.73E-04 my/(IGW*km);
Vehicle weight: 180 kg; Passenger weight: 75 kg; BMW 2016;
Kawasaki 2016; Ecoinvent v2

(3.1.3,21,5,8U:3); Road demand: 1.17E-03 mykm; Ecoinvent 2

( 1,2,BU:1.05); Average for with a 250-750
ccm engine in Germany in 2015; HBEFA database \3.2
(2,2.2,3,1,2,BU:1.05); Average for with a 250-750
ccm engine in Germany in 2015; HBEFA database \3.2
(22,2,3,1.2,BU:5); Average for motorcycles with a 250-750 ccm
engine in Germany in 2015; HBEFA database 3.2
(22,2,3,1.2,BU:1.5); Average for motorcycles with a 250-750
ccm engine in Germany in 2015; HBEFA database \3.2
(2.2,2,3,1.2.BU:1.5); Unspecified NMVOC for which no
elementary exchange exists; 45.2% of total NMVOC emissions;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(2,2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 3.19%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, LA3.b.i-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.65%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(2.2.2,3,1,2,BU:1.5); Share in total NMVOC emissions: 5.24%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(2.2,2,3,1.2,BU:1.5); Share in total NMVOC emissions: 2.15%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(22,2,3,1.2,8U:1.5); Share in total NMVOC emissions: 1.61%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 1.14%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1LA3 b.i-iv,
Tab.3-112

(2,2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.74%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.-iv,
Tab.3-112

(2,2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 7.30%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(2.2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 3.82%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(2.2,2,3,1,2.BU:1.5); Share in total NMVOC emissions: 0.11%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(22,2,3,1.2,BU:3); Share in total NMVOC emissions: 5.61%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(22,2,3,1.2,8U:1.5); Share in total NMVOC emissions: 10.98%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1LA3b.i-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 5.43%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(2,2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 2.26%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3.b.i-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 1.70%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.75%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3.b.i-iv,
Tab.3-112

(22,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.22%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(22,2,3,1.2,8U:1.5); Share in total NMVOC emissions: 0.61%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.05%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1LA3 b.i-iv,
Tab.3-112

(2,2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.19%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(2,2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 1.01%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3.b.i-iv,
Tab.3-112

(2.2.2,3,1,2,BU:L5); Average for motorcycles with a 250-750
ccm engine in Germany in 2015; HBEFA database \3.2
(22,2,3,1,2,8U:1.2); Average for motorcycles with a 250-750
ccm engine in Germany in 2015; HBEFA database \3.2
(22,2,3,1.2,BU:1.5); Average for motorcycles with a 250-750
ccm engine in Germany in 2015; HBEFA database \3.2

( 1,2,U:1.05); Average for with a 250-750
ccm engine in Germany in 2015; HBEFA database \3.2
(22,2,3,1.2,BU:3); Average for motorcycles with a 250-750 ccm
engine in Germany in 2015; EMEP/EEA guidebook 2013,
1A3b.i-v, Tab. 3-25

(22,2,3,1.2,BU:3); Fuel dependent emission factor: 3.48E-08
kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-i, Tab. 3-8 and
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Tab. 4.18 Life cycle inventory of transports by a 250-750 cm3 motorcycle compliant with the emission
standard Euro 0 (preEuro) to Euro 4. (continued)

4
8
g
<
N g % 0z
ame
5§ 8 >
g 3
i
£
Location
InfrastructureProcess
nit
: 3,12.BUS); Fuel dependent emission facior: 3.00E-10
Arsenic - - kg Ll6EL1 100E-11 9.58E-12 112811 110811 Kaafoul EMEPILEA guideb00k 2013, 1AB b, Tab 3103
; . . 3 5 5 5 g (22.2,3,1,2,BU5); Fuel dependent emission factor: 2.00E-10
Selenium kg 7.73E-12 7.28E-12 6.39E-12 7.44E-12 7.36E-12 1 5.01 kglkgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
. . 5 3 3 (2:2.23,1,2.BUS); Fuel dependent emission factor: 2.16E-06
2od kg S3CEE UEEE CELES) SOES ESSES) 1 50y Gkgfuel, EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
. . 5 5 ) g ) (2.2.23,1,2.BU:5); Fuel dependent emission factor: 4.20E-08
Copper kg L6269 15369 13489 156E-9 154E-9 LB EVEPIEEA guidbbonk 2015, 1 A3 11y Tab 3103
; (2.2.23,1,2.8U:5); Fuel dependent emission factor: 1.30E-08
Nickel - - kg 502610 473610 415E-10 484E-10 7B 1 S0 e uiGthook 2015, 1 AS b1y Tah 3.103
_ 2.2.2,3,1.2,BUS); Fuel dependent emission factor: 1.60E-08
Chromium - - kg 6.18E-10 5.83E-10 5.11E-10 5.95E-10 5.88E-10 1 5.01 kglkgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
Chromium VI o - kg 124E12 117€-12 102612 119E-12 118E-12 1 501 (2223.12BUS) Fuel dependent emission factor

kglkgfuel; EMEP/EEA guidebook 2013, 1.A3

R . = g . . ’ (2
Mercury kg 3.36E-10 3.17E-10 2.78E-10 3.24E-10 3.20E-10 150l el EVEPIEEA guidebook 2013, 1A3!

. (2.2.2,31,2,BUS); Fuel dependent emission factor: 1.08E-08
Cadmium - - kg 417E10 393E-10 345E-10 402610 397E-10 LSO EVEPIEEA Quidebook 2013, 1 A8 b1, Ta 3103

1.2,BUS); Fuel dependent emission factor: 3.32E-08

Lead - - kg 128E-9 121E-9 1.06E-9 12369 12269 1 501 f«; atuel: ENEP/LEAQUI dzhouk 2018, 1A% b1 Tab. 510
(2.2.2.3,1,2,BU:15); Ecological Scarci 2013; Legal
noise threshold of motorcycles is 80 dB(A); Average noise of
passenger cars (72 dB(A) scaled; Frischknecht & Biisser
Knupiel 2013; ASTRA2013

3,3,1.2,BU:2); Modelled by p: car non-exh
emissions; Emission factor: 9.77E-06 kgl(lGWV‘km), Vehicle
weight: 180 kg; Passenger weight: 75 kg; Ecoinvent va.1;
EMEP/EEA guidebook 2013, 1.A3.b.vii, Tab. 3-2
(2,2,3,3,1,2,BU:2); Modelled by p: ger car xh;
emissions; Emission factor: 5.72E-05 kg/(GVW*km); Vehicle
weight: 180 kg; Passenger weight: 75 kg; Ecoinvent v.1;
EMEP/EEA guidebook 2013, 1A3.b.v, Tab. 3-1
(22.3,3,1.2.8U:2); Modelled by p carnon-exh
emissions; Emission factor: 4 44E-06 kgl((GWV‘km), Vehicle
weight 180 kg; Passenger weight: 75 kg; Ecoinvent va.1;
EMEP/EEA guidebook 2013, 1A3.b.i, Tab. 3-1
(3.1,3,2,1,5,8U:3); Road demand: 4.73E-04 myl(tGVW*km);
disposal, road RER 1 ma  121E4 121E4 121E4 121E-4 121E4 1 307 Vehicle weight 180 kg; Passenger weight: 75 kg; BMW 2016;

Kawasaki 2016; Ecoinvent v2

Noise, road, passenger car, average - - km 6.31E+0 6.31E+0 6.31E40 6.31E+0 6.31E+0 1 151

road wear emissions, passenger car RER 0 kg 2.49E-6 2.49E-6 2.49E-6 249E-6 2.49E-6 1 202

tyre wear emissions, passenger car RER 0 kg 1.46E-5 1.46E5 1.46E-5 1.46E-5 1.46E-5 1 202

brake wear emissions, passenger car RER 0 kg 113E-6 11366 11366 113E-6 1.13E-6 1 202
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Tab. 4.19 Life cycle inventory of transports by a >750 cm® motorcycle compliant with the emission
standard Euro 0 (preEuro) to Euro 4.

Name
Location
InfrastructureProcess
Unit

product transport, motor cycle, >750 ccm engine, preEURO
product transport, motor cycle, >750 ccm engine, EUROL
product transport, motor cycle, >750 ccm engine, EURO2

product transport, motor cycle, >750 ccm engine, EURO3
product ransport, motor cycle, >750 ccm engine, EURO4

technosphere  motorcycle

maintenance, passenger car

road

operation, maintenance, road

petrol, low-sulphur, at regional storage

emission air,

i Carbon dioxide, fossil
unspecified

Carbon monoxde, fossil

Methane, fossil

NMVOC, non-methane wolaile organic compounds,

unspecified origin

Ethane

Propane

Butane

Pentane

Hexane

Cyclohexane

Heptane

Ethene

Propene

1-Pentene

Benzene

Toluene

m-Xylene

o-Xylene

Formaldehyde

Acetaldehyde

Benzaldehyde

Acetone

Methyl ethyl ketone

Acrolein

Styrene

Nitrogen oxides
Ammonia
Dinitrogen monoside

Sulfur dioxide

Particulates, < 2.5 um

PAH, polycyclic aromatic hydrocarbons

Location

RER
RER
RER
RER
RER

InfrastructureProcess.

cococoo

Unit

unit

ma

ma

transport, motor

cycle, >750 com
engine,
preEURO

177E-6

1.40E-4

117€-3
4.12E2
129E-1
20362

4.53E-5

5.87E-4

414E5

8.44E-6

6.80E-5

2.79E-5

2.09E-5

148E-5

9.60E-6

9.48E-5

4.96E-5

1.43E-6

7.28E-5

1.43E-4

7.05E-5

2.93E5

221E5

9.73E-6

2.86E-6

7.92E-6

6.49E-7

247E-6

131E-5

2.89E-4
2.00E-6
2.00E-6

5.88E-7

1.40E-5

1.44E-9

transport, motor transport, motor transport, Motor transport, motor
cycle,>750 com  cycle, >750 com  cycle, >750 com - cycle, >750 com
engine, EUROL engine, EURO2 engine, EURO3 engine, EURO4

coconofo

2.20E-3

17766

1.40E-4

11763

3.95E-2

124E-1

1.05E-2

5.60E-5

2.76E-4

195E-5

3.97E-6

320E5

131E5

9.83E-6

6.96E-6

45266

4.46E5

23365

6.72E-7

3.43E5

6.71E5

33265

138E-5

1.04E-5

458E-6

134E-6

3.73E-6

3.05E-7

1.16E-6

6.17E-6

27364

2.00E-6

2.00E-6

5.63E-7

1.40E-5

137E-9

17766

1.40E-4

11763

411E2

1291

37763

34765

17164

121E5

2.46E-6

1.98E-5

8.14E-6

6.10E-6

4.32E-6

2.80E-6

2.76E5

14565

417E7

2.12E5

4.16E-5

2.06E-5

8.56E-6

6.44E-6

2.84E-6

8.33E-7

231E-6

1.89E-7

7.20E-7

3.82E6

2.34E-4

2.00E-6

2.00E-6

5.86E-7

350E-6

1.43E-9
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RER

=
3

orooo

2.20E-3

177E-6

1.40E-4

11763

3.97E-2

12561

1.60E-3

1.28E-5

6.30E-5

44486

9.06E-7

7.30E-6

3.00E-6

2.24E-6

159E-6

1.03E-6

1.02E-5

5.32E-6

15367

7.82E-6

153E-5

757E-6

3.15E-6

237E-6

1.04E-6

3.07E-7

B.50E-7

6.97E-8

2.65E-7

141E-6

1394

2.00E-6

2.00E-6

5.66E-7

3.50E-6

1.38E-9

1.77E-6

1.40E-4

117E-3

3.93E-2

123E-1

133E-3

111E-5

5.48E-5

387E-6

7.88E-7

6.35E-6

261E-6

1.95E-6

138E-6

8.97E-7

8.85E-6

4.63E-6

13367

6.80E-6

133E-5

6.58E-6

2.74E-6

2.06E-6

9.09E-7

267E7

7.39E-7

6.06E-8

2.30E-7

1.22E-6

113E-4

2.00E-6

2.00E-6

5.32E-7

3.50E-6

137E-9

UncertaintyType.

StandardDeviation95%

151

GeneralComment

(3.1,3.2,1,5,8U:2); Vehicle weight: 220 kg; Vehicle life time
performance: 100000 vkm; BMW 2016; Kawasaki 2016;
TRACCS 2013

(3.1,3,2,1,5,8U:3); Modelled by car with
demand factor: 8.06E-04 p/kg; Vehicle we\gh\ 220 kg; Vehicle
life time performance: 100000 vkm: BMW 2016; Kawasaki 2016;
TRACCS 2013; Ecoinvent v3.1

(3.1.3.2,1,5,BU:3); Road demand: 4.73E-04 my/(IGW*km);
Vehicle weight: 220 kg; Passenger weight: 75 kg; BMW 2016;
Kawasaki 2016; Ecoinvent v2

(2.2,23,1,2,8U:3); Road demand: 1.17E-03 mykm; Ecoinvent v2

(2.2.2,3,1,2,BU:1.05); Average for motorcycles with a >750 ccm
engine in Germany in 2015; HBEFA database v3.2

( 1,2,BU:1.05); Average for with a>750 com
engine in Germany in 2015; HBEFA database v3.2
(22,2,3,1,2,BU:5); Average for motorcycles with a >750 ccm
engine in Germany in 2015; HBEFA database v3.2
(222,2,3,1.2.BU:1.5); Average for motorcycles with a >750 ccm
engine in Germany in 2015; HBEFA database v3.2
(2.2.2.3,1,2,BU:1.5); Unspecified NMVOC for which no
elementary exchange exists; 45.2% of total NMVOC emissions;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1LA3 b.i-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 3.19%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(2,2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.65%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3.b.i-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 5.24%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3.b.i-iv,
Tab.3-112

(2.2.2,3,1,2,BU:1.5); Share in total NMVOC emissions: 2.15%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(22,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 1.61%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(22,2,3,1.2,8U:1.5); Share in total NMVOC emissions: 1.14%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A bi-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.74%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1LA3 b.i-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 7.30%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(2,2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 3.82%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3.b.i-iv,
Tab.3-112

(2,2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.11%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3.bi-iv,
Tab.3-112

(2.2.2,3,1,2,BU:3); Share in total NMVOC emissions: 5.61%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(22,2,3,1.2.BU:1.5); Share in total NMVOC emissions: 10.98%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(2.2,2,3,1.2,8U:1.5); Share in total NMVOC emissions: 5.43%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(22,2,3,1.2,8U:1.5); Share in total NMVOC emissions: 2.26%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1LA3b.i-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 1.70%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(2,2,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.75%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3.b.i-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.22%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3.bi-iv,
Tab.3-112

(22,2,3,1,2,8U:1.5); Share in total NMVOC emissions: 0.61%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(22,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.05%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3bi-iv,
Tab.3-112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.19%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1A3b.i-iv,
Tab.3-112

(22,2,3,1.2,8U:1.5); Share in total NMVOC emissions: 1.01%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, 1LA3 b.i-iv,
Tab.3-112

(22,2,3,1.2,BU:1.5); Average for motorcycles with a >750 ccm
engine in Germany in 2015; HBEFA database v3.2
(22,2,3,1.2,8U:1.2); Average for motorcycles with a >750 ccm
engine in Germany in 2015; HBEFA database v3.2
(22,2,3,1.2.BU:1.5); Average for motorcycles with a >750 ccm
engine in Germany in 2015; HBEFA database v3.2
(2.2,2,3,1.2,8U:1.05); Average for with a>750 com
engine in Germany in 2015; HBEFA database v3.2
(2,2,2,3,1,2,8U:3); Average for motorcycles with a >750 ccm
engine in Germany in 2015; EMEP/EEA guidebook 2013,
1A3biiv, Tab.3-25

(2,2,2,3,1,2,8U:3); Fuel dependent emission factor: 3.48E-08
kg/kgfuel; EMEP/EEA guidebook 2013, 1A3.b.i-i, Tab. 3-8 and
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Tab. 4.19 Life cycle inventory of transports by a >750 cm® motorcycle compliant with the emission
standard Euro 0 (preEuro) to Euro 4. (continued)

@ £

2 8

8 g g

c 2 transport, motor 2 2

5 . transport, motor wransport, motor transport, motor tansport, motor > &

2 £ cyele,>750 com z 2

Name 5 B e ™ cycle,>750 ccm cycle, 5750 ccm cycle, >750com cycle,>750com & GeneralComment

g 9N® " engine,EUROL engine, EURO2 engine, EURO3 engine, EURO4 &  ©

2 PreEURO g 3

8 E-

£ 5

Location RER RER RER RER RER
InfrastructureProcess 0 0 o 0 0
Unit km km km km km
. . i} 5 5 i} g} (2.22,3,1,2,BU5); Fuel dependent emission factor: 3.00E-10
Arsenic kg 124E11 118611 123611 110811 LIBEAL 1 S0l e Aquidtbook 2013, 1 AB b Tab 3103
(2.2.23,1,2.BU:5); Fuel dependent emission factor: 2.00E-10
Selenium kg B25E-12 7.90E-12 823612 7.95E-12 BRI L SOL e agudebook 2015, 1AS b e Tab. 3103
(2.2.23,1,2,BU:S); Fuel dependent emission factor: 2.16E-06
Zrc kg B2EE G126 B=D Qe SE0ES 1 501 dkgiuel, EVEPIEEA guidebook 2013, 1.A3.b.-iv, Tab. 3-103
. i 5 3 y y 3 (2:2.23,1,2.BUS); Fuel dependent emission factor: 4.20E-08
R kg AR LEoES) E=ZD 1G1=0 geeEs) 1 501y okgfuel EVEP/EEAuidebook 2013, 1.A3.b.-iv, Tab. 3-103
. . § 5 5 5 5 (2.2.23,1,2,BU:5); Fuel dependent emission factor: 1.30E-08
Nickel kg 536E-10 5.13E-10 5.35E-10 517E-10 SIIE10 L SO e Aguidtbook 2013 1 A% b Tab, 3.103
. . § § 5 § § (2.22.3,1,2,BUS); Fuel dependent emission factor: 1.60E-08
Chromium kg 6.60E-10 632610 6.58E-10 6.36E-10 B20E10 1 SO o iebook 2013, 1 A% b Tab, 3103
(2.2:2.3,1,2,BUS); Fuel dependent emission factor: 3.20E-11
Chromium V1 kg 132612 126E-12 132612 127812 BRI L 501 e auebook 2015, 1AS b e Tah 5108
(2.22.3,1,2,BU5); Fuel dependent emission factor: 8.70E-09
Mercury - - kg 359E40 343610 358E-10 3.46E-10 B0 L 501 e eutbaok 2015, 1AS e Tab. 5108
. i § g g g g (2.2.23,1,2,BU:5); Fuel dependent emission factor: 1.08E-08
Cadmium kg 445610 4.26E-10 4.44E-10 429E-10 B0 L SO Aguidebook 2013 1 A% b Tab, 8.103
. . ) ) § § ) (2.22,3,1,2,BU5); Fuel dependent emission factor: 3.32€-08
Lead ko 13789 13189 13789 13289 13089 1 SO ygikgtuel; EVEPIEEA guidebook 2013, 1A3 v, Tab. 3-10

emission Non (2.2.23,1,2.8U:1.5); Ecological Scarcity method 2013; Legal
fmaiclcl Noise, road, passenger car, average 5 - km 631E+0 631E+0 6.31E+0 6.31E+0 631E+0 1 15 Doisethreshold of motorcycles is 80 dB(A); Average noise of

emissions, passenger cars (72 dB(A)) scaled; Frischknecht & Bisser
unspecified Knopfel 2013; ASTRA 2013
(22,3,3,1,2,8U:2); Modelled by passenger car non-exhaust
emissions; Emission factor: 9.77E-06 kg/((GVW*km); Vehicle
weight: 220 kg; Passenger weight: 75 kg; Ecoinvent va.1;
EMEP/EEA guidebook 2013, 1A3.b.vii, Tab. 3-2
(22.3,3,1,2,BU:2); Modelled by passenger car non-exhaust
emissions; Emission factor: 5.72E-05 kg/((GVW*km); Vehicle
weight: 220 kg; Passenger weight: 75 kg; Ecoinvent v3.1;
EMEP/EEA guidebook 2013, 1A3.b., Tab. 3-1
(22.3,3,1,2,BU:2); Modelled by passenger car non-exhaust
emissions; Emission factor: 4.44E-06 kg/(tGVW*km); Vehicle
weight: 220 kg; Passenger weight: 75 kg; Ecoinvent va.1;
EMEP/EEA guidebook 2013, 1A3.b.i, Tab. 3-1
(3.1,3,2,1,5,8U:3); Road demand: 4.73€-04 myl(tGVW*km);
disposal, road RER 1 ma 140E-4 1.40E-4 140E-4 140E-4 1.40E-4 1 3.07 Vehicle weight 220 kg; Passenger weight: 75 kg; BMW 2016;
Kawasaki 2016; Ecoinventv2

technosphere  road wear emissions, passenger car RER 0 kg 2.88E-6 2.88E-6 2.88E-6 2.88E-6 2.88E-6 1 202
tyre wear emissions, passenger car RER 0 kg 1.69E-5 169E-5 169E-5 1.69E-5 1.69E-5 1 202

brake wear emissions, passenger car RER 0 kg 131E-6 13166 131E-6 131E-6 131E-6 1 202

4.5.4 Fleet mixes

Fleet mixes were compiled based on the transport processes by motorcycles of different
size and emission classes. It is distinguished between a motorcycle fleet with an engine
size of 250-750 cm® and a fleet of larger motorcycles with an engine size of >750 cm®.
In addition, an overall motorcycle fleet of both size classes and the emission classes
preEuro to Euro 3 is considered.

The average fleet of motorcycles in Switzerland in the year 2015 was modelled based
on the share of each size and emission class in the total vehicle kilometres travelled as
reported in HBEFA (INFRAS 2014). The relatively small shares of motorcycles with an
engine size <250 cm® were not considered in the fleet mix due to missing life cycle in-
ventory data.

The life cycle inventories of the motorcycle fleet mixes with an engine size of
250-750 cm® and >750 cm?® are shown in Tab. 4.9 and Tab. 4.10, respectively. The life
cycle inventory of the motorcycle fleet mix including all vehicles with an engine size of
>250 cm® and compliant with different emission standards is presented in Tab. 4.11.
More than 60 % of all motorcycles comply with Euro 3 standard irrespective of the en-
gine size. Euro 4 motorcycles are not in the fleet mixes for the year 2015 because this
emission standard was introduced on 1% January 2016 (European Union 2013).
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Tab. 4.20 Life cycle inventory of the average motorcycle fleet with an engine size of 250-750 cm® in

Switzerlan

product transport, motor cycle.
technosphere transport, motor cycle.

transport, motor cycle
transport, motor cycle
transport, motor cycle.

d in 2015.

Name

Location

InfrastructureProcess
Unit
, 250-750 ccm engine, fleet average
, 250-750 ccm engine, preEURO
, 250-750 ccm engine, EUROL
, 250-750 ccm engine, EURO2
, 250-750 ccm engine, EURO3

Location

CH
RER
RER
RER
RER

Tab. 4.21 Life cycle inventory of the average

zerland in

product transport, motor cycle,
technosphere transport, motor cycle,

transport, motor cycle,
transport, motor cycle,
transport, motor cycle,

2015.

Name

Location

InfrastructureProcess

Unit
>750 ccm engine, fleet average
>750 ccm engine, preEURO
>750 ccm engine, EURO1
>750 ccm engine, EURO2
>750 ccm engine, EURO3

Location

CH
RER
RER
RER
RER

Tab. 4.22 Life cycle inventory of the average

zerland in

product transport, motor cycle.
technosphere transport, motor cycle,

transport, motor cycle,
transport, motor cycle,
transport, motor cycle,
transport, motor cycle,
transport, motor cycle,
transport, motor cycle,
transport, motor cycle,

2015.

Name

Location

InfrastructureProcess

Unit
, fleetaverage
250-750 ccm engine, preEURO
250-750 ccm engine, EURO1
250-750 ccm engine, EURO2
250-750 ccm engine, EURO3
>750 ccm engine, preEURO
>750 ccm engine, EURO1
>750 ccm engine, EURO2
>750 ccm engine, EURO3

Location

CH
RER
RER
RER
RER
RER
RER
RER
RER

InfrastructureProcess

ococooo

motorcycle fleet with

InfrastructureProcess

ococooo

motorcycle fleet with

InfrastructureProcess

cocoocooooo

4.6 Other two wheel vehicles

4.6.1 Overview

The ecoinvent database v2.2 contains life cycle inventories of other two wheel vehicles
than motorcycles. Included are the life cycle inventories of transports by bicycle
(section 4.6.2), electric bicycle (section 4.6.3), scooter (section 4.6.4) and electric

scooter (section 4

6.5).

Unit

km
km
km
km
km

Unit

km
km
km
km
km

Unit

km

km
km
km
km

km
km

transport, motor
cycle, 250-750 ccm
engine, fleet
average

CH

0
km
1
2.36E-2
2.44E-1
1.02E-1
6.31E-1

transport, motor
cycle, >750 ccm
engine, fleet
average

CH

0
km
1
1.67E-2
2.18E-1
1.24E-1
6.42E-1

transport, motor
cycle, fleet average

CH

km

8.61E-3
8.90E-2
3.71E-2
2.30E-1
1.06E-2
1.38E-1
7.88E-2
4.08E-1
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PR e e UncertaintyType (RS UncertaintyType

UncertaintyType

PRRRRRR R

StandardDeviation95%

2.05
2.05
2.05
2.05

GeneralComment

(21,1,2,15BU:2
(211,2,1,5,BU:2

);
);
(21,1,2,15BU:2);
);

Share for Switzerland in 2015;
Share for Switzerland in 2015;
Share for Switzerland in 2015;
Share for Switzerland in 2015;

an engine size of >750 cm®

StandardDeviation95%

2.05
2.05
2.05
2.05

GeneralComment

(2,1,1,2,15,8U:2);
(211215, BU:2);
(2.112,15BU:2);
(2,112,158U:2);

Share for Switzerland in 2015;
Share for Switzerland in 2015;
Share for Switzerland in 2015;
Share for Switzerland in 2015;

an engine size of >250 cm®

StandardDeviation95%

2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05

GeneralComment

(2,1,1,2,15,BU:2);
(21.1,2,15BU:2);
(2,1,1,2,15,8U:2);
(21,1,2,15,BU:2);
(21,1,2,15BU:2);
(2,1,1,2,1,5,BU:2);
(2.1.1,2,15BU:2);
(2,1,1,2,1,5,8U:2);

Share for Switzerland in 2015;
Share for Switzerland in 2015;
Share for Switzerland in 2015;
Share for Switzerland in 2015;
Share for Switzerland in 2015;
Share for Switzerland in 2015;
Share for Switzerland in 2015;
Share for Switzerland in 2015;

HBEFA\V3.2
HBEFAV3.2
HBEFAV3.2
HBEFA\V3.2

in Swit-

HBEFA\V3.2
HBEFAV3.2
HBEFAV3.2
HBEFA\V3.2

in Swit-

HBEFAV3.2
HBEFAV3.2
HBEFAV3.2
HBEFAV3.2
HBEFAV3.2
HBEFAV3.2
HBEFAV3.2
HBEFAV3.2
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4.6.2 Bicycle

The life cycle inventory of bicycle transport was compiled by Leuenberger and
Frischknecht (2010) and remains unchanged in the KBOB life cycle inventory database
v2.2:2016 (KBOB et al. 2016).

4.6.3 Electric bicycle

The life cycle inventory of electric bicycle transport was compiled by Leuenberger and
Frischknecht (2010). The life time performance of the battery of electric bicycles in-
creased in the past years. According to the information from an expert' between zero
and one battery replacements in the life time of electric bicycles are usual. In analogy to
the electric passenger car an average of 0.5 changes of battery is assumed for the elec-
tric bicycle. The battery production is modelled based on the new life cycle inventory of
NCM Li-ion batteries compiled by Ager-Wick Ellingsen et al. (2014). Detailed infor-
mation about the life cycle inventory of the NCM Li-ion battery can be found in the
Appendix A.

4.6.4 Scooter

The life cycle inventory of scooter transport was compiled by Leuenberger and
Frischknecht (2010) and remains unchanged in the KBOB life cycle inventory database
v2.2:2016 (KBOB et al. 2016).

4.6.5 Electric scooter

The life cycle inventory of electric scooter transport was compiled by Leuenberger and
Frischknecht (2010). The battery production is modelled by the new life cycle inventory
of NCM Li-ion batteries compiled by Ager-Wick Ellingsen et al. (2014). Detailed in-
formation about the life cycle inventory of the NCM Li-ion battery can be found in the
Appendix A.

4.7 Minibus

A minibus is similar to a light commercial vehicle (see subchapter 5.2) but its main pur-
pose is the transport of passengers instead of goods. An average minibus operated in
Switzerland is considered. According to HBEFA (INFRAS 2014), 85 % of the minibus-
es in Switzerland are diesel fuelled and 15 % use petrol. The minibus has a capacity of
15 persons. The average occupancy rate is determined by the following use pattern de-
scribed by Tuchschmid and Halder (2010): 30 % of the trips are shuttles with ten occu-
pied seats for one way and an empty return, 55 % of the rides are journeys with ten pas-

1 personal communication, branch manager of a big retailer of electric bicycles in Switzerland, 4 Octo-
ber 2016.

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



4. Passenger transport 46

sengers and the remaining 15 % are empty transports to pick up the vehicle or bring it
back. This results in an average occupancy rate of 7 persons.

The minibus has an unladen weight of 2°150 kg (and 2’680 kg including the average
occupancy, using an average passenger weight of 75 kg (Leuenberger & Frischknecht
2010)) and a vehicle life time performance of 220’000 vkm (VCS 2015b; Spielmann et
al. 2007). Its manufacture was approximated with the manufacture of a light commercial
vehicle (see section 5.2.2). The life cycle inventory of the maintenance of minibuses
was taken from ecoinvent data v2, whereby the demand of maintenance was scaled ac-
cording to the vehicle weight (van in ecoinvent v2: 2’500 kg; Spielmann et al. 2007).
The road demand depends on the GVW and is 1.81-10™ my/pkm for minibuses. The
demand for road operation and maintenance is 1.67-10™ my/pkm.

Data on the fuel consumption (0.073 kg/vkm) and the emissions of selected pollutants
(CO,, CO, CH4, N,O, NMVOC, NOy, NH3, SO, PM) were retrieved from HBEFA
(INFRAS 2014). The emission factors were calculated for Switzerland in 2015 and are
identical to those of light commercial vehicles (see section 5.2.4). In addition to the fuel
demand and the pollutant emissions during the hot operation of the minibuses, cold start
emissions and fuel evaporation emissions due to running losses, soaking and diurnal
temperature changes were taken into account as done for transports by passenger car
(see section 4.2.3). Specific information on the average travel distance of minibuses was
not available. The excess emission factors for cold starts and evaporation by soaking
were therefore converted to the functional unit of 1 pkm by assuming an average travel
distance of 32 km, which is valid for passenger cars (BFS/ARE 2012). For the
evaporation emissions due to diurnal temperature changes, an average of two trips per
day was estimated. A fraction of the total NMVOC emissions was further divided into
main components based on the speciation shown in Tab. 3.1. The emissions of PAHSs,
arsenic, selenium and heavy metals (cadmium, chromium, chromium VI, copper, lead,
mercury, nickel, zinc) depend on the amount of fuel consumed and were calculated
using the emission factors compiled in Tab. 3.2.

Noise emissions were accounted for as recommended by Frischknecht and Biisser
Knopfel (2013). The typical noise level of minibuses is 70-75 dB(A), which similar to
passenger cars (VCS 2015b; Frischknecht & Bilsser Knopfel 2013). The noise
emissions were therefore modelled by the corresponding elementary flow for passenger
cars. The refrigerant emissions from air conditioners were extrapolated from the
parameter values for lorries (see Tab. 3.3). The resulting HFC-134a emissions of
minibuses are 6.07-107 kg/pkm. The non-exhaust emissions by road, tyre and brake
wear are a function of the GVW and were calculated using the emission factors
presented in Tab. 3.5.

The life cycle inventory of transports by an average minibus in Switzerland is presented
in Tab. 4.23.
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Tab. 4.23 Life cycle inventory of passenger transports by an average minibus.

Name
Location
InfrastructureProcess
Unit
product transport, minibus
technosphere light commercial vehicle

emission air,
unspecified

maintenance, van < 3.5t

road

operation, maintenance, road
diesel, low-sulphur, at regional storage

petrol, low-sulphur, at regional storage

refrigerant R134a, at plant

Carbon dioxide, fossil
Carbon monoxide, fossil

Methane, fossil

NMVOC, non-methane volatile organic compounds, unspecified
origin

Ethane

Propane

Butane

Pentane

Hexane

Cyclohexane

Heptane

Ethene

Propene

1-Pentene

Benzene

Toluene

m-Xylene

o-Xylene

Formaldehyde

Acetaldehyde

Benzaldehyde

Acetone

Methyl ethyl ketone

Acrolein

Styrene

Location

InfrastructureProcess

Unit

unit

transport, minibus

1.40E-3

5.58E-7

181E-4

167E-4
9.08E-3

152E-3

6.07E-7

3.34E-2
1.18E-4

3.92E-7

3.77E-6

1.87E-7

3.92E-8

2.98E-7

1.22E-7

9.07E-8

7.93E-8

4.63E-8

6.65E-7

2.98E-7

6.20E-9

3.62E-7

6.35E-7

3.20E-7

1.34E-7

3.73E-7

1.92E-7

3.23E-8

1.02E-7

3.05E-8

9.34E-8

6.55E-8
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UncertaintyType

StandardDeviation95%

151

151

GeneralComment

(3,1,3,2,1,5,BU:2); Vehicle weight: 2.15 t; Vehicle life ime performance:
2.20E+05 vkm; Average occupancy rate: 7.0 passengers; ASTRA: MOFIS
2015; Ecoinvent \2.2; Own assumption
(3,1,3,2,1,5,BU:3); Vehicle life ime performance: 2.20E+05 vkm; Input scaled
by vehicle weight: 2.15 t (light commercial vehicle in ecoinvent: 2.5 t); Average
occupancy rate: 7.0 passengers; ASTRA: MOFIS 2015; Ecoinvent v2.2; Own
assumption
(3,1,3,2,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average

rate: 7.0 ; ger weight: 75 kg; Vehicle weight
2.15 t; Ecoinvent v2; Own assumption

(3,1,3,2,1,5,BU:3); Road operation demand: 1.17E-03 mykm; Average
occupancyrate: 7.0 passengers; Ecoinvent v2; Own assumption
(2,2,2,3,1,2,BU:1.05); Fuel of average light vehicles
in Switzerland in 2015; HBEFA database 3.2

(22,2,3,1,2,BU:1.05); Fuel of average light vehicles

in Switzerland in 2015; HBEFA database v3.2

(2:2,2,3,1,2,BU:1.05); it used for air Calculated based
on average refrigerant charge and emission rates during production, use

and end of life. Refrigerant emissions: 4.25E-06 kghkm; Average occupancy
rate: 7.0 passengers; National Greenhouse Gas Inventory Report of
Switzerland 2015, ltem 2F1; Personal communication Cornelia Stettler,
Carbotech

(2,2,2,3,1,2,BU:1.05); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database V3.2

(2,2,2,3,1,2,BU:5); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database v3.2

(22,2,3,1,2,BU:1.5); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database V3.2

(2,2,2,3,1,2,BU:1.5); Unspecified NMVOC for which no elementary exchange
exists; Petrol: 45.2% of total NMVOC emissions; Diesel: 53.0% of total
NMVOC emissions; HBEFA database v3.2; EMEP/EEA guidebook 2013,
1.A3.b.i-iv, Tab. 3-112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 3.19%; Diesel:
0.33%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.65%; Diesel:
0.11%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 5.24%; Diesel:
0.11%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 2.15%; Diesel:
0.04%; HBEFA database 3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 1.61%; Diesel:
0.00%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 1.14%; Diesel:
0.65%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.74%; Diesel:
0.20%; HBEFA database V3. MEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 7.30%; Diesel:
10.97%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab.
3-112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 3.82%; Diesel:
3.60%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.11%; Diesel:
0.00%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:3); Share in total NMVOC emissions: Petrol: 5.61%; Diesel:
1.98%; HBEFA database \3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 10.98%;
Diesel: 0.69%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-
iv, Tab. 3-112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 5.43%; Diesel:
0.61%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 2.26%; Diesel:
0.27%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 1.70%; Diesel:
12.00%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab.
3-112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.75%; Diesel:
6.47%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.22%; Diesel:
0.86%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.61%; Diesel:
2.94%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.05%; Diesel:
1.20%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.19%; Diesel:

3.58%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 1.01%; Diesel:

0.37%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112
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Tab. 4.23 Life cycle inventory of passenger transports by an average minibus. (continued)

Name

Location

InfrastructureProcess
Unit

Nitrogen oxides
Ammonia

Dinitrogen monoxide
Sulfur dioxide

Particulates, < 2.5 um

PAH, polycyclic aromatic hydrocarbons

Arsenic

Selenium

Zinc

Copper

Nickel

Chromium

Chromium Vi

Mercury

Cadmium

Lead

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

emission Non
material
emissions,
unspecified

Noise, road, passenger car, average

road wear car

tyre wear emissions, passenger car

brake wear emissions, passenger car

disposal, road

4.8 Bus

Location

InfrastructureProcess

Unit

ma

transport, minibus

CH

0
pkm

1.35E-4
1.35E-6
7.21E-7
2.06E-7

5.19E-6

5.47E-10

1.36E-12

121E-12

191E-8

2.56E-10

9.97E-11

297E-10

5.93E-13

6.14E-11

9.54E-11

5.22E-10

6.07E-7

1.43E-1

3.73E-6

2.18E-5

1.70E-6

181E-4

UncertaintyType

StandardDeviation95%

GeneralComment

(2,2,2,3,1,2,BU:1.5); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:1.2); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database V3.2

(2,2,2,3,1,2,BU:1.5); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database 3.2

(2,2,2,3,1,2,8U:1.05); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:3); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database V3.2

(2,2,2,3,1,2,BU:3); Fuel dependent emission factor: Petrol: 2.02E-08
kg/kgfuel; Diesel: 5.69E-08 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-8 and 3-9

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 3.00E-10
ka/kgfuel; Diesel: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 2.00E-10
kg/kgfuel; Diesel: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 2.16E-06
kg/kgfuel; Diesel: 1.74E-06 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 4.20E-08
kg/kgfuel; Diesel: 2.12E-08 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 1.30E-08
kg/kgfuel; Diesel: 8.80E-09 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 1.60E-08
kg/kgfuel; Diesel: 3.00E-08 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 3.20E-11
kg/kgfuel; Diesel: 6.00E-11 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 8.70E-09
kg/kgfuel; Diesel: 5.30E-09 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 1.08E-08
kg/kgfuel; Diesel: 8.70E-09 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 3.30E-08
kg/kgfuel; Diesel: 5.20E-08 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab.3-10

(: 3,1,2BU:15); gt used for air Calculated based
on average refrigerant charge and emission rates during production, use
and end of life. Refrigerant emissions: 4.25E-06 kghkm; Average occupancy
rate: 7.0 passengers; National Greenhouse Gas Inventory Report of
Switzerland 2015, ltem 2F1; Personal communication Cornelia Stettler,
Carbotech

(2.2,2,3,1,2,BU:1.5); Ecological Scarcitymethod 2013; Noise level of light
vehicles is to cars: 70-75 dB(A);
Frischknecht & Biisser Knopfel 2013; VCS 2016

(2:2,33,1,2,8U:2); Modelled by car non-exhaust

Emission factor: 9.77E-06 kg/(tGVW*km); Average occupancy rate: 7.0
passengers; Passenger weight: 75 kg; Vehicle weight: 2.15 t; Ecoinventv3.1;
Own assumption

(2,2,3,3,1,2,BU:2); Modelled by car h

Emission factor: 5.72E-05 kg/(tGVW*km); Average occupancy rate: 7.0
passengers; Passenger weight: 75 kg; Vehicle weight: 2.15 t; Ecoinvent v3.1;
Own assumption

(2,2,3,3,1,2,BU:2); Modelled by car non-exhaust

Emission factor: 4.44E-06 kg/(tGVW*km); Average occupancy rate: 7.0
passengers; Passenger weight: 75 kg; Vehicle weight: 2.15 t; Ecoinventv3.1;
Own assumption

(313.2,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW-*km); Average
rate: 7.0 ger weight: 75 kg; Vehicle weight
215, Ecoinvent v2; Own assumption

The life cycle inventory of passenger transports by regular bus was updated considering
the average fleet of buses with a diesel engine operated in Switzerland in 2015. Natural
gas fuelled buses, which have a share of 4.3 % in the total vehicle kilometres travelled
by regular buses, were disregarded because the emission factors for these vehicles pro-
vided by HBEFA are intended for indicative purposes and do not cover all substances
(INFRAS 2014). The average occupancy rate is 10.0 persons according to the data from

Life Cycle Inventories of Road and Non-Road Transport Services

treeze Ltd.



