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Glossary

°C

AD
AFOLU
AREA1
AREAZ2
AREA3
AREA4
AREAS5
ART

Avenergy

BAFU
BCEF, BEF
CAEP
Carbura
Cemsuisse
CcC

CFC

CH,4

CHP

chp.

CNG
CLRTAP

CcoO
COQ, CO> eq
COvVID-19

CORINAIR

CRF
CRT
CSC
CSCF
DBH
DDPS
DETEC
dt

Glossary

degree Celsius

Activity data

Agriculture, Forestry and Other Land Use

Swiss Land Use Statistics, first survey 1979/85
Swiss Land Use Statistics, second survey 1992/97
Swiss Land Use Statistics, third survey 2004/09
Swiss Land Use Statistics, fourth survey 2013/18
Swiss Land Use Statistics, fifth survey 2020/25

Agroscope Reckenholz-Tanikon Research Station (formerly FAL)
since 2014 Agroscope

Avenergy Suisse (Swiss Petroleum Association) formerly Erdol-
Vereinigung (EV)

Bundesamt fur Umwelt (German for FOEN)

Biomass conversion and expansion factor, biomass expansion factor
Committee on Aviation Environmental Protection

Swiss organisation for the compulsory stockpiling of oil products
Association of the Swiss Cement Industry

Combination category

Chlorofluorocarbon (organic compound: refrigerant, propellant)
Methane, GWP: 28 (UNFCCC 2019; Myhre 2013)

Combined heat and power

Chapter

Compressed natural gas

UNECE Convention on Long-Range Transboundary Air Pollution

Carbon monoxide
Carbon dioxide, carbon dioxide equivalent (GWP = 1 by definition)

Coronavirus disease 2019 is a contagious disease caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

CORe INventory of AIR emissions (under the European Topic Centre
on Air Emissions and under the European Environment Agency)
Common Reporting Format

Common Reporting Tables (https://unfccc.int/documents/311076)

Carbon stock change

Carbon stock change factor

Diameter (of trees) at breast height

Federal Department of Defence, Civil Protection and Sport

Dept. of the Environment, Transport, Energy and Communications
decitonne (100 kg)
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EF
EMEP

EMIS

Empa
EnAW
ERT
ETS
EU
EV

FAL

FAO
FC
FCA

FDFA
FEDRO
FOAG
FOCA
FOCBS
FOD
FOEN
FSO
GHG
GL

GVS
GWP
ha
HFC
HAFL
HWP
ICAO
IDP
IEA
IFR
IPCC

Glossary

Emission factor

European Monitoring and Evaluation Programme (under the Con-
vention on Long-range Transboundary Air Pollution)

Swiss Emission Information System (German: Emissions Informations
System Schweiz)

Swiss Federal Laboratories for Materials Science and Technology
Energy Agency of the Swiss Private Sector

Expert review team (under the UNFCCC)

Emission Trading System

European Union

Erdol-Vereinigung (Swiss Petroleum Association), since 1. July 2019
Avenergy Suisse

Swiss Federal Research Station for Agroecology and Agriculture (since
2006: ART; since 2014 Agroscope)

Food and Agriculture Organization of the United Nations
Fuel consumption

Federal Customs Administration, since 03.01.2022: Federal Office for
Customs and Border Security (FOCBS)

Federal Department of Foreign Affairs

Swiss Federal Roads Office

Federal Office for Agriculture

Federal Office of Civil Aviation

Federal Office for Customs and Border Security, formerly FCA
First order decay (model)

Federal Office for the Environment (former name SAEFL until 2005)
Federal Statistical Office (formerly SFSO)
Greenhouse gas

Guidelines

gram

Swiss Foundry Association

Global Warming Potential

hectare

Hydrofluorocarbons (e.g. HFC-32 difluoromethane)
School for Agricultural, Forest and Food Sciences
Harvested wood products

International Civil Aviation Organization

Inventory Development Plan

International Energy Agency

Instrument Flight Rules

Intergovernmental Panel on Climate Change
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IPPU
vz

KCA
kha

kt

L1, L2

LPG
LTO
LULUCF
MOFIS

MSW
MSWIP
NABO
NCV
NCAC

NF3

NFI1, NFI2, NFI3,
NF14, NFIS
NID

NIR

NIS

NFR
NMVOC
N20O

NOx

ODS

PFC

SAF
SAEFL

SBV
SCR
SD
SDC
SFs
SGWA
SECO

Glossary

10

Industrial processes and product use

Information system for traffic admission (Informationssystem
Verkehrszulassung IVZ) run by FEDRO, formerly MOFIS

Key category analysis
kilo hectare
kilo tonne (1’000 tonnes)

Key category according to level assessment with approach 1,
approach 2

Liquefied Petroleum Gas (Propane/Butane)
Landing/Take-Off cycle (Aviation)
Land Use, Land-Use Change and Forestry

Swiss federal vehicle registration database run by FEDRO (since 2022:
IVZ)

Municipal solid waste

Municipal solid waste incineration plant

Swiss Soil Monitoring Network

Net calorific value

(livestock) not covered by agricultural census

Nitrogen trifluoride, GWP: 16'100 (UNFCCC 2019; Myhre 2013)
First (1983-1985), Second (1993-1995), Third (2004—2006),
Fourth (2009-2017) and Fifth (ongoing) National Forest Inventory
National Inventory Document (formerly known as NIR)

National Inventory Report (NIR = NID + CRT)

National Inventory System

Nomenclature for Reporting (under the UNECE)

Non-methane volatile organic compounds

Nitrous oxide, GWP: 265 (UNFCCC 2019; Myhre 2013)
Nitrogen oxides

Ozone-depleting substances (CFCs, halons etc.)