4. Passenger transport 49

the Swiss passenger transport statistics on the vehicle kilometres (0.267 billion vkm)
and passenger kilometres (2.68 billion pkm) travelled in 2014 (BFS 2015a; BFS 2015b).

Standard (also named rigid or non-articulated) buses were considered in this study be-
cause they account for 57 % of the vehicle kilometres driven by regular buses in Swit-
zerland in 2015 (INFRAS 2014). The processes of bus manufacturing and maintenance
are modelled by the corresponding datasets in ecoinvent data v2. The vehicle weight of
modern standard buses with a capacity of 65 persons is comparable to the weight de-
clared in the life cycle inventory in ecoinvent (11.0 t) (Gorgler 2014b; Gorgler 2015).
The demand of bus manufacturing and maintenance were calculated with the average
occupancy rate and an assumed life time performance of 1°000°000 vkm, which was
adopted from Spielmann et al. (2007). The demand of road construction is a function of
the GVW and the demand of road operation and maintenance depends on the vehicle
kilometric performance. These inputs were calculated with the demand factor reported
in subchapter 3.2, a GVW of 11.8 t and an average occupancy of 10.0 persons.

Data on the fuel consumption (0.357 kg/vkm) and the emissions of selected pollutants
(COy, CO, CH4, N2O, NMVOC, NOy, NHjz, SO, PM) were retrieved from HBEFA
(INFRAS 2014). The emission factors are valid for an average diesel-fuelled regular
bus in Switzerland in 2015. A share of the NMVOC emissions was further divided into
main components based on the shares reported in the EMEP/EEA air pollutant emission
inventory guidebook (see Tab. 3.1). The emissions of PAHSs, arsenic, selenium and
heavy metals (cadmium, chromium, chromium VI, copper, lead, mercury, nickel, zinc)
depend on the amount of fuel consumed. The corresponding emission factors are com-
piled in Tab. 3.2.

Noise emissions were accounted for as recommended by Frischknecht and Bisser
Kndpfel (2013). The noise emissions caused by regular buses were assumed to be simi-
lar to those of lorries because their engine is of similar power size and because more
specific information was not available. The calculation of refrigerant emissions from air
conditioners is described in subchapter 3.5 and summarized in Tab. 3.3. The resulting
refrigerant emissions are 1.61-10° kgHFC-134a/pkm. The non-exhaust emissions by
road, tyre and brake wear were calculated using the emission factors shown in Tab. 3.5
and the GVW of 11.8 t.

The life cycle inventory of passenger transports by regular bus is shown in Tab. 4.24.
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Tab. 4.24 Life cycle inventory of passenger transports by an average diesel-fuelled regular bus.

Name
Location
InfrastructureProcess
Unit
product transport, regular bus
technosphere bus

emission air,
unspecified

maintenance, bus

road

operation, maintenance, road

diesel, low-sulphur, at regional storage

refrigerant R134a, at plant

Carbon dioxide, fossil
Carbon monoxide, fossil
Methane, fossil

NMVOC, non-methane wolatile organic compounds, unspecified
origin

Ethane

Propane

Butane

Pentane

Heptane

Benzene

Toluene

m-Xylene

o-Xylene
Formaldehyde
Acetaldehyde
Benzaldehyde
Acrolein

Styrene

Nitrogen oxides
Ammonia

Dinitrogen monoxide
Sulfur dioxide
Particulates, < 2.5 um
PAH, polycyclic aromatic hydrocarbons
Arsenic

Selenium

Zinc

Copper

Nickel

Chromium
Chromium VI
Mercury

Cadmium

Lead

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

Location

CH
RER

CH

CH

CH

CH

InfrastructureProcess

Unit

unit

unit

ma

ma

transport, regular
bus

CH

pkm

9.96E-8

9.96E-8

5.54E-4

1.17E-4

3.56E-2

161E-6

1.12E-1
1.02E-4

3.35E-7

1.11E-5

4.09E-9
1.36E-8
2.04E-8
8.17E-9
4.09E-8
9.53E-9
1.36E-9
1.33E-7
5.45E-8
1.14E-6
6.22E-7
1.87E-7
2.41E-7
7.63E-8
7.36E-4
2.99E-7
7.62E-7
7.11E-7
5.24E-6
2.78E-9
3.56E-12
3.56E-12
6.18E-8
7.54E-10
3.13E-10
1.07E-9
2.13E-12
1.88E-10
3.09E-10

1.85E-9

161E-6
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UncertaintyType

StandardDeviation95%

GeneralComment

(3,1,3,2,1,5,BU:3); Vehicle life time 1.00E+06 vkm; Average
occupancyrate: 10.0 passengers; BFS 2015; Ecoinvent v2
(3,1,3,2,1,5,BU:3); Vehicle life ime performance: 1.00E+06 vkm; Average
occupancy rate: 10.0 passengers; BFS 2015; Ecoinvent v2
(3,1,3,22,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average

rate: 10.0 ger weight: 75 kg; Vehicle weight:
11.0 t; BFS 2015; Ecoinvent v2
(3.1,3,2,1,5,BU:3); Road demand: 1.17E-03 mylkm; Average occupancy rate:
10.0 passengers; BFS 2015; Ecoinvent v2
(2,2:2,3,1,2,BU:1.05); Fuel consumption of average diesel buses in
Switzerland in 2015; HBEFA database V3.2
(: 3,1,2,BU:1.05); used for air Calculated based
on average refrigerant charge and emission rates during production, use
and end of life. Refrigerant emissions: 1.61E-05 kghkm; Average occupancy
rate: 10.0 passengers; National Greenhouse Gas Inventory Report of
Switzerland 2015, ltem 2F1; Personal communication Cornelia Stettler,
Carbotech
(2,2,2,3,1,2,BU:1.05); Emission factor of average diesel buses Switzerland in
2015; HBEFA database v3.2
(2,2,2,3,1,2,BU:5); Emission factor of average diesel buses Switzerland in
2015; HBEFA database v3.2
(2,2,2,3,1,2,BU:1.5); Emission factor of average diesel buses Switzerland in
2015; HBEFA database V3.2
(2,2,2,3,1,2,BU:1.5); Unspecified NMVOC for which no elementary exchange
exists; 81.2% of total NMVOC emissions; HBEFA database v3.2; EMEP/EEA
guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.03%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-i
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.10%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.15%; HBEFA
database V3.2; EMEP/EEA guidebook 2013, 1.A3.b.
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.06%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b. Tab.3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.30%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:3); Share in total NMVOC emissions: 0.07%; HBEFA
database V3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.01%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b. Tab.3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.98%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.40%; HBEFA
database V3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 8.40%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b. Tab.3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 4.57%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 1.37%; HBEFA
database V3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 1.77%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b. Tab.3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.56%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Emission factor of average diesel buses Switzerland in
2015; HBEFA database v3.2
(2,2,2,3,1,2,BU:1.2); Emission factor of average diesel buses Switzerland in
2015; HBEFA database v3.2
(2,2,2,3,1,2,BU:1.5); Emission factor of average diesel buses Switzerland in
2015; HBEFA database v3.2
(2,2,2,3,1,2,BU:1.05); Emission factor of average diesel buses Switzerland in
2015; HBEFA database v3.2
(2,2,2,3,1,2,BU:3); Emission factor of average diesel buses Switzerland in
2015; HBEFA database v3.2
(2,2,2,3,1,2,BU:3); Fuel dependent emission factor: 7.82E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-8 and 3-9
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2.2.2,3,1,2,BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 1.74E-06 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 2.12E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2.2.2,3,1,2,BU:5); Fuel dependent emission factor: 8.80E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 3.00E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 6.00E-11 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2.2.2,3,1,2,BU:5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 8.70E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 5.21E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(: 3,1,2,BU:1.5); i used for air Calculated based
on average refrigerant charge and emission rates during production, use
and end of life. Refrigerant emissions: 1.61E-05 kgikm; Average occupancy
rate: 10.0 passengers; National Greenhouse Gas Inventory Report of
Switzerland 2015, ltem 2F1; Personal communication Cornelia Stettler,
Carbotech

treeze Ltd.



4. Passenger transport 51

Tab. 4.24 Life cycle inventory of passenger transports by an average diesel-fuelled regular bus. (contin-
ued)

transport, regular

GeneralComment
bus

Name

Location
InfrastructureProcess
Unit
UncertaintyType
StandardDeviation95%

Location CH

InfrastructureProcess [
Unit pkm
‘emission Non (2.2.2,3,1,2,BU:1.5); Ecological Scarcity method 2013; Noise emissions
material foseicadionylaians - ) L BEcES 1 151 Gimilarto lorries; Frischknecht & Busser Knopfel 2013
(2,2,3,3,1,2,BU:2); Emission factor: 7.00E-06 kg/(tGVW*km); Average
road wear lorry RER 0 kg 8.20E-6 1 202 rate: 10.0 ger weight: 75 kg; Vehicle weight:
11.0 t; Ecoinvent v3.1; BFS 2015; EMEP/EEA guidebook 2013, 1.A3.b.vii, Tab
(2,2,3,3,1,2,BU:2); Emission factor: 8.06E-05 kg/(tGVW*km); Average
tyre wear emissions, lorry RER 0 kg 9.43E-5 1 202 rate: 10.0 P; ger weight: 75 kg; Vehicle weight:
11.0 t; Ecoinvent v3.1; BFS 2015; EMEP/EEA guidebook 2013, 1.A3.b.vii, Tab
(2,2,3,3,1,2,BU:2); Emission factor: 8.13E-06 kg/(tGVW*km); Average
brake wear emissions, lorry RER 0 kg 9.52E-6 1 2.02 rate: 10.0 P: ger weight: 75 kg; Vehicle weight:
11.0t; Ecoinvent v3.1; BFS 2015; EMEP/EEA guidebook 2013, 1.A3.b.vii, Tab.
disposal, bus CH 1 unit 9.96E-8 1 3.07 (3,1,3,2,1,5,BU:3); Vehicle life ime performance: 1.00E+06 vkm; Average
(3,1,3,2,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average
disposal, road RER 1 ma 5.54E-4 1 307 rate: 10.0 ger weight: 75 kg; Vehicle weight:
11.0 ; BFS 2015; Ecoinvent v2

4.9 Coach

The life cycle inventory of passenger transports by coach was updated considering the
average passenger coach fleet in Switzerland in 2015. The average occupancy rate is
21.1 persons according to the data from the Swiss passenger transport statistics on the
vehicle kilometres (0.128 billion vkm) and passenger kilometres (2.70 billion pkm)
travelled in 2014 (BFS 2015a; BFS 2015b).

The processes of vehicle manufacturing and maintenance were modelled by the corre-
sponding datasets of a regular bus published in ecoinvent data v2 and scaled by the
weight ratio of a passenger coach and the bus. The vehicle weight of passenger coaches
varies depending on the model considered and ranges from approximately 12.5t to
16.5 t. The coach analysed in the present study is assumed to have a vehicle weight of
13.0 t and a capacity of about 50 persons (Gorgler 2012; Gorgler 2013). The weight of
the bus represented in the ecoinvent dataset is 11.0 t. The demand of the bus manufac-
turing and maintenance was calculated with the average occupancy rate and an assumed
life time performance of 1°000°000 vkm, which was taken from Spielmann et al. (2007).
The road input is a function of the GVW and was calculated with the demand factor
given in subchapter 3.2 and a GVW of 14.6 t. The weight of an average passenger was
thereby assumed to be 75 kg (Leuenberger & Frischknecht 2010). The demand of road
operation and maintenance depends on the vehicle kilometric performance and was cal-
culated using the demand factor from subchapter 3.2 and the average occupancy of
21.1 persons.

Data on the fuel consumption (0.279 kg/vkm) and the emissions of selected pollutants
(CO,, CO, CH4, N2O, NMVOC, NOy, NHz, SO, PM) were retrieved from HBEFA
(INFRAS 2014). The emission factors are valid for an average diesel-fuelled passenger
coach in Switzerland in 2015. A share of the NMVOC emissions was further divided
into main components based on the shares reported in the EMEP/EEA air pollutant
emission inventory guidebook (see Tab. 3.1). The emissions of PAHSs, arsenic, selenium
and heavy metals (cadmium, chromium, chromium VI, copper, lead, mercury, nickel,
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zinc) depend on the amount of fuel consumed. The corresponding emission factors are
compiled in Tab. 3.2.

Noise emissions were accounted for as recommended by Frischknecht and Busser
Knopfel (2013). The noise emissions caused by passenger coaches were assumed to be
similar to those of lorries because their engine is of similar power size and because
more specific information was not available. The calculation of refrigerant emissions
from air conditioners is described in subchapter 3.5 and summarized in Tab. 3.3. The
resulting refrigerant emissions are 7.64-10” kgHFC-134a/pkm. The non-exhaust emis-
sions by road, tyre and brake wear were calculated using the emission factors shown in
Tab. 3.5 and the GVW of 14.6 t.

The life cycle inventory of passenger transports by coach is shown in Tab. 4.25.
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Tab. 4.25 Life cycle inventory of passenger transports by an average coach.

Name
Location
InfrastructureProcess
Unit
product transport, passenger coach
technosphere bus

emission
unspecified

r,

maintenance, bus

road

operation, maintenance, road

diesel, low-sulphur, at regional storage

refrigerant R134a, at plant

Carbon dioxide, fossil
Carbon monoxide, fossil
Methane, fossil

NMVOC, non-methane volatile organic compounds, unspecified
origin

Ethane

Propane

Butane

Pentane

Heptane

Benzene

Toluene

m-Xylene

o-Xylene
Formaldehyde
Acetaldehyde
Benzaldehyde
Acrolein

Styrene

Nitrogen oxides
Ammonia

Dinitrogen monoxide
Sulfur dioxide
Particulates, < 2.5 um
PAH, polycyclic aromatic hydrocarbons
Arsenic

Selenium

Zinc

Copper

Nickel

Chromium
Chromium Vi
Mercury

Cadmium

Lead

Location

CH

CH

CH

CH

InfrastructureProcess

Unit

unit

unit

ma

ma

transport,
passenger coach

5.60E-8

5.60E-8

3.27E-4

5.55E-5

1.32E-2

7.64E-7

4.16E-2
8.06E-5

2.19E-7

7.25E-6

2.68E-9
8.92E-9
1.34E-8
5.35E-9
2.68E-8
6.25E-9
8.92E-10
8.74E-8
3.57E-8
7.50E-7
4.08E-7
1.22E-7
1.58E-7
5.00E-8
2.84E-4
1.42E-7
1.06E-6
2.64E-7
461E-6
1.03E-9
132E-12
1.32E-12
2.30E-8
2.80E-10
1.16E-10
3.97E-10
7.93E-13
7.01E-11
1.15E-10

6.89E-10
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UncertaintyType

StandardDeviation95%

GeneralComment

(3,1,3,2,1,5,BU:3); Vehicle life ime performance: 1.00E+06 vkm; Input scaled
by vehicle weight: 13.0 t (bus in : 11.0 t); Average rate:
21.1 passengers; BFS 2015; Gorgler 2012, 2013; Ecoinvent 2

(3,1,3,2,1,5,8U:3); Vehicle life ime performance: 1.00E+06 vkm; Input scaled
by vehicle weight: 13.0 t (bus in ecoinvent: 11.0 t); Average occupancy rate:
21.1 passengers; BFS 2015; Gorgler 2012, 2013; Ecoinvent v2

(3.1,3,2,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW+km); Average
occupancy rate: 21.1 passengers; Passenger weight: 75 kg; Vehicle weight:
13.0 t; BFS 2015; Ecoinvent 2

(3.1,3,2,1,5,BU:3); Road demand: 1.17E-03 mykm; Average occupancy rate:
21.1 passengers; BFS 2015; Ecoinvent 2

(2,2,2,3,1,2,8U:1.05); Fuel consumption of average coaches in Switzerland in
2015; HBEFA database v3.2

(2.2,2,3,1,2,BU:1.05); used for air Calculated based
on average refrigerant charge and emission rates during production, use
and end of life. Refrigerant emissions: 1.61E-05 kghkm; Average occupancy
rate: 21.1 passengers; National Greenhouse Gas Inventory Report of
Switzerland 2015, Item 2F1; Personal communication Cornelia Stettler,
Carbotech

(2,2,2,3,1,2,BU:1.05); Emission factor of average coaches in Switzerland in
2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:5); Emission factor of average coaches in Switzerland in
2015; HBEFA database V3.2

(2,2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:1.5); Unspecified NMVOC for which no elementary exchange
exists; 81.2% of total NMVOC HBEFA database v3.2;
guidebook 2013, 1.A3.b.i-iv, Tab. 3-112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.03%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.10%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.15%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1. A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.06%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(22,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.30%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1. A3.b.i-iv, Tab. 3-112
(2.2,2,3,1,2,BU:3); Share in total NMVOC emissions: 0.07%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1. A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.01%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.98%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.40%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 8.40%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 4.57%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1. A3.b.i-iv, Tab. 3-112
(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 1.37%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 1.77%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: 0.56%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112
(2,2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:1.2); Emission factor of average coaches in Switzerland in
2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:1.05); Emission factor of average coaches in Switzerland in
2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:3); Emission factor of average coaches in Switzerland in
2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:3); Fuel dependent emission factor: 7.82E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-8 and 3-9
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 1.74E-06 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 2.12E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(2,2,2,3,1,2BU:5); Fuel dependent emission factor: 8.80E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 3.00E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 6.00E-11 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(2,2,2,3,1,2BU:5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 8.70E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 5.21E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
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Tab. 4.25 Life cycle inventory of passenger transports by an average coach. (continued)

g b
g & £
s § = transport, z g
Name g 5 = port £ @ GeneralComment
8 51 passengercoach & a
) 2 g B
5 2 4
8 S 2
£ E
Location CH
InfrastructureProcess 0
Unit pkm
(: 3,1,2,BU:15); used for air g. Calculated based
on average refrigerant charge and emission rates during production, use
Ethane, 1,11 2-tetrafluoro-, HFC-134a R R g 764E-7 i 151 and end of life. Refrigerant emissions: 1.61E-05 kg/km; Average occupancy
rate: 21.1 passengers; National Greenhouse Gas Inventory Report of
Switzerland 2015, ltem 2F1; Personal communication Cornelia Stettler,
Carbotech
emission Non ) (2,2,2,3,1,2,BU:1.5); Ecological Scarcity method 2013; Noise emissions
material foi=elieadionylaterage k) QEES 1 151 Gimilarto lorries; Frischknecht & Bsser Knopfel 2013
(2,2,3,3,1,2,BU:2); Emission factor: 7.00E-06 kg/(tGVW*km); Average
road wear lorry RER 0 kg 4.83E-6 1 2.02 rate: 21.1 ger weight: 75 kg; Vehicle weight:

13.0 ; BFS 2015; Gorgler 2012, 2013; Ecoinvent v3.1
(2,2:3,3,1,2,BU:2); Emission factor: 8.06E-05 kg/(tGVW*km); Average

tyre wear emissions, lorry RER 0 kg 5.56E-5 1 2,02 rate: 21.1 : ger weight: 75 kg; Vehicle weight:
13.0 ; BFS 2015; Gorgler 2012, 2013; Ecoinvent v3.1
(2,2.3,3,1,2,BU:2); Emission factor: 8.13E-06 kg/(tGVW*km); Average

brake wear emissions, lorry RER 0 kg 5.61E-6 1 2.02 rate: 21.1 o ger weight: 75 kg; Vehicle weight:
13.0 ; BFS 2015; Gorgler 2012, 2013; Ecoinvent v3.1

(3,1,32,1,5,BU:3); Vehicle life time performance: 1.00E+06 vkm; Input scaled
disposal, bus CH 1 unit 5.60E-8 1 307  byvehicle weight 13.0t (bus in ecoinvent: 11.0 t); Average occupancy rate:
21.1 passengers; BFS 2015; Gorgler 2012, 2013; Ecoinvent v2

(3.1,3,2,1,5,BU:3); Vehicle life time performance: 1.00E+06 vkm; Input scaled
disposal, road RER 1 ma 3.27E-4 1 307  byvehicle weight 13.0 t (bus in ecoinvent: 11.0 t); Average occupancy rate:
21.1 passengers; BFS 2015; Gorgler 2012, 2013; Ecoinvent v2

A specific dataset was created for transport services by long-distance passenger coaches
(“Fernbus”) operated by the Swiss Federal Railways (Schweizerische Bundesbahnen;
SBB) and by the German Railways (Deutsche Bahn; DB) between Zurich and Munich.
Larger passenger coaches with a capacity of 74 persons are used for this route***3, The
vehicle weight was estimated to 19.0 t and the demand of vehicle manufacturing and
maintenance was scaled accordingly (Goérgler 2014a). The average occupancy rate of
long-distance passenger coaches travelling between Zurich and Munich is 32.5 persons
and the diesel consumption amounts to 0.323 kg/vkm*2. The emission factors of average
Swiss passenger coaches in 2015 were used and scaled based on the specific fuel
demand.

The life cycle inventory of passenger transports by long-distance passenger coach is
shown in Tab. 4.26.

12 personal communication Fabian Scherer, SBB, 20.11.2015.

13 http://www.bahn.de/p/view/angebot/fernverkehrsmittel/ic-bus.shtml, accessed on 07.01.2016.

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



4. Passenger transport

55

Tab. 4.26 Life cycle inventory of passenger transports by long-distance passenger coach. The vehicle
size, fuel demand and occupancy rate are specific for the route Zurich - Munich.

Name
Location
InfrastructureProcess
Unit
product transport, passenger coach, InterCity-Bus
technosphere bus
maintenance, bus
road
operation, maintenance, road
diesel, low-sulphur, at regional storage
refrigerant R134a, at plant
emission air, f
X Carbon dioxide, fossil
unspecified

Carbon monoxide, fossil

Methane, fossil

NMVOC, non-methane volatile organic compounds, unspecified

origin

Ethane

Propane

Butane

Pentane

Heptane

Benzene

Toluene

m-Xylene

o-Xylene

Formaldehyde

Acetaldehyde

Benzaldehyde

Acrolein

Styrene

Location

CH

CH

CH

CH

CH

InfrastructureProcess

Unit

unit

unit

ma

ma

transport,
passenger coach,
InterCity-Bus

5.32E-8

3.12E-4

3.61E-5

9.96E-3

497E-7

3.14E-2
6.07E-5

1.65E-7

5.46E-6

2.02E-9

6.72E-9

1.01E-8

4.03E-9

2.02E-8

4.71E-9

6.72E-10

6.59E-8

2.69E-8

5.65E-7

3.07E-7

9.21E-8

1.19E-7

3.76E-8
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UncertaintyType

StandardDeviation95%

GeneralComment

(3.1,3,2,1,5,BU:3); Vehicle life ime performance: 1.00E+06 vkm; Input scaled
by vehicle weight: 19.0 t (bus in ecoinvent: 11.0 t); Average occupancy rate:
32,5 passengers; Personal communication Fabian Scherer, SBB,
23.11.2015; Gorgler 2014; Ecoinvent v2
(31,3,2,1,5,BU:3); Vehicle life ime performance: 1.00E+06 vkm; Input scaled
by vehicle weight: 19.0 t (bus in ecoinvent: 11.0 t); Average occupancy rate:
32.5 passengers; Personal communication Fabian Scherer, SBB,
23.11.2015; Gorgler 2014; Ecoinvent v2
(3,1,3,2,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW+*km); Average

rate: 32.5 ger weight: 75 kg; Vehicle weight:
19.0t; Personal communication Fabian Scherer, SBB, 23.11.2015; Ecoinvent
2

(3,1,3,2,1,5,8U:3); Road demand: 1.17E-03 mykm; Average occupancy rate:
32.5 passengers; Personal communication Fabian Scherer, SBB,
23.11.2015; Ecoinvent v2

(: 3,1,2,BU:1.05); Fuel tion of long-dist: coaches on the
route h-Munich; Personal Fabian Scherer, SBB,
23.11.2015

(: 3,1,2,BU:1.05); used for air Calculated based

on average refrigerant charge and emission rates during production, use
and end of life. Refrigerant emissions: 1.61E-05 kgikm; Average occupancy
rate: 32.5 passengers; National Greenhouse Gas Inventory Report of
Switzerland 2015, Item 2F1; Personal communication Cornelia Stettler,
(2,2,2,3,1,2,BU:1.05); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; HBEFA database v3.2

(2,2,2,3,1,2,BU:5); Emission factor of average coaches in Switzerland in 2015
scaled by fuel consumption; HBEFA database v3.2

(2,2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; HBEFA database v3.2

(2.2.2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Unspecified NMVOC for which no
elementary exchange exists; 81.2% of total NMVOC emissions; HBEFA
database 3.2; EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-112

(2.2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 0.03%;
HBEFA database 13.2; EMEP/EEA guidebook 2013, L A3.b.i-iv, Tab. 3-112

(2.2.2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 0.10%;
HBEFA database 3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112

(2.2.2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 0.15%;
HBEFA database 13.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112

(222,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 0.06%;
HBEFA database 13.2; EMEP/EEA guidebook 2013, 1 A3.b.i-iv, Tab. 3-112

(2,2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 0.30%;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112

(2,2,2,3,1,2,BU:3); Emission factor of average coaches in Switzerland in 2015
scaled by fuel consumption; Share in total NMVOC emissions: 0.07%;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112

(222,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 0.01%;
HBEFA database 13.2; EMEP/EEA guidebook 2013, 1. A3.b.i-iv, Tab. 3-112

(2,2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 0.98%;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112

(2,2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 0.40%;
HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112

(222,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 8.40%;
HBEFA database 13.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112

(2.2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 4.57%;
HBEFA database \3.2; EMEP/EEA guidebook 2013, LA3.b.i-iv, Tab. 3-112

(2.2.2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 1.37%;
HBEFA database 3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112

(2.2.2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 1.77%;
HBEFA database 13.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-112

(2.2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; Share in total NMVOC emissions: 0.56%;
HBEFA database 13.2; EMEP/EEA guidebook 2013, L A3.b.i-iv, Tab. 3-112
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Tab. 4.26 Life cycle inventory of passenger transports by long-distance passenger coach. The vehicle
size, fuel demand and occupancy rate are specific for the route Zurich - Munich. (continued)

InfrastructureProcess

Nitrogen oxides
Ammonia

Dinitrogen monoxide
Sulfur dioxide

Particulates, <2.5 um

PAH, polycyclic aromatic hydrocarbons

Arsenic
Selenium
Zinc

Copper
Nickel
Chromium
Chromium VI
Mercury
Cadmium

Lead

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

emission Non
material

road wear

tyre wear emissions, lorry

brake wear emissions, lorry

disposal, bus

disposal, road

4.10 Tram and trolleybus

4.10.1 Overview

Noise, road, lorry, average

lorry

Location

CH

InfrastructureProcess

Unit

unit

ma

transport,
passenger coach,
InterCity-Bus

CH

0
pkm

2.14E-4
1.07E-7
8.00E-7
1.99E-7
3.47E-6
7.79E-10
9.96E-13
9.96E-13
1.73E-8
2.11E-10
8.76E-11
2.99E-10
5.98E-13
5.28E-11
8.66E-11

5.19E-10

4.97E-7

3.08E-2

4.62E-6

5.32E-5

5.37E-6

5.32E-8

3.12E-4

UncertaintyType

StandardDeviation95%

GeneralComment

(2,2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; HBEFA database V3.2
(22,2,3,1,2,BU:1.2); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; HBEFA database v3.2
(2,2,2,3,1,2,BU:1.5); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; HBEFA database v3.2
(2,2,2,3,1,2,BU:1.05); Emission factor of average coaches in Switzerland in
2015 scaled by fuel consumption; HBEFA database V3.2
(2,2,2,3,1,2,BU:3); Emission factor of average coaches in Switzerland in 2015
scaled by fuel consumption; HBEFA database v3.2
(2,2,2,3,1,2,BU:3); Fuel dependent emission factor: 7.82E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-8 and 3-9
(2,2,2,31,2,BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(22,2,3,1,2,BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 1.74E-06 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,31,2,BU:5); Fuel dependent emission factor: 2.12E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 8.80E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 3.00E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,31,2,BU:5); Fuel dependent emission factor: 6.00E-11 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: 8.70E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,31,2,BU:5); Fuel dependent emission factor: 5.21E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-103
(2,2,2,31,2,BU:1.5); used for air Calculated based
on average refrigerant charge and emission rates during production, use
and end of life. Refrigerant emissions: 1.61E-05 kg/hkm; Average occupancy
rate: 32.5 passengers; National Greenhouse Gas Inventory Report of
Switzerland 2015, ltem 2F1; Personal communication Cornelia Stettler,
Carbotech
(2,2,2,3,1,2,BU:1.5); Ecological Scarcity method 2013; Noise emissions
similar to lorries; Frischknecht & Biisser Knopfel 2013
(2,2,3,3,1,2,BU:2); Emission factor: 7.00E-06 kg/(tGVW*km); Average

rate: 325 ger weight: 75 kg; Vehicle weight
19.0 t; Personal communication Fabian Scherer, SBB, 23.11.2015; Gorgler
(2,2,3,3,1,2,BU:2); Emission factor: 8.06E-05 kg/(tGVW*km); Average

rate: 325 ger weight: 75 kg; Vehicle weight
19.0 t; Personal communication Fabian Scherer, SBB, 23.11.2015; Gorgler
(2,2,3,3,1,2,BU:2); Emission factor: 8.13E-06 kg/(tGVW*km); Average

rate: 325 ger weight: 75 kg; Vehicle weight
19.0 t; Personal communication Fabian Scherer, SBB, 23.11.2015; Gorgler
(3,1,3,2,1,5,BU:3); Vehicle life time performance: 1.00E+06 vkm; Input scaled
by vehicle weight: 19.0 t (bus in ecoinvent: 11.0 t); Average occupancy rate:
32.5 passengers; Personal communication Fabian Scherer, SBB,
23.11.2015; Gorgler 2014; Ecoinvent v2
(3,1,3,2,1,5,BU:3); Vehicle life ime performance: 1.00E+06 vkm; Input scaled
by vehicle weight: 19.0 t (bus in ecoinvent: 11.0 t); Average occupancy rate:
32.5 passengers; Personal communication Fabian Scherer, SBB,
23.11.2015; Gorgler 2014; Ecoinvent v2

The life cycle inventories of tram and trolleybus transport services published in ecoin-
vent data v2 were updated with new data on the transport performance, energy con-
sumption as well as the load factor and emission factors provided in literature (BUWAL
2001a), national statistics (BFS 2015a; BFS 2015b) or by Swiss public transport opera-
tors (ZVV 2014; Bernmobil 2014; etc.). Data cover all tram and trolleybus networks in

Switzerland.

The transport performance and the electricity consumption are described in section
4.10.2. The emissions during operation and the demand of infrastructure are document-
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ed in sections 4.10.3 and 4.10.4, respectively. The unit process life cycle inventory data
are presented in section 4.10.5.

4.10.2 Transport performance and electricity consumption

Information on the total electricity consumption and the transport performance of tram
and trolleybuses in Switzerland is available from the Swiss transport statistics (BFS
2015e). In Tab. 4.27 the figures and the resulting specific energy consumption are pre-
sented.

Tab. 4.27 Specific electricity consumption of trams and trolleybuses.

Tram Trolleybus
Total electricity consumption kWh 162'000'000 79'200'000
Transport performance pkm 1'120'000'000 515'700'000
Kilometric performance vkm 32'855'000 27'506'000
Specific energy consumption per pkm  [kWh/pkm 0.14 0.15
Specific energy consumption pervkm  |kWh/vkm 4.93 2.88

4.10.3 Emissions during operation

Trams and trolleybuses run on electricity and thus do not cause combustion related
emissions of pollutants. Nevertheless, emissions occur due to abrasion and due to re-
frigerant losses from air conditioners. Finally, noise emissions are quantified.

The particulate matter emissions by abrasion from wheels, rail tracks, brakes and over-
head contact lines of trams are quantified based on information published in BUWAL
(BUWAL 2001a). The amounts of particulate matter emissions were adjusted to the
current transport performance in 2013 (see Tab. 4.28). In line with Spielmann et al.
(2007) it is assumed that 50 % of the particulate matter emissions from wheels and rails
is PM10 and 50 % PM>10. The remaining PM emissions of the brake are assumed to be
non-volatile iron emissions. The emissions per pkm were calculated by dividing the
emissions per km by the average number of passengers (34 passengers).

Tab. 4.28 Emission of abrasion from trams per year (BUWAL 2001b, Spielmann et al. 2007).

Share of PM 10 of
PM 10 emission|total PM emission
g/km
Brake 0.01 17%
Wheel 0.05 50%
Rail 0.09 50%
Total 0.15
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Tab. 4.29 Specific emission of tram transportation.

Iron emission
PM 10 emission |PM >10 emission (no airborne)
Specific emission from abrasion  |kg/pkm 4.40E-06 4.11E-06 1.43E-06

Electric trolleybuses cause emissions due to tyre, brake and road abrasion. These emis-
sions were quantified using the emission factors of lorries as reported in the dataset pub-
lished in ecoinvent data v3.1 (see subchapter 3.7).

Tab. 4.30 Road wear emission of trolleybus.

Emission factor road wear 7.00E-06|kg/(tGVW*km)
Emission factor tyre wear 8.06E-05|kg/(tGVW*km)
Emission factor brake wear 8.13E-06|kg/(tGVW*km)
Gross weight of trolleybus 18.41 |tGVW

Specific road wear emissions 6.87E-06|kg/pkm
Specific tyre wear emissions 7.91E-05|kg/pkm
Specific brake wear emissions 7.98E-06|kg/pkm

The copper emissions from abrasion of the overhead contact line were quantified using
data from Germany published in Hillenbrand et al. (Hillenbrand et al. 2005). According
to this source, 7.8 t of copper are emitted to surface water and 28.9 t are emitted to soil,
resulting in specific emissions to surface water and soil of 3.5 and 131 g Cu per meter
and year, respectively (rail track length for Germany: 2°205 km). With a tram track
length of 454km (BFS 2015¢) and an annual transport performance of
1°120°000°000 pkm, copper emissions to surface water and soil amount to
3.6:107 kg/pkm and 5.3-10°° kg/pkm, respectively. For trolleybuses the same emission
factors per passenger kilometre are used as for trams.

Tab. 4.31 Calculated copper emission factors (Hillenbrand et al. 2005; BFS 2015e).

Emission factor to soil kg/m*a 0.0131
Emission factor to water kg/m*a 0.0035
Length of overhead contact line m 454'000
Emission to soil kg/pkm 5.3E-06
Emission to water" kg/pkm 3.6E-07

D 25% of the copper emissions are leaving the waste water treatment plant (Doka 2009).

Refrigerant emissions were quantified based on information published in the National
Greenhouse Gas Inventory Report of Switzerland 2015 (BAFU 2015) (see subchapter
3.5 and Tab. 3.3). The refrigerant emissions of trams and of trolleybuses are
2.8-107 kg/pkm and 1.1-10°° kg/pkm, respectively.

Noise emissions of trams are approximated with noise kilometres of trains. On one hand
trams have a lower noise level compared to trains. On the other hand, trams predomi-
nantly circulate in higher populated areas compared to trains. Noise emissions of trol-
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leybuses are approximated with 50 % of the noise level of lorries, based on the same
noise level ratio of electric and fuel based passenger cars (see section 4.3.4).

4.10.4 Infrastructure demand

Tram manufacture is modelled based on a single wagon of the tram 2000 with a weight
of 30t and 120 seats. Trolleybus manufacture is modelled based on a Mercedes bus
with a weight of 17 t and 92 seats. The average load of trams and trolleybuses is 34 and
19 persons, respectively (BFS 2015b).

The demand of vehicle manufacture per pkm is quantified using data on the average
load, the number of trams and trolleybuses (670 trams and 606 trolleybuses, in public
transport of all cities in Switzerland), the performed vehicle kilometres
(32°855°000 vkm (trams) and 27°506°000 vkm (trolleybuses), BFS 2015a) and the life
span of a tram (40 years) and trolleybus (17 years).

The total tram track length of Swiss tramlines is 227 km (double track). With an annual
tram transport performance of 1°120°000°000 pkm per year (BFS 2015b) and a lifetime
of 40 years of the tram tracks, the demand of tramline infrastructure is
2.03-10™ m-a/pkm.

Tram track construction is modelled according to Spielmann et al. (2007). The tram
track construction dataset is complemented with information on the copper demand for
the overhead contact lines.

The road infrastructure required by the trolleybus transport is complemented with a de-
mand for an overhead contact line. The specific copper demand is determined with the
average diameter and weight of the overhead contact line (120 mm? and 1.1 kg/m) and
an average lifespan of 15 years (Hillenbrand et al. 2005). The trolleybus network in
Switzerland has a length of 319 km according to national statistics (BFS 2015e). For the
overhead contact line two copper cables are used. The demand of copper for the over-
head contact line is 0.14 kg/(m-a). It is calculated by multiplying the copper demand per
meter (1.1 kg/m) by 2 (two contact lines) and dividing it by the life span of the overhead
contact line (15 a). The road demand, demand of road maintenance and disposal of the
road have been calculated using the road demand factors described in Subchapter 3.2
and dividing or multiplying it by the average load (18 passenger) or by the GVW
(18.4 ).

4.10.5 Unit process life cycle inventory data

The life cycle inventories of passenger transports by tram and by trolleybus are present-
ed in Tab. 4.32 and Tab. 4.33, respectively.
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Tab. 4.32 Life cycle inventory of passenger transport by tram.

@
a2
o
S
- s
S S =
Name g 2 5
3 S
g
=
£
Location
InfrastructureProcess
Unit
transport, tram CH 0 pkm
P q q (2,2,1,1,15,BU:1.05); ici ion 161944444kWh
electricity, medium voltage, at grid CH 0 kWh 1.45E-1 1 122 and kilometric performance 32855000k ; BFS 2013
. (2,2,1,1,1,5,BU:3); kil ic transport 49037 vkm,
Lt RER & (i 200 : 3.05 lifespan 40a, load factor 34p/vehicle; BFS 2013
maintenance, tram CH 1 unit 2.09E-8 1 306 (32,11,15BU:3); same as tram;
disposal, tram CH 1 unit 2.09E-8 1 3.06 (32,1,1,1,5BU:3); same as tram;
(2,2,1,1,1,5,BU:3); Length 227km; Summe von Linienlange
tram track cH o1 oma 20384 b 305 ingelner Betiiebe (Basel Land & Stadt dieselbe)
operation, tram track CH 1 ma 2.03E-4 1 3.05 (2,2,1,1,1,5BU:3); same as tram track;
disposal, tram track CH 1 ma 2.03E-4 1 3.05 (2,2,1,1,1,5,BU:3); same as tram track;
refrigerant R134a, at plant RER 0 kg 2.85E-7 1 122 (2,2,1,1,1,5,BU:1.05); Consumption 9.71E-6 kg/ivkm;
Particulates, > 10 um = - kg 4.11E-6 1 194 (4525,4,5BU:15);; Buwal 2001
Particulates, > 2.5 um, and < 10um = - kg 4.40E-6 1 238 (4525,4,5BU:2);; Buwal 2001
R B y (4,5,2,5,4,5,BU:1.5); extrapolated from copper emission in
G kg SELES B 194 Germany, Hillenbrand et al. 2005
(4,5,2,5,4,5,BU:3); extrapolated from copper emission in
Copper, ion - - kg 3.58E-7 1 3.38  Germany, 25% in effluent of wastewater treament; Hillenbrand
etal. 2005
Ethane, 1,1,1,2-tetrafluoro-, HFC-134a - - kg 2.85E-7 1 156  (22,11,15BU:15);;
Iron - - kg 1.43E-6 1 194 (45,254,5BU:1.5); Own calculation;
(55,2,54,5,BU:1.5); from nois, rail train,
Noise, rail, passenger train, average - - pkm 2.93E-2 1 2.13  average; Forschungsprojekt Tramlarm 2013 Definition von

Emissionswerten

Tab. 4.33 Life cycle inventory of passenger transports by trolleybus.