Perfluorinated carbon compounds (e.g. Tetrafluoromethane)
Sustainable aviation fuels

Swiss Agency for the Environment, Forests and Landscape
(since 2006: Federal Office for the Environment FOEN)

Schweizerischer Bauernverband; Swiss Farmers Union

Selective catalytic reduction

Standard deviation

Swiss Agency for Development and Cooperation (of the FDFA)
Sulphur hexafluoride, GWP:23'500 (UNFCCC 2019; Myhre 2013)
Swiss Gas and Water Industry Association

State Secretariat for Economic Affairs
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SDC
SFOE
SFSO
SGWA
SO2
SO«
SOC
SOLV

SSIP
SVGWI/SSIGE

SWIP

Swissmem

T1, T2

PSD
QA/QC
QMS
UBA
UNECE
UNFCCC
VFR
VOC
VSG

VSZ

VSLF
VSTB
VTG
WSL
WWT
ZPK

Glossary

Swiss Agency for Development and Cooperation (German: DEZA)
Swiss Federal Office of Energy

Swiss Federal Statistical Office, now: Federal Statistical Office (FSO)
Swiss Gas and Water Industry Association (see SVGW/SSIGE)
Sulphur dioxide

Sulphur oxides (sum of SO, and SOs3, expressed as SO, equivalents)
Soil organic carbon

Swiss Organisation for the Solvent Recovery of Industrial Enterprises
in the Packaging Sector

Sewage sludge incineration plant

Schweizerischer Verein des Gas- und Wasserfaches / Société Suisse
de I'Industrie du Gaz et des Eaux (Swiss Gas and Water Industry
Association)

Special waste incineration plant

Swiss Mechanical and Electrical Engineering Industries (Schweizer
Maschinen-, Elektro- und Metallindustrie)

Key category according to trend assessment with approach 1,
approach 2

Prosperity and Sustainability Division (of the FDFA)

Quality assurance/Quality control

Quality management system

Umweltbundesamt (Federal Environment Agency in Germany)
United Nations Economic Commission for Europe

United Nations Framework Convention on Climate Change
Visual Flight Rules

Volatile organic compounds

Verband der Schweizerischen Gasindustrie / Association Suisse de
I'Industrie Gaziére (ASIG) (Swiss Gas Industry Association)

Verband Schweizerische Ziegelindustrie (Swiss association of brick
and tile industry)

Swiss association for coating and paint applications

Swiss Association of Grass Drying Plants

Swiss Armed Forces — Defense

Swiss Federal Institute for Forest, Snow and Landscape Research
Wastewater treatment

Verband der Schweizerischen Zellstoff-, Papier- und Kartonindustrie
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Executive summary

Responsibilities for Executive summary

Author Regine Réthlisberger (FOEN)

Annual updates (NID text, tables, figures) Lukas Meyer (Meteotest), Felix Weber (INFRAS), Regine Réthlisberger (FOEN)
Quality control NID (annual updates) Dominik Eggli (Meteotest), Adrian Schilt (FOEN)

Internal review Michael Bock (FOEN)

ES.1 Background information on greenhouse gas inventories and climate change
Long-term measurements indicate a marked shift towards a warmer climate for Switzerland.
Between 1864 and 2020, the average temperature in Switzerland has increased by more
than +2.0°C, about twice as much as observed on global average (FOEN 2022j). In the
course of the 21 century, Swiss climate is projected to further depart from present and past
conditions. Mean temperature will very likely increase in all regions and seasons (CH2018
2018). Summer mean precipitation will likely decrease by the end of the century all over
Switzerland by up to 40 %, while winter precipitation will likely increase, particularly in
Southern Switzerland. This will have consequences for all regions and sectors (FOEN et al.
2020n). Based on a decision of the Federal Council, Switzerland has established its National
Centre for Climate Services, which coordinates the development and dissemination of
climate services (https://www.nccs.admin.ch/nccs/en/home.html).

The Federal Office for the Environment (FOEN) is the designated national authority for
climate policy and environmental monitoring. The FOEN bears overall responsibility for
Switzerland’s national greenhouse gas inventory and the national registry and is in charge of
compiling the emission data. In addition to the FOEN, the Swiss Federal Office of Energy
(SFOE), Agroscope, the Swiss centre of excellence for agricultural research, and the Federal
Office of Civil Aviation (FOCA) participate directly in the compilation of the inventory. Several
other administrative offices and research institutions are involved in the preparation of the
inventory. In preparing the national greenhouse gas inventory, Switzerland takes
recommendations and encouragements of the review process under the UNFCCC into
account. The changes in response to the review process are documented in chp. 10.1.1.

ES.2 Summary of trends related to national emissions and removals

In 2021, Switzerland emitted 45°249 kt CO. eq (kilo tonnes of CO- equivalent), corresponding
to 5.2 t CO- eq per capita. This includes indirect CO, emissions (113 kt CO; eq), but
emissions from international aviation and marine bunkers (2’352 kt CO; eq), and emissions
and removals from Land use, land-use change, and forestry (LULUCF, -1’875 kt CO- eq) are
excluded. Mean uncertainty of the emission level in 2021 is 2.9 % (excl. LULUCF) and 4.9 %
(incl. LULUCF), the uncertainty of the emission trend between 1990 and 2021 is 3.3% (excl.
LULUCF) and 4.9 % (incl. LULUCF) (based on approach 2, see chp. 1.6 for details).

Figure E-1 shows Switzerland’s annual GHG emissions by individual gases from 1990 to
2021. Total emissions excluding LULUCF were lowest in 2020, partly due to the COVID-19
pandemic. In 2021, total emissions were 18.2 % below 1990.

Executive summary
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13

Figure E-1 Relative trends of Switzerland’s main greenhouse gas emissions (excluding LULUCF). The base year
1990 represents 100 %. F-gases are not illustrated here.
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ES.3 Overview of source and sink category emission estimates and trends

Figure E-2 shows the GHG emissions and removals by the main source and sink categories.
Sector 1 Energy clearly dominates national emissions, accounting for more than three
quarters of the total GHG emissions (excluding LULUCF). Sectors 2 Industrial processes and
product use (IPPU) and 3 Agriculture contribute a considerable share of GHG emissions as
well, while sectors 5 Waste and 6 Other are of minor importance. The total includes indirect
CO; emissions; however, those too are of minor importance. Sector 4 LULUCF is a net GHG
sink over the inventory period except for the year 2000.

Overall, Switzerland’s GHG emissions decreased in 2021 compared to 1990. This effect is
mainly driven by decreases in the Energy and Agriculture sectors, which outweigh the
increase in the Industrial processes and product use sector. The decrease in the energy
sector is dominated by a substantial decrease in 1A4 Other sectors and 1A2 Manufacturing
industries and construction (see Figure 2-6 and Table 2-4).

As shown in Figure E-2 GHG emissions in the period 1990-2021 are subject to fluctuations
with a decreasing trend starting after 2005. The fluctuations derive from the year-to-year
variability of the energy sector emissions caused by changing winter temperatures and
hence, changing heating fuel use. Since around 2006, a growing decoupling of fuel
combustion emissions and winter temperature is observed, reflecting the impact of emission
reduction measures in the building sector.

70'000
60'000
n LB | - . . = - g "y EE " om g = - -
— 50000 1 : I R
hvd o=
1 |"|||I.II|I|I| IIIIIIII =
£ 40000 { T
© I I I
>
g_ 30'000 o oo e e e e e e e e e e e
()
O oo AR R AR R AR RRRRRRRRRRRRRRERERREREN]
o 20'000
10'000 48N __N__B__N___ S S S B N B __N___ N S i S N 5 N ___ S N _ S N & N N B __N
Q Vv M o > Q 4% > o > Q v v © > Q
S D N N N N N N o
EEFEEELTIT ST ET S S S S
1 Energy = 2 |ndustrial processes and product use
3 Agriculture = 5 \Waste
= 6 Other Indirect CO2

Figure E-2 Greenhouse gas emissions in CO2 equivalent (kt) by sectors (excluding LULUCF).

ES.4 Other information

Emissions from precursor gases show a very pronounced decline (see Table 2-6 and Figure
2-10). A strict air pollution control policy led to strong decreases in emissions of precursor
gases over the period 1990-2021. An overview concerning precursors is given in chp. 2.2.3
and details are provided in Switzerland’s Informative Inventory Report (FOEN 2023Db).

Executive summary
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ES.5 Key category analysis (KCA)

Key category analyses were conducted according to approaches 1 and 2 (see details in chp.
1.4.2 and IPCC (2006)). For both approaches, level assessments were conducted for the
years 2021 and 1990 and a trend assessment for 1990-2021, including LULUCF categories
and indirect CO, emissions. A total of 47 key categories out of 192 considered categories
have been identified, detailed as follow:

e Approach 1: For 2021, 31 categories among a total of 192 are identified as level key
categories. About half of these categories are part of sector 1 Energy, accounting for the
largest share of total national emissions.

e Approach 2: For 2021, 28 categories among a total of 192 are identified as level key
categories. Under approach 2, the most important categories originate from sectors 3
Agriculture and 4 LULUCF.