@
a2
4
8
e
g § =
Name 8 2 5
8 ]
= 2
7]
K]
£
£
Location
InfrastructureProcess
Unit
transport, trolleybus CH 0 pkm

(2,2,1,1,1,5,BU:3); Kilometric transport performance per vehicle
bus RER 1 unit 8.39E-8 1 3.05  and year 45389 km, load factor 19 p/vehicle and lifespan 17
years.; BFS 2013

(2,2,1,1,1,5,BU:1.05); electric consumption in 2013 was

79166667kWh; BFS 2013

maintenance, bus CH 1 unit 8.39E-8 1 306 (321,1,15.B
(2,2,1,1,1,5,8B oad demand per vkm from process in

e (RS CH i ma aEEe : 205 ecoinvent 2.2; default value road transport ecoinvent 3.1

(2,2,1,1,1,5,BU:3); i i per vkm from

process in ecoinvent 2.2;

(2,2,1,1,1,5,BU:1.05); 0,21E-06 kg/ivkm; National Greenhouse

electricity, medium voltage, at grid CH 0  kwh 154E-1 1 122

operation, maintenance, road CH 1 ma 6.24E-5 1 3.05

efigerapiniztatat s R 0 g SEES 1 122 s inventory Report of Switzerland 2010 (item 2FL, p. 156)

TErEET eSS, Iy RER 0 g 6.87E-6 1 238 (4.5.2,5.4.5,B.U:Z): 0,07E-06 kghGWW*km; default value road
transport ecoinvent 3.1

tyre wear emissions, lorry RER 0 kg 7.91E-5 1 238 (4,5,2,5,4,5,B.U:2); 0,81E-06 kghGVWW*km; default value road
transport ecoinvent 3.1

brake wear emissions, lorry RER 0 kg 7.98E-6 1 2.38 (A'S’Z'S'A’E'B.U:Z); 0.08E-06 kgtGVW*km; default value road
transport ecoinvent 3.1

disposal, bus CH 1 unit 8.39E-8 1 338 (452545BU3);;

sl e RER i 4.64E-4 1 338 (4,5.,2,5,4,5,3 ; road demand per vkm from process in
ecoinvent 2.2;
(4,5,2,5,4,5,BU:1.5); extrapolated from tram emission in

i - © ok SEHED N 194 Germany; Hillenbrand et al. 2005

i - N - (45,254,5BU:3); from tram emission in

Copper, ion kg 35857 b 338 25oin effuentof Hi etal. 2005

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a - - kg 1.11E-6 1 156 (2,2,1,1,1,5BU:15);;

Noise, road, lorry, average R R b 267E-2 1 213 (5,5,2,5,4,5,BU:1.5); extrapolation with factor 0.5 for nois, road,

lorry average;
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5 Freight transport

5.1 Overview

The life cycle inventory of road freight transport services by light commercial vehicles
was updated in this study and is presented in subchapter 5.2. Datasets on transport
processes by lorries with a GVW of more than 32t were updated and disaggregated
(subchapter 5.3). In addition, fleet mixes for lorries of different size and emission
classes were compiled. These are described in subchapter 5.4.

5.2 Light commercial vehicles

5.2.1 Overview

The life cycle inventories of freight transports by light commercial vehicles were updat-
ed in the present study. The production of the light commercial vehicle and some key
characteristics are described in sections 5.2.2 and 5.2.3, respectively. The fuel consump-
tion and the emissions during operation are documented in section 5.2.4. The unit pro-
cess life cycle inventory data are shown in section 5.2.5.

5.2.2 Vehicle production and maintenance

The typical unladen weight of light commercial vehicles is 2°150 kg'*. The engine of
light commercial vehicles is often the same as in passenger cars whereas the glider is
significantly heavier. The weight of the drivetrain was therefore assumed to be 401 kg
as reported by Althaus and Gauch (2010) for passenger cars. The glider of the light
commercial vehicle analysed has a mass of 1°750 kg. Data on the energy consumption
of the manufacturing of light commercial vehicles were not available. Similar to the
case of passenger car manufacture (see section 4.2.2), the energy consumption of as-
sembling was taken from the passenger car manufacturing process in ecoinvent data v2
and divided by the weight of the light commercial vehicle (2’150 kg). It was thereby
assumed that the energy demand of assembling a vehicle is mainly determined by the
number of components rather than by their weight. The manual dismantling of the used
light commercial vehicle at its end of life was modelled by the corresponding dataset for
passenger cars published in ecoinvent data v3.1. The amounts of waste rubber and waste
glass were taken from the dataset published in ecoinvent data v3.1, which represents
dismantling of passenger cars. The amounts were scaled based on the weight of the
glider. The same procedure was applied to the amount of waste mineral oil but this
amount was scaled according to the weight of the engine. The life cycle inventory of the
production of light commercial vehicles is presented in Tab. 5.1.

4 ASTRA: MOFIS 2015, personal communication Christoph Schreyer, Swiss Federal Office for Ener-
gy, 31.05.2016.
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The life cycle inventory of the maintenance of light commercial vehicles was adapted
from Spielmann et al. (2007), adjusting for the difference in vehicle weight (van in
ecoinvent v2 dataset: 2’500 kg).

Tab. 5.1 Life cycle inventory of the production (and dismantling) of light commercial vehicles.

2 8
@ o @
8 S s
s g =l o = 8
Name g L E REechiEcEie 3 GeneralComment
g g > vehicle £ a
a 2 g B
7l £ Z
s =) <
E 8
= 7]
Location RER
InfrastructureProcess [
Unit kg
product light commercial vehicle RER 0 kg 1
(2,3,2,3,35,BU:3); Engine is assumed to be the same as ina
technosphere internal combustion engine, for passenger car RER 1 kg 1.87E-1 1 3.10 diesel passenger car; Weight: 401 kg; Aithaus & Gauch 2010;
Ecoinventv3.1
(2,3,2,3,3,5,BU:3); Glider input calculated based on total vehicle
glider, for passenger car RER 1 kg 8.13E-1 1 3.10  weight (2150 kg) and engine weight (401 kg); ASTRA: MOFIS

2015; Althaus & Gauch 2010

(2,3,2,3,3,5,BU:1.05); Energy demand for vehicle assembling:
electricity, medium woltage, production ENTSO, at grid ENTSO 0  kWh 9.95E-1 1 131 2140 kWh/vehicle; Vehicle weight: 2150 kg; Spielmann etal

2007; ASTRA: MOFIS 2015

(2,3,2,3,3,5,BU:1.05); Energy demand for vehicle assembling:
heat, natural gas, at industrial furnace >100kW RER 0 M) 1.03E+0 1 131 2220 MJivehicle; Vehicle weight: 2150 kg; Spielmann etal.

2007; ASTRA: MOFIS 2015

(2,3,2,3,3,5,BU:1.05); Energy demand for vehicle assembling:
heat, light fuel oil, atindustrial furnace 1MW RER 0 M) 2.93E-2 1 1.31 63 MJAehicle; Vehicle weight: 2150 kg; Spielmann etal. 2007;
ASTRA: MOFIS 2015
transport, lorry >16t, fleet average RER 0 tm 7.69E-4 1 210 (232335BU2) Transportofwaste materials; Standard

distance: 10 km; Ecoinvent v2

dismantling, manual dismantling of motor vehicles,

. RER 1 kg 1.00E+0 1 310 (2,3,2,3,3,5,BU:3); Approximation; Ecoinvent v3.1
mechanically, at plant
. . (2,3,2,3,3,5,BU:1.05); Rubber from the tyres; Amount taken from
G RS, (Y TS e (R i (D (V] CH 0 kg 4.41E-2 1 131  passenger car production and scaled based on share of glider;

i
incineration Ecoinvent\3.1
(2,3,2,3,3,5,BU:1.05); Waste glass from the manual dismantling
disposal, glass, 0% water, to municipal incineration CH 0 kg 3.12E-2 1 131 of the vehicle; Amount taken from passenger car production and
scaled based on share of glider; Ecoinvent v3.1
(2,3,2,3,3,5,BU:1.05); Various lubricants used in the vehicle;

CH 0 kg 1.54E-3 1 1.31  Amounttaken from passenger car production and scaled based
on share of internal combustion engine; Ecoinvent v3.1

disposal, used mineral oil, 10% water, to hazardous waste
incineration

5.2.3 Load factor and road demand

The light commercial vehicle modelled in this project represents the average of this ve-
hicle category in Switzerland. According to statistical data for Switzerland in 2013,
3.83 billion vkm were driven by light commercial vehicles and the transport perfor-
mance was 0.873 billion tkm (BFS 2015d; BFS 2015c). This yields an average load of
228 kg. The capacity of the light commercial vehicle is calculated as the difference be-
tween the maximum permissible weight (3’500 kg) and the net vehicle weight
(27150 kg) and amounts to 1’350 kg. The vehicle life time performance of 220’000 vkm
was adopted from the van transport process as described in Spielmann et al. (2007) be-
cause more recent information was not available. The road demand depends on the
GVW, which is 2’380 kg. The road infrastructure demand factor is reported in subchap-
ter 3.2 (construction and disposal: 4.73:10* my/(tGVW-km), operation and mainte-
nance: 1.17-10 my/km; Spielmann et al. 2007).

5.2.4 Fuel consumption and emissions during operation

An average light commercial vehicle operated in Switzerland in 2015 is considered.
According to HBEFA (INFRAS 2014), 85 % of the light commercial vehicles in
Switzerland are diesel fuelled and 15 % use petrol. Data on the fuel consumption
(0.073 kg/vkm) and the emissions of selected pollutants (CO,, CO, CH4 N0,
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NMVOC, NOy, NHs;, SO, PM) were retrieved from HBEFA (INFRAS 2014). The
emission factors were calculated for average light commercial vehicles in Switzerland
in 2015 in order to ensure continuity with regard to the existing transport process by
light commercial vehicles published in ecoinvent data v2. In addition to the fuel demand
and the pollutant emissions during the hot operation of the light commercial vehicles,
cold start emissions and fuel evaporation emissions due to running losses, soaking and
diurnal temperature changes were taken into account as done for transports by passenger
car (see section 4.2.3). Specific information on the average travel distance of light
commercial vehicles was not available. The excess emission factors for cold starts and
evaporation by soaking were therefore converted to the functional unit of 1tkm by
assuming an average travel distance of 32 km, which is valid for passenger cars
(BFS/ARE 2012). For the evaporation emissions due to diurnal temperature changes, an
average of two trips per day was estimated. A fraction of the total NMVOC emissions
was further divided into main components based on the shares reported in the
EMEP/EEA air pollutant emission inventory guidebook (see Tab. 3.1). The emissions
of PAHSs, arsenic, selenium and heavy metals (cadmium, chromium, chromium VI,
copper, lead, mercury, nickel, zinc) depend on the amount of fuel consumed and were
calculated using the emission factors compiled in Tab. 3.2.

Noise emissions were accounted for as recommended by Frischknecht and Busser
Knopfel (2013). The typical noise level of light commercial vehicles is 70-75 dB(A),
which is similar to the noise level of passenger cars (VCS 2015b; Frischknecht &
Busser Knopfel 2013). The noise emissions were therefore modelled by the respective
elementary flow for passenger cars. The refrigerant emissions from air conditioners
were extrapolated from the parameter values for lorries (see Tab. 3.3). The resulting
HFC-134a emissions of light commercial vehicles are 1.86:107 kg/tkm. The non-
exhaust emissions by road, tyre and brake wear are a function of the GVW and were
calculated using the emission factors presented in Tab. 3.5.

5.2.5 Unit process life cycle inventory data

The life cycle inventory of transports by an average light commercial vehicle in
Switzerland is presented in Tab. 5.2.
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Tab. 5.2 Life cycle inventory of freight transports by an average light commercial vehicle.

Name
Location
InfrastructureProcess
Unit

product transport, freight, light commercial vehicle
technosphere light commercial vehicle

maintenance, van < 3.5t

road

operation, maintenance, road

diesel, low-sulphur, at regional storage

petrol, low-sulphur, at regional storage

refrigerant R134a, at plant
emission air, n "

Carbon dioxide, fossil
unspecified

Carbon monoxide, fossil

Methane, fossil

NMVOC, non-methane volatile organic compounds, unspecified
origin

Ethane

Propane

Butane

Pentane

Hexane

Cyclohexane

Heptane

Ethene

Propene

1-Pentene

Benzene

Toluene

m-Xylene

o-Xylene

Formaldehyde

Acetaldehyde

Benzaldehyde

Acetone

Methyl ethyl ketone

Acrolein

Styrene

Location

CH

CH

CH

CH

InfrastructureProcess

Unit

tkm

unit

ma

ma

transport, freight,
light commercial
vehicle

CH

tkm

4.29E-2

1.71E-05

4.93E-3
5.14E-3
2.79E-1

467E-2

1.86E-5

1.03E+0
3.62E-3

1.20E-5

1.16E-4

5.75E-6

1.20E-6

9.14E-6

3.75E-6

2.79E-6

2.43E-6

1.42E-6

2.04E-5

9.16E-6

1.90E-7

1.11E5

1.95E-5

9.83E-6

4.10E-6

1.14E-5

5.88E-6

9.90E-7

3.14E-6

9.37E-7

2.87E-6

2.01E-6
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UncertaintyType

StandardDeviation95%

151

GeneralComment

(3.1.3,2,1,5,BU:2); Vehicle weight: 2.15 t; Vehicle life ime performance:
2.20E+05 vkm; Average load factor: 0.23 t; ASTRA: MOFIS 2015; Ecoinvent
V2.2; Own assumption

(3,1,3,2,1,5,8U:3); Vehicle life ime performance: 2.20E+05 vkm; Input scaled
by vehicle weight: 2.15 t (light commercial vehicle in ecoinvent: 2.5 t); Average
load factor: 0.23 t; ASTRA: MOFIS 2015; Ecoinvent2.2; Own assumption

(3,1,3,2,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW*km); Average load
factor: 0.23 t; Vehicle weight: 2.15 t; Ecoinvent v2; Own assumption
(3,1,3,2,1,5,BU:3); Road operation demand: 1.17E-03 ; Average load factor:
0.23 t; Ecoinvent v2; Own assumption

(2,2,2,3,1,2,BU:1.05); Fuel of average light vehicles
in Switzerland in 2015; HBEFA database v3.2
(2,2,2,3,1,2,BU:1.05); Fuel of average light vehicles

in Switzerland in 2015; HBEFA database v3.2

(212,2,3,1,2,BU:1.05); used for air Calculated based
on average refrigerant charge and emission rates during production, use
and end of life. Refrigerant emissions: 4.25E-06 kghkm; Average load factor:
0.23 t; National Greenhouse Gas Inventory Report of Switzerland 2015, ltem
2F1; Personal communication Cornelia Stettler, Carbotech

(2,2,2,3,1,2,BU:1.05); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database 3.2

(2,2,2,3,1,2,BU:5); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database V3.2

(2,2,2,3,1,2,BU:1.5); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database V3.2

(2,2,2,3,1,2,BU:1.5); Unspecified NMVOC for which no elementary exchange
exists; Petrol: 45.2% of total NMVOC emissions; Diesel: 53.0% of total
NMVOC emissions; HBEFA database v3.2; EMEP/EEA guidebook 2013,
1.A3b.i-iv, Tab. 3-112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 3.19%; Diesel:
0.33%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.65%; Diesel:
0.11%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 5.24%; Diesel:
0.11%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 2.15%; Diesel:
0.04%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 1.61%; Diesel:
0.00%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 1.14%; Diesel:
0.65%; HBEFA database v3. MEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.74%; Diesel:
0.20%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 7.30%; Diesel:
10.97%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab.
3-112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 3.82%; Diesel:
3.60%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2.2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.11%; Diesel:
0.00%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:3); Share in total NMVOC emissions: Petrol: 5.61%; Diesel
1.98%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 10.98%;
Diesel: 0.69%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-
iv, Tab. 3-112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 5.43%; Diesel:
0.61%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 2.26%; Diesel:
0.27%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 1.70%; Diesel:
12.00%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab.
3-112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.75%; Diesel:
6.47%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.22%; Diesel:
0.86%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.61%; Diesel:
2.94%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.05%; Diesel:
1.20%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 0.19%; Diesel:
3.58%; HBEFA database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112

(2,2,2,3,1,2,BU:1.5); Share in total NMVOC emissions: Petrol: 1.01%; Diesel:
0.37%; HBEFA database V3. MEP/EEA guidebook 2013, 1.A3.b.i-iv, Tab. 3-
112
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Tab. 5.2 Life cycle inventory of freight transports by an average light commercial vehicle. (continued)

emission Non
material
emissions,

Name

Location

InfrastructureProcess
Unit

Nitrogen oxides
Ammonia

Dinitrogen monoxide
Sulfur dioxide

Particulates, < 2.5 um

PAH, polycyclic aromatic hydrocarbons

Arsenic

Selenium

Zinc

Copper

Nickel

Chromium

Chromium VI

Mercury

Cadmium

Lead

Ethane, 1,1,12-tetrafluoro-, HFC-134a

Noise, road, passenger car, average

unspecified

road wear car

5.3

tyre wear emissions, passenger car

brake wear emissions, passenger car

disposal, road

Location

InfrastructureProcess

Unit

ma

transport, freight,
light commercial
vehicle

CH

tkm
4.14E-3

4.16E-5
221E-5
6.32E-6

1.59E-4

1.68E-8

4.19E-11

3.72E-11

5.85E-7

7.87E-9

3.06E-9

9.11E-9

1.82E-11

1.88E-9

2.93E-9

1.60E-8

1.86E-5

4.39E+0

1.02E-4

5.96E-4

4.63E-5

4.93E-3

UncertaintyType

StandardDeviation95%

Lorries with a GVW exceeding 32 tons

5.3.1 Overview

The life cycle inventories of freight transports by lorry were already updated and
published in ecoinvent data v3.1. However, the lorry size class exceeding a GVW of
32t covers a wide range of different lorries up to 60t GVW. Datasets representing
transport by lorries > 32t were therefore disaggregated in this study into datasets
representing transport with lorries of the size classes (GVW) 32-40t, 40-50t and
50-60 t. In addition, it is distinguished between the emission classes Euro 3 to Euro 6.
The determination of the payload and the load factors is explained in section 5.3.2. The
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GeneralComment

(2,2,2,3,1,2,BU:1.5); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:1.2); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database 3.2

(2,2,2,3,1,2,BU:1.5); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database 3.2

(2,2,2,3,1,2,BU:1.05); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database v3.2

(2,2,2,3,1,2,BU:3); Emission factor of average light commercial vehicles in
Switzerland in 2015; HBEFA database V3.2

(2,2,2,3,1,2,BU:3); Fuel dependent emission factor: Petrol: 2.02E-08
kg/kgfuel; Diesel: 5.69E-08 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-8 and 3-9

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 3.00E-10
kg/kgfuel; Diesel: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 2.00E-10
kg/kgfuel; Diesel: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.iiv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 2.16E-06
kg/kgfuel; Diesel: 1.74E-06 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 4.20E-08
kg/kgfuel; Diesel: 2.12E-08 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 1.30E-08
kg/kgfuel; Diesel: 8.80E-09 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.iiv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 1.60E-08
kg/kgfuel; Diesel: 3.00E-08 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.iiv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 3.20E-11
kg/kgfuel; Diesel: 6.00E-11 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 8.70E-09
kg/kgfuel; Diesel: 5.30E-09 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 1.08E-08
kg/kgfuel; Diesel: 8.70E-09 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-103

(2,2,2,3,1,2,BU:5); Fuel dependent emission factor: Petrol: 3.30E-08
kg/kgfuel; Diesel: 5.20E-08 kg/kgfuel; EMEP/EEA guidebook 2013, 1.A3.b.i-iv,
Tab. 3-10

(2,2,2,3,1,2,BU:1.5); Refrigerant used for air conditioning. Calculated based
on average refrigerant charge and emission rates during production, use
and end of life. Refrigerant emissions: 4.25E-06 kghkm; Average load factor:
0.23 t; National Greenhouse Gas Inventory Report of Switzerland 2015, Item
2F1; Personal communication Cornelia Stettler, Carbotech

(2,2,2,3,1,2,BU:1.5); Ecological Scarcity method 2013; Noise level of light
vehicles is to cars: 70-75 dB(A);
Frischknecht & Biisser Knopfel 2013; VCS 2016

(2233,1,2,8U:2); Modelled by car o
Emission factor: 9.77E-06 kg/(tGVW*km); Average load factor: 0.23 t, Vehicle
weight: 2.15 t; Ecoinvent v3.L; Own assumption

(2.2,33,1,2,BU:2); Modelled by car non-exhaust
Emission factor: 5.72E-05 kg/(tGVW*km); Average load factor: 0.23 t; Vehicle
weight: 2.15 t; Ecoinvent v3.L; Own assumption

(2.2,33,1,2,8U:2); Modelled by car non-exhaust
Emission factor: 4.44E-06 kg/(tGW*km); Average load factor: 0.23 t; Vehicle
weight: 2.15 t; Ecoinvent 3.1; Own assumption

(3.1,3,2,1,5,BU:3); Road demand: 4.73E-04 my/(tGVW+km); Average load
factor: 0.23 t; Vehicle weight: 2.15 t; Ecoinvent v2; Own assumption
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demand of lorry manufacture and maintenance are described in section 5.3.3 and the
fuel consumption and emissions during operation are documented in section 5.3.4. The
section 5.3.5 contains the unit process life cycle inventory data of the freight transports
by lorries exceeding a GVW of 32 t.

5.3.2 Payload and load factors

The net weight of lorries with a GVW of 32-40 t, 40-50 t and 50-60 t was estimated to
17t, 20 t and 23 t, respectively, based on TRACCS data on the allowable weight and the
maximum loading capacity (Papadimitriou et al. 2013). The average load factor of
lorries with a GVW of 32-40 t operated in the EU15, Switzerland and Norway in the
year 2015 is 11.6t (TREMOVE 2009). This is consistent with freight transports by
smaller lorries as modelled in ecoinvent data v3.1, which are based on the same data.

Different data sources were considered to define the average load factor of the heavier
lorries. Data on the cumulated travel distance (vkm) and freight transport distance (tkm)
were available from Papadimitriou et al. (2013) and Eurostat™ for a number of
European countries and allowed the calculation of load factors. There is a wide variation
in the relative load factor (ratio of the average payload and the capacity of the lorry)
between different lorry size classes and countries and the datasets deviate significantly
from each other. Several studies report a weight utilisation factor of approximately 60 %
for lorries with a GVW above 40t (IFEU et al. 2014; Akerman & Jonsson 2007,
Kraaijenhagen et al. 2014; Knight et al. 2008). However, it is doubtful whether this load
factor includes empty runs of lorries, which account for a share of approximately 25 %
in the total number of trips (Marti 2015; Knight et al. 2008). A load factor of 50 %
(corresponding to an average load of 15.0 t and 18.5 t for the lorry size classes 40-50 t
and 50-60 t, respectively) was assumed in this study, which is close to the statistical
data provided by Eurostat™® for EU28 countries in 2014.

5.3.3 Demand of lorry manufacture and maintenance and road infrastructure

The demand of lorry manufacture and maintenance were calculated with the average
load and an estimated life time performance of 540’000 vkm (Spielmann et al. 2007).
The demand for road construction is a function of the GVW and was calculated with the
demand factor given in subchapter 3.2 (4.73-10™ my/(tGVW-km); Spielmann et al.
2007). With GVW of 28.6t, 35.0t and 41.5 t, the road construction and maintenance
demand is 1.17-10%, 1.10-10" and 1.00-10" my/tkm for freight transport with lorry 32-
40t, 40-50t and 50-60t, respectively. The demand factor for road operation and
maintenance mainly depends on the wvehicle kilometres travelled and equals
1.17-10° my/vkm (Spielmann et al. 2007).

> Dataset ,Annual road freight transport, by load capacity of vehicle”, retrieved from
http://ec.europa.eu/eurostat/data/database on 22.10.2015.
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5.3.4 Fuel consumption and emissions during operation

The fuel consumption as well as emission factors of the pollutants CO,, CO, CHy,
NMVOC, NOy, NH3, N,O, SO, and PM were obtained from HBEFA (INFRAS 2014).
Data representative for lorries operated in Germany were used for the lorry size class
32-40°t, which is consistent with other freight transport process datasets published in
ecoinvent data v3.1. Both articulated vehicles with a GVW of 34-40 t and rigid lorries
with a GVW exceeding 32 t of the respective emission classes were taken into account.
The fuel consumption and emission factors were weighted according to the shares in
vehicle kilometres of the categories. The fuel consumption and emission factors for
lorries with a GVW of 40-50t and 50-60 t were determined for Sweden because the
German lorry vehicle fleet does not contain any lorries with a GVW higher than 40 t.
The fuel consumption factors were calculated by assuming a load factor of 50 % of the
lorry capacity and amount to 0.263, 0.264 and 0.323 kg/vkm for lorries with a GVW of
32-40 t, 40-50 t and 50-60 t, respectively.

A fraction of the NMVOC emissions was further divided into main components based
on the shares reported in the EMEP/EEA air pollutant emission inventory guidebook
(see Tab. 3.1). The emissions of PAHS, arsenic, selenium and heavy metals (cadmium,
chromium, chromium VI, copper, lead, mercury, nickel, zinc) depend on the amount of
fuel consumed and were calculated using the emission factors compiled in Tab. 3.2.

Noise emissions were accounted for as recommended by Frischknecht and Busser
Knopfel (2013). The refrigerant emissions from air conditioning were estimated based
on the parameter values provided in item 2F1 of Switzerland’s Greenhouse Gas
Inventory (BAFU 2015). The refrigerant emissions include only the emissions from the
air conditioners in the driver’s cabin and are therefore not suitable for application to
refrigerated lorries. The calculation of refrigerant emissions from air conditioners is
described in subchapter 3.5 and summarized in Tab. 3.3. The resulting refrigerant
emissions are 1.49-107, 1.15-107 and 9.36:10” kgHFC-134a/tkm for lorries with a
GVW of 32-40t, 40-50 t and 50-60 t, respectively. The non-exhaust emissions by road,
tyre and brake wear were calculated using the emission factors shown in Tab. 3.5.

5.3.5 Unit process life cycle inventory data

The life cycle inventories of freight transports by lorry with a GVW of 32-40t, 40-50 t
and 50-60 t and for the emission classes Euro 3 to Euro 6 are shown in Tab. 5.3, Tab.
5.4 and Tab. 5.5, respectively.
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Tab. 5.3 Life cycle inventory of freight transports by a 32-40 t lorry compliant with the emission stand-
ard Euro 3, Euro 4, Euro 5 and Euro 6.

product

technosphere

emission air,
unspecified

material

unspecified

technosphere

Name

Location

InfrastructureProcess
Unit

transport, freight, lorry 32-40 metric ton, EURO 3

transport, freight, lorry 32-40 metric ton, EURO 4

transport, freight, lorry 32-40 metric ton, EURO 5

wransport, freight, lorry 32-40 metric ton, EURO 6

lorry 40t
maintenance, lorry 40t

road

operation, maintenance, road

diesel, low-sulphur, at regional storage

refrigerant R134a, at plant

Carbon dioxide, fossil

Carbon monoxide, fossil

Methane, fossil

NMVOC, non-methane volatle organic compounds, unspecified

origin
Ethane

Propane

Butane

Pentane

Heptane

Benzene

Toluene

m-ene

o-Xylene
Formaldehyde
Acetaldehyde
Benzaldehyde
Acrolein

Styrene

Nitrogen oxides
Ammonia

Dinitrogen monoxide
Sultur dioxide
Pariiculates, < 2.5 um
PAH, polycyclic aromatic hydrocarbons
Arsenic

Selenium

Zine

Copper

Nickel

Chromium
Chromium V1
Mercury

Cadmium

Lead

Ethane, 1,11 2-tetrafluoro-, HFC-134a

Noise, road, lorry, average

road wear emissions, lorry.

tyre wear emissions, lory

brake wear emissions, lorry

disposal,lorry 40t

disposal, road

Location

InfrastructureProcess

» cooo

unit

unit

ma

transport, freight,
lorry 32-40 metric
ton, EUR

coon il

1.60E-7

160E-7

11763

101E-4

23462

14967

7.44E-2

118E-4

6.00E-7

198E-5

73269

2.44E8

3.66E-8

1.46E-8

73268

171E8

2.44E-9

23967

9.76E-8

205E-6

11266

334E7

43267

13767

5.96E-4

258E-7

63267

37567

12965

183E-9

234E-12

234E-12

407E-8

4.96E-10

2.06E-10

7.02E-10

140E-12

1.24E-10

2.04E-10

12269

14967

861E-2

17265

19864

2.00E-5

160E-7

11763

transport, freight,
lorry 32-40 metric
ton, EURO 4

1.60E-7
11763
101E-4

22762

149E7

7.20E-2
1.10E-4

5.86E-8

19366

7.14E-10
2.38E-9
357E-9
14369
7.14E-9
167E-9
238E-10
23368
953E-9
2.00E-7
1.09E-7
3.26E-8
42268
133E-8
32364
258E-7
1.69E-6
36367
31366
17769
227612
227612
394E-8
4.80E-10
199E-10
6.80E-10
136E-12
120E-10
197E-10

11869

1497

861E-2

172E5

1.98E-4

2.00E-5

1.60E-7

117E3

transport, freight,
lorry32-40 metric
ton, EUROS

160E-7
11763
101E-4

2.26E-2

1.49E7

7.19E-2
9.90E-5

8.11E-8

268E-6

9.89E-10
3.30E-9
4.95E-9
198E-9
9.89E-9
23169
3.30E-10
32368
13268
27767
15167
45268
5.84E-8
185E-8
22164
258E-7
4.92E6
36267
32766
17769
226E-12
2.26E-12
39368
4.80E-10
199E-10
6.79E-10
136E-12
1.20E-10
197E-10

11869

14967

861E-2

17265

198E-4

2.00E-5

160E-7

11763
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transport,freight,
lorry 32-40 metric
06

ton,

RER
0

tkm
0
0
0
1

1.60E-7
1.60E-7
11763
101E-4

22862
14967

72382
107E-5

5.46E-8
1.80E-6

6.66E-10
22269
333E-9
13369
6.66E-9
155€-9
2226-10
21768
8.88E-9
186E-7
101E7
3.04E-8
3.93E8
1248
27765
258E-7
438E-6
364E-7
31767
1.78E-9
228E-12
228E-12
3.95E-8
482E-10
2.00E-10
6.83E-10
137612
121E-10
198E-10

11969

14967

861E-2

17265
198E-4

2.00E-5

1.60E-7

11763

UncertaintyType

StandardDeviation95%

GeneralComment

(3,1.3.2,1,5,BU:3); Vehicle life time performance: 540000 vkm; Average load
factor: 11,61t Ecoinvent v2; Tremove model v2.7b

(3.1.3.2.1,5,8U:3); Vehicle life time performance: 540000 vkm: Average load
factor: 11,61 t Ecoinvent v2; Tremove model v2.7b

(3,1.3,2,1,5,8U:3); Road demand: 4.73E-04 my((G\W-km); Average load
factor: 11,61, Vehicle weight: 17 t; Ecoinvent v2; Tremove model v2.7b
(3.13,2,1,5,8U:3); Road operation demand: 1.17€-03 mykm; Average load
factor: 11,61t Ecoinvent v2; Tremove model v2.7b

(2,2.2,3.1,2,8U:1.05); Average for the vehicle classes SZILZ >34-40tand
SoloLkw >32tfor Germany in 2015; HBEFA database 3.2

(2,2.2:3.1,2,8U:1.05); Refrigerant used for air conditioning. Calculated based
on average refrigerant charge and emission rates during production, use.
and end of lfe. Refrigerant emissions: 1.73E-06 kgikm; Average load factor.
1161 t; National Greenhouse Gas Inventory Reportof Switzerland 2015, tem
2F1; Personal communication Comelia Stetllr, Carbotech

(2,2.2,31,2,8U:1.05); Average for the vehicle classes SZ/LZ >34-40tand
SoloLkw >32tfor Germany in 2015; HBEFA database 3.2
(2.2.23.1,2,BU:5); Average for the vehicle classes SZILZ >34-40tand
SoloLkw >32tfor Germany in 2015; HBEFA database 3.2
(2.2.2:31,2,BU:L5); Average for the vehicle classes SZ1LZ >34-40tand
SoloLkw >32tfor Germany in 2015; HBEFA database 3.2
(2,2.2:3.1,2,BU:1.5); Unspecified NMVOC for which no elementary exchange
exists; 81.2% of total NMVOC emissions; HBEFA database v3.2; EMEP/EEA
quidebook 2013, 1 A3b -, Tab. 3-112

(2,2.2:31,2,BU:L5); Share in total NMVOC emissions: 0.03%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3.b.iiv, Tab. 3-112
(2,2.2,31,2,8U:15); Share in total NMVOC emissions: 0.10%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3.b.iiv, Tab. 3-112
(2.2.2:3.1,2,BU:1.5); Share in total NMVOC emissions: 0.15%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3.b.iiv, Tab. 3-112
(2,2.2,31,2,8U:1.5); Share in total NMVOC emissions: 0.06%; HBEFA
database \3.2; EVEP/EEAuidebook 2013, 1 A3.b.i-v, Tab. 3-112
(2,2.2:31,2,BU:15); Share in total NMVOC emissions: 0.30%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3.b.i-iv, Tab. 3-112
(2,2.2,31,2,8U:3); Share in total NMVOC emissions: 0.07%; HBEFA
database \3.2; EVEP/EEAuidebook 2013, 1 A3.b.i-v, Tab. 3-112
(2,2.2:3.1,2,BU:1.5); Share in total NMVOC emissions: 0.01%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3.b.i-iv, Tab. 3-112
(2.2.2:31,2,8U:15); Share in total NMVOC emissions: 0.98%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3.b.iv, Tab. 3-112
(2,2.2:31,2,8U:1.5); Share in total NMVOC emissions: 0.40%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1.A3.b.iiv, Tab. 3-112
(2.2:2,3.1,2,U:1.5); Share in total NMVOC emissions: 8.40%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3.b.iiv, Tab. 3-112
(2,2.2,31,2,8U:1.5); Share in total NMVOC emissions: 457%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3.b.iiv, Tab. 3-112
(2,2.2:31,2,BU:L5); Share in total NMVOC emissions: 1.37%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3.b.iiv, Tab. 3-112
(2,2.2,31,2,8U:1.5); Share in total NMVOC emissions: 1.77%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3.b.iiv, Tab. 3-112
(2.2.2:3.1,2,BU:L5); Share in total NMVOC emissions: 0.56%; HBEFA
database \3.2; EMEPIEEA guidebook 2013, 1 A3.b.iiv, Tab. 3-112
(2,2.2,31,2,8U:15); Average for the vehicle classes SZ1LZ >34-40tand
SoloLkw >32tfor Germany in 2015; HBEFA database 3.2
(2.2.2.3.1,2,8U:1.2); Average for the vehicle classes SZ1LZ >34-40tand
SoloLkw >32tfor Germany in 2015; HBEFA database \3.2
(2,2.2:31,2,BU:15); Average for the vehicle classes SZ1LZ >34-40tand
SoloLkw >32tfor Germany in 2015; HBEFA database 3.2
(2,2.2.3.1,2,8U:1.05); Average for the vehicle classes SZILZ >34-40tand
SoloLkw >32tfor Germany in 2015; HBEFA database \3.2
(2.2.2,31,2,8U:3); Average for the vehicle classes SZ/LZ >34-40tand
SoloLkw >32tfor Germany in 2015; HBEFA database 3.2
(2,2.2:3.1,2,8U:3); Fuel dependent emission factor: 7.82E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1 A3.b.-iv, Tab. 3-8 and 3-9
(2.2.2:31,2,BU5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-103

(2,2.2,31,2,BU5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-103

(2,2.2:31,2,BU5); Fuel dependent emission factor: 1.74E-06 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-103

(2,2.2,31,2,BU5); Fuel dependent emission factor: 2.12E-08 kglkgfuel;
EMEP/EEA guidebook 2013, 1 A3.b.iiv, Tab. 3-103

(2.2:2,3.1,2.BU:5); Fuel dependent emission factor: 8.80E-09 kgkgfuel;
EMEP/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-103

(2,2.2,31,2,BU5); Fuel dependent emission factor: 3.00E-08 kglkgfuel;
EMEP/EEA guidebook 2013, 1 A3 b.iiv, Tab. 3-103

(2.2.2:3.1,2,BU5); Fuel dependent emission factor: 6.00E-11 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-103

(2,2.2,31,2,8U5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-103

(2.2.2:3.1,2,BU5); Fuel dependent emission factor: 8.70E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-103

(2.2.2,31,2,8U5); Fuel dependent emission factor: 5.21E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.iiv, Tab. 3-10

(222312BU115): R d for air Calculated based
on average refrigerant charge and emission rates during production, use.
and end of life. Refrigerant emissions: 1.73E-06 kgikm; Average load factor.
11,61 t; National Greenhouse Gas Inventory Report of Switzerland 2015, tem
2F1; Personal communication Comelia Stettler, Carbotech

Blsser

3,1,2,8U:1.5); Ecological
Knoplel 2013

2013;

(2,2.3,3.1,2,8U:2); Emission factor: 7.00E-06 kg/(tGVW'km); Average load
factor: 1161 ; Vehicle weight 17 t; Ecoinventva.1; Tremove model v2.7b;
EMEP/EEA guidebook 2013, 1A3.b.vi, Tab. 3-2

(2,2.3,3.1,2,8U:2); Emission factor: 8 06E-05 kg/(tGWkm); Average load
factor: 11.61 t; Vehicle weight: 17 ; Ecoinvent\3.1; Tremove model v2.7b;
EMEP/EEA guidebook 2013, 1A3.b.vi, Tab. 3-1

(2,2.3,3.1,2,8U:2); Emission factor: 8.13E-06 kg/(tGVW*km); Average load
factor: 11.61 t; Vehicle weight: 17 ; Ecoinvent13.1; Tremove model v2.7b;
EMEP/EEA guidebook 2013, 1A3.6.V, Tab. 3-1

(3,1,3,2,1,5,U:3); Vehicle life time performance: 540000 vkm; Average load
factor: 11,61t Ecoinvent v2; Tremove model v2.7b

(3.1.3.2.1,5,8U:3); Road demand: 4.73E-04 my(tG\W-km); Average load
factor: 11,61 ; Vehicle weight: 17 t; Ecoinvent v2; Tremove model v2.7b.
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Tab. 5.4 Life cycle inventory of freight transports by a 40-50 t lorry compliant with the emission stand-

product

technosphere

emission ar,
unspecified

‘emission Non

material
emissions,

unspecified

technosphere

ard Euro 3, Euro 4, Euro 5 and Euro 6.