Key category analyses are also performed excluding LULUCF categories. They are not
represented in the NID but are available on request.

ES.6 Improvements introduced

Major improvements are mentioned here only. A guantitative description of major
recalculations is provided in chapter 10.1.2. Further, minor recalculations are described in
the sector chapters.

General

o The Swiss greenhouse gas inventory 1990-2021 (reporting tables (CRF) and National
Inventory Document (NID)) uses GWP values from the Fifth Assessment Report of the
IPCC (Myhre 2013), according to paragraph 37 of the Modalities, procedures and
guidelines for the transparency framework of the Paris Agreement (UNFCCC 2019).

Agriculture

¢ Various methodologies and parameters were updated due to the implementation of the
2019 Refinement to the 2006 IPCC Guidelines (IPCC 2019). New norm temperature
values were used to model CH4 emissions from manure management (see chp.
10.1.2.3).

Waste

e 5D: New country-specific methods for estimating CH4 and N>O emissions from 5D
Wastewater treatment and discharge (see chp. 7.5.2 and chp. 7.5.5) for both, centralised
and decentralised emission estimates have been implemented resulting in considerably
higher emissions compared to earlier submissions. For a summary see chp. 10.1.2.5 and
Figure 10-16.

Executive summary
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1. National circumstances, institutional arrangements and
cross-cutting information

Responsibilities for National circumstances, institutional arrangements and cross-cutting information

Author Regine Réthlisberger (FOEN)
Key Category Analyses (KCA) Myriam Guillevic (FOEN)
Uncertainty analyses Myriam Guillevic (FOEN)

Anna Ehrler (INFRAS, KCA & Uncertainties), Myriam Guillevic (FOEN, KCA &

Annual updates (NID text, tables, figures) Uncertainties)

Anna Ehrler (INFRAS, KCA & Uncertainties), Beat Rihm (Meteotest; Uncertainties),

Quiality control NID (annual updates) Adrian Schilt (FOEN)

Internal review Michael Bock (FOEN)

1.1. Background information on Swiss greenhouse gas
inventories and climate change

Long-term measurements indicate a marked shift towards a warmer climate for Switzerland.
Between 1864 and 2020, the average temperature in Switzerland has increased by more
than +2.0°C, about twice as much as observed on global average (FOEN 2022)). In the
course of the 21 century, Swiss climate is projected to further depart from present and past
conditions. Mean temperature will very likely increase in all regions and seasons (CH2018
2018). Summer mean precipitation will likely decrease by the end of the century all over
Switzerland by up to 40 %, while winter precipitation will likely increase, particularly in
Southern Switzerland. This will have consequences for all regions and sectors (FOEN et al.
2020n). Based on a decision of the Federal Council, Switzerland has established its National
Centre for Climate Services, which coordinates the development and dissemination of
climate services (https://www.nccs.admin.ch/nccs/en/home.html).

On 10 December 1993, Switzerland ratified the United Nations Framework Convention on
Climate Change (UNFCCC) (UNFCCC 1992). Since 1996, the submission of its national
greenhouse gas inventory has been based on IPCC Guidelines. In 2004, Switzerland started
submitting annually its National Inventory Report (NIR) under the UNFCCC.

After ratifying the Kyoto Protocol under the UNFCCC (UNFCCC 1998) in July 2003,
Switzerland submitted its Initial Report under Article 7, paragraph 4 of the Kyoto Protocol in
2006 (FOEN 2006h), including the description of the Swiss National Inventory System (NIS)
according to Article 5.1 of the Kyoto Protocol. On 6 December 2007, the NIS quality
management system (QMS) was certified to comply with ISO 9001. The QMS has been
audited annually and recertified according to the ISO 9001 requirements ever since.

1.2. National circumstances and institutional arrangements

1.2.1. National entity

Based on the Organisation Ordinance for the Federal Department of the Environment,
Transport, Energy and Communications (DETEC), the Federal Office for the Environment
(FOEN) is the designated national authority for climate policy and environmental monitoring.
According to the decree of the Federal Council of 8 November 2006, the FOEN is in charge
of the National Inventory System (NIS) (Figure 1-1). The Swiss National Inventory System
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was formally set up in 2006 in compliance with the requirements of the UNFCCC and the
Kyoto Protocol (FOEN 2006h). The FOEN established a process led by the Climate division,
which covers maintaining the National Inventory System and fulfilling all reporting obligations
under the UNFCCC.