Name

Location

InfrastructureProcess.
Unit

transport, freight,lorry 40-50 metric ton, EURO 3

wransport, freight, lorry 40-50 metric ton, EURO 4

transport, freight,lorry 40-50 metric ton, EURO 5

transport,freight,lorry 40-50 metric ton, EURO 6

lorry 40t

maintenance, lorry 40t

road
operation, maintenance, road

diesel, low-sulphur, at regional storage

refrigerant R134a, at plant

Carbon dioxide, fossil
Carbon monoxide, fossil
Methane, fossil

NMVOC, non-methane volatile organic compounds, unspecified
origin

Ethane
Propane

Butane

Pentane

Heptane

Benzene

Toluene

m-Xyfene

o-Xylene
Formaldehyde
Acetaldehyde
Benzaldehyde
Acrolein

Styrene

Nitrogen oxides.
Ammonia

Dinitrogen monoxide
Sultur dioxide
Pariculates, < 2.5 um
PAH, polycyclic aromatic hydrocarbons
Arsenic

Selenium

Zin

Copper

Nickel

Chromium
Chromium VI
Mercury

Cadmium

Lead

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

Noise, road, lorry, average

road wear emissions, lorry.

tyre wear emissions, lorry

brake wear emissions, lorry

disposal, lorry 40t

disposal, road

Location

RER

cH

cH

CH

InfrastructureProcess

cooo

unit

unit

unit

ma

ma

unit

ma

transport,freight,  transport, freight,  transport, freight,
lorry 4 et

ton, EURO3

coon

14567

14567

11083

781E-5

18362

11567

5.76E-2

11764

54367

17965

6.62E-9

221E-8

33168

13268

6.62E8

154E-8

221E-9

216E7

8.83E8

185E-6

10166

3.02E-7

391E7

12467

5.07E-4

2.00E-7

53267

73268

108E-5

14369

183E-12

183E-12

3.18E-8

3.88E-10

161E-10

5.49E-10

1.10E-12

9.70E-11

1.59E-10

953E-10

11567

667E-2

16365

188E-4

190E-5

14567

110€-3

ton, EURO 4

14567

11063
781E-5

177E2

115E-7

557E-2
9.47E-5

574E-8

1.90E-6

7.00E-10

23369

350E-9

1.40E-9

7.00E-9

163E-9

233E-10

22968

9.34E-9

1.96E-7

10767

3.20E-8

41368

131E-8

3.14E-4

2.00E-7

141E-6

7.08E-8

2.90E-6

138E-9

177612

177612

30768

3.756-10

156E-10

531E-10

106E-12

9.38E-11

154E-10

9.226-10

11567

6.67E-2

163E-5

188E-4

1.90E-5

1.45E-7

1.10E-3

ton, EURO5

onoo il

14567

14567

11083

781E-5

176E-2

11567

555€-2

11464

4.49E-8

14866

5.47E-10

18269

2.74E-9

109€-9

5.47E-9

12869

182E-10

1798

7.30E-9

15367

834E8

250E-8

32368

10268

2.00E-4

2.00E-7

4.04E6

7.05E-8

316E-6

138E-9

1.76E-12

1.76E-12

3.06E-8

374E-10

155E-10

5.29E-10

1.06E-12

9.34E-11

153E-10

9.18E-10

11567

6.67E-2

16365

18864

190E-5

14567

11083

Life Cycle Inventories of Road and Non-Road Transport Services

wransport, freight,
lorry 40-50 metric
ton, EURO6

145E-7

110E-3
781E-5

179E-2

115E-7

5.64E-2
9.64E-6

5.16E-8

171E6

6.30E-10
2.10E-9
3.15E-9
1.26E-9
6.30E-9
147E-9
210E-10
2.06E-8
8.40E-9
1.76E-7
959E-8
2.88E-8
37268
1.18E-8
181E5
2.00E-7
37266
7.16E-8
291E-7
1.40E-9
179-12
179E-12
311E-8
379E-10
157€-10
537E-10
107E-12
9.48E-11
156E-10

932610

11567

6.67E-2

163E-5

1.88E-4

1.90E-5

145E-7

1.10E-3

UncertaintyType

StandardDeviation95%

GeneralComment

(3.1.32,1,5,BU:3); Vehicle life time performance: 540000 vkm: Average load
factor: 15 t; Lorry scaled based on vehicle weight; Ecoinvent v2; Tremove
model 2.7b

(3.1,3.2.1.5,8U:3); Vehicle lfe time performance: 540000 vkm; Average load
factor: 15 t; Lorry scaled based on vehicle weight; Ecoinvent v2; Tremove.
model v2.7b

(3.1.32,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW*km); Average load
factor: 15 t; Vehicle weight: 20 t; Ecoinvent v2; Tremove model v2.7b
(3,1,32,1,5,8U:3); Road operation demand: 1.17E-03 mykm; Average load
factor: 15 t; Ecoinvent v2; Tremove model v2.7b

(2.2.2:3,1.2,BU11.05); Vehicle classes SZ/LZ >40-50t for Sweden in 2015;
HBEFA database \3.2

(2,2.2,3,1,2,BU:1.05); Refrigerant used for air conditioning. Calculated based
on average refrigerant charge and emission rates during production, use
and end of lfe. Refrigerant emissions: 1.73E-06 kghkm: Average load factor
15.00 t; National Greenhouse Gas Inventory Report of Switzerland 2015, lem
2F1; Personal communication Cornelia Stettler, Carbotech

(2.22.3.1,2,BU:1.05); Vehicle classes SZLZ >40-50t for Sweden in 2015;
HBEFA database \3.2

(2.2.23,1,2,BU5); Vehicle classes SZILZ >40-50t for Sweden in 2015;
HBEFA database \3.2

(2.22.31.2,BU:1.5); Vehicle classes SZ/LZ >40-50t for Sweden in 2015;
HBEFA database \3.2

(2,2.2:3,1.2,BU:1.5); Unspecified NMVOC for which no elementary exchange
exists: 8129 of total NMVOC emissions; HBEFA database 3.2; EMEPIEEA
guidebook 2013, 1 A3.b i-iv, Tab. 3-112

(2.2.23,1.2,BU:L5); Share in total NMVOC emissions: 0.03%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1 A3b v, Tab. 3-112
(2.2.23,1.2,BU15); Share in total NMVOC emissions: 0.10%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1LA3bv, Tab. 3-112
(2.2.23,1,2,BU:15); Share in total NMVOC emissions: 0.15%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1 A3b v, Tab. 3-112
(2.2.23,1.2,BU115); Share in total NMVOC emissions: 0.06%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1LA3bv, Tab. 3-112
(2.2.23,1.2,BU:15); Share in total NMVOC emissions: 0.30%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1 A3b -, Tab. 3-112
(2.22.31.2,BU:3); Share in total NMVOC emissions: 0.07%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1A3.bv, Tab. 3-112
(2.2.2:3,1.2,BU:1.5); Share in total NMVOC emissions: 0.01%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1 A3b v, Tab. 3-112
(2.2.2:3,1.2,BU1L5); Share in total NMVOC emissions: 0.98%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1LA3bv, Tab. 3-112
(2,2.2,3,1.2,BU:1.5); Share in total NMVOC emissions: 0.40%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3b -, Tab. 3-112
(2.2.231.2,BU1L5); Share in total NMVOC emissions: 8.40%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1A3bv, Tab. 3-112
(2,2.2:3,1.2,BU:1.5); Share in total NMVOC emissions: 4.57%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3b v, Tab. 3-112
(2.2.23,1.2BU:L5); Share in total NMVOC emissions: 1.37%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1A3bv, Tab. 3-112
(2,2.2:3,1.2,8U:1.5); Share in total NMVOC emissions: 1.77%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3b-v, Tab. 3-112
(2.2.23,1.2,BU:L5); Share in total NMVOC emissions: 0.56%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1A3bv, Tab. 3-112
(2,2.23,1.2,BU:1.5); Vehicle classes SZILZ >40-50tfor Sweden in 2015;
HBEFA database \3.2

(2.2.231.2,U:1.2); Vehicle classes SZILZ >40-50t for Sweden in 2015;
HBEFA database \3.2

(2.2.231.2,BU:1.5); Vehicle classes SZILZ >40-50tfor Sweden in 2015;
HBEFAdatabase 3.2

(2.2.2.3,1.2,BU:1.05); Vehicle classes SZILZ >40-50t for Sweden in 2015;
HBEFA database \3.2

(2.2.23,1.2,BU:3); Vehicle classes SZILZ >40-50t for Sweden in 2015;
HBEFA database 3.2

(2.2.2:3,1.2,8U:3); Fuel dependent emission factor: 7.82€-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3b -, Tab. 3-8 and 3-9
(2.2.2:3.1.2,BU5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-103

(2.2.23,1.2,BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b-iv, Tab. 3-103

(2.2.2:3,1.2,BUS); Fuel dependent emission factor: 1.74E-06 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-103

(2,2.23,1.2,BU:5); Fuel dependent emission factor: 2.12€-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b v, Tab. 3-103
(2.2.2:3.1.2,BUS); Fuel dependent emission factor: 8.80E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-103

(2.2.23,1.2,BU:5); Fuel dependent emission factor: 3.00E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b v, Tab. 3-103
(2.22.31.2,BU:5); Fuel dependent emission factor: 6.00E-11 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-103

+5.30E-09 kgkgluel:

-1

(2.22.31.2,BU:5); Fuel dependent emission factor: 8.70E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b -, Tab. 3-103

(2,2.23,1.2,BU:5); Fuel dependent emission factor: 5.21E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.

(2.2.23,1.2)BU:L5); Refrigerant used for air conditioning. Calculated based
on average refrigerant charge and emission rates during production, use
and end of fe. Refrigerant emissions: 1.73E-06 kgikm: Average load factor:
15.00 t; National Greenhouse Gas Inventory Report of Switzerland 2015, iem
2F1; Personal communication Comelia Stetter, Carbotech

1.2,8U:1.5); Ecological
Knopfel 2013

2013; Busser

(2.2:33,1.2,8U:2); Emission factor: 7.00E-06 kg/(tG\W km); Average load
factor: 15 t; Vehicle weight: 20 t; Ecoinventv3.1; Tremove model v2.7b;
EMEP/EEA guidebook 2013, 1A3.b i, Tab. 3-2

(2.2:33,1,2,BU:2); Emission factor: 8.06E-05 kg/(tGVW km); Average load
factor: 15 t; Vehicle weight: 20 t; Ecoinvent13.1; Tremove model v2.7b;
EMEP/EEA guidebook 2013, 1.A3.b.v, Tab. 3-1

(2.2:33,1.2,BU:2); Emission factor: 8.13E-06 kg/(tGVW km); Average load
factor: 15 t; Vehicle weight: 20 t; Ecoinvent\a.1; Tremove model v2.7b;
EMEP/EEA guidebook 2013, 1 A3, Tab. 3-1

(3.1.3.2.1.5,BU:3); Vehicle lfe time performance: 540000 vkm; Average load
factor: 15 t; Lorry scaled based on vehicle weight; Ecoinvent v2; Tremove
model v2.7b

(3.1.32,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW*km); Average load
factor: 15 t; Vehicle weight: 20 t; Ecoinvent v2; Tremove model v2.7b
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Tab. 5.5 Life cycle inventory of freight transports by a 50-60 t lorry compliant with the emission stand-

product

technosphere

emission ar,
unspecified

‘emission Non

material
emissions,

unspecified

technosphere

ard Euro 3, Euro 4, Euro 5 and Euro 6.

Name

Location

InfrastructureProcess.
Unit

wransport, freight, lorry 50-60 metric ton, EURO 3

wransport, freight, lorry 50-60 metric ton, EURO 4

transport, freight,lorry 50-60 metric ton, EURO 5

transport,freight,lorry 50-60 metric ton, EURO 6

lorry 40t

maintenance, lorty 40t

road
operation, maintenance, road

diesel, low-sulphur, at regional storage

refrigerant R134a, at plant

Carbon dioxide, fossil
Carbon monoxide, fossil
Methane, fossil

NMVOC, non-methane wlatile organic compounds, unspecified
origin

Ethane
Propane

Butane

Pentane

Heptane

Benzene

Toluene

m-Xyfene

o-Xylene
Formaldehyde
Acetaldehyde
Benzaldehyde
Acrolein

Strene

Nitrogen oxides.
Ammonia

Dinitrogen monoxide
Sultur dioxide
Pariculates, < 2.5 um
PAH, polycyclic aromatic hydrocarbons
Arsenic

Selenium

Zine

Copper

Nickel

Chromium
Chromium V1
Mercury

Cadmium

Lead

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

Noise, road, lorry, average

road wear emissions, lorry

tyre wear emissions, lorry

brake wear emissions, lorry

disposal,lorry 40t

disposal, road

Location

RER

cH

cH

CH

InfrastructureProcess

cooo

unit

unit

unit

ma

ma

unit

ma

transport,freight,  transport, freight,  transport,freight,
lorry 5 et

ton, EURO3

coon IO

13567

13567

106E-3

6.33E-5

17762

9.36E-8

557E-2

11264

494E7

16365

6.03E-9

201E-8

30268

1218

6.03E-8

141E8

201E-9

19767

8.04E-8

169E-6

9.19E-7

27567

356E-7

11367

4.90E-4

16267

431E7

70768

10265

138E-9

177612

177612

307E-8

3756-10

1.56E-10

531E-10

1.06E-12

937E-11

154E-10

921E-10

9.36E-8

541E2

15765

18164

18265

13567

106E-3

ton, EURO 4

1.00E-7

1.06E-3
6.33E-5

174E2

9.36E-8

5.47E-2
897E5

554E-8

18366

6.75E-10

2256-9

338E-9

1.35E-9

6.75E-9

1.58E-9

2.25E6-10

221E-8

9.00E-9

1.89E-7

10367

3.08E-8

3.98E-8

1.26E-8

29164

162E-7

114E-6

6.94E-8

2.76E-6

136E-9

174E-12

174E-12

3.0268

368E-10

1536-10

5.21E-10

104E-12

9.20E-11

151E-10

9.056-10

9.36E-8

541E-2

15765

181E-4

182E5

1.00E-7

1.06E-3

ton, EURO5

onoo il

1.00E-7

1.00E-7

106€-3

6.33E-5

17562

9.36E-8

5.50E-2

1.09E-4

428E-8

14166

5.23E-10

17489

261E-9

105E-9

5.236-9

12269

174E-10

171E8

6.97E-9

1.46E-7

7.96E-8

239E-8

3.08E8

9.756-9

17164

16267

32866

6.99E-8

3.00E-6

13769

1.75E-12

1.75E-12

3048

3.70E-10

154E-10

5.24E-10

1.05E-12

9.26E-11

152E-10

9.10E-10

9.36E-8

541E-2

1575

18164

18265

1.00E-7

106€-3

Life Cycle Inventories of Road and Non-Road Transport Services

wransport, freight,
o

Torry 50-61

0 metric
ton, EURO6

1.00E-7

1.06E-3
6.33E-5

180E-2

9.36E-8

5.67E-2
8.68E-6

4.80E-8

1.50E-6

5.86E-10

1.95€-9

2.93E-9

117E-9

5.86E-9

137E-9

195€-10

191E-8

781E-9

164E-7

8.93E8

268E-8

3.46E-8

1.09E-8

1.60E5

1.62E-7

301E-6

7.20E-8

27367

141E-9

180E-12

180E-12

31368

382E6-10

158E-10

5.40E-10

108E-12

9.54E-11

157€-10

9.38E-10

9.36E-8

541E-2

157E5

181E-4

182E5

1.00E-7

1.06E-3

UncertaintyType

StandardDeviation95%

GeneralComment

(3.1.32,1,5,BU:3); Vehicle life time performance: 540000 vkm: Average load
factor: 18.5 t; Lorry scaled based on vehicle weight; Ecoinvent v2; Tremove
model 2.7b

(3.1,3.2.1.5,BU:3); Vehicle lfe time performance: 540000 vkm; Average load
factor: 185 t; Lorry scaled based on vehicle weight; Ecoinventv2; Tremove
model v2.7b

(3.1.32,1,5,8U:3); Road demand: 4.73E-04 my/(tGW*km); Average load
factor: 185 t; Vehicle weight: 23 t; Ecoinvent v2; Tremove model v2.7b
(3,1,32,1,5,8U:3); Road operation demand: 1.17E-03 mykm; Average load
factor: 185 t Ecoinvent v2; Tremove model v2.7b

(2.2.2:3.1.2,BU11.05); Vehicle classes SZ/LZ >50-60t for Sweden in 2015;
HBEFA database \3.2

(2,2.2,3,1,2,BU:1.05); Refrigerant used for air conditioning. Calculated based
on average refrigerant charge and emission rates during production, use
and end of lfe. Refrigerant emissions: 1.73E-06 kgikm: Average load factor:
18.50 t; National Greenhouse Gas Inventory Report of Switzerland 2015, ltem
2F1; Personal communication Corelia Stettler, Carbotech

(2.2.2:3,1.2,BU:1.05); Vehicle classes SZILZ >50-60t for Sweden in 2015;
HBEFA database \3.2

(2,2.23,1.2,BU5); Vehicle classes SZILZ >50-60t for Sweden in 2015;
HBEFA database \3.2

(2.2.231.2BU:15); Vehicle classes SZILZ >50-60t for Sweden in 2015;
HBEFA database \3.2

(2,2.2:3,1.2,BU:1.5); Unspecified NMVOC for which no elementary exchange
exists: 8129 of total NMVOC emissions; HBEFA database v3.2; EMEP/EEA
guidebook 2013, L A3.b.i-iv, Tab. 3-112

(2.2.23,1.2,BU:L5); Share in total NMVOC emissions: 0.03%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1 A3b -, Tab. 3-112
(2.2.23,1.2,BU115); Share in total NMVOC emissions: 0.10%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, LA3bv, Tab. 3-112
(2.2.23,1.2,BU:1.5); Share in total NMVOC emissions: 0.15%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1 A3b v, Tab. 3-112
(2.2.231.2,BU11.5); Share in total NMVOC emissions: 0.06%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1A3bv, Tab. 3-112
(2.2.23,1.2,BU:15); Share in total NMVOC emissions: 0.30%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1 A3b -, Tab. 3-112
(2.2.2:3,1.2,8U:3); Share in total NMVOC emissions: 0.07%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1L A3 by, Tab. 3-112
(2.2.23,1.2,BU:1.5); Share in total NMVOC emissions: 0.01%; HBEFA
database v3.2; EMEP/EEA guidebook 2013, 1 A3b -, Tab. 3-112
(2.2.2:3,1.2,BU1L5); Share in total NMVOC emissions: 0.98%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1A3bv, Tab. 3-112
(2,2.2:3,1.2,BU:1.5); Share in total NMVOC emissions: 0.40%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3b -, Tab. 3-112
(2.2.2:31.2,BU1L5); Share in total NMVOC emissions: 8.40%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1A3bv, Tab. 3-112
(2,2.2,3,1,2,BU:1.5); Share in total NMVOC emissions: 4.57%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3b -, Tab. 3-112
(2.2.23,1.2,BU:L5); Share in total NMVOC emissions: 1.37%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1A3bv, Tab. 3-112
(2,2.2:3,1.2,8U:1.5); Share in total NMVOC emissions: 1.77%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3b-v, Tab. 3-112
(2.2.23,1.2BU:L5); Share in total NMVOC emissions: 0.56%; HBEFA
database \3.2; EMEP/EEA guidebook 2013, 1 A3b v, Tab. 3-112
(2.2.23,1.2,BU:1.5); Vehicle classes SZILZ >50-60tfor Sweden in 2015;
HBEFA database \3.2

(2.2.231.2,BU:1.2); Vehicle classes SZILZ >50-60t for Sweden in 2015;
HBEFA database \3.2

(2.2.231.2,BU:1.5); Vehicle classes SZILZ >50-60tfor Sweden in 2015;
HBEFA database 3.2

(2.2.2.3,1.2,BU:1.05); Vehicle classes SZ/LZ >50-60t for Sweden in 2015;
HBEFA database \3.2

(2.2.23,1.2,BU:3); Vehicle classes SZ/LZ >50-60t for Sweden in 2015;
HBEFA database 3.2

(2.2.2.3,1.2,BU:3); Fuel dependent emission factor: 7.82€-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3b -, Tab. 3-8 and 3-9
(2.2.2:3.1.2,BU5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-103

(2.2.23,1.2,BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b-iv, Tab. 3-103

(2.2.2:3.1.2,BUS); Fuel dependent emission factor: 1.74E-06 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-103

(2,2.23,1.2,BU:5); Fuel dependent emission factor: 2.12€-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b -, Tab. 3-103
(2.2.2:3.1.2,BUS5); Fuel dependent emission factor: 8.80E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.-iv, Tab. 3-103

(2,2.23,1.2,BU:5); Fuel dependent emission factor: 3.00E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b -, Tab. 3-103
(2.22.31.2,BU:5); Fuel dependent emission factor: 6.00E-11 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b.i-iv, Tab. 3-103
(2,2.23,1.2,BU:5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b -, Tab. 3-103
(2.22.3.1.2.BU:5); Fuel dependent emission factor: 8.70E-09 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3.b .-, Tab. 3-103
(2,2.23,1.2,BU:5); Fuel dependent emission factor: 5.21E-08 kg/kgfuel;
EMEP/EEA guidebook 2013, 1A3b v, Tab. 3-10

-1

(2.2.23,1.2)BU:L5); Refrigerant used for air conditioning. Calculated based
on average refrigerant charge and emission rates during production, use
and end of fe. Refrigerant emissions: 1.73E-06 kgikm: Average load factor:
18.50 t; National Greenhouse Gas Inventory Report of Switzerland 2015, tem
2F1; Personal communication Comelia Stetter, Carbotech

12BU:1
Knopfel 2013

): Ecological 2013; Busser

(2.2:33,1.2,8U:2); Emission factor: 7.00E-06 kg/(tG\W km); Average load
factor: 185 t; Vehicle weight: 23 t, Ecoinvent\a.1; Tremove model v2.7b;
EMEP/EEA guidebook 2013, 1A3.b.vi, Tab. 3-2

(2.2:33,1,2,BU:2); Emission factor: 8.06E-05 kg/(tGVW km); Average load
factor: 185 t; Vehicle weight 23 t, Ecoinventv.1; Tremove model v2.7b;
EMEP/EEA guidebook 2013, 1.A3b.v, Tab. 3-1

(2.2:33,1.2,BU:2); Emission factor: 8.13E-06 kg/(tGVW km); Average load
factor: 18.5 t; Vehicle weight: 23 t; Ecoinvent\3.1; Tremove model v2.7b;
EMEP/EEA guidebook 2013, 1A3b.v, Tab. 3-1

(3.1,3.2.1,5,BU:3); Vehice lfe time performance: 540000 vkm; Average load
factor: 18.5 t; Lorry scaled based on vehicle weight; Ecoinvent v2; Tremove
model v2.7b

(3.1.32,1,5,8U:3); Road demand: 4.73E-04 my/(tGVW*km); Average load
factor: 185, Vehicle weight: 23 t; Ecoinvent v2; Tremove model v2.7b
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5.4 Lorry fleet mixes

5.4.1 Overview

The updated freight transport processes by lorry from ecoinvent data v3.1 were trans-
ferred to KBOB life cycle inventory data v2.2:2016 for the calculation of the environ-
mental indicator results contained in mobitool. Fleet mixes of different emission classes
of lorries with a GVW of 3.5-7.5t, 7.5-16 t, 16-32 t and 32-40 t operated in Switzerland
in the year 2015 were compiled. In addition, an average lorry fleet composed of differ-
ent size and emission classes was defined. The shares of the individual lorry classes are
based on data from HBEFA (2014).

5.4.2 Shares of lorry sizes

The shares of both rigid and articulated lorries were considered in the fleet mix. The
definition of size classes in HBEFA did not always comply with the size classes distin-
guished in the transport datasets. In these cases, the respective vehicle segment was as-
signed to the ecoinvent size class with the larger overlap. For instance, transport per-
formance data on articulated lorries with a GVW of 28-34 t distinguished in HBEFA
were assigned to datasets representing transports by 16-32 t lorries. The fleet mixes in-
clude lorries of the emission classes Euro 3 to Euro 6. The (small) shares of lorries,
which do not comply with any one of these emission classes, were not considered due to
missing life cycle inventory data.

5.4.3 Shares of emission classes

The shares of the emission classes in the fleet mix of a given size class were determined
based on their respective shares in the vehicle kilometres travelled as reported in HBE-
FA (2014). This approach is based on the assumption that the average load of lorries is
independent of the emission class.

5.4.4 Swiss average lorry

The fleet mix of all lorry transports in Switzerland contains lorries with a GVW of
3.5-7.51, 7.5-16 t, 16-32t and 32-40 t and of the emission classes Euro 3, Euro 4, Eu-
ro 5 and Euro 6. Lorries with a GVW of more than 40 tons are not permitted to circulate
on Swiss roads. The shares of the individual lorry size and emission classes were calcu-
lated based on the shares of vehicle kilometres travelled according to HBEFA (2014)
multiplied by the average load of the respective size class.

5.4.5 Emissions during operation

In order to ensure consistency between the means of transport considered in this study,
the emissions of noise according to the recommendation in the ecological scarcity
method 2013 (Frischknecht & Busser Knopfel 2013) and the use and emissions of re-
frigerants from air conditioners were added to the original processes for freight trans-
ports by lorry. The procedure followed to calculate the refrigerant and the noise emis-
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sions by lorries is described in some more detail in the subchapters 3.5 and 3.6, respec-
tively.

5.4.6 Unit process life cycle inventory data

The life cycle inventories of the fleet mixes of lorries with a GVW of 3.5-7.5t, 7.5-16 t,
16-32 t and 32-40t are shown in Tab. 5.6 to Tab. 5.9. The composition of the whole
lorry fleet in Switzerland is listed in Tab. 5.10.

Tab. 5.6 Life cycle inventory of the fleet mix of lorries with a GVW of 3.5-7.5 t in Switzerland in 2015.

8 2
Q o @
S -3 z
e gk
s & _ tansport,freight, > Z
Name g 5 5 |lorry3.5-7.5 metric é 2 GeneralComment
S S ton, fleetaverage @ T
G g 8
g =] <
z 8
= (7]
Location CH
InfrastructureProcess 0
Unit tkm
product transport, freight, lorry 3.5-7.5 metric ton, fleet average CH 0 tkm 1
technosphere transport, freight, lorry 3.5-7.5 metric ton, EURO 3 RER 0 tkm 1.68E-1 1 2.05 (2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
transport, freight, lorry 3.5-7.5 metric ton, EURO 4 RER 0 tkm 1.23E-1 1 2.05 (2,1,1,2,1,5BU:2); Share for Switzerland in 2015; HBEFA V3.2
transport, freight, lorry 3.5-7.5 metric ton, EURO 5 RER 0 tkm 5.25E-1 1 2.05 (2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
transport, freight, lorry 3.5-7.5 metric ton, EURO 6 RER 0 tkm 1.84E-1 1 2.05 (2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2

Tab. 5.7 Life cycle inventory of the fleet mix of lorries with a GVW of 7.5-16 t in Switzerland in 2015.

2 2
4 @ 3
S <3 Z
g e 2
5 < . tansport freight, > .g
Name ] 5 5 lomy7.5-16 metric E &  GeneralComment
S K ton, fleetaverage & B
3 2 g
o} =] <
z 8
= (2]
Location CH
InfrastructureProcess 0
Unit tkm
product transport, freight, lorry 7.5-16 metric ton, fleet average CH 0 tkm 1
technosphere transport, freight, lorry 7.5-16 metric ton, EURO 3 RER 0 tkm 2.21E-1 1 2.05 (2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
transport, freight, lorry 7.5-16 metric ton, EURO 4 RER 0 tkm 5.07E-2 1 2.05 (2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
transport, freight, lorry 7.5-16 metric ton, EURO 5 RER 0 tkm 5.38E-1 1 2.05 (2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
transport, freight, lorry 7.5-16 metric ton, EURO 6 RER 0 tkm 1.91E-1 1 2.05 (2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2

Tab. 5.8 Life cycle inventory of the fleet mix of lorries with a GVW of 16-32 t in Switzerland in 2015.

g 2
4 @ @
S <3 [
] ]
g g . transport freight, > .g
Name § 3 5 lorry16-32 metric 'E 8 GeneralComment
S s ton, fleet average § B
b7 = Z
£ > 5
= [}
Location CH
InfrastructureProcess ()
Unit tkm
product transport, freight, lorry 16-32 metric ton, fleet average CH 0 tkm 1
technosphere transport, freight, lorry 16-32 metric ton, EURO 3 RER 0 tkm 1.25E-1 1 2.05 ); Share for Switzerland in 2015; HBEFA 3.2
transport, freight, lorry 16-32 metric ton, EURO 4 RER 0 tkm 2.73E-2 1 2.05 (2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
transport, freight, lorry 16-32 metric ton, EURO 5 RER 0 tkm 6.70E-1 1 2.05 (2112,15] BU:2); Share for Switzerland in 2015; HBEFA V3.2
transport, freight, lorry 16-32 metric ton, EURO 6 RER 0 tkm 1.78E-1 1 2.05 (2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
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Tab.5.9 Life cycle inventory of the fleet mix of lorries with a GVW of 32-40 t in Switzerland in 2015.

Name
Location
InfrastructureProcess
Unit
product transport, freight, lorry 32-40 metric ton, fleet average

technosphere

transport, freight, lorry 32-40 metric ton, EURO 3
transport, freight, lorry 32-40 metric ton, EURO 4
transport, freight, lorry 32-40 metric ton, EURO 5
transport, freight, lorry 32-40 metric ton, EURO 6

Location

RER
RER

InfrastructureProcess

cocooo

<
=]

transport, freight,
lorry 32-40 metric
ton, fleet average

CH

0
tkm
1
3.88E-2
1.36E-2
6.30E-1
3.18E-1

UncertaintyType

B e e

Tab. 5.10 Life cycle inventory of the average Swiss lorry, based
size and emission classes in Switzerland in 2015.

Name
Location
InfrastructureProcess
Unit
product transport, freight, lorry, fleet average

technosphere

transport, freight, lorry 3.5-7.5 metric ton, EURO 3
transport, freight, lorry 3.5-7.5 metric ton, EURO 4
transport, freight, lorry 3.5-7.5 metric ton, EURO 5
transport, freight, lorry 3.5-7.5 metric ton, EURO 6
transport, freight, lorry 7.5-16 metric ton, EURO 3
transport, freight, lorry 7.5-16 metric ton, EURO 4
transport, freight, lorry 7.5-16 metric ton, EURO 5
transport, freight, lorry 7.5-16 metric ton, EURO 6
transport, freight, lorry 16-32 metric ton, EURO 3
transport, freight, lorry 16-32 metric ton, EURO 4
transport, freight, lorry 16-32 metric ton, EURO 5
transport, freight, lorry 16-32 metric ton, EURO 6
transport, freight, lorry 32-40 metric ton, EURO 3
transport, freight, lorry 32-40 metric ton, EURO 4
transport, freight, lorry 32-40 metric ton, EURO 5
transport, freight, lorry 32-40 metric ton, EURO 6
transport, freight, lorry 40-50 metric ton, EURO 3
transport, freight, lorry 40-50 metric ton, EURO 4
transport, freight, lorry 40-50 metric ton, EURO 5
transport, freight, lorry 40-50 metric ton, EURO 6
transport, freight, lorry 50-60 metric ton, EURO 3
transport, freight, lorry 50-60 metric ton, EURO 4
transport, freight, lorry 50-60 metric ton, EURO 5
transport, freight, lorry 50-60 metric ton, EURO 6

Location

InfrastructureProcess

©C00O00O00O00O0O00OO00OO00O0OO0O0OO0O0O0O OO

c
=}

tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm
tkm

transport, freight,
lorry, fleet average

tkm
1
4.56E-04
3.34E-04
1.42E-03
4.99E-04
6.98E-03
1.60E-03
1.70E-02
6.04E-03
4.09E-02
8.93E-03
2.19E-01
5.84E-02
2.47E-02
8.68E-03
4.02E-01
2.03E-01
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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UncertaintyType

PRPEPRRERRRERRREPRRRERPERRERRERRER R R

StandardDeviation95%

2.05
2.05
2.05
2.05

on the fleet mix of lorries of different

StandardDeviation95%

2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05
2.05

GeneralComment

(2,1,1,2,1,5BU:2); Share for Switzerland in 2015; HBEFA V3.2
Share for Switzerland in 2015; HBEFA V3.2
Share for Switzerland in 2015; HBEFAV3.2
; Share for Switzerland in 2015; HBEFAV3.2

(2,1,12,15,8U:2)

GeneralComment

5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
(2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
(2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
(2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
(2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
(2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
(2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
,1,5,BU:2); Share for Switzerland in 2015; HBEFAV3.2
(2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
(2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
,1,5,BU:2); Share for Switzerland in 2015; HBEFAV3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
,1,6,BU:2); Share for Switzerland in 2015; HBEFA V3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
(2,1,1,2,1,5,BU:2); Share for Switzerland in 2015; HBEFA V3.2
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6 Non-road vehicles

6.1 Overview

Non-road vehicles are mobile machines equipped with a combustion engine. They serve
various purposes in the construction, industry, agriculture and forestry sectors. Non-
road machines are not intended for the transport of passengers or goods by road (Notter
& Schmied 2015). This chapter covers two non-road vehicles, namely an average
building machine and hydraulic diggers. The life cycle inventories of the operation of
building machines and hydraulic diggers were updated in the present study and are
described in subchapters 6.2 and 6.3, respectively.

6.2 Building machine

6.2.1 Overview

Building machines encompass a wide variety of vehicles such as asphalt finishers,
rollers, vibrators, graders, compressors and cranes (Notter & Schmied 2015). The
existing life cycle inventory published in ecoinvent data v2 of the operation of an
average building machine was updated.

Data on the specific machines of all power classes used in the construction sector
available in the Swiss non-road database® were aggregated to an average building
machine (weighted by fuel consumption) based on the respective stock, the specific fuel
consumption per working hour and the respective working hours. The categories
excavators, lorries without license for use on road, generators and pumps were
disregarded because more specific life cycle inventory datasets are available
representing these processes in KBOB life cycle inventory data v2.2:2016. Furthermore,
all petrol-fuelled machines were excluded because only building machines operated
with diesel fuel are supposed to be represented by the life cycle inventories.

The fuel consumption and air pollutant emission factors were calculated for building
machines equipped with particle filter and for machines with minimal particle filter (in
the following called “without particle filter” to facilitate the differentiation of the two
groups), which is installed only if it is legally required in Switzerland (this applies to
some specific machine categories from a certain power level) as well as for the average
of both (Notter & Schmied 2015). In Switzerland in 2015 the weighted share of building
machines equipped with particle filters is 92 %.

The manufacture of building machines is described in section 6.2.2. The calculation of
the fuel demand and the emission factors are documented in section 6.2.3. The section

16 Federal Office for the Environment: Non-road database, http://www.bafu.admin.ch/Iuft/00596/06906/
offroad-daten/index.html?lang=en, accessed on 21.03.2016.
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6.2.4 contains the unit process life cycle inventory data of the operation of building
machines.

6.2.2 Manufacture of building machines

The manufacture of the building machine was modelled using the existing dataset
published in ecoinvent data v2 since more recent data on its manufacturing or material
composition were not available. As reported by Kellenberger et al. (2007), an average
service life of 10’000 h was used in this study and the weight of the building machine
was assumed to be unchanged at 10 t. Due to the difference in hourly fuel consumption
of building machines with and without particle filter, the demand of building machine
construction differs. Furthermore, as the hourly fuel consumption of building machines
of a size of about 10 t is substantially lower than 20 years ago, the demand in machines
per MJ diesel increased by a factor of 2.5. A wheel loader of the power class 75-130 kW
with a fuel consumption close to the one of the average building machine was
considered to plausibilize this reduction. The wheel loaders L 528 has a mechanical
power of 100 kW and a weight of approximately 10.8 t (Liebherr 2015). However, the
building machines considered are very heterogeneous and include also lighter machines
such as compressors.

6.2.3 Fuel consumption and emissions during operation

The diesel consumption and the emission factors of the air pollutants CO,, CO, CHy,
NMVOC, NOy, N,O and PM were quantified using information obtained from the
Swiss non-road database for the year 2015 and are compiled in Tab. 6.1. The diesel
consumption of building machines with and without particle filter amounts to 6.99 kg/h
(299 MJ/h) and 6.79 kg/h (290 MJ/h), respectively. The PM emission factors of
building machines without particle filter are higher by a factor of 9.3 compared to those
equipped with a particle filter. Building machines without particle filter have
approximately 3 % higher emission factors per kilogram diesel than building machines
with particle filter when considering the other air pollutants, with the exception of CO,.

Tab. 6.1 Fuel consumption and emission factors for the operation of building machines without and

with particle filter and for average building machines in Switzerland 2015 according to the
non-road database.

Substance Unit Building machine
Without PF With PF Average

Fuel consumption kgDiesel/h 6.79E+00 6.99E+00 6.98E+00
Carbon dioxide kgCO,/kgDiesel 3.15E+00 3.15E+00 3.15E+00
Carbon monoxide kgCO/kgDiesel 5.51E-03 5.35E-03 5.35E-03
Methane kgCH,/kgDiesel 2.67E-05 2.59E-05 2.59E-05
Non-methane volatile organic compounds kgNMVOC/kgDiesel 1.09E-03 1.06E-03 1.06E-03
Nitrogen oxides kgNO,/kgDiesel 1.45E-02 1.41E-02 1.41E-02
Dinitrogen monoxide kgN,O/kgDiesel 1.47E-04 1.43E-04 1.43E-04
Particulates, <2.5um kgPM, s/kgDiesel 1.02E-03 1.10E-04 1.79E-04
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A fraction of the total NMVOC emissions was further divided into main components
based on the shares reported in the EMEP/EEA air pollutant emission inventory
guidebook (see Tab. 3.1). The emissions of NH3, SO,, PAHSs, arsenic, selenium and
heavy metals (cadmium, chromium, chromium VI, copper, lead, mercury, nickel, zinc)
depend on the amount of fuel consumed and were calculated using the emission factors
compiled in Tab. 3.2.

Noise emissions were accounted for as recommended by Frischknecht and Bulsser
Knopfel (2013). The conversion of the noise emissions of an average building machine
to the unit of the corresponding elementary flows, namely kilometre, is complex and
requires simplifying assumptions. It is assumed that noise emissions correlate with the
power of a machine and hence should be proportional to its fuel consumption. The noise
of an average lorry in Switzerland was used as an approximation and scaled based on
the fuel consumption. 1 MJ diesel burned in an average building machine causes
0.0955 noise kilometres of a lorry*”.

The consumption of lubricating oil (5.14-10* kg/MJ) was adopted from the dataset
documented in Kellenberger et al. (2007).

6.2.4 Unit process life cycle inventory data

The life cycle inventories of the operation of building machines with and without
particle filter are shown in Tab. 6.2 and Tab. 6.3, respectively. The life cycle inventory
of diesel burnt in an average building machine in Switzerland in 2015 is presented in
Tab. 6.4.

Y The average lorry in Switzerland in 2015, considering all size and emission classes, has a diesel con-
sumption of 0.245 kg/km (10.4 MJ/km, INFRAS 2014) and causes 1 noise km.
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Tab. 6.2 Life cycle inventory of diesel burned in a building machine with particle filter.

Name

Location

Location

InfrastructureProcess
Unit
product diesel, burned in building machine, with particle filter CH

technosphere  building machine
diesel, low-sulphur, at regional storage CH

lubricating oil, at plant

emission air,

; Carbon dioxide, fossil -
unspecified

Carbon monoxde, fossil -

Methane, fossil

NMVOC, h
origin

wolatile organic

Ethane .
Propane -
Butane -
Pentane -
Heptane

Benzene -
Toluene -
m-Xylene -
o-Xylene -
Formaldehyde -
Acetaldehyde -
Benzaldehyde -
Acrolein -
Styrene. -
Nitrogen oxides -
Ammonia

Dinitrogen monoxide -
Sulfur dioxide -
Particulates, <2.5 um -
Benzo(a)pyrene -
PAH, polycyclic aromatic hydrocarbons -
Arsenic -
Selenium

Zinc -
Copper -
Nickel .
Chromium -
Chromium VI -
Mercury -
Cadmium -

Lead -

emission Non
material
emissions,

unspecified
technosphere

Noise, road, lorry, average -

disposal, used mineral oil, 10% water, to hazardous waste
incineration

InfrastructureProcess

Unit

diesel, burned in
building machine,
with particle filter

CH

0
M)
1

3.34E-07
2.34E-2
5.14E-4
7.36E-2
1.25E-4

6.06E-7

2.01E-5

7.41E-9
247E-8
3.70E-8
1.48E-8
7.41E-8
1.73E-8
247E-9
2.42E-7
9.88E-8
207E-6
1.13E-6
3.38E-7
4.37E-7
138E-7
3.29E-4
187E-7
3.34E-6
467E-7
2.57E-6
7.01E-10
7.69E-8
2.34E-12
2.34E-10
2.34E-8
3.97E-8
1.64E-9
117E-9
2.34E-12
1.24E-10
2.34E-10

121E-9

9.55E-2

5.14E-4

UncertaintyType

Life Cycle Inventories of Road and Non-Road Transport Services

StandardDeviation95%
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GeneralComment

(3.1,3.2,1,5,BU:3); Vehicle life time performance: 10000 h; Average fuel consumption: 299 MJ/h;
Kellenberger et al. 2007: ecoinvent report 7, Part Xill; BAFU 2015

(2.2,2,3,1,2/BU:1.05); Net calorific value diesel: 42.8 MJ/kg; Frischknecht et al. 2007 ecoinvent
report1, Tab. 4.6

(2,2,2,3,1,2 BU:1.05); Amount taken from ecoinvent data v2; Kellenberger et al. 2007: ecoinvent
report 7, Part XvIll

(2.2,2,3,1,2 BU:1.05); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2.2.3,1,2 BU:5); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,1,2 BU:15); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,3,2,BU:1.5); Modelled by NMVOC speciation of lorries; Unspecified NMVOC for which no
elementary exchange exists; 81.2% of total NMVOC emissions; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,33,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.03%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2,2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.10%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
0.15%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2.2,33,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.06%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.30%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2,BU:3); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
0.07%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:15); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.01%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.98%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2,2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.40%; BAFU 2015: Non-foad database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2,BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
8.40%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
4.57%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
1.37%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(222,3,3,2BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
1.77%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3.3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.56%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2.2.3,1,2 BU:15); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2,2,2,31,2/BU:1.2); Fuel dependent emission factor: 8.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2,2,2,3,1,2 BU:1.5); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(222,3,1,2,BU:1.05); Fuel dependent emission factor: 2.00E-05 kg/kgfuel; HBEFA database 3.2

(2.2,2,3,1,2 BU:3); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2,2,2,3,1,2 BU:3); Fuel dependent emission factor: 3.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2.2,2,3,1,2 BU:3); Fuel dependent emission factor: 3.29E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2 fii, Tab. 3-1

(2.2.2.3,1,2BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, LA3.b.i-iv, Tab. 3-103

(2.2,2,3,1,2 BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2,2,2,3,1,2BU:5); Fuel dependent emission factor: 1.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2.2,2.3,1,2 BU:5); Fuel dependent emission factor: 1.70E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2 i, Tab. 3-1

(2.2,2.3,1,2BU:5); Fuel dependent emission factor: 7.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2,2,2,3,1,2 BU:5); Fuel dependent emission factor: 5.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2.2,2,3,1,2BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2.2.2.3,1,2BU:5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel; EMEP/EEA guidebook
2013, LA3b.i-iv, Tab. 3-103

(2.2,2,3,1,2 BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2:2,2,3,1,2BU:5); Fuel dependent emission factor: 5.20E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA3b.i-iv, Tab. 3-10

(2.2,2,3,1,2 BU:1.5); Ecological Scarcity method 2013; Estimated based on fuel consumption of
an average lorryin Switzerland in 2015: 0.245 kg/km; Frischknecht & Biisser Knopfel 2013;
HBEFA database v3.2

(2,2,3,3,1,2 BU:1.05); Amount taken from ecoinvent data v2; Kellenberger et al. 2007: ecoinvent
report 7, Part XVl

treeze Ltd.



6. Non-road vehicles

78

Tab. 6.3 Life cycle inventory of diesel burned in a building machine without particle filter.

Name

Location

Location

InfrastructureProcess
Unit
product diesel, burned in building machine, without particle filter CH

technosphere  building machine
diesel, low-sulphur, at regional storage CH

lubricating oil, at plant

emission air,

; Carbon dioxide, fossil -
unspecified

Carbon monoxde, fossil -

Methane, fossil

NMVOC, h
origin

wolatile organic

Ethane .
Propane -
Butane -
Pentane -
Heptane

Benzene -
Toluene -
m-Xylene -
o-Xylene -
Formaldehyde -
Acetaldehyde -
Benzaldehyde -
Acrolein -
Styrene. -
Nitrogen oxides -
Ammonia

Dinitrogen monoxide -
Sulfur dioxide -
Particulates, <2.5 um -
Benzo(a)pyrene -
PAH, polycyclic aromatic hydrocarbons -
Arsenic -
Selenium

Zinc -
Copper -
Nickel .
Chromium -
Chromium VI -
Mercury -
Cadmium -

Lead -

emission Non
material
emissions,

unspecified
technosphere

Noise, road, lorry, average -

disposal, used mineral oil, 10% water, to hazardous waste
incineration

InfrastructureProcess

Unit

diesel, burned in
building machine,
without particle
filter

CH

0
M)
1

3.44E-07
2.34E-2
5.14E-4
7.36E-2
1.29e-4

6.24E-7

2.07E-5

7.63E-9
254E-8
382E-8
153E-8
7.63E-8
1.78E-8
254E-9
2.49E-7
1.02E-7
2.14E-6
1.16E-6
3.49E-7
4.50E-7
142E-7
3.39E-4
187E-7
3.44E-6
467E-7
2.39E-5
7.01E-10
7.69E-8
2.34E-12
2.34E-10
2.34E-8
3.97E-8
1.64E-9
117E-9
2.34E-12
1.24E-10
2.34E-10

121E-9

9.55E-2

5.14E-4

UncertaintyType

Life Cycle Inventories of Road and Non-Road Transport Services

StandardDeviation95%
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GeneralComment

(3.1,3.2,1,5,BU:3); Vehicle life time performance: 10000 h; Average fuel consumption: 290 MJ/h;
Kellenberger et al. 2007: ecoinvent report 7, Part Xill; BAFU 2015

(2.2,2,3,1,2/BU:1.05); Net calorific value diesel: 42.8 MJ/kg; Frischknecht et al. 2007 ecoinvent
report1, Tab. 4.6

(2,2,2,3,1,2 BU:1.05); Amount taken from ecoinvent data v2; Kellenberger et al. 2007: ecoinvent
report 7, Part XvIll

(2.2,2,3,1,2 BU:1.05); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2.2.3,1,2 BU:5); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,1,2 BU:15); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,3,2,BU:1.5); Modelled by NMVOC speciation of lorries; Unspecified NMVOC for which no
elementary exchange exists; 81.2% of total NMVOC emissions; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,33,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.03%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2,2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.10%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
0.15%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2.2,33,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.06%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.30%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2,BU:3); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
0.07%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:15); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.01%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.98%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2,2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.40%; BAFU 2015: Non-foad database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2,BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
8.40%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
4.57%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
1.37%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(222,3,3,2BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
1.77%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3.3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.56%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2.2.3,1,2 BU:15); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2,2,2,31,2/BU:1.2); Fuel dependent emission factor: 8.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2,2,2,3,1,2 BU:1.5); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(222,3,1,2,BU:1.05); Fuel dependent emission factor: 2.00E-05 kg/kgfuel; HBEFA database 3.2

(2223,1,2,BU:3); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2223,1,2,BU:3); Fuel dependent emission factor: 3.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2 £ii, Tab. 3-1

(222312 BU:3); Fuel dependent emission factor: 3.29E-06 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2 £ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, 1A3b-iv, Tab. 3-103

(2223,1,2,BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2,2,2,3,1,2BU:5); Fuel dependent emission factor: 1.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.70E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2 i, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 7.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2223,1,2,BU:5); Fuel dependent emission factor: 5.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel; EMEP/EEA guidebook
2013, LA3b.i-iv, Tab. 3-103

(2223,1,2,BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2:2,2,3,1,2BU:5); Fuel dependent emission factor: 5.20E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A3b.-iv, Tab. 3-10

(2.2,2,3,1,2 BU:1.5); Ecological Scarcity method 2013; Estimated based on fuel consumption of
an average lorryin Switzerland in 2015: 0.245 kg/km; Frischknecht & Biisser Knopfel 2013;
HBEFA database v3.2

(2,2,3,3,1,2 BU:1.05); Amount taken from ecoinvent data v2; Kellenberger et al. 2007: ecoinvent
report 7, Part XVl
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Tab. 6.4 Life cycle inventory of diesel burned in an average building machine in Switzerland in 2015.

Name

Location

Location

InfrastructureProcess
Unit
product diesel, burned in building machine, average CH

technosphere  building machine
diesel, low-sulphur, at regional storage cH

lubricating oil, at plant

emission air,

; Carbon dioxide, fossil -
unspecified

Carbon monoxde, fossil -

Methane, fossil

NMVOC, h
origin

wolatile organic

Ethane -
Propane -
Butane -
Pentane -
Heptane

Benzene -
Toluene -
m-Xylene -
o-Xylene -
Formaldehyde -
Acetaldehyde -
Benzaldehyde -
Acrolein -
Styrene. -
Nitrogen oxides .
Ammonia

Dinitrogen monoxide -
Sulfur dioxide -
Particulates, < 2.5 um -
Benzo(a)pyrene -
PAH, polycyclic aromatic hydrocarbons -
Arsenic -
Selenium

Zinc -
Copper -
Nickel .
Chromium -
Chromium VI -
Mercury -
Cadmium .

Lead -

emission Non
material
emissions,

unspecified
technosphere

Noise, road, lorry, average -

disposal, used mineral oil, 10% water, to hazardous waste
incineration

6.3 Hydraulic Digger

6.3.1 Overview

InfrastructureProcess

Unit

diesel, burned in
building machine,
average

CH

0
M)
1

3.35E-07
2.34E-2
5.14E-4
7.36E-2
1.25E-4

6.06E-7

201E-5

7.42E-9
247E-8
371E-8
1.48E-8
7.42E-8
1.73E-8
247E-9
2.42E-7
9.89E-8
2.08E-6
113E-6
3.39E-7
4.38E-7
138E-7
3.29E-4
187E-7
3.35E-6
4.67E-7
4.17E-6
7.01E-10
7.69E-8
2.34E-12
2.34E-10
2.34E-8
3.97E-8
1.64E-9
117E-9
2.34E-12
1.24E-10
2.34E-10

121E-9

9.55E-2

5.14E-4

UncertaintyType

StandardDeviation95%
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GeneralComment

(3.1,3.2,1,5,BU:3); Vehicle life time performance: 10000 h; Average fuel consumption: 299 MJ/h;
Kellenberger et al. 2007: ecoinvent report 7, Part Xill; BAFU 2015

(2.2,2,3,1,2/BU:1.05); Net calorific value diesel: 42.8 MJ/kg; Frischknecht et al. 2007 ecoinvent
report1, Tab. 4.6

(2,2,2,3,1,2 BU:1.05); Amount taken from ecoinvent data v2; Kellenberger et al. 2007: ecoinvent
report 7, Part XvIll

(2.2,2,3,1,2 BU:1.05); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2.2.3,1,2 BU:5); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,1,2 BU:15); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,3,2,BU:1.5); Modelled by NMVOC speciation of lorries; Unspecified NMVOC for which no
elementary exchange exists; 81.2% of total NMVOC emissions; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,33,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.03%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2,2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.10%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
0.15%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2.2,33,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.06%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.30%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2,BU:3); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
0.07%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:15); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.01%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.98%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2,2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.40%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2,BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
8.40%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
4.57%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
1.37%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(222,3,3,2BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
1.77%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3.3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.56%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2.2.3,1,2 BU:15); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2,2,2,31,2/BU:1.2); Fuel dependent emission factor: 8.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2,2,2,3,1,2 BU:1.5); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(222,3,1,2,BU:1.05); Fuel dependent emission factor: 2.00E-05 kg/kgfuel; HBEFA database 3.2

(2223,1,2,BU:3); Average building machine in Switzerland in 2015; BAFU 2015: Non-road
database

(2223,1,2,BU:3); Fuel dependent emission factor: 3.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2 £ii, Tab. 3-1

(222312 BU:3); Fuel dependent emission factor: 3.29E-06 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2 £ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, 1A3b-iv, Tab. 3-103

(2223,1,2,BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2,2,2,3,1,2BU:5); Fuel dependent emission factor: 1.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.70E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2 i, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 7.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2223,1,2,BU:5); Fuel dependent emission factor: 5.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel; EMEP/EEA guidebook
2013, LA3b.i-iv, Tab. 3-103

(2223,1,2,BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2:2,2,3,1,2BU:5); Fuel dependent emission factor: 5.20E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A3b.-iv, Tab. 3-10

(2.2,2,3,1,2 BU:1.5); Ecological Scarcity method 2013; Estimated based on fuel consumption of
an average lorryin Switzerland in 2015: 0.245 kg/km; Frischknecht & Biisser Knopfel 2013;
HBEFA database v3.2

(2,2,3,3,1,2 BU:1.05); Amount taken from ecoinvent data v2; Kellenberger et al. 2007: ecoinvent
report 7, Part XVl

The hydraulic diggers considered include both crawler and wheeled excavators (Notter
& Schmied 2015). The existing life cycle inventory dataset published in ecoinvent data
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v2 of excavation activities by an average hydraulic digger was updated based on fuel
consumption and air pollutant emission factors obtained from the Swiss non-road
database™®. The hydraulic diggers considered have an average excavation capacity of
100 m*/h and a mechanical power of approximately 100 kW (Kellenberger et al. 2007).
The fuel consumption and air pollutant emission factors were calculated for crawler and
wheeled excavators of the power class 75-130 kW. Separate life cycle inventories were
compiled for hydraulic diggers equipped with particle filter and for excavators with
minimal particle filter (in the following called “without particle filter” to facilitate the
differentiation of the two groups), which is installed only if it is legally required in
Switzerland (this applies to some specific machine categories from a certain power
level). In addition, an average was calculated including both machines with and without
particle filter (Notter & Schmied 2015). In Switzerland in 2015 the share of hydraulic
diggers with particle filters is 98 %.

The manufacture of hydraulic diggers is described in section 6.3.2. The calculation of
the fuel demand and the emission factors are documented in section 6.3.3. The section
6.3.4 contains the unit process life cycle inventory data of the excavation by hydraulic
diggers.

6.3.2 Manufacture of hydraulic diggers

The hydraulic digger was modelled by the existing dataset in ecoinvent v2 since more
recent data on its manufacturing or material composition were not available. As
reported by Kellenberger et al. (2007), an average service life of 10’000 h was used in
this study and the weight of the hydraulic digger was assumed to be unchanged at 15 t.

6.3.3 Fuel consumption and emissions during operation

The diesel consumption and the emission factors of the air pollutants CO,, CO, CHy,
NMVOC, NOy, N,O and PM were quantified using the information obtained from the
Swiss non-road database for the year 2015 and are compiled in Tab. 6.5. The diesel
consumption of hydraulic diggers with and without particle filter amounts to 9.47 kg/h
and 9.20 kg/h, respectively. The PM emission factors of hydraulic diggers without
particle filter are higher by a factor of 9.6 compared to those equipped with a particle
filter. Hydraulic diggers without particle filter have approximately 3 % higher emission
factors per kilogram diesel than hydraulic diggers with particle filter when considering
the other air pollutants, with the exception of COx.
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Tab. 6.5 Fuel consumption and emission factors for the operation of hydraulic diggers without and with
particle filter and for average hydraulic diggers in Switzerland 2015 according to the non-road

database.
Substance Unit Hydraulic digger
Without PF With PF Average

Fuel consumption kgDiesel/h 9.20E+00 9.47E+00 9.47E+00
Carbon dioxide kgCO,/kgDiesel 3.15E+00 3.15E+00 3.15E+00
Carbon monoxide kgCO/kgDiesel 7.64E-03 7.42E-03 7.42E-03
Methane kgCH,/kgDiesel 4.02E-05 3.90E-05 3.90E-05
Non-methane volatile organic compounds kgNMVOC/kgDiesel 1.55E-03 1.51E-03 1.51E-03
Nitrogen oxides kgNO,/kgDiesel 1.87E-02 1.81E-02 1.81E-02
Dinitrogen monoxide kgN,O/kgDiesel 1.57E-04 1.53E-04 1.53E-04
Particulates, <2.5um kgPM, </kgDiesel 1.37E-03 1.42E-04 1.60E-04

A fraction of the total NMVOC emissions was further divided into main components
based on the shares reported in the EMEP/EEA air pollutant emission inventory
guidebook (see Tab. 3.1). The emissions of NH3, SO,, PAHS, arsenic, selenium and
heavy metals (cadmium, chromium, chromium VI, copper, lead, mercury, nickel, zinc)
depend on the amount of fuel consumed and were calculated using the emission factors
compiled in Tab. 3.2.

Noise emissions were accounted for as recommended by Frischknecht and Bisser
Kndpfel (2013). The conversion of the noise emissions of an average building machine
to the unit of the corresponding elementary flows, namely kilometre, is complex and
requires simplifying assumptions. It is assumed that noise emissions correlate with the
power of a machine and hence should be proportional to its fuel consumption. The noise
of an average lorry in Switzerland was used as an approximation and scaled based on
the fuel consumption. The excavation of 1 m* by an average hydraulic digger causes
0.387 noise kilometres of a lorry™”.

The consumption of lubricating oil (0.0025 kg/m®) was taken from the life cycle
inventory of excavation by hydraulic diggers in ecoinvent data v2 and scaled according
to the fuel demand (Kellenberger et al. 2007).

6.3.4 Unit process life cycle inventory data

The unit process life cycle inventory data of the excavation by hydraulic diggers with
and without particle filter are shown in Tab. 6.6 and Tab. 6.7, respectively. The unit
process life cycle inventory data of the operation of the average hydraulic digger
operated in Switzerland in 2015 are presented in Tab. 6.8.
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Tab. 6.6 Life cycle inventory of the excavation by a hydraulic digger with particle filter.

Name

Location

Location

InfrastructureProcess
Unit
product excavation, hydraulic digger, with particle filter CH

technosphere  hydraulic digger
diesel, low-sulphur, at regional storage CH

lubricating oil, at plant

emission air,

; Carbon dioxide, fossil -
unspecified

Carbon monoxde, fossil -

Methane, fossil

NMVOC, h
origin

wolatile organic

Ethane .
Propane -
Butane -
Pentane -
Heptane

Benzene -
Toluene -
m-Xylene -
o-Xylene -
Formaldehyde -
Acetaldehyde -
Benzaldehyde -
Acrolein -
Styrene. -
Nitrogen oxides -
Ammonia

Dinitrogen monoxide -
Sulfur dioxide -
Particulates, <2.5 um -
Benzo(a)pyrene -
PAH, polycyclic aromatic hydrocarbons -
Arsenic -
Selenium

Zinc -
Copper -
Nickel .
Chromium -
Chromium VI -
Mercury -
Cadmium -

Lead -

emission Non
material
emissions,

unspecified
technosphere

Noise, road, lorry, average -

disposal, used mineral oil, 10% water, to hazardous waste
incineration

InfrastructureProcess

0

Unit

m3

unit

excavation,
hydraulic digger,
with particle filter

CH

0
m3
1

1.00E-06
9.47E-2
181E-3
2.98E-1
7.03E-4

3.69E-6

1.16E-4

4.28E-8
143E-7
2.14E-7
8.56E-8
4.28E-7
9.99E-8
143E-8
1.40E-6
5.71E-7
1.20E-5
6.52E-6
1.96E-6
2.53E-6
7.99E-7
1.72E-3
7.58E-7
145E-5
1.89E-6
1.35E-5
2.84E-9
3.12E-7
9.47E-12
9.47E-10
9.47E-8
161E-7
6.63E-9
4.74E-9
9.47E-12
5.02E-10
9.47E-10

4.93E-9

387E-1

181E-3

UncertaintyType
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StandardDeviation95%

157

GeneralComment

(3.1,3.2,1,5,BU:3); Vehicle life time performance: 10000 h; Average excavation capacity: 100
m3/h; Kellenberger etal. 2007: ecoinvent report 7, Part XVill

(2.2,2,3,1,2/BU:1.05); Average excavation capacity: 100 m3/h; Kellenberger et al. 2007: ecoinvent
report 7, Part XvIil

(222,3,1,2,8U:1.05); Amount scaled based on fuel demand; Kellenberger et al. 2007: ecoinvent
report 7, Part XvIll

(2:2.2,3,1,2 BU:1.05); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2.2.3,1,2BU:5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,1,2 BU:1.5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,3,2,BU:1.5); Modelled by NMVOC speciation of lorries; Unspecified NMVOC for which no
elementary exchange exists; 81.2% of total NMVOC emissions; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,33,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.03%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2,2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.10%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
0.15%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2.2,33,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.06%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.30%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2,BU:3); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
0.07%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:15); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.01%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.98%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2,2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.40%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2,BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
8.40%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
4.57%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
1.37%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(222,3,3,2BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
1.77%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3.3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.56%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2.3,1,2BU:1.5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2,2,2,31,2/BU:1.2); Fuel dependent emission factor: 8.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2,2,2,3,1,2BU:1.5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(222,3,1,2,BU:1.05); Fuel dependent emission factor: 2.00E-05 kg/kgfuel; HBEFA database 3.2

(222,3,1,2,BU:3); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2223,1,2,BU:3); Fuel dependent emission factor: 3.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2 £ii, Tab. 3-1

(222312 BU:3); Fuel dependent emission factor: 3.29E-06 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2 £ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, 1A3b-iv, Tab. 3-103

(2223,1,2,BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2,2,2,3,1,2BU:5); Fuel dependent emission factor: 1.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.70E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2 i, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 7.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2223,1,2,BU:5); Fuel dependent emission factor: 5.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel; EMEP/EEA guidebook
2013, LA3b.i-iv, Tab. 3-103

(2223,1,2,BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2:2,2,3,1,2BU:5); Fuel dependent emission factor: 5.20E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A3b.-iv, Tab. 3-10

(2.2,2,3,1,2 BU:1.5); Ecological Scarcity method 2013; Estimated based on fuel consumption of
an average lorryin Switzerland in 2015: 0.245 kg/km; Frischknecht & Biisser Knopfel 2013;
HBEFA database v3.2

(2,2,3,3,1,2 BU:1.05); Amount scaled based on fuel demand; Kellenberger etal. 2007: ecoinvent
report 7, Part XVl
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Tab. 6.7 Life cycle inventory of the excavation by a hydraulic digger without particle filter.

Name

Location

Location

InfrastructureProcess
Unit
product excavation, hydraulic digger, without particle filter CH

technosphere  hydraulic digger
diesel, low-sulphur, at regional storage CH

lubricating oil, at plant

emission air,

; Carbon dioxide, fossil -
unspecified

Carbon monoxde, fossil -

Methane, fossil

NMVOC, h
origin

wolatile organic

Ethane .
Propane -
Butane -
Pentane -
Heptane

Benzene -
Toluene -
m-Xylene -
o-Xylene -
Formaldehyde -
Acetaldehyde -
Benzaldehyde -
Acrolein -
Styrene. -
Nitrogen oxides -
Ammonia

Dinitrogen monoxide -
Sulfur dioxide -
Particulates, <2.5 um -
Benzo(a)pyrene -
PAH, polycyclic aromatic hydrocarbons -
Arsenic -
Selenium

Zinc -
Copper -
Nickel .
Chromium -
Chromium VI -
Mercury -
Cadmium -

Lead -

emission Non
material
emissions,

unspecified
technosphere

Noise, road, lorry, average -

disposal, used mineral oil, 10% water, to hazardous waste
incineration

InfrastructureProcess

0

Unit

m3

unit

excavation,
hydraulic digger,
without particle
filter

CH

0
m3
1

1.00E-06
9.20E-2
1.76E-3
2.90E-1
7.03E-4

3.69E-6

1.16E-4

4.28E-8
143E-7
2.14E-7
8.56E-8
4.28E-7
9.99E-8
143E-8
1.40E-6
5.71E-7
1.20E-5
6.52E-6
1.96E-6
2.53E-6
7.99E-7
1.72E-3
7.36E-7
145E-5
1.84E-6
1.26E-4
2.76E-9
3.03E-7
9.20E-12
9.20E-10
9.20E-8
156E-7
6.44E-9
4.60E-9
9.20E-12
4.87E-10
9.20E-10

4.78E-9

3.76E-1

1.76E-3

UncertaintyType

Life Cycle Inventories of Road and Non-Road Transport Services

StandardDeviation95%

157

GeneralComment

(3.1,3.2,1,5,BU:3); Vehicle life time performance: 10000 h; Average excavation capacity: 100
m3/h; Kellenberger etal. 2007: ecoinvent report 7, Part XVill

(2.2,2,3,1,2/BU:1.05); Average excavation capacity: 100 m3/h; Kellenberger et al. 2007: ecoinvent
report 7, Part XvIil

(222,3,1,2,8U:1.05); Amount scaled based on fuel demand; Kellenberger et al. 2007: ecoinvent
report 7, Part XvIll

(2:2.2,3,1,2 BU:1.05); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2.2.3,1,2BU:5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,1,2 BU:1.5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,3,2,BU:1.5); Modelled by NMVOC speciation of lorries; Unspecified NMVOC for which no
elementary exchange exists; 81.2% of total NMVOC emissions; BAFU 2015: Non-road database;
EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,33,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.03%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2,2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.10%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
0.15%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2.2,33,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.06%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.30%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2,BU:3); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
0.07%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:15); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.01%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.98%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2,2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.40%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2,2,2,3,3,2,BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions
8.40%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
4.57%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
1.37%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(222,3,3,2BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
1.77%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3.3,2 BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.56%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2.3,1,2BU:1.5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2,2,2,31,2/BU:1.2); Fuel dependent emission factor: 8.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2,2,2,3,1,2BU:1.5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(222,3,1,2,BU:1.05); Fuel dependent emission factor: 2.00E-05 kg/kgfuel; HBEFA database 3.2

(222,3,1,2,BU:3); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2223,1,2,BU:3); Fuel dependent emission factor: 3.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2 £ii, Tab. 3-1

(222312 BU:3); Fuel dependent emission factor: 3.29E-06 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2 £ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, 1A3b-iv, Tab. 3-103

(2223,1,2,BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2,2,2,3,1,2BU:5); Fuel dependent emission factor: 1.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.70E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2 i, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 7.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2223,1,2,BU:5); Fuel dependent emission factor: 5.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1.A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(222312 BU:5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel; EMEP/EEA guidebook
2013, LA3b.i-iv, Tab. 3-103

(2223,1,2,BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A2£ii, Tab. 3-1

(2:2,2,3,1,2BU:5); Fuel dependent emission factor: 5.20E-08 kg/kgfuel; EMEP/EEA guidebook
2013, 1A3b.-iv, Tab. 3-10

(2.2,2,3,1,2 BU:1.5); Ecological Scarcity method 2013; Estimated based on fuel consumption of
an average lorryin Switzerland in 2015: 0.245 kg/km; Frischknecht & Biisser Knopfel 2013;
HBEFA database v3.2

(2,2,3,3,1,2 BU:1.05); Amount scaled based on fuel demand; Kellenberger etal. 2007: ecoinvent
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Tab. 6.8 Life cycle inventory of the excavation by an average hydraulic digger in Switzerland in 2015.

Name

Location

Location

InfrastructureProcess
Unit
product excavation, hydraulic digger, average cH

technosphere hydraulic digger RER
diesel, low-sulphur, atregional storage CH

lubricating oil, at plant

emission air,

. Carbon dioxide, fossil E
unspecified

Carbon monoxide, fossil -

Methane, fossil -

NMVOC, th
origin

volatile organic

Ethane -
Propane -
Butane -
Pentane -
Heptane -
Benzene -
Toluene -
m-Xylene -
o-Xylene -
Formaldehyde E
Acetaldehyde E
Benzaldehyde -
Acrolein -
Styrene. -
Nitrogen oxides -
Ammonia -
Dinitrogen monoxide -
Sulfur dioxide -
Particulates, < 2.5 um -
Benzo(a)pyrene -
PAH, polycyclic aromatic hydrocarbons. -
Arsenic .
Selenium -
Zinc -
Copper -
Nickel E
Chromium -
Chromium Vi -
Mercury -
Cadmium -

Lead -

emission Non
material
emissions,

unspecified
technosphere

Noise, road, lorry, average -

disposal, used mineral oil, 10% water, to hazardous waste
incineration

InfrastructureProcess

Unit

m3

unit

km

excavation,
hydraulic digger,
average

CH

0
m3
1

1.00E-06
9.47E-2
181E-3
2.98E-1
7.03E-4

3.69E-6

1.16E-4

4.28E-8
1.43E-7
2.14E-7
8.56E-8
4.28E-7
9.99E-8
1.43E-8
1.40E-6
5.71E-7
1.20E-5
6.52E-6
1.96E-6
253E-6
7.99E-7
1.72E3
7.58E-7
1.45E-5
1.89E-6
1.52E-5
2.84E-9
3.12E-7
9.47E-12
9.47E-10
9.47E-8
161E-7
6.63E-9
4.74E-9
9.47E-12
5.02E-10
9.47E-10

4.93E-9

3.87E-1

1.81E-3

UncertaintyType

Life Cycle Inventories of Road and Non-Road Transport Services

StandardDeviation95%

157

GeneralComment

(3.1,3,2,1,5,BU:3); Vehicle life time 10'000 h; Average excavation capacity: 100
m3/h; Kellenberger et al. 2007: ecoinvent report 7, Part XvIil

(22,2,3,1,2/BU:1.05); Average excavation capacity: 100 m3/h; Kellenberger etal. 2007
ecoinventreport 7, Part XvIil

(22,2,31,2/BU:1.05); Amount scaled based on fuel demand; Kellenberger etal. 2007
ecoinvent report 7, Part XvIil

(2:2,2,3,1,2,BU:1.05); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(22,2,3,1,2 BU:5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(22,2,3,1,2 BU:L5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,3,2 BU:L5); Modelled by NMVOC speciation of lorries; Unspecified NMVOC for which
no elementary exchange exists; 81.2% of total NMVOC emissions; BAFU 2015: Non-road
database; EMEP/EEA guidebook 2013, Tab. 3-112

(2.2,2,3,3,2 BU:L5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 0.03%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2 BU:L5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 0.10%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2.3,3,2 BU:L5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 0.15%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,33,2 BU:L5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 0.06%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2/BU:L5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 0.30%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(22,2,3.3,2,BU:3); Modelled by NMVOC speciation of lorries; Share in total NMVOC emissions:
0.07%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(22,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 0.01%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(22,2,3,3,2/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 0.98%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(22,2,3,3,2 BU:L5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 0.40%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(22,2,3,3,2 BU:L5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 8.40%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(22,2,3,3,2/BU:L5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 4.57%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(22223,32/BU:1.5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 1.37%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2,BU:L5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 1.77%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2,3,3,2 BU:L5); Modelled by NMVOC speciation of lorries; Share in total NMVOC
emissions: 0.56%; BAFU 2015: Non-road database; EMEP/EEA guidebook 2013, Tab. 3-112
(2.2,2.3,1,2 BU:L5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2.3,1,2 BU:1.2); Fuel dependent emission factor: 8.00E-06 kg/kgfuel; EMEP/EEA
guidebook 2013, LA2 i, Tab. 3-1

(2.2.2,3,1,2 BU:L5); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2.2,3,1,2 BU:L.05); Fuel dependent emission factor: 2.00E-05 kg/kgfuel; HBEFA database
3.2

(2.2.2.3,1,2 BU:3); Average hydraulic digger in Switzerland in 2015; BAFU 2015: Non-road
database

(2.2,2,3,1,2 BU:3); Fuel dependent emission factor: 3.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2.2,2,31,2 BU:3); Fuel dependent emission factor: 3.29E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2£ii, Tab. 3-1

(22,2,3,1,2 BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, LA3.b.i-iv, Tab. 3-103

(22,2,3,1,2 BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(22,2,3,1,2 BU:5); Fuel dependent emission factor: 1.00E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2£ii, Tab. 3-1

(2222312 BU'S); Fuel dependent emission factor: 1.70E-06 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2222312 BU'5); Fuel dependent emission factor: 7.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2:2,2,3,1,2 BU:5); Fuel dependent emission factor: 5.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2:2,2,3,1,2 BU:5); Fuel dependent emission factor: 1.00E-10 kg/kgfuel; EMEP/EEA guidebook
2013, LA2fii, Tab. 3-1

(2.2,2,3,1,2 BU:5); Fuel dependent emission factor: 5.30E-09 kg/kgfuel; EMEP/EEA guidebook
2013, LA3b.i-v, Tab. 3-103

(2.2,2.3,1,2 BU:5); Fuel dependent emission factor: 1.00E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA2 fii, Tab. 3-1

(2.2,2.3,1,2 BU:5); Fuel dependent emission factor: 5.20E-08 kg/kgfuel; EMEP/EEA guidebook
2013, LA3.b.i-v, Tab. 3-10

(22,2,3,1,2 BU:L5); Ecological Scarcity method 2013; Estimated based on fuel consumption of
an average lorryin Switzerland in 2015: 0.245 kg/km; Frischknecht & Biisser Knpfel 2013;
HBEFAdatabase \3.2

(2.2,3.3,1,2/BU:1.05); Amount scaled based on fuel demand; Kellenberger etal. 2007
ecoinvent report 7, Part XVl
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7 Conclusion

The life cycle inventories of several road and non-road transport processes were updated
or newly created in this study and linked to KBOB life cycle inventory data v2.2:2016.
A special focus was given at the continuity and consistency of the datasets with regard
to the original processes contained in ecoinvent data v2.

The most recent and most reliable data available were used to compile or update the life
cycle inventories. Nevertheless, some parts of the life cycle of transport services could
not be updated due to a lack of more recent data and limited resources. This holds
particularly true for the production, maintenance and disposal of the vehicles. In
addition, some assumptions were unavoidable in cases where data and information were
available but contradictory. For instance, the average load factor of lorries could be
calculated based on a number of different data sources but still had to be defined in the
end. In general, the data quality of the road and non-road transport processes compiled
in this study is classified as good and data gaps as well as assumptions are transparently
documented.

The environmental indicator results of the road and non-road transport processes
compiled in this study will be made available via mobitool* and the KBOB
recommendation 2009/1:2017 in late November 2016 and fall 2017, respectively.
Several impact assessment methods were employed to quantify the environmental
impacts: total environmental impacts according to the Ecological Scarcity method 2013
and the ReCiPe 2008 endpoint method, primary energy total and non-renewable,
greenhouse gas emissions, as well as the emissions of PM10, PM2.5, NMVOC and
NOy.
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A Appendix: NCM Li-ion battery

A.1 Overview

A new life cycle assessment study of a lithium-ion battery vehicle pack was recently
published by Ager-Wick Ellingsen et al. (2014). In this study recent data of the battery
production were used and detailed life cycle inventory data were published in the
supporting information. This new data of the battery production was therefore added to
the KBOB life cycle inventory database v2.2:2016. In the following section the NCM
Li-ion battery pack (section A.2) and the different components (single cell (section
A.3), anode (section A.4), cathode (section A.5), electrolyte (section A.6), separator
(section A.7), battery management system (section A.8) and battery cooling system
(section A.9)) are presented.

A.2  Assembly of the NCM Li-ion battery

In Tab. A. 1 the life cycle inventory of the NCM Li-ion battery pack is presented. It
includes single cell, battery management system, battery cooling system as well as bat-
tery packing. The assembly process takes place in Norway (NO) but the battery cells are
produced in East Asia (RAS). These data correspond to the data published by Ager-
Wick Ellingsen et al. (2014) and can be found in the supporting information in Tab. S2.
However the battery packing was not modelled separately as in the supporting infor-
mation and added directly to the battery pack. The data of the battery packing can be
found in the supporting information in Tab. S17 to Tab. S33.

Tab. A. 1 Life cycle inventory of 1 kg NCM Li-ion battery pack.

@ g
g g 2
s £ battery, E %
Name g g £ WA, = % GeneralComment
8 ‘g 2 prismatic, LINCM, at g ]
= = plant e 8
g S
£ (7]
Location NO
InfrastructureProcess 0
Unit kg
product battery, rechargeable, prismatic, LINCM, at plant NO 0 kg 1
technosphere single cell, lithium-ion battery,NCM, at plant RAS 0 kg 6.00E-1 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
battery-managment-system, at plant RAS 0 kg 3.70E-2 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
battery-cooling-system, passive, at plant RAS 0 kg 4.10E-2 1 134 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
electricity, medium voltage, at grid NO 0 kwh 4.00E-4 1 134  (1,4,1535,BU:1.05); ; Ellingsen, 2014 supporting information
steel, low-alloyed, at plant RER 0 kg 1.15E-1 1 134 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
nylon 6, at plant RER 0 kg 7.79E-4 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
nylon 66, at plant RER 0 kg 5.36E-2 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
steel product manufacturing, average metal working RER 0 kg 1.15E-1 1 134 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
injection moulding RER 0 kg 8.22E-2 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
aluminium, production mix, at plant RER 0 kg 1.14E-1 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
anodising, aluminium sheet RER 0 m2 4.98E-3 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
sheet rolling, aluminium RER 0 kg 1.13E-1 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
copper, primary, at refinery GLO 0 kg 3.90E-3 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
copper, secondary, at refinery RER 0 kg 6.91E-4 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
acrylonitrile-butadiene-styrene copolymer, ABS, at plant RER 0 kg 6.43E-3 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
copper product manufacturing, average metal working RER 0 kg 4.56E-3 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
izx":'g”m product manufacturing, average metal RER 0 kg 1.88E-3 1 134 (14,1535BU:L05);; Elingsen, 2014 supporting information
synthetic rubber, at plant RER 0 kg 3.52E-3 1 134 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
polypropylene, granulate, at plant RER 0 kg 2.13E-2 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
butyl acrylate, at plant RER 0 kg 3.94E-5 1 1.34 (1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
transport, freight, rail RER 0 tkm 1.27E-1 1 212 (1,4,1,5,3,5,BU:2); ; Ellingsen, 2014 supporting information
transport, lorry >32t, EURO3 RER 0 tkm 2.24E-1 1 212 (1,4,1,5,3,5,BU:2); ; Ellingsen, 2014 supporting information
transport, lorry >16t, fleet average RER 0 tkm 4.80E-2 1 212 (1,4,1,5,3,5,BU:2); ; Ellingsen, 2014 supporting information
transport, transoceanic freight ship OCE 0 tkm 6.44E+0 1 212 (1,4,1,5,3,5,BU:2); ; Ellingsen, 2014 supporting information
facilities precious metal refinery SE 1 unit 2.26E-8 1 3.12 (1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information
aluminium casting, plant RER 1 unit 1.76E-11 1 3.12 (1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information
plastics processing factory RER 1 unit 5.99E-11 1 3.12 (1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information
metal working factory RER 1 unit 6.12E-11 1 3.12 (1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information
emission air, Nigh 1o \ate - W 1.40E-3 1 134 (14.535BU:L05); ; Elingsen, 2014 supporting information

population density

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.



A. Appendix: NCM Li-ion battery 94

A.3  Manufacture of the single cell

In Tab. A. 2 the life cycle inventory of the battery cell is presented. It includes the com-
ponents anode, cathode, electrolyte, separator as well as cell container. The battery cell
is produced in East Asia. These data correspond to the data published by Ager-Wick
Ellingsen et al. (2014) in the supporting information in Tab. S3. However the cell con-
tainer was not modelled separately as in the supporting information and added directly
to the single cell. The data of the cell container can be found in Tab. S13. To take the
energy efficiency and the development of the battery manufacture into account, the
electricity used for the single cell production was reduced by 20 %.®

For the manufacture of the battery cells a specific electricity mix was established for
East Asia (see Tab. A. 3). The specific electricity mix is based on the following energy
sources: 46.0 % hard coal, 32.5 % nuclear, 15.5 % natural gas, 4.4 % oil, 1.4 % hydro,
0.15 % wind, 0.12 % photovoltaic, 0.044 % waste incineration and 0.038 % peat (Ager-
Wick Ellingsen et al. 2014). The transmission and transformation of the electricity to
medium voltage was modelled according to the infrastructure demand and emission
factors reported by lItten et al. (2014).

8 personal communication Linda Ager-Wick Ellingsen, 03.08.2015.
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Tab. A. 2 Life cycle inventory of the manufacture of single cells.

Name
Location
InfrastructureProcess
Unit
product single cell, lithium-ion battery,NCM, at plant

technosphere

emission air, high

population density

Tab. A. 3

product

technosphere

A4

anode, lithium-ion battery, graphite, at plant
electrolyte, LiPF6, at plant

cathode, lithium-ion battery, NCM, at plant
separator, lithium-ion battery, at plant

electricity, medium voltage, production Eastern Asia, at
grid

water, decarbonised, at plant
transport, freight, rail

transport, lorry >32t, EURO3

facilities precious metal refinery

sheet rolling, aluminium

aluminium casting, plant

copper, primary, at refinery

copper, secondary, at refinery

sheet rolling, copper

metal working factory

polyethylene terephthalate, granulate, amorphous, at
nlant

nylon 6, at plant

polypropylene, granulate, at plant
polyethylene, LDPE, granulate, at plant
injection moulding

plastics processing factory

Heat, waste

Location

RAS
RAS
RAS

RAS

RAS

RER
RER
RER
SE
RER
RER
GLO
RER
RER
RER

RER
RER
RER
RER
RER

InfrastructureProcess

coooo

o

POOOO O RrROOOROROOO

Unit

single cell, lithium-
ion battery,NCM, at
plant

RAS

0

kg

1
3.90E-1
1.60E-1
4.30E-1
2.20E-2

2.27E+1

3.80E+2
2.62E-1
1.01E-1
1.90E-8
2.81E-3
4.27E-13
2.16E-3
3.82E-4
2.55E-3
117E-12
2.09E-4
2.14E-4
8.58E-4
6.70E-5
1.26E-3
9.38E-13

1.00E+2

Uncertainty Type

I

-

P RRRRER R RRRRRRRRRR

StandardDeviation95%

134
134
134
134

134
212
212
3.12
134
3.12
134
134
134
3.12
134
134
134
134
134
3.12

134

GeneralComment

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
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(1,4,1,5,3,5,BU:1.05); Due energy efficiency and the development of
the battery manufacture electricity consumption was reduced by 20%;

Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
Ellingsen, 2014 supporting information
Ellingsen, 2014 supporting information
Ellingsen, 2014 supporting information

); ; Ellingsen, 2014 supporting information
Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
( Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

Life cycle inventory of the electricity mix of Eastern Asia (RAS) specific for single cell manu-

facture.