National entity with overall responsibility for the inventory
Federal Office for the Environment (FOEN)

Climate Division, Climate Reporting and Adaptation Section
Dr. Regine Réthlisberger, process manager

CH-3003 Bern, Switzerland

+41 58 462 92 59

climatereporting@bafu.admin.ch

www.climatereporting.ch

Department of the Environment, Transport,

Energy and Communications (DETEC)
I

Federal Office for the Environment (FOEN)
Directorate

I
National Inventory System Supervisory
Board (NISSB)

GHG Inventory Working Group

GHG Inventory Core Group Data provider
Inventory Process Manager Swiss Federal Office of Energy SFOE
QA/Qc Officer Swiss Federal Statistical Office
NID Inventory Federal Office for Civil Aviation
Compiler Compiler S s .
Swiss Air Force Administration €

Agroscope Federal Research Institute
EMIS experts

Swiss Federal Institute for Forest,

Land-use Data : | LULUCE-~ Snow and Landscape Research WSL

Various national associations

F-gases Agriculture

Consultants

Figure 1-1 The National Inventory System. Colours refer to divisions at FOEN. Grey: Climate division, red: Air
Pollution Control and Chemicals division, Forest division. Boxes with dashed lines refer to external mandates.

1.2.2. Inventory preparation process

The process of inventory planning, preparation and management in Switzerland is well-
established. Responsibilities and decision-making power are assigned to specific people or
groups of people (Figure 1-1). The management responsibility for the NIS lies with the
National Inventory System Supervisory Board (NISSB). The board consists of a member of
the FOEN directorate and FOEN division heads of the relevant divisions (Climate, Forest, Air
Pollution Control and Chemicals, International Affairs).
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At the operational level, the process of planning, preparation and management of the
greenhouse gas inventory is led by the process manager. The QA/QC officer oversees
design, development, and operation of the quality management system and is the primary
contact point during the UN review process. The greenhouse gas (GHG) inventory core
group is the committee that combines all technical expertise required for greenhouse gas
inventory planning, preparation and management. It consists of the process manager, the
QA/QC officer, the inventory compiler, sectoral experts, as well as the NID compiler.
Additional experts join the core group as required. The GHG inventory core group ensures
conformity of the inventory with the relevant UNFCCC reporting guidelines (UNFCCC 2019,
2022a), timely inventory preparation, and consideration and approval of methodological
changes, choice of data and recalculations. The GHG inventory working group encompasses
all technical personnel involved in the inventory preparation process or representing
institutions that play a significant role as suppliers of data.

The overall responsibility for the greenhouse gas inventory lies with the Climate division of
the FOEN. The Air Pollution Control and Chemicals division of the FOEN maintains and
updates the emissions database (greenhouse gases and air pollutants), named EMIS, in
close collaboration with the Climate division. The national energy statistics from the Federal
Office of Energy (SFOE) provides the basis for the Energy sector. The Federal Office for Civil
Aviation (FOCA) delivers the domestic and international aviation emissions. A consultancy
(Carbotech) is mandated to survey and model fluorinated gases use and emissions and to
provide an annual update thereof. Agriculture emissions are compiled by the Federal
Research Institute Agroscope. For LULUCF, detailed land use survey data are provided by
the Federal Statistical Office (FSO). Two consultancies (Sigmaplan, Meteotest) are
mandated to process the land use survey data to derive land-use and land-use change data
and associated emissions and removals. The Swiss Federal Institute for Forest, Snow and
Landscape Research (WSL) is in charge of the national forest inventory and forestry-related
modelling. The WSL provides the input for the FOEN Forest division, which compiles
emissions and removals data for Forest land. The LULUCF sector is coordinated by a
member of the Climate division of the FOEN. A collaboration between two consultancies
(Meteotest, Infras) is mandated to support data handling in the Swiss Emission Information
System (EMIS), the reporting tables (CRF) and updating the National Inventory Document
(NID).

1.2.3. Archiving of information

Archiving of inventory material is performed during preparation and after submission by the
EMIS and sectoral experts, by the contributing authors and by the QA/QC officer.

The EMIS database as well as background information on activity data and emission factors
are archived by the national inventory compiler for each submission. In the sectors where
data collection is made by EMIS experts (e.g. Energy, IPPU, Waste), additional background
information is compiled as appropriate (e.g. interim worksheets; references; rationale for
choice of methods, data sources, activity data, emission factors). Whenever such documents
are cited, they are labelled as “EMIS 2023/NFR-Code” in this report.

Nearly all of the data necessary to compile the Swiss GHG inventory are publicly available.
There are exceptions for emission data that refer to a single enterprise, for the most
disaggregated level of F-gases, and for land use statistics raw data as long as they have not
yet been published the Federal Statistical Office (FSO). However, confidential data will be
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made available by the FOEN in line with the procedures agreed under the UNFCCC for the
technical review of GHG inventories (UNFCCC 2019).

FOEN operates a website (www.climatereporting.ch) where the Swiss GHG inventories (NID,
reporting tables, UNFCCC review reports), the Swiss National Communications and other
reports submitted to the UNFCCC may be downloaded. On this website, most papers,
reports, domestic reviews, and other difficult-to-access materials (‘grey literature’) quoted in
the Swiss GHG inventory are provided online. The climate reporting homepage thus provides
the option for public review.

1.2.4. Processes for official consideration and approval of inventory

The NIS supervisory board (NISSB) normally meets twice a year. At its spring meeting, the
inventory is presented for official consideration. Based on that, the NISSB submits the
inventory to the FOEN directorate for official approval. Submission is coordinated by the
process manager and carried out by the national inventory compiler and the QA/QC officer.