Name

Location
InfrastructureProcess
Unit

electricity, production mix Eastern Asia

electricity, peat, at power plant
electricity, hard coal, at power plant
electricity, oil, at power plant

electricity, natural gas, at power plant

electricity from waste, at municipal
waste incineration plant

electricity, nuclear, at power plant

electricity, hydropower, at power plant

electricity, production mix photovoltaic,
at plant

electricity, at wind power plant

Manufacture of the anode

Location

RAS

NORDEL

UCTE

UCTE

UCTE

CH

UCTE

CH

us

RER

InfrastructureProcess

Unit

kwh

kWh

kwh

kwh

kWh

kWh

kwh

kwh

kwh

kwh

electricity,
production mix
Eastern Asia

RAS
0
kwh

1.00E+0
0.000380490
0.459748349
0.043571590
0.154566868
0.000439873
0.325002144
0.013539282
0.001244840

0.001506564

Uncertainty Type

StandardDeviation95%

1.05

1.05

1.05

1.05

1.05

1.05

1.05

GeneralComment

(1,1,1,3,1,1); according to paper of L. Ager-Wick

Ellingsen, 2014

(1,1,1,3,1,1); according to paper of L. Ager-Wick

Ellingsen, 2014

(1,1,1,3,1,1); according to paper of L. Ager-Wick

Ellingsen, 2014

(1,1,1,2,1,1); according to paper of L. Ager-Wick

Ellingsen, 2014

(1,1,1,3,1,1); according to paper of L. Ager-Wick

Ellingsen, 2014

(1,1,1,3,1,1); according to paper of L. Ager-Wick

Ellingsen, 2014

(1,1,1,1,1,1); according to paper of L. Ager-Wick

Ellingsen, 2014

(1,1,1,2,1,1); according to paper of L. Ager-Wick

Ellingsen, 2014

(1,1,1,2,1,1); according to paper of L. Ager-Wick

Ellingsen, 2014

In Tab. A. 4 the life cycle inventory of the anode is presented. It includes a negative
current collector Cu and a negative electrode paste. These data correspond to the data
published by Ager-Wick Ellingsen et al. (2014) in the supporting information in Tab.
S4. The negative current collector and the negative electrode paste were not modelled
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separately as in the supporting information and added directly to the anode. The data of
those components can be found in Tab. S5 and Tab. S6 in the supporting information.
To avoid double counting and according to the information in Ager-Wick Ellingsen
(2014), the energy requirement for the coating is included in the energy demand of the
battery cell manufacture only.

Tab. A. 4 Life cycle inventory of the anode.

2 5
§ [ _  anode fithum-on 5 8
Name g El S battery, graphite, at § g GeneralComment
S S plant T T
3 2 =
8 5 %
= (7]
Location RAS
InfrastructureProcess 0
Unit kg
product anode, lithium-ion battery, graphite, at plant RAS 0 kg 1
technosphere transport, freight, rail RER 0 tkm 9.87E-1 1 212 (1,4,15,3,5BU:2);; Elingsen, 2014 supporting information
transport, lorry >32t, EURO3 RER 0 tkm 2.40E-1 1 212 (1,4,1535,BU:2); ; Ellingsen, 2014 supporting information
copper, primary, at refinery GLO 0 kg 4.88E-1 1 1.34 (1,4,1535,BU:1.05); ; Ellingsen, 2014 supporting information
copper, secondary, at refinery RER 1] kg 8.60E-2 1 1.34 (1,4,1535,BU:1.05); ; Ellingsen, 2014 supporting information
sheet rolling, copper RER ] kg 5.74E-1 1 1.34 (1,4,1535,BU:1.05); ; Ellingsen, 2014 supporting information
metal working factory RER 1 unit 2.63E-10 1 3.12 (1,4,1,5,35,BU:3); ; Ellingsen, 2014 supporting information
graphite, battery grade, at plant CN 0 kg 4.09E-1 1 1.34 (1,4,1535,BU:1.05); ; Ellingsen, 2014 supporting information
carboxymethyl cellulose, powder, at plant RER ] kg 1.09E-2 1 1.34 (1,4,1535,BU:1.05); ; Ellingsen, 2014 supporting information
acrylic acid, at plant RER 0 kg 1.09E-2 1 1.34 (1,4,1535,BU:1.05); ; Ellingsen, 2014 supporting information
N-methyl-2-pyrrolidone, at plant RER 0 kg 4.05E-1 1 1.34 (1,4,15,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
chemical plant, organics RER 1 unit 1.71E-10 1 3.12 (1,4,1,5,3,5BU:3); ; Ellingsen, 2014 supporting information

A.5 Manufacture of the cathode

In Tab. A. 5 the life cycle inventory of the cathode is presented. It includes a positive
current collector Al and a positive electrode paste. The data correspond to the data pub-
lished by Ager-Wick Ellingsen et al. (2014) in the supporting information in Tab. S7.
The positive current collector and the positive electrode paste were not modelled sepa-
rately as in the supporting information and added directly to the cathode. The data of
those components can be found in Tab. S8 and Tab. S9. The modelling of the positive
active material used for the positive electrode paste was adapted by Ager-Wick
Ellingsen et al. (2014) from Majeau-Bettez et al. (2011)."° The energy consumption of
the coating is already included in the battery cell manufacture and thus not included in
the cathode manufacture process. The energy consumption reported in the life cycle
inventory of the cathode manufacture corresponds to the energy consumption of the
production of positive electrode paste (nickel sulfate, cobalt sulfate and manganese sul-
fate).

19 personal communication Linda Ager-Wick Ellingsen, 03.08.2015.
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Tab. A. 5 Life cycle inventory of the cathode.

Name
Location
InfrastructureProcess
Unit
product cathode, lithium-ion battery, NCM, at plant

technosphere

transport, freight, rail

transport, lorry >32t, EURO3

transport, lorry >16t, fleet average

aluminium, production mix, at plant

sheet rolling, aluminium

aluminium casting, plant

polyvinyifiuoride, at plant

carbon black, at plant

N-methyl-2-pyrrolidone, at plant

chemical plant, organics

lithium hydroxide, at plant

heat, unspecific, in chemical plant

soda, powder, at plant

ammonia, liquid, at regional storehouse
chemicals organic, at plant

chemicals inorganic, at plant

carbon monoxide, CO, at plant

hydrogen cyanide, at plant

hydrogen, liquid, at plant

limestone, milled, loose, at plant

portland calcareous cement, at plant

sand, at mine

silica sand, at plant

blasting

diesel, burned in building machine

electricity, high voltage, production ENTSO, at grid
electricity, hydropower, at run-of-river power plant
electricity, medium voltage, production ENTSO, at grid

heat, at hard coal industrial furnace 1-10MW

heavy fuel oil, burned in industrial furnace 1MW, non-
modulating

natural gas, burned in industrial furnace >100kW
aluminium hydroxide, at plant

conveyor belt, at plant

non-ferrous metal mine, underground

non-ferrous metal smelter

disposal, nickel smelter slag, 0% water, to residual material
landfill

disposal, sulfidic tailings, off-site
disposal, non-sulfidic tailings, off-site
disposal, non-sulfidic overburden, off-site
manganese concentrate, at beneficiation
sulphuric acid, liquid, at plant

natural gas, high pressure, at consumer

hard coal coke, at plant

Location

RAS
RER

RER

RER

CH

CH

CH

DE

InfrastructureProcess

cathode, lithium-ion

% battery, NCM, at
plant
RAS
0
kg
kg 1
tkm 2.97E+0
tkm 242E-1
tkm 1.06E+0
kg 1.14E-1
kg 1.14E-1
unit 1.76E-11
kg 3.54E-2
kg 1.77E-2
kg 4.18E-1
unit 1.00E-9
kg 2.07E-1
L) 4.58E-1
kg 6.92E-1
kg 1.42E-2
kg 7.30E-3
kg 2.49E-2
kg 4.96E-2
kg 1.14E-3
kg 431E-3
kg 3.35E-1
kg 1.06E+0
kg 1.34E+1
kg 3.20E-1
kg 4.86E-2
M 3.43E+0
kwh 4.48E-1
kwh 6.71E-1
kwh 1.02E+0
L) 3.16E-1
L) 2.05E-1
M 1.24E+0
kg 3.73E-10
m 1.23E-6
unit 1.61E-9
unit 5.67E-12
kg 1.62E+0
kg 1.23E+1
kg 1.14E+1
kg 5.93E+0
kg 4.66E-1
kg 2.83E-1
M 1.58E-2
M 6.23E-1

Life Cycle Inventories of Road and Non-Road Transport Services

Uncertainty Type

StandardDeviation95%

N
e
I

134

134

134

134

134

134

134

134

134

134

GeneralComment

(1,4,1,5,3,5,BU:2); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:2); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:2); ; Ellingsen, 2014 supporting information

(14,1535,

BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:L.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,8U:3); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(14,1535,

BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(14,1535,

BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:L.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(14,1535,

BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(14,1535,

BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
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Tab. A. 5 Life cycle inventory of the cathode. (continued)

2 2
& 2 8
g -3 i
8 = 5
s % - cathode, lithium-ion z 8
Name if H 5 battery, NCM, at 3 g GeneralComment
S S plant ] 5
g 5 3
£ c 8
= 2]
Location RAS
InfrastructureProcess 0
Unit kg
product cathode, lithium-ion battery, NCM, at plant RAS 0 kg 1
resource, in ground I':'Zfz'u nld'l‘"‘% in sulfide, Ni 0.76% and Cu 0.76% in crude ore, o — 21361 1 134 (1,4,1535,BU:1.05); ; Ellingsen, 2014 supporting information
Cobalt, in ground - - kg 2.24E-1 1 1.34 (1,4,1,535,BU:1.05); ; Ellingsen, 2014 supporting information
resource, inwater  Water, river = = m3 1.12E-2 1 134 (1,4,1,53,5BU:1.05); ; Ellingsen, 2014 supporting information
Water, well, in ground - - m3 6.44E-2 1 1.34 (1,4,1,535,BU:1.05); ; Ellingsen, 2014 supporting information
emission air, S
anspectied Aluminium kg 2.48E-4 1 513 (1,4,15,35BU5); ; Elingsen, 2014 supporting information
Arsenic - - kg 9.01E-7 1 5.13 (1,4,1,5,3,5BU:5); ; Ellingsen, 2014 supporting information
Calcium - - kg 1.74E-4 1 513 (1,4,15,35BUS); ; Elingsen, 2014 supporting information
Carbon dioxide, fossil - - kg 1.44E-1 1 1.34 (1.4,1,535,BU:1.05); ; Ellingsen, 2014 supporting information
Carbon disuffide - - kg 3.22E-3 1 1.65 (1,4,15,3,5,BU:15); ; Elingsen, 2014 supporting information
Cobalt - - kg 1.88E-4 1 5.13 (1,4,1,5,3,5BU:5); ; Ellingsen, 2014 supporting information
Copper o o kg 5.50E-5 1 513 (1,4,1,53,5BU:5); ; Ellingsen, 2014 supporting information
Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-p-dioxin - - kg 1.54E-12 1 3.12 (1,4,15,3,5BU:3); ; Ellingsen, 2014 supporting information
Heat, waste - - M 1.18E+1 1 1.34 (1,4,1,535,BU:1.05); ; Ellingsen, 2014 supporting information
Lead - - kg 5.31E-6 1 5.13 (1,4,15,35,BU:5); ; Ellingsen, 2014 supporting information
Magnesium = = kg 1.49E-4 1 513 (1,4,1,5,3,5BU:5); ; Elingsen, 2014 supporting information
Nickel - - kg 6.60E-5 1 5.13 (1,4,1,53,5BU:5); ; Ellingsen, 2014 supporting information
P08 o methaneliaiatieloroahiclcompoling=y - — 3.00E-5 1 165 (14,1,5,3,5,BU:L5); ; Elingsen, 2014 supporting information
unspecified origin
Particulates, < 2.5 um - - kg 2.87E-3 1 312 (1,4,1,53,5BU:3); ; Ellingsen, 2014 supporting information
Particulates, > 10 um - - kg 3.71E-3 1 165 (1,4,1,535,BU:1.5); ; Ellingsen, 2014 supporting information
Particulates, > 2.5 um, and < 10um - - kg 5.26E-3 1 212 (1,4,1,53,5BU:2); ; Ellingsen, 2014 supporting information
Silver - - kg 2.14E-8 1 513 (1,4,1,5,3,5BU:5); ; Ellingsen, 2014 supporting information
Sulfur dioxide - - kg 2.30E-1 1 134 (1,4,1,53,5BU:1.05); ; Ellingsen, 2014 supporting information
Tin - - kg 1.01E-6 1 513 (1,4,1,5,3,5BU:5); ; Ellingsen, 2014 supporting information
Zinc E = kg 1.56E-5 1 513 (1,4,1,53,5BUS); ; Ellingsen, 2014 supporting information
TR Auminium - - kg 5.56E-6 1 5.13 (1,4,1,5,3,5BU:5); ; Ellingsen, 2014 supporting information
unspecified
Arsenic, ion E = kg 2.27E-7 1 513 (1,4,15,35BU5); ; Elingsen, 2014 supporting information
BODS, Biological Oxygen Demand - - kg 2.83E-4 1 1.65 (1,4,1,53,5BU:15); ; Ellingsen, 2014 supporting information
Cadmium, ion - - kg 2.57E-8 1 312 (1,4,1535,BU:3); ; Ellingsen, 2014 supporting information
Calcium, ion - - kg 3.14E-2 1 3.12 (1,4,15,35,BU:3); ; Ellingsen, 2014 supporting information
Calcium, ion - - kg 1.28E-2 1 312 (1,4,15,35BU:3);; Elingsen, 2014 supporting information
Chromium, ion - - kg 9.12E-8 1 3.12 (1,4,1,5,3,5BU:3); ; Ellingsen, 2014 supporting information
Cobalt = = kg 5.04E-8 1 312 (1,4,1535,BU:3); ; Ellingsen, 2014 supporting information
COD, Chemical Oxygen Demand - - kg 6.74E-4 1 1.65 (1.4,1,535,BU:1.5); ; Ellingsen, 2014 supporting information
Copper, ion = = kg 6.15E-7 1 312 (1,4,15,35BU:3); ; Elingsen, 2014 supporting information
Cyanide - - kg 1.21E-4 1 3.12 (1,4,15,35,BU:3); ; Ellingsen, 2014 supporting information
DOC, Dissolved Organic Carbon - - kg 1.10E-4 1 1.65 (1,4,1,535,BU:1.5); ; Ellingsen, 2014 supporting information
Iron, ion - - kg 1.87E-5 1 5.13 (1,4,1,53,5BUS); ; Ellingsen, 2014 supporting information
Lead = = kg 2.12E-7 1 513 (1,4,15,35BU:5); ; Elingsen, 2014 supporting information
f""ss'“" water, - \pnganese o o kg 1.59E-6 1 513 (1,4,1,535,BUs5); ; Elingsen, 2014 supporting information
nwater, ey, - - ke 2.99E-9 1 513 (L4,1,53,5,BU:5); ; Elingsen, 2014 supporting information
unspecified v 9 ) ) T - Elingsen, pporting
Nickel, ion - - kg 1.61E-6 1 513 (1,4,1,53,5BUS); ; Ellingsen, 2014 supporting information
Nitrogen, organic bound - - kg 6.16E-4 1 1.65 (1,4,1,535,BU:1.5); ; Ellingsen, 2014 supporting information
Nitrogen - - kg 8.53E-4 1 165 (1,4,1,53,5BU:L5); ; Elingsen, 2014 supporting information
Suspended solids, unspecified - - kg 3.34E-4 1 1.65 (1.4,1,535,BU:1.5); ; Ellingsen, 2014 supporting information
Sulfate E = kg 1.52E-1 1 165 (1,4,1,53,5BU:L5); ; Elingsen, 2014 supporting information
Tin, ion - - kg 5.58E-8 1 5.13 (1,4,1,5,3,5,BU:5); ; Ellingsen, 2014 supporting information
TOC, Total Organic Carbon E = kg 1.10E-4 1 1.65 (1,4,15,35BU:15); ; Ellingsen, 2014 supporting information
Zinc, ion - - kg 5.08E-6 1 513 (1,4,15,35,BU:5); ; Ellingsen, 2014 supporting information
R - vt B W 111E+0 1 134 (1,4,1535BUL05);;

population density
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A.6  Manufacture of the electrolyte

In Tab. A. 6 the life cycle inventory of the electrolyte is presented. The inventory data
correspond to the data published by Ager-Wick Ellingsen et al. (2014) in the supporting
information in Tab. S11. The energy consumption of the electrolyte production is
included in the life cycle inventory of battery cell production.

Tab. A. 6 Life cycle inventory of the electrolyte.

2 8
& g 2
<) > S
s % = I l LiPFe, E g
Name g 5 5 Gy UFRG - 15 3 GeneralComment
8 S plant g Q
S S 5 B
F : 3
£ > B
= 2]
Location RAS
InfrastructureProcess 0
Unit kg
product electrolyte, LiPF6, at plant RAS 0 kg 1
technosphere lithium hexafluorophosphate, at plant CN 0 kg 1.20E-1 1 1.34 (1,4,1,5,3,5BU:1.05); ; Ellingsen, 2014 supporting information
ethylene carbonate, at plant CN 0 kg 8.80E-1 1 1.34 (1,4,1,5,3,5BU:1.05); ; Ellingsen, 2014 supporting information
transport, freight, rail RER 0 tkm 6.00E-1 1 212 (1,4,15,3,5BU:2); ; Elingsen, 2014 supporting information
transport, lorry >32t, EURO3 RER 0 tkm 1.00E-1 1 212 (1,4,1535,BU:2); ; Ellingsen, 2014 supporting information
chemical plant, organics RER 1 unit 4.10E-10 1 3.12 (1,4,15,3,5BU:3); ; Elingsen, 2014 supporting information

A.7  Manufacture of the separator

In Tab. A. 7 the life cycle inventory of the seperator is presented. The inventory data
correspond to the data published by Ager-Wick Ellingsen et al. (2014) in the supporting
information in Tab. S12.

Tab. A. 7 Life cycle inventory of the separator.

@ L
a Iy
& g 2
2 = S
& % 5 8
] [ £  separator, lithium-ion € =
o £ J 3
Name 8 g 5 battery, at plant g 2 GeneralComment
S El 8 <]
5 8 =
8 S E
E &
Location RAS
InfrastructureProcess 0
Unit kg
product separator, lithium-ion battery, at plant RAS 0 kg 1
technosphere polypropylene, granulate, at plant RER 0 kg 1.00E+0 1 1.34 (1,4,153,5,BU:1.05); ; Ellingsen, 2014 supporting information
injection moulding RER 0 kg 1.00E+0 1 134 (1,4,1535BU:1.05); ; Elingsen, 2014 supporting information
transport, freight, rail RER 0 tkm 2.00E-1 1 212 (1,4,1535,BU:2); ; Ellingsen, 2014 supporting information
transport, lorry >32t, EURO3 RER 0 tkm 1.00E-1 1 212 (1,4,153,5BU:2);; Elingsen, 2014 supporting information
plastics processing factory RER 1 unit 7.40E-10 1 3.12 (1,4,1535,BU:3); ; Ellingsen, 2014 supporting information

A.8  Manufacture of the battery management system

In Tab. A. 8 the life cycle inventory of the battery management system is presented. It
includes battery module boards, integrated battery interface system, fasteners, high volt-
age system and low voltage system. These data correspond to the data published by
Ager-Wick Ellingsen et al. (2014) in the supporting information in Tab. S34. However
the components were added directly to the battery management system process and
were not modelled separately as in the supporting information. The data of the different
components can be found in Tab. S35 to Tab. S38 in the supporting information.
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Tab. A. 8 Life cycle inventory of the battery management system.

Name
Location
InfrastructureProcess
Unit
product battery ystem, at plant
technosphere printed wiring board, through-hole mounted, unspec., Pb free,
at plant

A9

Tab. S44 in the supporting information.

transport, freight, rail

transport, lorry >32t, EURO3

nylon 66, at plant

electronic component, passive, unspecified, at plant
injection moulding

electronic component production plant

steel, low-alloyed, at plant

aluminium, production mix, at plant

synthetic rubber, at plant

granulate, at plant

polyethyleng

copper, primary, at refinery

copper, secondary, at refinery

polyphenylene sulfide, at plant

tin, at regional storage

cable, ribbon cable, 20-pin, with plugs, at plant
steel product manufacturing, average metal working

aluminium product manufacturing, average metal working

copper product manufacturing, average metal working
metal product manufacturing, average metal working

Location

RAS

RER
RER
RER
GLO
RER
GLO
RER
RER
RER

RER

GLO
RER
GLO
RER
GLO
RER

RER
RER

InfrastructureProcess

OO © CO0o0O0OO © CoOOrOOOOO O O

=
=

battery-managment-
system, at plant

Uncertainty Type

PR bk RrRRRRRE B RPRRRRERRERRE B

StandardDeviation95%

134

212
212
134
134
134
3.12
134
134
134

134

134

134
134

GeneralComment

1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(
(1,4,15,35,BU:2); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:2); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,8U:1.05);

(1,4,1,5,35,BU:1.05); ;

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
; Ellingsen, 2014 supporting information
; Ellingsen, 2014 supporting information
; ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(1,4,1,5,35,BU:1.05); ;

(1,4,1,5,35,BU:1.05); ;
(1,4,1,5,35,BU:1.05); ;

; Ellingsen, 2014 supporting information

Ellingsen, 2014 supporting information

Ellingsen, 2014 supporting information

Ellingsen, 2014 supporting information
Ellingsen, 2014 supporting information

Manufacture of the battery cooling system

In Tab. A. 9 the life cycle inventory of the battery cooling system is presented. It in-
cludes radiator, manifolds, clamps and fastener, pipe fitting, thermal gap pad and cool-
ant. The data correspond to the data published by Ager-Wick Ellingsen et al. (2014) in
the supporting information in Tab. S39. However the components were added directly
to the battery cooling system process and were not modelled separately as in the sup-
porting information. The data of the different components can be found in Tab. S40 to

Tab. A. 9 Life cycle inventory of the battery cooling system.

Name
Location
InfrastructureProcess
Unit
product battery-cooling-system, passive, at plant

technosphere

ethylene glycol, at plant

transport, freight, rail

transport, lorry >32t, EURO3
aluminium, production mix, at plant
sheet rolling, aluminium

aluminium casting, plant

aluminium product manufacturing, average metal working

steel, low-alloyed, at plant

steel product manufacturing, average metal working
metal working factory

polyvinyichloride, at regional storage

synthetic rubber, at plant

injection moulding

plastics processing factory

glass fibre, at plant

silicon, electronic grade, at plant

acr itrile-butadiene-styrene ABS, at plant

Location

RAS
RER
RER
RER
RER
RER
RER

RER

RER
RER
RER
RER
RER
RER
RER
RER

DE

InfrastructureProcess

© coroOOOrROO ©O ROOOOOO

Unit

battery-cooling-
system, passive, at
plant

RAS

0
kg
1
4.78E-2
4.10E-1
195E-1
9.11E-1
8.73E-1
1.40E-10

3.82E-2

2.29E-2
2.29E-2
1.05E-11
7.16E-4
2.39E-4
2.08E-2
1.56E-11
1.99E-3
5.96E-3

1.19€-2

Life Cycle Inventories of Road and Non-Road Transport Services

Uncertainty Type

P RrRRRRRERRRE B RPRRERRER

StandardDeviation95%

134
212
212
134
134
312

134

134
134
312
134
134
134
312
134
134

134

GeneralComment

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
BU:2); ; Ellingsen, 2014 supporting information

. ; Ellingsen, 2014 supporting information
; Ellingsen, 2014 supporting information
BU:1.05); ; Ellingsen, 2014 supporting information
(14,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
BU:1.05); ; Ellingsen, 2014 supporting information
BU:3); ; Ellingsen, 2014 supporting information

BU:1.05); ; Ellingsen, 2014 supporting information
,3,5,BU:1.0: Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:3); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information

(1,4,1,5,3,5,BU:1.05); ; Ellingsen, 2014 supporting information
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B  Appendix: Petrol and diesel supply

B.1 Overview

The life cycle inventories of petrol and diesel supply in Switzerland and in Europe were
updated with the most recent information about the crude oil mix processed in Swiss
and European refineries and the share of imported petrol and diesel in the Swiss supply
mixes available in June 2016. The previous life cycle inventories compiled by Jungbluth
(2007) served as a basis for the update. A detailed description of the data sources,
calculations and assumptions is given in a separate report by Stolz and Frischknecht
(2016). The life cycle inventories of crude oil production and long distance transport,
the production of petrol and diesel in refineries and the regional transport in Switzerland
are presented in the following subchapters B.2 to B.5.

B.2  Crude oil production

The crude oil used in Swiss and European refineries is mainly extracted in the Middle
East, North Africa, Nigeria, Kazakhstan, Azerbaijan, Russia, Latin America, the USA,
Norway, Great Britain and the Netherlands (EV/UP 2014; IEA 2015). Life cycle inven-
tories of crude oil production in most of these countries and regions exist in the KBOB
life cycle inventory database v2.2:2016 and are documented in Jungbluth (2007). The
crude oil production in Azerbaijan (mainly offshore oilfields; EIA 2014) and in Kazakh-
stan (both offshore and onshore oilfields; EIA 2015c) was modelled in new life cycle
inventories. The life cycle inventory of crude oil produced onshore in Russia was used
as a basis for the onshore production in Kazakhstan and the life cycle inventory of off-
shore crude oil production in Great Britain was adapted to the situation of offshore pro-
duction in Azerbaijan and Kazakhstan. The air emissions due to flaring and venting of
natural gas were estimated for Russia, Azerbaijan and Kazakhstan based on information
published in Carbon Limits (2013) and adjusted in the life cycle inventories. The new
life cycle inventories of crude oil production are shown in Tab. B. 1 to Tab. B. 3.
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B. Appendix: Petrol and diesel supply

Tab. B. 1 Life cycle inventory of 1 kg crude oil produced offshore in Azerbaijan.

Technosphere

resource, in ground

air, low population

density

water, ocean

Outputs

Name

Location
InfrastructureProcess
Unit
chemicals inorganic, at plant
chemicals organic, at plant

transport, lorry >16t, fleet average

transport, freight, rail

diesel, atregional storage
heavy fuel oil, at regional storage

natural gas, vented

natural gas, sour, burned in production flare

well for exploration and production, offshore
platform, crude oil, offshore

pipeline, crude oil, offshore
discharge, produced water, offshore

low active radioactive waste

disposal, municipal solid waste, 22.9% water, to municipal incineration

Gas, natural/m3
Qil, crude

Heat, waste
Benzene
Benzo(a)pyrene

Carbon dioxide, fossil
Carbon monoxide, fossil

Dinitrogen monoxide
Helium

Mercury

Methane, fossil

Nitrogen oxides

NMVOC, non-methane volatile organic compounds, unspecified origin

Particulates, > 2.5 um, and < 10um

Radon-222

Sulfur dioxide
Methane, bromotrifluoro-, Halon 1301
Qils, unspecified

BOD5, Biological Oxygen Demand
COD, Chemical Oxygen Demand

DOC, Dissolved Organic Carbon

TOC, Total Organic Carbon

AOX, Adsorbable Organic Halogen as Cl
Nitrogen

Sulfur

crude oil, at production offshore

Location

GLO
GLO

RER

RER

RER
RER

GLO

GLO

OCE
OCE

OCE
OCE

CH

CH

Life Cycle Inventories of Road and Non-Road Transport Services

Infrastructure-

Process

=}

-

o or Pk

Unit

kg
kg

tkm

tkm

kg
kg

m3

km
kg

m3
kg

m3

kg

kg
kg

kg
kg
kg

kg

kg

kg

kg
kg

kg
kBq

kg
kg
kg

kg
kg
kg
kg
kg
kg

kg
kg

crude oil, at
production
offshore
AZ
0
kg

5.67E-5
5.03E-5

1.09E-5

6.42E-5

2.74E-3
2.25E-3

3.94E-3

1.99E+0

4.81E-6
3.36E-11

3.41E-9
1.20E+0

131E-7
1.80E-6

4.61E-2
1.00E+0
1.46E+0

2.35E-9
1.44E-11

1.56E-2
1.71E-4
1.71E-6

1.41E-5

6.29E-9

2.59E-5

2.74E-4
8.95E-4

2.99E-5

7.81E-3

2.29E-5
4.79E-10
6.41E-4

2.02E-3
2.02E-3
5.55E-4
5.55E-4
6.61E-9
4.95E-7

1.72E-6
1.00E+0

uncertaintyType

-

B R R R

StandardDeviation
95%

1.05
1.05

2.00

2.00

1.05
1.05

2.10

3.00
3.00

3.00
1.05

2.00

1.05

1.05
1.05

1.05

150

150

1.05
5.00
150

5.00

5.00

150

150
150

2.00

5.00

1.05
5.00
3.00

158

158

158

158

158

158

158

102

GeneralComment

(1,1,1,1,1,3); Environmental report
(1,1,1,1,1,3); Environmental report
(4,5,na,na,na,na); Standard distance
100km

(4,5,na,na,na,na); Standard distance
600km

(1,1,1,1,1,3); Environmental report
(1,1,1,1,1,3); Environmental report
(3,4,3,5,3,5); Generic value 7.5% of
total; Venting rate of Russian crude oil
production scaled by the factor
0.47/0.75 based on CarbonLimits
(2014)

(4,3,2,1,1,5); Literature, 92.5% of total;
Flaring rate of Russian crude oil
production scaled by the factor
0.47/0.75 based on CarbonLimits
(2014)

(1,1,1,1,1,3); Environmental report
(1,1,1,1,1,3); Environmental report,
15a life time

(1,1,1,1,1,3); Environmental report
(1,1,1,1,1,3); Environmental report
(4,4,3,5,1,3); Generic assumption,
basic uncertainity = 2

(1,1,1,1,1,3); Environmental report

(1,1,1,1,1,3); Environmental report
(1,1,1,1,1,3); Environmental report

(3,1,1,1,3,3); Calculation from fuel use
(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,1,3); Direct emissions from
fuel combustion
(3,1,1,1,1,3); Extrapolation from 1998

(3,1,1,1,3,3); Calculation from fuel use
(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,1,3); Direct emissions from
crude oil production assumed to be
identical to onshore production in
Russia; Emissions from fuel
combustion

(3,1,1,1,1,3); Extrapolation from 1998
(3,1,1,1,1,3); Extrapolation from 1998

(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,1,3); Extrapolation from 1998
(4,4,3,5,1,3); Literature for NO
(1,1,1,1,1,3); Environmental report
(3,na,na,3,1,5); Extrapolation for sum
parameter

(3.na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter
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Tab. B. 2 Life cycle inventory of 1 kg crude oil produced offshore in Kazakhstan.

Technosphere

resource, in ground

air, low population

density

water, ocean

Outputs

Name

Location
InfrastructureProcess
Unit
chemicals inorganic, at plant
chemicals organic, at plant

transport, lorry >16t, fleet average

transport, freight, rail

diesel, atregional storage
heavy fuel oil, at regional storage

natural gas, vented

natural gas, sour, burned in production flare

well for exploration and production, offshore
platform, crude oil, offshore

pipeline, crude oil, offshore
discharge, produced water, offshore

low active radioactive waste

disposal, municipal solid waste, 22.9% water, to municipal incineration

Gas, natural/m3
Qil, crude

Heat, waste
Benzene
Benzo(a)pyrene

Carbon dioxide, fossil
Carbon monoxide, fossil

Dinitrogen monoxide
Helium

Mercury

Methane, fossil

Nitrogen oxides

NMVOC, non-methane volatile organic compounds, unspecified origin

Particulates, > 2.5 um, and < 10um

Radon-222

Sulfur dioxide
Methane, bromotrifluoro-, Halon 1301
Qils, unspecified

BOD5, Biological Oxygen Demand
COD, Chemical Oxygen Demand

DOC, Dissolved Organic Carbon

TOC, Total Organic Carbon

AOX, Adsorbable Organic Halogen as Cl
Nitrogen

Sulfur

crude oil, at production offshore

Location

GLO
GLO

RER

RER

RER
RER

GLO

GLO

OCE
OCE

OCE
OCE

CH

CH

Kz

Life Cycle Inventories of Road and Non-Road Transport Services

Infrastructure-

Process

=}

-

o or Pk

Unit

kg
kg

tkm

tkm

kg
kg

m3

km
kg

m3
kg

m3

kg

kg
kg

kg
kg
kg

kg

kg

kg

kg
kg

kg
kBq

kg
kg
kg

kg
kg
kg
kg
kg
kg

kg
kg

crude oil, at
production
offshore

Kz

kg
5.67E-5
5.03E-5

1.09E-5

6.42E-5

2.74E-3
2.25E-3

2.82E-3

1.42E+0

4.81E-6
3.36E-11

3.41E-9
1.20E+0

131E-7
1.80E-6

4.61E-2
1.00E+0
1.46E+0

2.35E-9
1.44E-11

1.56E-2
1.71E-4
1.71E-6

1.41E-5

6.29E-9

2.59E-5

2.74E-4
8.95E-4

2.99E-5

7.81E-3

2.29E-5
4.79E-10
6.41E-4

2.02E-3
2.02E-3
5.55E-4
5.55E-4
6.61E-9
4.95E-7

1.72E-6
1.00E+0

uncertaintyType

-

B R R R

StandardDeviation
95%

1.05
1.05

2.00

2.00

1.05
1.05

2.10

3.00
3.00

3.00
1.05

2.00

1.05

1.05
1.05

1.05

150

150

1.05
5.00
150

5.00

5.00

150

150
150

2.00

5.00

1.05
5.00
3.00

158

158

158

158

158

158

158

103

GeneralComment

(1,1,1,1,1,3); Environmental report
(1,1,1,1,1,3); Environmental report
(4,5,na,na,na,na); Standard distance
100km

(4,5,na,na,na,na); Standard distance
600km

(1,1,1,1,1,3); Environmental report
(1,1,1,1,1,3); Environmental report
(3,4,3,5,3,5); Generic value 7.5% of
total; Venting rate of Russian crude oil
production scaled by the factor
0.47/0.75 based on CarbonLimits
(2014)

(4,3,2,1,1,5); Literature, 92.5% of total;
Flaring rate of Russian crude oil
production scaled by the factor
0.47/0.75 based on CarbonLimits
(2014)

(1,1,1,1,1,3); Environmental report
(1,1,1,1,1,3); Environmental report,
15a life time

(1,1,1,1,1,3); Environmental report
(1,1,1,1,1,3); Environmental report
(4,4,3,5,1,3); Generic assumption,
basic uncertainity = 2

(1,1,1,1,1,3); Environmental report

(1,1,1,1,1,3); Environmental report
(1,1,1,1,1,3); Environmental report

(3,1,1,1,3,3); Calculation from fuel use
(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,1,3); Direct emissions from
fuel combustion
(3,1,1,1,1,3); Extrapolation from 1998

(3,1,1,1,3,3); Calculation from fuel use
(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,1,3); Direct emissions from
crude oil production assumed to be
identical to onshore production in
Russia; Emissions from fuel
combustion

(3,1,1,1,1,3); Extrapolation from 1998
(3,1,1,1,1,3); Extrapolation from 1998

(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,3,3); Calculation from fuel use

(3,1,1,1,1,3); Extrapolation from 1998
(4,4,3,5,1,3); Literature for NO
(1,1,1,1,1,3); Environmental report
(3,na,na,3,1,5); Extrapolation for sum
parameter

(3.na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter
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Tab. B. 3 Life cycle inventory of 1 kg crude oil produced onshore in Kazakhstan.

Technosphere

resource, in ground

resource, in water

air, low population
density

water, river

soil, forestry

Outputs

Name

Location
InfrastructureProcess
Unit

chemicals inorganic, at plant
chemicals organic, at plant
transport, lorry >16t, fleet average
transport, freight, rail

well for exploration and production, onshore

pipeline, crude oil, onshore
production plant crude oil, onshore

diesel, burned in diesel-electric generating set

natural gas, vented

natural gas, sour, burned in production flare

sour gas, burned in gas turbine, production

heavy fuel oil, burned in industrial furnace 1MW, non-modulating

discharge, produced water, onshore

low active radioactive waste

disposal, municipal solid waste, 22.9% water, to municipal incineration

Gas, natural/m3

Qil, crude
Water, unspecified natural origin/m3

Methane, fossil

NMVOC, non-methane volatile organic compounds, unspecified origin

Oils, unspecified

BODS5, Biological Oxygen Demand
COD, Chemical Oxygen Demand

DOC, Dissolved Organic Carbon

TOC, Total Organic Carbon

AOX, Adsorbable Organic Halogen as Cl
Nitrogen

Sulfur

Qils, unspecified

crude oil, at production onshore

Location

GLO

GLO

RER

RER

GLO

RER

GLO
GLO

GLO

GLO

NO

RER

GLO

CH

CH

Kz

Life Cycle Inventories of Road and Non-Road Transport Services

Infrastructure-

Process

Unit

kg
kg
tkm

tkm

km

m3

kg
m3
kg
m3

kg
m3

kg
kg
kg
kg
kg
kg
kg
kg
kg

kg

kg

kg

crude oil, at
production
onshore

Kz

kg
1.20E-4

9.00E-5
3.10E-5
1.26E-4

2.55E-5

3.29E-8

5.13E-9
4.22E-1

2.82E-3

1.42E+0

9.04E-2
2.40E-1
1.37E+0
2.00E-7
1.00E-4

8.00E-5

1.02E+0
1.36E-3

2.50E-5
7.50E-5
2.00E-2
6.30E-2
6.30E-2
1.73E-2
1.73E-2
2.06E-7
1.55E-5

5.36E-5

2.50E-2

1.00E+0

uncertaintyType

PR R e

StandardDeviation
95%

3.14

2.09

2.09

3.06

3.10

3.10
2.15

2.15

2.10

2.15

2.10

2.10

2.15

2.15

138

1.07
131

3.23

3.23

3.10

158

158

158

158

158
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GeneralComment

(3,4,3,5,3,5); Generic value, basic
uncertainity = 3

(3,4,3,5,3,5); Generic value, basic
uncertainity = 3

(4,5,na,na,na,na); Standard distance
100km

(4,5,na,na,na,na); Standard distance
600km

(3,1,4,1,1,3); Calculation for 2009 with
data from Rosneft and Lukoil
(4,3,2,1,1,5); Lodewijkxetal. 2001,
p28, 20tsd km pipeline, 62 Mio.
tonnes

(4,3,2,1,1,5); Lodewijkx et al. 2001
(3,4,3,5,3,5); Generic value, basic
uncertainity = 2

(3,4,3,5,3,5); Generic value 7.5% of
total; Venting rate of Russian crude oil
production scaled by the factor
0.47/0.75 based on CarbonLimits
(2014)

(4,3,2,1,1,5); Literature, 92.5% of total;
Flaring rate of Russian crude oil
production scaled by the factor
0.47/0.75 based on CarbonLimits
(2014)

(3.4,3,5,3,5); Generic value, basic
uncertainity = 2

(4,3,2,1,1,5); Generic value, basic
uncertainity = 2

(4,3,2,1,1,5); Generic value, basic
uncertainity = 2

(3,4,3,5,3,5); Generic value, basic
uncertainity = 2

(3,4,3,5,3,5); Generic value, basic
uncertainity = 2

(3.4,35,35); Losses

(2,na,1,na,1,na); Incl. losses
(4,3,2,1,1,5); Literature
(5,na,na,na,na,na); Generic value,
basic uncertainity =3
(5,na,na,na,na,na); Generic value,
basic uncertainity =3

(4,3,2,1,1,5); Literature, estimation for
share to water

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(3,na,na,3,1,5); Extrapolation for sum
parameter

(4,3,2,1,1,5); Literature, estimation for
oil contaminated area, basic
uncertainity estimated = 3
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B.3  Long distance transport of crude oil

B.3.1 Crude oil in Switzerland

The life cycle inventories of the long distance transport of crude oil produced in Azer-
baijan, Kazakhstan and Russia to Switzerland were newly established based on the
transport routes and distances estimated by Jungbluth (2007). The transport distances
from the major oilfields to Novorossiysk, an important transition point of crude oil at
the Black Sea, were determined with Google Maps. The life cycle inventories of the
long distance transport of crude oil from Azerbaijan, Kazakhstan and Russia to Switzer-
land are presented in Tab. B. 4 to Tab. B. 6.

In addition, the life cycle inventory of the long distance transport of crude oil produced
in Latin America to Switzerland was updated. The shares of onshore and offshore pro-
duction were estimated for Venezuela, Mexico and Brazil (EIA 2015b; EIA 2015a; EIA
2015d), which are the most important oil producing countries in the region. The onshore
crude oil production was then approximated by the life cycle inventory of crude oil pro-
duced in the Middle East and the offshore production was modelled with the situation in
Great Britain. The life cycle inventory of the long distance transport of crude oil from
Latin America to Switzerland is shown in Tab. B. 7.

Tab. B. 4 Life cycle inventory of the long distance transport of 1 kg crude oil produced in Azerbaijan to

Switzerland.
c
: g £
s 2. crude oil, g g
S 52 = i @
Name g 5S¢ £ poduonAZat B g R oonoraicomment
8 9 2 = long distance £ E o
- £ e transport § 2
= s &
7}
Location CH
InfrastructureProcess 0
Unit kg
Technosphere crude oil, at production offshore AZ 0 kg 1.00E+0 1 1.05 (1,1,1,1,1,1); Transported good

(4,1,3,3,1,na); Calculation based on

information from Jungbluth (2007)
transport, transoceanic tanker OCE O tkm 1.00E+0 1 2.06 and Google Maps; Tanker transport to
European sites at the Mediterranean
Sea (1000 km)
(4,1,3,3,1,na); Calculation based on
information from Jungbluth (2007)
and Google Maps; Transport by
pipeline from extraction sites in
Azerbaijan (e.g. Azeri) to the Black Sea
(Noworossiysk) (1400 km), and from
the Mediterranean Sea to Switzerland
(740 km)

transport, crude oil pipeline, onshore RER 0 tkm 2.14E+0 1 206

air, high population

ensity Hydrocarbons, aliphatic, alkanes, unspecified kg 1.40E-6 1 215 (3,54,1,15); Literature
Benzene kg 4 .50E-7 1 215 (3,5,4,1,1,5); Literature
Butane kg 3.80E-6 1 215 (3,54,1,15); Literature
Methane, fossil kg 1.60E-6 1 146 (3,54,1,15); Literature
Ethane kg 4.50E-7 1 215 (3,5,4,1,1,5); Literature
Hexane kg 1.80E-6 1 215 (3,5,4,1,1,5); Literature
Pentane kg 5.40E-6 1 215 (3,54,1,15); Literature
Propane kg 2.90E-6 1 215 (3,5,4,1,1,5); Literature
Toluene kg 2.70E-7 1 215 (3,54,1,15); Literature

Outputs crude oil, production AZ, atlong distance transport CH 0 kg 1.00E+0

Life Cycle Inventories of Road and Non-Road Transport Services treeze Ltd.
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Tab. B. 5 Life cycle inventory of the long distance transport of 1 kg crude oil produced in Kazakhstan to
Switzerland.

Technosphere

air, high population

density

Outputs

Life Cycle Inventories of Road and Non-Road Transport Services

Name

Location
InfrastructureProcess
Unit

crude oil, at production onshore

crude oil, at production offshore

transport, transoceanic tanker

transport, crude oil pipeline, onshore

Hydrocarbons, aliphatic, alkanes, unspecified

Benzene
Butane
Methane, fossil
Ethane
Hexane
Pentane
Propane
Toluene

crude oil, production KZ, at long distance transport

Location

Kz

Kz

OCE

RER

CH

Infrastructure-

Process

35
=}

kg

kg

tkm

tkm

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

crude oil,
production KZ, at
long distance
transport

CH
0
kg

6.85E-1

3.15E-1

1.00E+0

2.54E+0

1.40E-6

4.50E-7
3.80E-6
1.60E-6
4.50E-7
1.80E-6
5.40E-6
2.90E-6
2.70E-7
1.00E+0

uncertaintyType

PR RPRRPRPERRE R

StandardDeviation
95%

1.05

1.05

2.06

2.06

215

2.15
2.15
1.46
2.15
2.15
2.15
2.15
2.15

GeneralComment

(1,1,1,1,1,1); Transported good; share I
of onshore production estimated
based on information from EIA (2015)
on the three largest oil fields in
Kazakhstan

(1,1,1,1,1,1); Transported good; share
of offshore production estimated
based on information from EIA (2015)
on the three largest oil fields in
Kazakhstan

(4,1,3,3,1,na); Calculation based on
information from Jungbluth (2007)
and Google Maps; Tanker transport to
European sites atthe Mediterranean
Sea (1000 km)

(4,1,3,3,1,na); Calculation based on
information from Jungbluth (2007)
and Google Maps; Transport by
pipeline from extraction sites in
Kazakhstan (e.g. Tengiz,
Karachaganak, Kashagan) to the
Black Sea (Noworossiysk) (1800 km),
and from the Mediterranean Sea to
Switzerland (740 km)

(3,5,4,1,1,5); Literature

(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
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Tab. B. 6 Life cycle inventory of the long distance transport of 1 kg crude oil produced in Russia to

Switzerland.
@
Name 'g % g
a g o
Location
InfrastructureProcess
Unit

Technosphere crude oil, at production onshore RU 0

transport, transoceanic tanker OCE 0

transport, crude oil pipeline, onshore RER 0
eli hl_gh gopuiaicy Hydrocarbons, aliphatic, alkanes, unspecified
density

Benzene

Butane

Methane, fossil

Ethane

Hexane

Pentane

Propane

Toluene
Outputs crude oil, production RU, atlong distance transport CH 0

Life Cycle Inventories of Road and Non-Road Transport Services

Unit

kg

tkm

tkm

kg

kg
kg
kg
kg
kg
kg
kg
kg
kg

crude oil,
production RU,
atlong distance

transport

CH
0
kg
1.00E+0

1.00E+0

5.74E+0

1.40E-6

4.50E-7
3.80E-6
1.60E-6
4.50E-7
1.80E-6
5.40E-6
2.90E-6
2.70E-7
1.00E+0

uncertaintyType

PR RPRPRPPRRPR R

StandardDeviation
95%

1.05

2.06

2.06

215

2.15
2.15
1.46
2.15
2.15
2.15
2.15
2.15

GeneralComment

(1,1,1,1,1,1); Transported good
(4,1,3,3,1,na); Calculation based on
information from Jungbluth (2007);
tanker transport to European sites at
the Mediterranean Sea
(4,1,3,3,1,na); Calculation based on
information from Jungbluth (2007);
transport by pipeline from Russian
extraction sites to the Black Sea, and
from the Mediterranean Sea to
Switzerland

(3,5,4,1,1,5); Literature

(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
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Tab. B. 7 Life cycle inventory of the long distance transport of 1 kg crude oil produced in Latin America
to Switzerland.

c
\ 2 B8
& . =
c |5 crude oil, e 2
2 ©§ = roductonRLA, 2 Q2
= @ z
Name § =298 5 p . -% S & GeneralComment
8 a E atlong distance £ 50
a o 8 o
= transport e 2
- =l S
0
Location CH
InfrastructureProcess 0
Unit kg

(1,1,1,1,1,1); Onshore production
modelled by situation in the Middle

Technosphere crude oil, at production onshore RME O kg 4.65E-1 1 1.05 East;Share estimated based on
information from EIA country analyses
of Venezuela, Mexico and Brazil

(1,1,1,1,1,1); Offshore production
modelled by situation in Great Britain;

crude oil, at production offshore GB 0 kg 5.35E-1 1 1.05 Share estimated based on
information from EIA country analyses
of Venezuela, Mexico and Brazil

(4,1,3,3,1,na); Calculation for 1994;
transport, transoceanic tanker OCE 0 tkm 7.50E+0 1 2.06 Tankertransportfrom Latin America

to Europe (7500 km)

(4,1,3,3,1,na); Calculation for 1994;
transport, crude oil pipeline, offshore OCE ©0 tkm 1.00E-1 1 2.06 Pipeline transportfrom oil fields to

loading station (100 km)

(4,1,3,3,1,na); Calculation based on

information from Jungbluth (2007);

transport, crude oil pipeline, onshore RER 0 tkm 7.40E-1 1 2.06 Pipelinetransportfrom the
Mediterranean Sea to Switzerland
(740 km)
32;‘:2?; [rera e Hydrocarbons, aliphatic, alkanes, unspecified kg 1.40E-6 1 215 (3,54,1,1,5); Literature
Benzene kg 4.50E-7 1 215 (3,54,1,1,5); Literature
Butane kg 3.80E-6 1 215 (3,5/4,1,1,5) Literature
Methane, fossil kg 1.60E-6 1 146 (3,54,1,1,5) Literature
Ethane kg 4.50E-7 1 215 (3,54,1,1,5); Literature
Hexane kg 1.80E-6 1 215 (3,54,1,1,5); Literature
Pentane kg 5.40E-6 1 215 (3,54,1,1,5); Literature
Propane kg 2.90E-6 1 215 (3,54,1,1,5); Literature
Toluene kg 2.70E-7 1 215 (3,54,1,1,5); Literature
Outputs crude oil, production RLA, at long distance transport CH 0 kg 1.00E+0

B.3.2 Crude oil in Europe

The life cycle inventories of long distance transport of crude oil produced in Azerbaijan
and Kazakhstan to Europe were newly established based on the transport routes and
distances estimated by Jungbluth (2007) and by using Google Maps. Furthermore, an
updated life cycle inventory of the long distance transport of Latin American crude oil
to Europe was compiled as described in section B.3.1. The new and updated life cycle
inventories are shown in Tab. B. 8 to Tab. B. 10.
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Tab. B. 8 Life cycle inventory of the long distance transport of 1 kg crude oil produced in Azerbaijan to

Europe.
o
Name § é g
a % o
Location
InfrastructureProcess
Unit

Technosphere crude oil, at production offshore AZ 0

transport, transoceanic tanker OCE 0

transport, crude oil pipeline, onshore RER 0
el hl_gh EepRlen Hydrocarbons, aliphatic, alkanes, unspecified
density

Benzene

Butane

Methane, fossil

Ethane

Hexane

Pentane

Propane

Toluene
Outputs crude oil, production AZ, atlong distance transport RER 0

Life Cycle Inventories of Road and Non-Road Transport Services

E
o]

kg

tkm

tkm

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

crude oil,
production AZ, at
long distance
transport

RER
0
kg
1.00E+0

1.00E+0

1.50E+0

1.40E-6

4.50E-7
3.80E-6
1.60E-6
4.50E-7
1.80E-6
5.40E-6
2.90E-6
2.70E-7
1.00E+0

uncertaintyType

PR RPRRPRRERPR R

StandardDeviation
95%

1.05

2.06

2.06

215

215
2.15
1.46
2.15
2.15
2.15
2.15
2.15

GeneralComment

(1,1,1,1,1,1); Transported good
(4,1,3,3,1,na); Calculation based on
information from Jungbluth (2007)
and Google Maps; Tanker transport to
European sites at the Mediterranean
Sea (1000 km)

(4,1,3,3,1,na); Calculation based on
information from Jungbluth (2007)
and Google Maps; Transport by
pipeline from extraction sites in
Azerbaijan (e.g. Azeri) to the Black Sea
(Noworossiysk) (1400 km), and from
the Mediterranean Sea to refineries
(100 km)

(3,5,4,1,1,5); Literature

(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
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Tab. B. 9 Life cycle inventory of the long distance transport of 1 kg crude oil produced in Kazakhstan to
Europe.

Technosphere

air, high population

density

Outputs

Life Cycle Inventories of Road and Non-Road Transport Services

Name

Location
InfrastructureProcess
Unit

crude oil, at production onshore

crude oil, at production offshore

transport, transoceanic tanker

transport, crude oil pipeline, onshore

Hydrocarbons, aliphatic, alkanes, unspecified

Benzene
Butane
Methane, fossil
Ethane
Hexane
Pentane
Propane
Toluene

crude oil, production KZ, at long distance transport

Location

Kz

Kz

OCE

RER

RER

Infrastructure-

Process

35
=}

kg

kg

tkm

tkm

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

crude oil,
production KZ, at
long distance
transport

RER
0
kg

6.85E-1

3.15E-1

1.00E+0

1.90E+0

1.40E-6

4.50E-7
3.80E-6
1.60E-6
4.50E-7
1.80E-6
5.40E-6
2.90E-6
2.70E-7
1.00E+0

uncertaintyType

PR RPRRPRPERRE R

StandardDeviation
95%

1.05

1.05

2.06

2.06

215

2.15
2.15
1.46
2.15
2.15
2.15
2.15
2.15

GeneralComment

(1,1,1,1,1,1); Transported good; share I
of onshore production estimated
based on information from EIA (2015)
on the three largest oil fields in
Kazakhstan

(1,1,1,1,1,1); Transported good; share
of offshore production estimated
based on information from EIA (2015)
on the three largest oil fields in
Kazakhstan

(4,1,3,3,1,na); Calculation based on
information from Jungbluth (2007)
and Google Maps; Tanker transport to
European sites atthe Mediterranean
Sea (1000 km)

(4,1,3,3,1,na); Calculation based on
information from Jungbluth (2007)
and Google Maps; Transport by
pipeline from extraction sites in
Kazakhstan (e.g. Tengiz,
Karachaganak, Kashagan) to the
Black Sea (Noworossiysk) (1800 km),
and from the Mediterranean Sea to
refineries (100 km)

(3,5,4,1,1,5); Literature

(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
(3,5,4,1,1,5); Literature
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Tab. B. 10Life cycle inventory of the long distance transport of 1 kg crude oil produced in Latin America

to Europe.
[=4
\ 2 5
& . 1
s 54 crude oil, .; -g
2 3] = i
Name § 28 5 AEEIEE RLA, = S 3 GeneralComment
e @ g atlongdistance € T o
= transport g =
< S g
)
Location RER
InfrastructureProcess 0
Unit kg

(1,1,1,1,1,1); Onshore production
modelled by situation in the Middle
Technosphere crude oil, at production onshore RME 0 kg 4.65E-1 1 1.05 East;Share estimated based on
information from EIA (2014) for
Venezuela, Mexico and Brazil
(1,1,1,1,1,1); Offshore production
modelled by situation in Great Britain;
crude oil, at production offshore GB 0 kg 5.35E-1 1 1.05 Share estimated based on
information from EIA (2014) for
Venezuela, Mexico and Brazil
(4,1,3,3,1,na); Calculation for 1994;
transport, transoceanic tanker OCE 0 tkm 7.50E+0 1 2.06 Tankertransportfrom Latin America
to Europe (7500 km)
(4,1,3,3,1,na); Calculation for 1994;
transport, crude oil pipeline, offshore OCE ©0 tkm 1.00E-1 1 2.06 Pipeline transportfrom oil fields to
loading station (100 km)
(4,1,3,3,1,na); Calculation for 1994;
transport, crude oil pipeline, onshore RER 0 tkm 1.00E-1 1 2.06 Pipelinetransportto European
refineries (100 km)
air, high population

density Hydrocarbons, aliphatic, alkanes, unspecified kg 1.40E-6 1 215 (3,5,4,1,1,5); Literature
Benzene kg 4.50E-7 1 215 (3,54,1,1,5); Literature
Butane kg 3.80E-6 1 215 (3,54,1,1,5);Literature
Methane, fossil kg 1.60E-6 1 146 (3,54,1,1,5); Literature
Ethane kg 4.50E-7 1 215 (3,54,1,1,5); Literature
Hexane kg 1.80E-6 1 215 (3,54,1,1,5); Literature
Pentane kg 5.40E-6 1 215 (3,54,1,1,5); Literature
Propane kg 2.90E-6 1 215 (3,54,1,1,5) Literature
Toluene kg 2.70E-7 1 215 (3,5,4,1,1,5); Literature

Outputs crude oil, production RLA, at long distance transport RER 0 kg 1.00E+0

B.4 Refinery

B.4.1 Petrol and diesel in Switzerland

The crude oil mix processed in Swiss refineries was updated based on statistics of the
Swiss Oil Association for 2014 (EV/UP 2014). The total amount of crude oil used, the
consumption of chemicals and the emissions of pollutants were not changed and are
documented in Jungbluth (2007). The life cycle inventories of unleaded petrol and die-
sel produced in Swiss refineries are shown in Tab. B. 11 and Tab. B. 12, respectively.
The data representing the production of low-sulphur petrol and low-sulphur diesel were
not updated due to lacking information and limited resources.
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Tab. B. 11Life cycle inventory of the production of 1 kg unleaded petrol in Switzerland.

Technosphere

resource, in ground

resource, in water

Name

Location
InfrastructureProcess
Unit

methyl tert-butyl ether, at plant

tap water, at user
calcium chloride, CaCl2, at plant
hydrochloric acid, 30% in H20, at plant

iron sulphate, at plant

lime, hydrated, packed, at plant

lubricating oil, at plant
nitrogen, liquid, at plant
soap, at plant

sodium hypochlorite, 15% in H20, at plant
sulphuric acid, liquid, at plant

transport, lorry >16t, fleet average

transport, freight, rail

crude oil, production RME, at long distance transport

crude oil, production RAF, atlong distance transport

crude oil, production NG, at long distance transport

crude oil, production KZ, at long distance transport

crude oil, production AZ, at long distance transport

crude oil, production RU, at long distance transport

crude oil, production RLA, atlong distance transport

electricity, medium woltage, at grid
refinery gas, burned in furnace

heavy fuel oil, burned in refinery furnace
refinery gas, burned in flare

refinery

ammonia, liquid, at regional storehouse
chlorine, liquid, production mix, at plant

chemicals organic, at plant

propyiene glycol, liquid, at plant

molybdenum, at regional storage

nickel, 99.5%, at plant

palladium, at regional storage

platinum, at regional storage

rhodium, at regional storage

zeolite, powder, at plant

zinc, primary, at regional storage

disposal, refinery sludge, 89.5% water, to hazardous waste incineration

disposal, catalytic converter NOx reduction, 0% water, to underground deposit

Rhenium

Water, river
Water, cooling, unspecified natural origin/m3

Location

RER

CH
RER
RER

RER

CH

RER
RER
RER

RER
RER
RER

CH

CH

CH

CH

CH

CH

CH

CH

CH

CH
GLO
RER
RER
RER

RER
RER

GLO

RER

RER

RER

RER

RER
CH
DE

Life Cycle Inventories of Road and Non-Road Transport Services

Infrastructure-

Process

© ocoo o

© © o ocoo o

o

© © © ocor oooo

©o o o o o

z
S

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
tkm

tkm
kg
kg

kg
kg

kg
kg

kg

©~gEEZ

kg
kg

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

m3
m3

petrol, unleaded,
atrefinery

CH

kg
5.00E-2

1.50E-2
1.60E-5
8.79E-5

4.94E-5

3.46E-5

2.45E-5
8.14E-4
2.65E-6

4.94E-5
1.18E-5

1.32E-3

7.95E-3

5.42E-2

3.39E-1

2.09E-1

1.93E-1

8.32E-2

6.90E-3

6.45E-2

2.85E-2
2.32E+0
5.35E-1
8.45E-2
5.10E-11
1.98E-6
1.64E-4

1.74E-4
227E-5
9.40E-8

1.46E-8
9.72E-8
3.08E-9
3.08E-9
2.03E-5
2.19E-7
1.21E-4

2.04E-6

3.23E-9

5.59E-4
3.98E-3

uncertaintyType

R R R R R e

StandardDeviation
95%

1.10

1.10
1.10
1.14

134

1.26

1.14
1.14
1.10

1.34
1.10

210

1.07

1.07

1.07

1.07

1.07

1.07

1.10
1.09
1.09
1.16
3.03
134
1.14

119
1.26
2.83

4.18

141

112

112
134
1.00
1.09

1.10

112

1.16
112

GeneralComment

(2,3,1,3,1,3); Estimation 5% for
gasoline

(2,3,1,3,1,3); Average of plant data
(2,3,1,3,1,3); Average of plant data
(2,4,1,3,1,3); Env. reports DE
(3,4,4,3,3,na); Literature, waste water
treatment

(3,4,1,3,3,na); Estimation based on
literature

(2,4,1,3,1,3); Env. reports DE
(2,4,1,3,1,3); Env. reports DE
(2,3,1,3,1,3); Average of plant data
(3,4,4,3,3,na); Literature, waste water
treatment

(2,3,1,3,1,3); Average of plant data
(4,5,na,na,na,na); Standard distance
100km

(4,5,na,na,na,na); Standard distance
600km

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdolvereinigung):
Annual Report 2014

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdolvereinigung):
Annual Report 2014

(1,1,1,1,1,3); Swiss Petroleum
Association (Erd6lvereinigung):
Annual Report 2014, Turkmenistan
included

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdolvereinigung):
Annual Report 2014

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdolvereinigung):
Annual Report 2014

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdolvereinigung):
Annual Report 2014

(2,3,1,3,1,3); Average of plant data
(2,1,1,1,1,3); Swiss statistic
(2,1,1,1,1,3); Swiss statistic
(2,4,1,3,1,4); Swiss plant
(3,3,1,1,1,4); Estimation
(3,4,4,3,3,na); Literature
(2,4,1,3,1,3); Env. reports DE
(34,2,1,1,4); IPPC European plant
data

(3,4,1,3,3,na); Literature

Range for RER refineries, Co/Mo
Catalyst

Range for RER refineries, Ni/Mo
Catalyst

Range for RER refineries, Vanadium
Catalyst

Range for RER refineries, Reformer
Catalyst

Range for RER refineries, Reformer
Catalyst

Range for RER refineries

Range for RER refineries, Zn Catalyst

(2,2,1,1,1,3); Average of plant data
(2,3,1,3,1,3); Estimation based on
literature data

Range for RER refineries, Reformer
Catalyst

(3,3,1,3,1,4); Average of plant data
(3,3,1,1,1,na); Average of plant data
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Tab. B. 11Life cycle inventory of the production of 1 kg unleaded petrol in Switzerland. (continued)

) .g
S @ o o
Name g é § s e u:leaded, § o) % GeneralComment
s g8 atrefinery £ é o
£ £ £
s 3
Location CH
InfrastructureProcess 0
Unit kg
L I et B PR———, kg 7.26E-8 1 154 (3.4,13,13);Plantdata
density
Dinitrogen monoxide kg 1.51E-6 1 152 g?;?aa,na,na,l,na), Average of plant
Nitrogen oxides kg 2.86E-5 1 151 (21,1,1,13);Swiss plants
Benzene kg 5.82E-6 1 165 (3,5,4,3,14);Literature
Benzene, ethyl- kg 1.45E-6 1 165 (354,3,14);Literature
Butane kg 5.82E-5 1 165 (354,3,14); Literature
Butene kg 1.45E-6 1 1.65 (3,5,4,3,1,4); Literature
Ethane kg 1.45E-5 1 165 (3,5,4,3,14);Literature
Ethene kg 2.91E-6 1 165 (354,3,14); Literature
Heptane kg 1.45E-5 1 165 (3,54.314),Literature
Hexane kg 2.91E-5 1 165 (3,5,4,3,14);Literature
Hydrocarbons, aliphatic, alkanes, unspecified kg 4.43E-11 1 151 (23,1,3,13); Average of plant data
Hydrocarbons, aliphatic, unsaturated kg 2.43E-12 1 151 (2,3,13,1.3); Average of plantdata
Hydrocarbons, aromatic kg 6.65E-13 1 151 (2,3,1,3,1,3); Average of plant data
Methane, fossil kg 163E-5 1123 g{'aa'"a'"a'l'"a)' Average of plant
Particulates, > 10 um kg 9.89E-6 1 212 (354,3,14);Literature
Pentane kg 7.28E-5 1 165 (3,54,3,14);Literature
Propane kg 5.82E-5 1 165 (3,5,4,3,1,4);Literature
Propene kg 2.91E-6 1 165 (354,3,14);Literature
Toluene kg 8.73E-6 1 165 (354,3,14); Literature
Xylene kg 5.82E-6 1 165 (3,5.4.3,14),Literature
Heat, waste Ml 2.72E-2 1 110 (2,3,1,3,1,3); Average of plant data
Sulfur dioxide kg 3.18E-5 1 151 (2,11,1,13);Swiss plants
water, river t-Butyl methyl ether kg 7.65E-7 1 3.6 Range for RER refineries
Aluminium kg 2.80E-8 1 5.13 (35,4,3,1,4);Literature
Barium kg 5.59E-8 1 513 (354,3,14); Literature
Boron kg 2.23E-7 1 165 (3,5.4,314);Literature
Calcium kg 2.80E-5 1 165 (3,5,4,3,1,4);Literature
(2,4,1,2,1,3); Average of CH plant,
Chloride kg 4.45E-5 1 5.02 basicuncertainity=5 estimated
based on range
Cyanide kg 9.68E-8 1 5.77 Range for RER refineries
Fluoride kg 2.50E-6 1 4.47 Range for RER refineries
Hydrocarbons, aromatic kg 4.02E-7 1 3.01 (2,3,1,1,1,3); Average of plant data
Iron kg 2.80E-7 1 513 (354,3,14);Literature
Magnesium kg 1.39E-5 1 513 (354,3,14);Literature
Manganese kg 1.12E-7 1 513 (3,54,3,14); Literature
Mercury kg 5.59E-11 1 5.13 (35,4,3,1,4);Literature
Molybdenum kg 5.59E-9 1 513 (354,3,14); Literature
Nitrate kg 4.59E-6 1 165 (354,314) Literature
Phosphorus kg 2.16E-7 1 3.87 Range for RER refineries
Potassium kg 5.59E-6 1 165 (354,3,14);Literature
Selenium kg 8.39E-9 1 513 (3,54.314);Literature
Silver kg 2.80E-8 1 5.13 (3,5,4,3,1,4);Literature
Sodium kg 1.68E-4 1 165 (354,3,14);Literature
Sulfide kg 5.59E-8 1 10.00 Range for RER refineries
Suspended solids, unspecified kg 5.59E-6 1 5.00 Range for RER refineries
Toluene kg 5.59E-7 1 312 (354,3,14);Literature
Xylene kg 5.59E-8 1 312 (354,3,14); Literature
Ammonium, ion kg 3.79E-6 1 6.32 Range for RER refineries
AOX, Adsorbable Organic Halogen as Cl kg 9.02E-9 1 3.16 Range for RER refineries
Benzene kg 1.28E-8 1 44.70 Range for RER refineries
PAH, polycyclic aromatic hydrocarbons kg 9.02E-9 1 3.16 Range for RER refineries
Sulfate kg 1.14E-4 1 165 (3,5,4,3,1,4);Literature
Arsenic kg 5.55E-9 1 513 (354,3,14);Literature
Cadmium kg 5.55E-9 1 513 (3,54,.3,14);Literature
Chromium kg 1.25E-7 1 2.24 Range for RER refineries
Copper kg 5.55E-9 1 513 (354,3,14);Literature
Lead kg 1.76E-7 1 502 (2,.3‘1,?..1,4): Range for RER
refineries
Nickel kg 7.33E-9 1 502 (241,2,13);Average of CH plant
Strontium kg 3.89E-7 1 513 (3,54.3,14),Literature
Vanadium kg 1.67E-8 1 513 (354,3,14);Literature
Zinc kg 9.57E-8 1 502 (241,2,13);Average of CH plant
Benzene, ethyl- kg 1.11E-10 1 312 (3,5.4.314);Literature
BOD5, Biological Oxygen Demand kg 4.01E-6 1 3.16 Range for RER refineries
DOC, Dissolved Organic Carbon kg 3.91E-8 1 153 (24,1,2,13); Average of CH plant
TOC, Total Organic Carbon kg 1.58E-5 1 165 (3,54314);Estimation
COD, Chemical Oxygen Demand kg 4.10E-5 1 2.04 Range for RER refineries
Hydrocarbons, unspecified kg 2.26E-7 1 5.48 Range for RER refineries
Nitrogen, organic bound kg 1.09E-5 1 2.65 Range for RER refineries
Oils, unspecified kg 5.77E-7 1 14.00 Range for RER refineries
Phenol kg 9.95E-8 1 5.77 Range for RER refineries
Outputs petrol, unleaded, at refinery CH 0 kg 1.00E+0
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Tab. B. 12L.ife cycle inventory of the production of 1 kg diesel in Switzerland.

Technosphere

resource, in ground

resource, in water

air, high population

density

c
2
Name g
1=}
3
Location
InfrastructureProcess
Unit
tap water, at user CH
calcium chloride, CaCl2, at plant RER
hydrochloric acid, 30% in H20, at plant RER
iron sulphate, at plant RER
lime, hydrated, packed, at plant CH
lubricating oil, at plant RER
nitrogen, liquid, at plant RER
soap, at plant RER
sodium hypochlorite, 15% in H20, at plant RER
sulphuric acid, liquid, at plant RER
transport, lorry >16t, fleet average RER
transport, freight, rail RER
crude oil, production RME, at long distance transport CH
crude oil, production RAF, at long distance transport CH
crude oil, production NG, at long distance transport CH
crude oil, production KZ, at long distance transport CH
crude oil, production AZ, atlong distance transport CH
crude oil, production RU, at long distance transport CH
crude oil, production RLA, atlong distance transport CH
electricity, medium voltage, at grid CH
refinery gas, burned in furnace CH
heavy fuel oil, burned in refinery furnace CH
refinery gas, burned in flare GLO
refinery RER
ammonia, liquid, at regional storehouse RER
chemicals organic, at plant GLO
propyiene glycol, liquid, at plant RER
molybdenum, at regional storage RER
zeolite, powder, at plant RER
zinc, primary, at regional storage RER
disposal, refinery sludge, 89.5% water, to hazardous waste incineration CH
disposal, catalytic converter NOx reduction, 0% water, to underground deposit DE
Cobalt
Water, river

Water, cooling, unspecified natural origin/m3

Ammonia

Dinitrogen monoxide

Nitrogen oxides

Benzene

Benzene, ethyl-

Butane

Butene

Ethane

Ethene

Heptane

Hexane

Hydrocarbons, aliphatic, alkanes, unspecified
Hydrocarbons, aliphatic, unsaturated
Hydrocarbons, aromatic

Life Cycle Inventories of Road and Non-Road Transport Services

Infrastructure-

©o ooo

©o © o ocoo o

o

© © ©o ©o © © © or OOCOO

Process

Unit

kg
kg
kg

kg
kg
kg

kg
kg

kg
kg
tkm

tkm

kg

kg

kg

kg

kg

kg

kg

~gggg

kg
kg
kg
kg
kg
kg
kg
kg

kg
m3
m3

kg

kg

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

diesel, atrefinery

CH

kg
150E-2
1.60E-5
8.78E-5

4.94E-5

3.45E-5

2.45E-5
8.13E-4
2.65E-6

4.94E-5
1.17E-5

1.32E-3

7.95E-3

5.70E-2

3.57E-1

2.20E-1

2.03E-1

8.75E-2

7.25E-3

6.78E-2

1.25E-2
1.28E+0
2.97E-1
4.69E-2
2.83E-11
1.98E-6

4.05E-4
6.33E-7
1.88E-8
3.86E-6
4.16E-8
1.20E-4

3.89E-7

2.70E-8

5.59E-4
3.98E-3

7.25E-8

8.35E-7

1.59E-5
5.82E-6
1.45E-6
5.82E-5
1.45E-6
1.45E-5
2.90E-6
1.45E-5
2.90E-5
4.43E-11
2.43E-12
6.64E-13

uncertaintyType

PR R R R e

-

PR REPRRPRRRPRRRPR R

StandardDeviation
95%

1.10
1.10
114

134

1.26

114
1.14
1.10

134
1.10

210

1.07

1.07

1.07

1.07

1.07

1.07

1.10
1.09
1.09
1.16
3.03
134

119
1.26
2.83
134
1.00
1.09

1.10

2.00

1.16
112

154

152

151
1.65
1.65
1.65
1.65
1.65
1.65
1.65
1.65
151
151
151

114

GeneralComment

(2,3,1,3,1,3); Average of plant data
(2,3,1,3,1,3); Average of plant data
(2,4,1,3,1,3); Env. reports DE
(3.4,4,3,3,na); Literature, waste water
treatment

(3,4,1,3,3,na); Estimation based on
literature

(2,4,1,3,1,3); Env. reports DE
(2,4,1,3,1,3); Env. reports DE
(2,3,1,3,1,3); Average of plant data
(3.4,4,3,3,na); Literature, waste water
treatment

(2,3,1,3,1,3); Average of plant data
(4,5,na,na,na,na); Standard distance
100km

(4,5,na,na,na,na); Standard distance
600km

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014, Turkmenistan
included

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(1,1,1,1,1,3); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(2,3,1,3,1,3); Average of plant data
(2,1,1,1,1,3); Swiss statistic
(2,1,1,1,1,3); Swiss statistic
(2,4,1,3,1,4); Swiss plant
(3,3,1,1,1,4); Estimation
(3,4,4,3,3,na); Literature
(34,2,1,1,4); IPPC European plant
data

(3,4,1,3,3,na); Literature

Range for RER refineries, Co/Mo
Catalyst

Range for RER refineries

Range for RER refineries, Zn Catalyst

(2,2,1,1,1,3); Average of plant data
(2,3,1,3,1,3); Estimation based on
literature data

Range for RER refineries, Co/Mo
Catalyst

(3,3,1,3,1,4); Average of plant data
(3,3,1,1,1,na); Average of plant data

(3.4,1,3,1,3); Plant data

(3,na,na,na,1,na); Average of plant
data

(2,1,1,1,1,3); Swiss plants
(3,5.4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(2,3,1,3,1,3); Average of plant data
(2,3,1,3,1,3); Average of plant data
(2,3,1,3,1,3); Average of plant data
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Tab. B. 12Life cycle inventory of the production of 1 kg diesel in Switzerland. (continued)

water, river

Outputs

B.4.2 Petrol and diesel in Europe

Name

Location
InfrastructureProcess

Unit
Methane, fossil

Particulates, > 10 um
Pentane
Propane
Propene
Toluene
Xylene

Sulfur dioxide
Heat, waste
Aluminium
Barium

Boron
Calcium

Chloride

Cyanide

Fluoride

Hydrocarbons, aromatic

Iron

Magnesium

Manganese

Mercury

Molybdenum

Nitrate

Phosphorus

Potassium

Selenium

Silver

Sodium

Sulfide

Suspended solids, unspecified
Toluene

Xylene

Ammonium, ion

AOX, Adsorbable Organic Halogen as Cl
Benzene

PAH, polycyclic aromatic hydrocarbons
Sulfate

Arsenic

Cadmium

Chromium

Copper

Lead

Nickel

Strontium

Vanadium

Zinc

Benzene, ethyl-

BOD5, Biological Oxygen Demand
DOC, Dissolved Organic Carbon
TOC, Total Organic Carbon
COD, Chemical Oxygen Demand
Hydrocarbons, unspecified
Nitrogen, organic bound

Oils, unspecified

Phenol

diesel, atrefinery

Location

CH

Infrastructure-

Process

Unit

kg

kg
kg
kg
kg
kg
kg
kg

kg
kg
kg
kg

kg

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

kg

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

diesel, atrefinery

CH
0
kg
1.63E-5

9.88E-6
7.27E-5
5.82E-5
2.90E-6
8.72E-6
5.82E-6
1.77E-5
151E-2
2.79E-8
5.59E-8
2.23E-7
2.79E-5

4.44E-5

9.67E-8
2.50E-6
4.02E-7
2.79E-7
1.39E-5
1.12E-7
5.59E-11
5.59E-9
4.59E-6
2.16E-7
5.59E-6
8.38E-9
2.79E-8
1.68E-4
5.59E-8
5.59E-6
5.59E-7
5.59E-8
3.78E-6
9.01E-9
1.28E-8
9.01E-9
1.14E-4
5.55E-9
5.55E-9
1.25E-7
5.55E-9

1.76E-7

7.32E-9
3.88E-7
1.67E-8
9.56E-8
1.10E-10
4.01E-6
3.91E-8
1.58E-5
4.09E-5
5.64E-8
2.72E-6
1.44E-7
9.94E-8
1.00E+0

uncertainty Type

P RRPRRRRRERPRRERR B

-

StandardDeviation
95%

1.23

212
1.65
1.65
1.65
1.65
1.65
151
1.10
5.13
5.13
1.65
1.65

5.02

5.77
4.47
3.01
5.13
513
513
5.13
513
1.65
3.87
1.65
513
5.13
1.65
10.00
5.00
3.12
3.12
6.32
3.16
44.70
3.16
1.65
5.13
513
2.24
5.13

5.02

5.02
5.13
5.13
5.02
3.12
3.16
153
1.65
2.04
5.48
2.65
14.00
5.77

GeneralComment

(3,na,na,na,1,na); Average of plant
data

(3,5.4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(2,1,1,1,1,3); Swiss plants
(2,3,1,3,1,3); Average of plant data
(3,5,:4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,:4,3,1,4); Literature
(2,4,1,2,1,3); Average of CH plant,
basic uncertainity = 5 estimated
based on range

Range for RER refineries

Range for RER refineries
(2,3,1,1,1,3); Average of plant data
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature

Range for RER refineries
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature

Range for RER refineries

Range for RER refineries
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature

Range for RER refineries
(3,5,4,3,1,4); Literature
(2,3,1,1,1,4); Range for RER
refineries

(2,4,1,2,1,3); Average of CH plant
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(2,4,1,2,1,3); Average of CH plant
(3,5,4,3,1,4); Literature

Range for RER refineries
(2,4,1,2,1,3); Average of CH plant
(3,5,4,3,1,4); Estimation

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries

The crude oil mix processed in European refineries was updated based on statistics of
the International Energy Agency for 2015 (IEA 2015). The total amount of crude oil
used, the consumption of chemicals and the emissions of pollutants were not changed
and are documented in Jungbluth (2007). The life cycle inventories of unleaded petrol
and diesel produced in European refineries are shown in Tab. B. 13 and Tab. B. 14, re-
spectively. The data representing the production of low-sulphur petrol and low-sulphur
diesel were not updated due to lacking information and limited resources.
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Petrol and diesel supply

Tab. B. 13Life cycle inventory of the production of 1 kg unleaded petrol in Europe.