1.3. General description of methodologies and data sources used

According to the revised reporting guidelines under the UNFCCC and the Paris Agreement
(UNFCCC 2019), emissions are calculated based on standard methods and procedures
provided in the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006)
its 2019 Refinement (IPCC 2019), the 2013 KP Supplement (IPCC 2014), and the 2013
Wetlands supplement (IPCC 2014a). All key categories are estimated using approach 2 or
higher or country-specific methods. The methodological tier used is described in detail in the
sectoral chapters of the NID and compiled in CRF Summary3s1 and CRF Summary3s2.

Various data suppliers contribute to the greenhouse gas inventory. While most data stem
from official statistics either from the FOEN or from other federal offices, some data is drawn
from national associations or consultancies that maintain well-established models or data-
bases. Details on activity data and emission factors are provided in the sectoral chapters of
the NID.

1.4. Description of key categories

The aim of the key category analysis (KCA) is to identify relevant categories that have a
strong influence on Switzerland’s GHG inventory in terms of absolute emission and removal
levels, trends and uncertainties (IPCC 2006, chp. 4). The KCA can be performed based on
two approaches: in approach 1 of the KCA, categories are set out in decreasing order of
contribution to the inventory emissions or trend. In approach 2, this ranking is weighted by
the uncertainty assigned to each category. Approach 1 therefore highlights categories which
mostly contribute to emissions or to emission changes, while approach 2 identifies categories
mostly contributing to the inventory uncertainty. Data collection as well as quality assurance
and control are prioritised for key categories during the inventory resource allocation (see
also the planned improvements in chp. 10.4).
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1.4.1. Methodology

The key category analysis is performed according to the 2006 IPCC Guidelines (IPCC 2006,
chp. 4) and Decision 18/CMA.1 (UNFCCC 2019, paragraph 25) for 1990 and the latest
reported year 2021 including all GHG (CO., CH4, N2O, HFCs, PFCs, SFg, NF3 and indirect
COy). A total of 192 categories (including categories from the LULUCF sector) are used to
disaggregate Switzerland’s total GHG emissions for the purpose of this key category analysis
(Table A — 1). The disaggregation level of the categories is selected based on country-
specific relevance, i.e. the most important sources in Switzerland are disaggregated on a
more detailed level.

Both approach 1 (with a threshold set at 95 %) and approach 2 (with a threshold set at 90 %)
level and trend assessments are applied, including emissions from sector 4 LULUCF. For
approach 2 of the KCA, uncertainties for emissions of each category are taken from the
results of the Monte Carlo simulations (approach 2 uncertainty analysis, see details in chp.
1.6.2.2). Indirect CO, emissions are included in the key category analysis, indirect N.O
emissions are not.

1.4.2. Results of the key category analysis (including LULUCF
categories)

Compared to the previous submission, the following methodological changes were
conducted which influence the KCA calculation:

e Source category 1B2 Oil and Natural Gas Energy Production, which was a key category
for the level and the trend according to approach 1 for submission 2022, is now divided
into the source categories 1B2a Oil, 1B2b Natural gas and 1B2c¢ Venting and flaring.
Category 1B2b Natural gas is a key category for the level and the trend according to
approach 1 and for the level according to approach 2.

e Source category 2D Non-Energy Products from Fuels and Solvent Use, which was not a
key category for submission 2022, is now subdivided into the source categories 2D1
Lubricant use, 2D2 Paraffin wax use and 2D3 Other. None of these new source
categories is a key category.

e Source category 2G Other Product Manufacture and Use for N>O, which was not a key
category for submission 2022, is now subdivided into the source categories 2G3 N.O
from product uses and 2G4 Other product manufacture and use, other. Source category
2G3 is a key category for the trend according to approach 2.

For the year 2021, there are 47 identified key categories among the 192 categories taken
into account (see overview in Table 1-6). The large majority of the key categories are
sources of CO; (see also Table 2-3 and discussion in chp. 2.2), a few of CH4 and N>2O, only
one of HFCs and also one of PFCs. There are no key categories for neither SFs nor NFs.

The detailed results of the key category analyses, approaches 1 and 2, level and trend
assessments, are reported in Table 1-1 to Table 1-5. For level assessments, columns are
labelled A to G according to Table 4-2 in the IPCC Guidelines (IPCC 2006, chp. 4) and for
trend assessments, columns are labelled A to H according to Table 4-3 in the same
guidelines. The following abbreviations are used:

o Exo: base year emission/removal estimate.
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o E,: reporting year emission/removal estimate.
e Lyo, Ly« level assessment for the base year and the reporting year, respectively.

o Ty« trend assessment for the trend between base year and reporting year.

Approach 1
For the year 2021, among a total of 192 categories, 31 are identified as level key categories
under approach 1 (see Table 1-1).