Technosphere

resource, in ground

resource, in water

Name

Location
InfrastructureProcess
Unit

methyl tert-butyl ether, at plant

tap water, atuser
calcium chloride, CaCl2, at plant
hydrochloric acid, 30% in H20, at plant

iron sulphate, at plant

lime, hydrated, packed, at plant

lubricating oil, at plant
nitrogen, liquid, at plant
soap, at plant

sodium hypochlorite, 15% in H20, at plant
sulphuric acid, liquid, at plant

transport, lorry >16t, fleet average

transport, freight, rail

crude oil, production RU, at long distance transport
crude oil, production KZ, at long distance transport
crude oil, production AZ, at long distance transport
crude oil, production RLA, atlong distance transport
crude oil, production RME, at long distance transport
crude oil, production RAF, at long distance transport
crude oil, production NG, at long distance transport
crude oil, production NO, atlong distance transport
crude oil, production GB, at long distance transport

crude oil, production NL, at long distance transport
electricity, medium woltage, production ENTSO, at grid

refinery gas, burned in furnace

heavy fuel oil, burned in refinery furnace

refinery gas, burned in flare
refinery
ammonia, liquid, at regional storehouse

naphtha, at regional storage

chlorine, liquid, production mix, at plant
chemicals organic, at plant
propylene glycol, liquid, at plant

molybdenum, at regional storage
nickel, 99.5%, at plant
palladium, at regional storage
platinum, at regional storage

rhodium, at regional storage
zeolite, powder, at plant
zinc, primary, atregional storage

disposal, refinery sludge, 89.5% water, to sanitary landfill
disposal, refinery sludge, 89.5% water, to hazardous waste incineration

disposal, catalytic converter NOx reduction, 0% water, to underground deposit

Rhenium

Water, river
Water, cooling, unspecified natural origin/m3

Location

RER

RER
RER
RER

RER

CH

RER
RER
RER

RER
RER
RER

RER

RER

RER

RER

RER
ENTSO
RER

RER

GLO
RER
RER

RER

RER
GLO
RER
RER

GLO

RER

RER
RER
RER

CH
CH

Life Cycle Inventories of Road and Non-Road Transport Services

Infrastructure-

Process

©o ocoo o

© o o ocoo o

© oro o o

o © o o

© oo ©o o o

£
=)

kg

kg
kg
kg

kg

kg

kg
kg
kg

kg
kg

tkm

tkm

°

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

kg
kg

kg
kg

m3
m3

petrol, unleaded,
atrefinery

RER
0
kg
2.49E-2

1.45E-2
1.55E-5
8.49E-5

4.77E-5

3.34E-5

2.37E-5
7.86E-4
2.56E-6

4.77E-5
1.14E-5
6.75E-4

4.05E-3
2.63E-1
5.04E-2
2.67E-2
4.97E-2
1.71E-1
7.36E-2
141E-1
1.01E-1
5.62E-2

7.25E-3
5.54E-2

3.55E+0

1.22E+0

1.50E-1
4.93E-11
1.92E-6

3.82E-2

1.31E-4
1.82E-4
1.97E-5

7.87E-8
1.22E-8
7.96E-8
252E-9

252E-9
1.76E-5
1.90E-7

1.79e-4
1.91E-4

1.77E-6

3.16E-9

6.68E-4
3.82E-3

uncertaintyType

-

PR e

PR R e e

[

StandardDeviation
95%

1.09

1.10
1.10
114

134

1.26

114
1.14
1.10

134
1.10
210

1.07

1.07

1.07

1.07

1.07
1.10

1.09

1.09

1.34
3.03
1.34

1.10

1.14
119
1.26
2.83

4.18

112

112
134
1.00

1.10
1.10

112

1.16
112

116

GeneralComment

(2,1,1,1,1,3); Estimation 2.5% for
gasoline

(2,3,1,3,1,3); Average of plant data
(2,3,1,3,1,3); Average of plant data
(2,4,1,3,1,3); Env. reports DE
(3.4,4,3,3,na); Literature, waste water
treatment

(3.4,1,3,3,na); Estimation based on
literature

(2,4,1,3,1,3); Env. reports DE
(2,4,1,3,1,3); Env. reports DE
(2,3,1,3,1,3); Average of plant data
(3.4,4,3,3,na); Literature, waste water
treatment

(2,3,1,3,1,3); Average of plant data
(4,5,na,na,na,na); Standard distance
100km

(4,5,na,na,na,na); Standard distance
600km

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEA Monthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEA Monthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEA Monthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(2,3,1,3,1,3); Average of plant data
(2,1,1,1,1,3); IPPC European plant
data

(2,1,1,1,1,3); IPPC European plant
data

(3,4,4,3,3,na); Literature

(3,3,1,1,1,4); Estimation
(3,4,4,3,3,na); Literature

(2,3,1,3,1,3); Calculation as input-
output balance, not considered for
transports

(2,4,1,3,1,3); Env. reports DE
(3.4,2,1,1,4); IPPC European plant
data

(3,4,1,3,3,na); Literature

Range for RER refineries, Co/Mo
Catalyst

Range for RER refineries, Ni/Mo
Catalyst

Range for RER refineries, Vanadium
Catalyst

Range for RER refineries, Reformer
Catalyst

Range for RER refineries, Reformer
Catalyst

Range for RER refineries

Range for RER refineries, Zn Catalyst

(2,3,1,3,1,3); Average of plant data
(2,3,1,3,1,3); Estimation
(2,3,1,3,1,3); Estimation based on
literature data

Range for RER refineries, Reformer
Catalyst

(3,3,1,3,1,4); Average of plant data
(3.3,1,1,1,na); Average of plant data
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Tab. B. 13Life cycle inventory of the production of 1 kg unleaded petrol in Europe. (continued)

=
5 3% - S 3
Name 5 58 £ pewolunleaded, B o R o oicomment
S 39 > atrefinery 8 g >
a ga 8 <
E S s
(7]
Location RER
InfrastructureProcess 0
Unit kg
B /. onia kg 7.02E-8 1 154 (34.13,13);Plantdata
density
Dinitrogen monoxide kg 1.69E-6 1 151 (2,3,1,3,1,3); Average of plant data
Nitrogen oxides kg 3.96E-5 1 2.89 11% of Range for RER refineries
Benzene kg 5.14E-6 1 165 (354,314); Literature
Benzene, ethyl- kg 1.29E-6 1 165 (354,314); Literature
Butane kg 5.14E-5 1 1.65 (3,5.4,3,1,4); Literature
Butene kg 1.29E-6 1 165 (354.31,4); Literature
Ethane kg 1.29E-5 1 165 (354,314); Literature
Ethene kg 2.57E-6 1 165 (3,543,14); Literature
Heptane kg 1.29E-5 1 1.65 (3,5,4,3,1,4); Literature
Hexane kg 2.57E-5 1 165 (354.314); Literature
Hydrocarbons, aliphatic, alkanes, unspecified kg 4.30E-11 1 151 (231,3,1,3); Arerage of plantdata
Hydrocarbons, aliphatic, unsaturated kg 2.36E-12 1 151 (23,1,3,1,3); Arerage of plant data
Hydrocarbons, aromatic kg 6.44E-13 1 151 (2,3,1,3,1,3); Average of plant data
Methane, fossil kg 3.84E-5 1 141 (35/4.3.14); Literature
Particulates, > 10 um kg 9.59E-6 1 212 (354314); Literature
Pentane kg 6.43E-5 1 165 (3,543,14); Literature
Propane kg 5.14E-5 1 1.65 (3,5,4,3,1,4); Literature
Propene kg 2.57E-6 1 165 (354.31,4); Literature
Toluene kg 7.71E-6 1 165 (354,314); Literature
Xylene kg 5.14E-6 1 165 (354,314); Literature
Heat, waste M) 9.27E-2 1 110 (2,3,1,3,1,3); Average of plant data
Sulfur dioxide kg 3.00E-4 1 1410 Range for RER refineries, Share for
sulphur recoveryand FCC
water, river t-Butyl methyl ether kg 3.76E-7 1 3.6 Range for RER refineries
water, ocean TOC, Total Organic Carbon kg 5.16E-5 1 165 (354,314) Estimation
water, river Auminium kg 1.22E-8 1 5.13 (3,5.4,3,1,4); Literature
Barium kg 2.44E-8 1 5.13 (3,54,3,1,4); Literature
Boron kg 9.74E-8 1 165 (354,314); Literature
Calcium kg 1.22E-5 1 165 (354,314); Literature
(2,4,1,2,1,3); Average of CH plant,
Chloride kg 1.94E-5 1 5.02 basicuncertainity=5 estimated
based on range
Cyanide kg 4.23E-8 1 5.77 Range for RER refineries
Fluoride kg 1.09E-6 1 4.47 Range for RER refineries
Hydrocarbons, aromatic kg 1.76E-7 1 3.01 (231,1,1,3);Average of plantdata
Iron kg 1.22E-7 1 513 (354,314); Literature
Magnesium kg 6.10E-6 1 513 (354,3,14); Literature
Manganese kg 4.88E-8 1 5.13 (3,5.4,3,1,4); Literature
Mercury kg 2.44E-11 1 513 (3,54,314); Literature
Molybdenum kg 2.44E-9 1 513 (354,31,4); Literature
Nitrate kg 2.00E-6 1 165 (3,54,3,14); Literature
Phosphorus kg 9.45E-8 1 3.87 Range for RER refineries
Potassium kg 2.44E-6 1 165 (3,54.3,14);Literature
Selenium kg 3.66E-9 1 513 (3,54,3,14); Literature
Silver kg 1.22E-8 1 513 (354,3,14); Literature
Sodium kg 7.32E-5 1 165 (3,543,14), Literature
Sulfide kg 2.44E-8 1 10.00 Range for RER refineries
Suspended solids, unspecified kg 2.44E-6 1 5.00 Range for RER refineries
Toluene kg 2.43E-7 1 312 (354,314); Literature
Xylene kg 2.44E-8 1 3.12 (3,5.4,3,1,4); Literature
water, ocean Aluminium kg 2.12E-8 1 513 (354,31,4); Literature
Barium kg 4.24E-8 1 513 (354,314); Literature
Boron kg 1.70E-7 1 165 (354,314); Literature
Calcium kg 2.12E-5 1 1.65 (3,5.4,3,1,4); Literature
(2,4,1,2,1,3); Average of CH plant,
Chloride kg 3.38E-5 1 5.02 basicuncertainity =5 estimated
based on range
Cyanide kg 7.35E-8 1 5.77 Range for RER refineries
Fluoride kg 1.90E-6 1 447 Range for RER refineries
Hydrocarbons, aromatic kg 3.05E-7 1 301 (231,1,1,3); Arerage of plantdata
Iron kg 2.12E-7 1 513 (354,3,14); Literature
Magnesium kg 1.06E-5 1 5.13 (3,5.4,3,1,4); Literature
Manganese kg 8.48E-8 1 513 (3,54,3,14); Literature
Mercury kg 4.24E-11 1 513 (354,314); Literature
Molybdenum kg 4.25E-9 1 513 (354,314);Literature
Nitrate kg 3.48E-6 1 1.65 (3,5.4,3,1,4); Literature
Phosphorus kg 1.64E-7 1 3.87 Range for RER refineries
Potassium kg 4.24E-6 1 165 (354,314); Literature
Selenium kg 6.37E-9 1 513 (354,3,14); Literature
Sodium kg 127E-4 1 165 (3,54,3,14), Literature
Strontium kg 2.97E-7 1 513 (3,54,3,14); Literature
Suspended solids, unspecified kg 4.24E-6 1 5.00 Range for RER refineries
t-Butyl methyl ether kg 1.35E-7 1 3.6 Range for RER refineries
Vanadium kg 1.27E-8 1 5.13 (3,5.4,3,1,4); Literature
Zinc kg 7.31E-8 1 5.02 (2,4,1,2,1,33); Average of CH plant
water, river Ammonium, ion kg 1.62E-6 1 6.32 Range for RER refineries
water, ocean Ammonium, ion kg 2.83E-6 1 6.32 Range for RER refineries
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Tab. B. 13Life cycle inventory of the production of 1 kg unleaded petrol in Europe. (continued)

water, river

water, ocean

water, river

water, ocean

water, river
water, ocean
water, river

water, ocean

water, river
water, ocean
water, river

water, ocean

water, river
water, ocean
Outputs’

Name

Location

InfrastructureProcess

Unit
AOX, Adsorbable Organic Halogen as Cl
Benzene
PAH, polycyclic aromatic hydrocarbons
Sulfate
AOX, Adsorbable Organic Halogen as Cl
Benzene
PAH, polycyclic aromatic hydrocarbons
Sulfide
Arsenic
Cadmium
Chromium
Copper

Lead

Nickel
Strontium
Vanadium
Zinc
Arsenic
Cadmium
Chromium
Copper

Lead

Nickel

Sulfate

Xylene

Benzene, ethyl-

Benzene, ethyl-

BODS5, Biological Oxygen Demand
DOC, Dissolved Organic Carbon
TOC, Total Organic Carbon
BODS5, Biological Oxygen Demand
DOC, Dissolved Organic Carbon
Toluene

COD, Chemical Oxygen Demand
COD, Chemical Oxygen Demand
Hydrocarbons, unspecified
Nitrogen, organic bound

Oils, unspecified

Hydrocarbons, unspecified
Nitrogen, organic bound

Qils, unspecified

Phenol

Phenol

petrol, unleaded, at refinery

Location

Life Cycle Inventories of Road and Non-Road Transport Services

Infrastructure-

Process

2
=}

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

kg

kg
kg
kg
kg
kg
kg
kg
kg

kg

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

petrol, unleaded,
atrefinery

RER

3.92E-9
5.55E-9
3.92E-9
4.96E-5
6.83E-9
9.65E-9
6.83E-9
4.31E-8
2.42E-9
2.42E-9
5.39E-8
2.42E-9

7.63E-8
3.18E-9

4.20E-9
1.33E-7

5.54E-9
8.39E-5
4.19E-8
4.82E-11
8.39E-11
1.72E-6
1.68E-8
6.79E-6
2.99E-6
291E-8
4.72E-7
1.74E-5
3.03E-5
9.21E-8
4.45E-6
8.93E-7
1.60E-7
7.73E-6
1.55E-6
3.74E-8
6.49E-8
1.00E+0

PR PRPPRPPRPRPERPRPE R uncertaintyType

PR R R R PR R e

StandardDeviation
95%

3.16
44.70
3.16
1.65
3.16
44.70
3.16
10.00
513
513
224
5.13

5.02

5.02
513
5.13
5.02
513
513
224
513

5.02

5.02
1.65
3.12
3.12
3.12
3.16
153
1.65
3.16
153
3.12
2.04
2.04
5.48
2.65
14.00
5.48
2.65
14.00
5.77
5.77

GeneralComment

Range for RER refineries

Range for RER refineries

Range for RER refineries
(3,5,4,3,1,4); Literature

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries
(3.5,4,3,1,4); Literature
(3.5,4,3,1,4); Literature

Range for RER refineries
(3,5,4,3,1,4); Literature
(2,3,1,1,1,4); Range for RER
refineries

(2,4,1,2,1,3); Average of CH plant
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(2,4,1,2,1,3); Average of CH plant
(3.5.4,3,1,4); Literature
(3,5.4,3,1,4); Literature

Range for RER refineries
(3,5,4,3,1,4); Literature
(2,3,1,1,1,4); Range for RER
refineries

(2,4,1,2,1,3); Average of CH plant
(3,5,4,3,1,4); Literature
(3,5:4,3,1,4); Literature
(3.5.4,3,1,4); Literature
(3,5.4,3,1,4); Literature

Range for RER refineries
(2.4,1,2,1,3); Average of CH plant
(3.5,4,3,1,4); Estimation

Range for RER refineries
(2,4,1,2,1,3); Average of CH plant
(3,5,4,3,1,4); Literature

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries
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Tab. B. 14L.ife cycle inventory of the production of 1 kg diesel in Europe.

Technosphere

resource, in ground

resource, in water

air, high population

density

c
2
Name 8
<1
3
Location
InfrastructureProcess
Unit
tap water, atuser RER
calcium chloride, CaCl2, at plant RER
hydrochloric acid, 30% in H20, at plant RER
iron sulphate, at plant RER
lime, hydrated, packed, at plant CH
lubricating oil, at plant RER
nitrogen, liquid, at plant RER
soap, at plant RER
sodium hypochlorite, 15% in H20, at plant RER
sulphuric acid, liquid, at plant RER
transport, lorry >16t, fleet average RER
transport, freight, rail RER
crude oil, production RU, atlong distance transport RER
crude oil, production KZ, at long distance transport RER
crude oil, production AZ, at long distance transport RER
crude oil, production RLA, at long distance transport RER
crude oil, production RME, at long distance transport RER
crude oil, production RAF, at long distance transport RER
crude oil, production NG, at long distance transport RER
crude oil, production NO, at long distance transport RER
crude oil, production GB, atlong distance transport RER
crude oil, production NL, at long distance transport RER
electricity, medium voltage, production ENTSO, at grid ENTSO
refinery gas, burned in furnace RER
heavy fuel oil, burned in refinery furnace RER
refinery gas, burned in flare GLO
refinery RER
ammonia, liquid, at regional storehouse RER
naphtha, at regional storage RER
chemicals organic, at plant GLO
propylene glycol, liquid, at plant RER
molybdenum, at regional storage RER
zeolite, powder, at plant RER
zinc, primary, atregional storage RER
disposal, refinery sludge, 89.5% water, to sanitary landfill CH
disposal, refinery sludge, 89.5% water, to hazardous waste incineration CH
disposal, catalytic converter NOx reduction, 0% water, to underground deposit DE
Cobalt
Water, river

Water, cooling, unspecified natural origin/m3
Ammonia

Dinitrogen monoxide

Nitrogen oxides

Benzene

Benzene, ethyl-

Butane

Butene

Ethane

Ethene

Heptane

Hexane

Hydrocarbons, aliphatic, alkanes, unspecified
Hydrocarbons, aliphatic, unsaturated
Hydrocarbons, aromatic

Methane, fossil

Particulates, > 10 um

Life Cycle Inventories of Road and Non-Road Transport Services

Infrastructure-

o o o o
Process

© © o coo o

oro o o

o

© oo © o o o o

Unit

kg
kg
kg

kg

kg
kg
kg
kg

kg
kg
tkm

tkm
kg
kg
kg
kg
kg
kg
kg
kg
kg

kg
kwh

diesel, atrefinery

RER
]
kg
1.46E-2
1.56E-5
8.54E-5

4.80E-5

3.36E-5

2.38E-5
7.91E-4
257E-6

4.80E-5
1.14E-5

6.79E-4
4.07E-3
271E-1
5.20E-2
2.75E-2
5.13E-2
1.76E-1
7.59E-2
1.45E-1
1.05E-1
5.80E-2

7.48E-3
2.45E-2
1.98E+0

6.80E-1

8.36E-2
2.76E-11
1.93E-6

3.84E-2

4.27E-4
5.52E-7
1.58E-8
3.37E-6
3.64E-8

1.80E-4
1.92E-4

3.40E-7

2.92E-8

6.72E-4
3.84E-3

7.06E-8

9.44E-7
2.21E-5
5.17E-6
1.29E-6
5.17E-5
1.29E-6
1.29E-5
2.59E-6
1.29e-5
259E-5
4.32E-11
2.37E-12
6.48E-13
3.86E-5
9.65E-6

uncertaintyType

PRRPRPRPRRRRERRERRERRRRR B

StandardDeviation
95%

1.10
1.10
114

134

1.26

1.14
114
1.10

134
1.10

210

210

1.07

1.07

1.07

1.07
1.10
1.09

1.09

1.34
3.03
134

1.19
1.26
2.83
134
1.00

1.10
1.10

1.10

2.00

1.16
112

1.54

151
2.89
1.65
1.65
1.65
1.65
1.65
1.65
1.65
1.65
151
151
151
141
212

119

GeneralComment

(2,3,1,3,1,3); Average of plant data
(2,3,1,3,1,3); Average of plant data
(2,4,1,3,1,3); Env. reports DE
(3:4,4,3,3,na); Literature, waste water
treatment

(3,4,1,3,3,na); Estimation based on
literature

(2,4,1,3,1,3); Env. reports DE
(2,4,1,3,1,3); Env. reports DE
(2,3,1,3,1,3); Average of plant data
(3,4,4,3,3,na); Literature, waste water
treatment

(2,3,1,3,1,3); Average of plant data
(4,5.na,na,na,na); Standard distance
100km

(4,5,na,na,na,na); Standard distance
600km

(1,1,1,1,1,3); IEA Monthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEA Monthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEA Monthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEAMonthly Oil Statistics
(2015), Tab. 3.4

(1,1,1,1,1,3); IEA Monthly Oil Statistics
(2015), Tab. 3.4

(2,3,1,3,1,3); Average of plant data
(2,1,1,1,1,3); IPPC European plant
data

(2,1,1,1,1,3); IPPC European plant
data

(3,4,4,3,3,na); Literature

(3.3,1,1,1,4); Estimation
(3,4,4,3,3,na); Literature

(2,3,1,3,1,3); Calculation as input-
output balance, not considered for
transports

(3.4,2,1,1,4); IPPC European plant
data

(3,4,1,3,3,na); Literature

Range for RER refineries, Co/Mo
Catalyst

Range for RER refineries

Range for RER refineries, Zn Catalyst

(2,3,1,3,1,3); Average of plant data
(2,3,1,3,1,3); Estimation
(2,3,1,3,1,3); Estimation based on
literature data

Range for RER refineries, Co/Mo
Catalyst

(3,3,1,3,1,4); Average of plant data
(3,3,1,1,1,na); Average of plant data

(3.4,1,3,1,3); Plant data

(2,3,1,3,1,3); Average of plant data
11% of Range for RER refineries
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5:4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(2,3,1,3,1,3); Average of plant data
(2,3,1,3,1,3); Average of plant data
(2,3,1,3,1,3); Average of plant data
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
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Tab. B. 14L.ife cycle inventory of the production of 1 kg diesel in Europe. (continued)

water, river

water, ocean

water, river
water, ocean
water, river

water, ocean

water, river

Name
Location
InfrastructureProcess
Unit
Pentane
Propane
Propene
Toluene
Xylene
Heat, waste

Sulfur dioxide

Aluminium
Barium
Boron
Calcium

Chloride

Cyanide
Fluoride
Hydrocarbons, aromatic
Iron
Magnesium
Manganese
Mercury
Molybdenum
Nitrate
Phosphorus
Potassium
Selenium
Silver
Sodium
Sulfide
Suspended solids, unspecified
Toluene
Xylene
Aluminium
Barium
Boron
Calcium

Chloride

Cyanide

Fluoride

Hydrocarbons, aromatic

Iron

Magnesium

Manganese

Mercury

Molybdenum

Nitrate

Phosphorus

Potassium

Selenium

Sodium

Strontium

Suspended solids, unspecified

t-Butyl methyl ether

Vanadium

Zinc

Ammonium, ion

Ammonium, ion

AOX, Adsorbable Organic Halogen as Cl
Benzene

PAH, polycyclic aromatic hydrocarbons
Sulfate

AOX, Adsorbable Organic Halogen as Cl
Benzene

PAH, polycyclic aromatic hydrocarbons
Sulfide

Arsenic

Benzene, ethyl-

Cadmium

Chromium

Copper

Lead

Nickel
Strontium
Vanadium
Zinc

Location

Life Cycle Inventories of Road and Non-Road Transport Services

Infrastructure-

Process

Unit

kg
kg
kg
kg
kg

kg

kg
kg
kg
kg

kg

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

kg

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

diesel, atrefinery

RER

6.47E-5
SAVESD)
2.59E-6
7.76E-6
5.17E-6
5.18E-2

1.68E-4

1.23E-8
2.46E-8
9.79E-8
1.23E-5

1.95E-5

4.25E-8

3.40E-5

7.39E-8

4.85E-11

2.43E-9
7.68E-8
3.20E-9
1.70E-7

7.28E-9
4.19E-8

uncertaintyType

PR R R e e

PR e e

PRRPRRRRRERREPREPRRRRRERRERRERRERRRR R

-

PRRPRRRRRPREPREPREPRRPERRRERERERREPRERRERRRERRRERERRERPRRR B

PR e e e

StandardDeviation
95%

1.65
1.65
1.65
1.65
1.65
1.10

14.10

513
513
1.65
1.65

577
4.47
3.01
5.13
513
513
5.13
5.13
1.65
3.87
1.65
5.13
513
1.65
10.00
5.00
3.12
3.12
5.13
5.13
1.65
1.65

5.02

5.77
4.47
3.01
513
513
5.13
5.13
513
1.65
3.87
1.65
513
1.65
5.13
5.00
3.16
513
5.02
6.32
6.32
3.16
44.70
3.16
1.65
3.16
44.70
3.16
10.00
5.13
3.12
5.13
224
513

5.02

5.02
513
513
5.02

GeneralComment

(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(2,3,1,3,1,3); Average of plant data
Range for RER refineries, Share for
sulphur recoveryand FCC
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5.4,3,1,4); Literature
(2,4,1,2,1,3); Average of CH plant,
basic uncertainity = 5 estimated
based on range

Range for RER refineries

Range for RER refineries
(2,3,1,1,1,3); Average of plant data
(3,5,4,3,1,4); Literature
(3,5.4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5.4,3,1,4); Literature

Range for RER refineries
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5.4,3,1,4); Literature
(3.5,4,3,1,4); Literature

Range for RER refineries

Range for RER refineries
(3,5.4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5.4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(2,4,1,2,1,3); Average of CH plant,
basic uncertainity = 5 estimated
based on range

Range for RER refineries

Range for RER refineries
(2,3,1,1,1,3); Average of plant data
(3,5.4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5.4,3,1,4); Literature
(3,5.4,3,1,4); Literature

Range for RER refineries
(3.5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature

Range for RER refineries

Range for RER refineries
(3,5.4,3,1,4); Literature
(2,4,1,2,1,3); Average of CH plant
Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries
(3.5,4,3,1,4); Literature

Range for RER refineries

Range for RER refineries

Range for RER refineries

Range for RER refineries
(3.5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature

Range for RER refineries
(3,5,4,3,1,4); Literature
(2,3,1,1,1,4); Range for RER
refineries

(2,4,1,2,1,3); Average of CH plant
(3,5,4,3,1,4); Literature
(3,5,4,3,1,4); Literature
(2,4,1,2,1,3); Average of CH plant
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Tab. B. 14L.ife cycle inventory of the production of 1 kg diesel in Europe. (continued)

=
¢ g g
§ 3% - 2 %
Name § g § 5 diesel, atrefinery § % o GeneralComment
S5 g« s 8
£ 5 (“/i;
Location RER
InfrastructureProcess 0
Unit kg
water, ocean Arsenic kg 4.23E-9 1 5.13 (3,5.4,3,1,4); Literature
Benzene, ethyl- kg 8.45E-11 1 312 (3,54.3,14);Literature
Cadmium kg 4.23E-9 1 513 (354,314);Literature
Chromium kg 9.44E-8 1 2.4 Range for RER refineries
Copper kg 4.23E-9 1 513 (3,543,14), Literature
Lead kg 13467 1 502 (2,3.1,1,1,4); Range for RER
refineries
Nickel kg 5.58E-9 1 5.02 (24,1.2,,3); Arerage of CH plant
Sulfate kg 8.45E-5 1 165 (354,314);Literature
Xylene kg 4.22E-8 1 312 (354,3,14); Literature
water, river BODS5, Biological Oxygen Demand kg 1.73E-6 1 3.6 Range for RER refineries
DOC, Dissolved Organic Carbon kg 1.69E-8 1 153 (24,1,2,1,3); Arerage of CH plant
TOC, Total Organic Carbon kg 6.83E-6 1 165 (3,54,3,14);Estimation
water, ocean BODS5, Biological Oxygen Demand kg 3.00E-6 1 3.16 Range for RER refineries
DOC, Dissolved Organic Carbon kg 2.93E-8 1 153 (24,1,2,1,3); Arerage of CH plant
Toluene kg 4.75E-7 1 312 (354,31,4);Literature
water, river COD, Chemical Oxygen Demand kg 1.75E-5 1 2.04 Range for RER refineries
water, ocean COD, Chemical Oxygen Demand kg 3.04E-5 1 2.04 Range for RER refineries
water, river Hydrocarbons, unspecified kg 2.32E-8 1 5.48 Range for RER refineries
Nitrogen, organic bound kg 1.12E-6 1 265 Range for RER refineries
Qils, unspecified kg 2.25E-7 1 1400 Range for RER refineries
water, ocean Hydrocarbons, unspecified kg 4.04E-8 1 5.48 Range for RER refineries
Nitrogen, organic bound kg 1.95E-6 1 2.65 Range for RER refineries
Oils, unspecified kg 3.91E-7 1 14.00 Range for RER refineries
water, river Phenol kg 3.76E-8 1 5.77 Range for RER refineries
water, ocean Phenol kg 6.53E-8 1 577 Range for RER refineries
Outputs diesel, atrefinery RER 0 kg 1.00E+0

B.5 Regional distribution in Switzerland

The supply of unleaded petrol, low-sulphur petrol, diesel and low-sulphur diesel at re-
gional storage in Switzerland was updated. The shares of petrol and diesel imported
from Europe were taken from statistics of the Swiss Oil Association for 2014. The
transport distances were calculated based on the most important countries of origin and
their respective means of transport (EV/UP 2014). The calculation procedure is ex-
plained in Stolz and Frischknecht (2016). The petrol and diesel were assumed to be dis-
tributed to regional storage by lorry over a distance of 150 km (Jungbluth 2007). The
updated life cycle inventories of the regional distribution of petrol and diesel are pre-
sented in Tab. B. 15 to Tab. B. 18.
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Tab. B. 15Life cycle inventory of the supply of 1 kg unleaded petrol at regional storage in Switzerland.

Technosphere

air, high population

density

Outputs

Name

Location
InfrastructureProcess
Unit

petrol, unleaded, at refinery

petrol, unleaded, at refinery
electricity, low voltage, at grid

light fuel oil, burned in boiler 100kw, non-modulating
tap water, at user

transport, lorry 20-28t, fleet average

transport, lorry >16t, fleet average

transport, freight, rail

transport, barge tanker

transport, crude oil pipeline, onshore

transport, aircratft, freight, Europe

regional distribution, oil products
treatment, sewage, to wastewater treatment, class 2

treatment, rainwater mineral oil storage, to wastewater treatment, class 2
disposal, municipal solid waste, 22.9% water, to sanitary landfill

disposal, separator sludge, 90% water, to hazardous waste incineration
Heat, waste

Hydrocarbons, aliphatic, alkanes, unspecified
Hydrocarbons, aliphatic, unsaturated
Hydrocarbons, aromatic

Benzene

Methane, fossil

t-Butyl methyl ether

Toluene

Xylene

Benzene, ethyl-

Hexane

petrol, unleaded, at regional storage

Location

CH

RER
CH

CH
RER

CH

RER

RER

RER

RER

RER
CH
CH
CH
CH

CH

Life Cycle Inventories of Road and Non-Road Transport Services

Infrastructure-

o o oo

©o o o or

Process

Unit

kg

kg
kWh

kg
tkm

tkm

m3
m3
kg
kg

kg
kg
kg
kg
kg
kg
kg
kg
kg

kg
kg

petrol, unleaded,
atregional

storage

CH
0
kg

5.26E-1

4.74E-1
6.70E-3

6.21E-4
6.89E-4

1.50E-1

5.83E-2

1.09E-1

5.26E-2

6.88E-3

1.54E-5

2.78E-10
6.89E-7

7.50E-5
6.27E-6

1.68E-4
241E-2
2.68E-4
4.90E-5
4.90E-5
4.90E-6
1.47E-7
2.45E-5
2.45E-5
5.39E-5
1.03E-5

6.37E-6
1.00E+0

uncertaintyType

R

StandardDeviation
95%

1.05

1.05
114

114
114

2.02

2.02

2.02

2.02

2.02

2.02

3.01
114

132
114

2.03

114

3.02

3.02

3.02

3.02

3.02

3.02

3.02

3.02

3.02

GeneralComment

(1,1,1,1,1,1); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(1,1,1,1,1,1); Swiss Petroleum
Association (Erddlvereinigung):
Annual Report 2014

(2,4,1,3,1,3); Environmental report
(2,4,1,3,1,3); Environmental report
(2,4,1,3,1,3); Environmental report
(3,2,1,1,1,3); Distribution in
Switzerland; Jungbluth 2007
(1,1,1,1,1,1); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(1,1,1,1,1,1); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(1,1,1,1,1,1); Swiss Petroleum
Association (Erddlvereinigung):
Annual Report 2014

(1,1,1,1,1,1); Swiss Petroleum
Association (Erdélvereinigung):
Annual Report 2014

(1,1,1,1,1,1); Swiss Petroleum
Association (Erddlvereinigung):
Annual Report 2014
(3,na,1,3,1,na); Calculation
(2,4,1,3,1,3); Used water
(4,5,3,3,1,na); Rainwater with
pollutants

(2,4,1,3,1,3); Environmental report
(2,4,3,3,1,3); Environmental report
and literature

(2,4,1,3,1,3); Calculation

(2,4,1,3,1,3); Literature with VOC from
Env. Report
(2,4,1,3,1,3); Literature with VOC from
Env. Report
(2,4,1,3,1,3); Literature with VOC from
Env. Report
(2,4,1,3,1,3); Literature with VOC from
Env. Report
(2,4,1,3,1,3); Literature with VOC from
Env. Report
(2,4,1,3,1,3); Literature with VOC from
Env. Report
(2,4,1,3,1,3); Literature with VOC from
Env. Report
(2,4,1,3,1,3); Literature with VOC from
Env. Report
(2,4,1,3,1,3); Literature with VOC from
Env. Report
(2,4,1,3,1,3); Literature with VOC from
Env. Report

treeze Ltd.



B. Appendix: Petrol and diesel supply 123

Tab. B. 16Life cycle inventory of the supply of 1 kg low-sulphur petrol at regional storage in Switzerland.

c
; g g
& > &
§ 28 . petrol, low- 5 gg
= o E
Name g = S 5 sulphur, at E ‘%8 GeneralComment
B 9 . <
S sa regional storage g &
£ =
= S s
n
Location CH
InfrastructureProcess 0
Unit kg

(1,1,1,1,1,1); Swiss Petroleum
Technosphere petrol, low-sulphur, at refinery CH 0 kg 5.26E-1 1 1.05 Association (Erdélvereinigung):

Annual Report 2014

(1,1,1,1,1,1); Swiss Petroleum

petrol, low-sulphur, at refinery RER 0 kg 4.74E-1 1 1.05 Association (Erddlvereinigung):
Annual Report 2014

electricity, low voltage, at grid CH 0 kwh 6.70E-3 1 114 (2,41,3,1,3); Environmental report

light fuel oil, burned in boiler 100kw, non-modulating CH 0 MJ 6.21E-4 1 114 (2,41,3,1,3); Environmental report

tap water, at user RER 0 kg 6.89E-4 1 1.14 (2,4,1,3,1,3); Environmental report

transport, lorry 20-28t, fleet average CH 0 tkm 1.50E-1 1 202 (8.2,1,1,1,3); Distribution in

Switzerland; Jungbluth 2007
(1,1,1,1,1,1); Swiss Petroleum
transport, lorry >16t, fleet average RER 0 tkm 5.83E-2 1 2.02 Association (Erddlvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
transport, freight, rail RER 0 tkm 1.09E-1 1 202 Association (Erddlvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
transport, barge tanker RER 0 tkm 5.26E-2 1 2.02 Association (Erddlvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
transport, crude oil pipeline, onshore RER 0 tkm 6.88E-3 1 2.02 Association (Erdélvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum

transport, aircratft, freight, Europe RER 0 tkm 1.54E-5 1 2.02 Association (Erddlvereinigung):
Annual Report 2014
regional distribution, oil products RER 1 p 2.78E-10 1 3.01 (3,na,1,3,1,na); Calculation
treatment, sewage, to wastewater treatment, class 2 CH 0 m3 6.89E-7 1 114 (24131.3);Used water
treatment, rainwater mineral oil storage, to wastewater treatment, class 2 CH 0 m3 7.50E-5 1 132 fjtﬁﬁ;‘?’n"ls'na); Rainwater with
disposal, municipal solid waste, 22.9% water, to sanitary landfill CH 0 kg 6.27E-6 1 114 (2,41,3,1,3); Environmental report
disposal, separator sludge, 90% water, to hazardous waste incineration CH 0 kg 1.68E-4 1 203 (2'4'3’3'1'3); Emvironmental report
and literature
air, high populaion ., \aste M) 241E2 1 114 (24,13.3); Calculation
density
Hydrocarbons, aliphatic, alkanes, unspecified kg 2.68E-4 1 302 (2,4,1,3,1,3); Literature with VOC from
Env. Report
Hydrocarbons, aliphatic, unsaturated kg 4.90E-5 1 3.02 (2:4.13,1,3); Literature with VOC from
Env. Report
Hydrocarbons, aromatic kg 4.90E-5 1 302 (2,4,1,3,1,3); Literature with VOC from
Env. Report
Benzene kg 4.90E-6 1 302 (2,4,1,3,1,3); Literature with VOC from
Env. Report
Methane, fossil kg 1.47E-7 1 302 (2,4,1,3,1,3); Literature with VOC from
Env. Report
(2,4,1,3,1,3); Literature with VOC from
t-Butyl methyl ether kg 2.45E-5 1 302 Env. Report
Toluene kg 2 45E-5 1 302 (2,4,1,3,1,3); Literature with VOC from
Env. Report
Xylene kg 5.30E-5 1 302 (2,4,1,3,1,3); Literature with VOC from
Env. Report
Benzene, ethyl- kg 1.03E5 1 302 (2,4,1,3,1,3); Literature with VOC from
Env. Report
Hexane kg 6.37E-6 1 302 (2,4,1,3,1,3); Literature with VOC from
TR Env. Report
Outputs petrol, low-sulphur, at regional storage CH 0 kg 1.00E+0
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Tab. B. 17Life cycle inventory of the supply of 1 kg diesel at regional storage in Switzerland.

c
; g g
- > 8
2 0 >
<) 50 - " > o
= o E diesel, at
Name g = S 5 . = % § GeneralComment
S B8 regional storage £ £ o
4 ga g 3
= S 5
S 8
n
Location CH
InfrastructureProcess 0
Unit kg

(1,1,1,1,1,1); Swiss Petroleum
Technosphere diesel, at refinery CH 0 kg 5.44E-1 1 1.05 Association (Erdélvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
diesel, at refinery RER 0 kg 4.56E-1 1 1.05 Association (Erddlvereinigung):
Annual Report 2014

electricity, low voltage, at grid CH 0 kWh 6.70E-3 1 114 (2,41,3,1,3); Environmental report
light fuel oil, burned in boiler 100kw, non-modulating CH 0 MJ 6.21E-4 1 114 (2,41,3,1,3); Environmental report
tap water, at user RER 0 kg 6.89E-4 1 114 (2,41,3,1,3); Environmental report
transport, lorry 20-28t, fleet average CH 0 tkm 1.50E-1 1 202 (8.2,1,1,1,3); Distribution in

Switzerland; Jungbluth 2007
(1,1,1,1,1,1); Swiss Petroleum
transport, lorry >16t, fleet average RER 0 tkm 3.56E-2 1 2.02 Association (Erddlvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
transport, freight, rail RER 0 tkm 6.65E-2 1 2.02 Association (Erddlvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
transport, barge tanker RER 0 tkm 151E-1 1 2.02 Association (Erddlvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
transport, crude oil pipeline, onshore RER 0 tkm 2.54E-2 1 2.02 Association (Erdélvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum

transport, aircratft, freight, Europe RER 0 tkm 3.95E-5 1 202 Association (Erddlvereinigung):
Annual Report 2014
regional distribution, oil products RER 1 p 2.48E-10 1 3.01 (3,na,1,3,1,na); Calculation
treatment, sewage, to wastewater treatment, class 2 CH 0 m3 6.89E-7 1 114 (2,413.13);Used water
treatment, rainwater mineral oil storage, to wastewater treatment, class 2 CH 0 m3 7.50E-5 1 1.32 (ptﬁ'jgitls’na); Rainwater with
disposal, municipal solid waste, 22.9% water, to sanitary landfill CH 0 kg 6.27E-6 1 114 (2,41,3,1,3); Environmental report
disposal, separator sludge, 90% water, to hazardous waste incineration CH 0 kg 1.68E-4 1 203 (2'4'?,”3'1'3); Environmental report
and literature
:g'n's“igh Rl e, waste M 2.41E-2 1 114 (2,41,31,3); Calculation
Gensiy
Outputs diesel, atregional storage CH 0 kg 1.00E+0
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Tab. B. 18L.ife cycle inventory of the supply of 1 kg low-sulphur diesel at regional storage in Switzerland.

c
; g g
& > E
§ 28 . diesel,low- 3§ o
= o E
Name g = S 5 sulphur, at § %8 GeneralComment
0w = - =
S g«a regional storage g 8
£ e £
S g
n
Location CH
InfrastructureProcess 0
Unit kg

(1,1,1,1,1,1); Swiss Petroleum
Technosphere diesel, low-sulphur, at refinery CH 0 kg 5.44E-1 1 1.05 Association (Erdélvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
diesel, low-sulphur, at refinery RER 0 kg 4.56E-1 1 1.05 Association (Erddlvereinigung):
Annual Report 2014

electricity, low voltage, at grid CH 0 kWh 6.70E-3 1 114 (2,41,3,1,3); Environmental report
light fuel oil, burned in boiler 100kw, non-modulating CH 0 MJ 6.21E-4 1 114 (2,41,3,1,3); Environmental report
tap water, at user RER 0 kg 6.89E-4 1 114 (2,41,3,1,3); Environmental report
transport, lorry 20-28t, fleet average CH 0 tkm 1.50E-1 1 202 (8.2,1,1,1,3); Distribution in

Switzerland; Jungbluth 2007
(1,1,1,1,1,1); Swiss Petroleum
transport, lorry >16t, fleet average RER 0 tkm 3.56E-2 1 2.02 Association (Erddlvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
transport, freight, rail RER 0 tkm 6.65E-2 1 2.02 Association (Erddlvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
transport, barge tanker RER 0 tkm 151E-1 1 2.02 Association (Erddlvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum
transport, crude oil pipeline, onshore RER 0 tkm 2.54E-2 1 2.02 Association (Erdélvereinigung):
Annual Report 2014
(1,1,1,1,1,1); Swiss Petroleum

transport, aircratft, freight, Europe RER 0 tkm 3.95E-5 1 202 Association (Erddlvereinigung):
Annual Report 2014
regional distribution, oil products RER 1 p 2.48E-10 1 3.01 (3,na,1,3,1,na); Calculation
treatment, sewage, to wastewater treatment, class 2 CH 0 m3 6.89E-7 1 114 (2,413.13);Used water
treatment, rainwater mineral oil storage, to wastewater treatment, class 2 CH 0 m3 7.50E-5 1 1.32 (ptﬁ'uzitls’na); Rainwater with
disposal, municipal solid waste, 22.9% water, to sanitary landfill CH 0 kg 6.27E-6 1 114 (2,41,3,1,3); Environmental report
disposal, separator sludge, 90% water, to hazardous waste incineration CH 0 kg 1.68E-4 1 203 (2'4'?,"3'1'3); Environmental report
and literature
:g'n's“igh Rl e, waste M 2.41E-2 1 114 (2,41,31,3); Calculation
Gensiy
Outputs diesel, low-sulphur, at regional storage CH 0 kg 1.00E+0
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