Fifteen of these key categories belong to sector 1 Energy, accounting for the largest share of
CO; equivalent emissions in 2021 (see Table 2-1 for emission share per sector). Sector 2
Industrial processes and product use (3 key categories) and sector 3 Agriculture (5 key
categories) are also significant contributors to the emissions for the year 2021 (Table 2-1),
while sector 5 Waste (3 key categories) and sector 6 Other (no key category) have only
marginal contributions. Sector 4 LULUCF (5 key categories) has a net negative contribution
to the total emissions for the year 2021.

Within the ten most relevant key categories (level contribution), only 3A Enteric fermentation,
4A1 Forest land remaining forest land and 2A1 Cement production are not part of sector 1
Energy. Note that category 4A1 has a net negative emission contribution.

For the base year 1990, 34 categories are identified as level key categories under approach
1 (see Table 1-2). The following categories are key according to level in the base year 1990,
but not anymore in the latest reported year:

e 1A3a Domestic aviation, kerosene fossil, CO>

e 1A5 Other (military), liquid fuels, CO;

¢ 2D Non-energy products from fuels and solvent use, indirect CO, from NMVOCs

e 3B1-4 Manure management, all livestock, direct, N.O

e 4G HWP Harvested wood products, CO,

On the other hand, the following categories are key according to level in the latest reported
year, but not in the base year 1990:

e 2F1 Refrigeration and air conditioning, HFCs

e 4C2 Land converted to grassland, CO-

Regarding the trend assessment between the base year 1990 and the latest reported year,
34 categories are identified as trend key categories under approach 1 (see Table 1-3).
Among these, 13 have an increasing trend and 21 a decreasing trend. See chp. 2.2 Emission
trends by gas and chp. 2.2.2 Emission trends by sources and sinks for a further discussion.

1 National circumstances, institutional arrangements and cross-cutting information



National Inventory Document of Switzerland 2023 22

Table 1-1 Switzerland's key categories according to approach 1 level assessment for the year 2021, including
LULUCF categories and indirect CO2 emissions, sorted by decreasing contribution. Categories in grey are not key
and are given for information only.

KCA APPROACH 1 LEVEL ASSESSMENT FOR 2021
A B C D E F G
Cumu-
Ex, t (kt | |Ex, t] (kt )
Code IPCC category Gas Lx, t (%) lative
CO2eq.) | CO2eq.) Total (%)
1A3b Road transportation; Diesel oil C0O2 7'035 7'035 14.2 14.2
1A3b Road transportation; Gasoline CO2 6'346 6'346 12.8 27.1
1A4b Residential; Liquid fuels CO2 4'879 4'879 9.9 36.9
3A Enteric fermentation CH4 3'631 3'631 7.3 44.3
1A4b Residential; Gaseous fuels CO2 2'968 2'968 6.0 50.3
1A1 Energy industries; Other fuels C02 2'409 2'409 4.9 55.1
4A1 Forest land remaining forest land Cco2 -2'332 2'332 4.7 59.8
1A4a Commercial; Liquid fuels CO2 2'328 2'328 4.7 64.5
1A2 Manufacturing industries and construction; Gaseous fuels CO2 2'215 2'215 4.5 69.0
2A1 Cement production C02 1'732 1'732 3.5 72.5
1A2 Manufacturing industries and construction; Liquid fuels CO2 1'552 1'552 3.1 75.7
1A4a Commercial; Gaseous fuels CO2 1'348 1'348 2.7 78.4
2F1 Refrigeration and air conditioning HFCs 1'195 1'195 2.4 80.8
3Da Direct emissions from managed soils N20 856 856 1.7 82.5
4A2 Land converted to forest land Cco2 -628 628 1.3 83.8
3B1-4 Manure management, all livestock, direct CH4 618 618 1.2 85.1
5D Wastewater treatment and discharge N20 533 533 1.1 86.1
1A1 Energy industries; Gaseous fuels Cc0o2 515 515 1.0 87.2
1A4c Agriculture and forestry; Liquid fuels CcOo2 453 453 0.9 88.1
1A2 Manufacturing industries and construction; Other fuels C0O2 445 445 0.9 89.0
3Db Indirect emissions from managed soils N20 408 408 0.8 89.8
2B10 Chemical industry, other N20 389 389 0.8 90.6
1A2 Manufacturing industries and construction; Solid fuels CO2 342 342 0.7 91.3
S5A Solid waste disposal CH4 289 289 0.6 91.9
1A1 Energy industries; Liquid fuels C02 276 276 0.6 92.4
4C2 Land converted to grassland CO2 264 264 0.5 93.0
3B5 Manure management, indirect N20 232 232 0.5 93.4
5D Wastewater treatment and discharge CH4 217 217 0.4 93.9
4E2 Land converted to settlements Cc02 213 213 0.4 94.3
1B2b Natural gas; All fuels CH4 209 209 0.4 94.7
4B1 Cropland remaining cropland C0O2 191 191 0.4 95.1
4C1 Grassland remaining grassland C02 168 168 0.3 95.4
4F2 Land converted to other land C02 130 130 0.3 95.7
1A4c Agriculture and forestry; Gaseous fuels C02 129 129 0.3 96.0
2G Other product manufacture and use SF6 125 125 0.3 96.2
2B8 Petrochemical and carbon black production C02 116 116 0.2 96.5
1A5 Other (military); Liquid fuels C02 114 114 0.2 96.7
1A3d Water-borne navigation; Liquid fuels C02 110 110 0.2 96.9
3B1-4 Manure management, all livestock, direct N20 107 107 0.2 97.1
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Table 1-2 Switzerland's key categories according to approach 1 level assessment for the year 1990, including
LULUCF categories and indirect CO2 emissions, sorted by decreasing contribution. Categories in grey are not key
and are given for information only.

KCA APPROACH 1 LEVEL ASSESSMENT FOR 1990
A B C D E F G
Cumu-
Code IPCC category Gas 58'20 (ke IS;,ZOI (ke Lx, 0 (%) lative
ea) €q) Total (%)
1A3b Road transportation; Gasoline CO2 11'343 11'343 19.2 19.2
1A4b Residential; Liquid fuels Cco2 10'099 10'099 17.1 36.2
1A2 Manufacturing industries and construction; Liquid fuels C02 3'974 3'974 6.7 42.9
3A Enteric fermentation CH4 3'930 3'930 6.6 49.5
1A4a Commerecial; Liquid fuels Cco2 3'918 3'918 6.6 56.2
1A3b Road transportation; Diesel oil C02 2'632 2'632 4.4 60.6
2A1 Cement production C0o2 2'581 2'581 4.4 65.0
1A1 Energy industries; Other fuels Cco2 1'492 1'492 2.5 67.5
1A4b Residential; Gaseous fuels C02 1'451 1'451 2.4 69.9
1A2 Manufacturing industries and construction; Solid fuels C0O2 1'275 1'275 2.2 72.1
4G HWP Harvested Wood Products Cco2 -1'127 1'127 1.9 74.0
4A1 Forest land remaining forest land Co2 -1'113 1113 1.9 75.9
1A2 Manufacturing industries and construction; Gaseous fuels CO2 1'091 1'091 1.8 77.7
5D Wastewater treatment and discharge N20 1'074 1'074 1.8 79.5
3Da Direct emissions from managed soils N20 1'073 1'073 1.8 81.3
1A4a Commercial; Gaseous fuels C0O2 920 920 1.6 82.9
5A Solid waste disposal CH4 862 862 1.5 84.3
3B1-4 Manure management, all livestock, direct CH4 776 776 1.3 85.7
1A4c Agriculture and forestry; Liquid fuels C0o2 742 742 13 86.9
1A1 Energy industries; Liquid fuels Cco2 686 686 1.2 88.1
3Db Indirect emissions from managed soils N20 596 596 1.0 89.1
4A2 Land converted to forest land Cco2 -540 540 0.9 90.0
4B1 Cropland remaining cropland Cco2 398 398 0.7 90.7
2B10 Chemical industry, other N20 384 384 0.6 91.3
1B2b Natural gas; All fuels CH4 372 372 0.6 91.9
4E2 Land converted to settlements Cco2 258 258 0.4 92.4
1A3a Domestic aviation; Kerosene fossil C02 253 253 0.4 92.8
1A1 Energy industries; Gaseous fuels C0o2 243 243 0.4 93.2
1A5 Other (military); Liquid fuels Cco2 218 218 0.4 93.6
5D Wastewater treatment and discharge CH4 209 209 0.4 93.9
3B5 Manure management, indirect N20 209 209 0.4 94.3
2D Non-energy products from fuels and solvent use Indirect CO2 from NMVOC 194 194 0.3 94.6
1A2 Manufacturing industries and construction; Other fuels C0O2 192 192 0.3 94.9
3B1-4 Manure management, all livestock, direct N20 168 168 0.3 95.2
2A4 Other process uses of carbonates CO2 160 160 0.3 95.5
1A3b Road transportation; Gasoline N20 143 143 0.2 95.7
2G Other product manufacture and use SF6 141 141 0.2 96.0
2C3 Aluminium production CO2 139 139 0.2 96.2
1A3b Road transportation; Gasoline CH4 129 129 0.2 96.4
2G Other product manufacture and use Indirect CO2 from NMVOC 125 125 0.2 96.6
1A3d Water-borne navigation; Liquid fuels C02 114 114 0.2 96.8
2C3 Aluminium production PFCs 105 105 0.2 97.0
1A4b Residential; Biomass CH4 104 104 0.2 97.2
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Table 1-3 Switzerland's key categories according to approach 1 trend assessment for 1990-2021, including
LULUCF categories and indirect CO2 emissions, sorted by decreasing contribution. Categories in orange have
increased emissions in 2021 compared to 1990. Categories in grey are not key and are given for information only.

KCA APPROACH 1 TREND ASSESSMENT 1990 - 2021
A B C D E F G H
e okt | extie | cat Trend Contri- Cumu-
Code IPCC category Gas C();’Z e( ) CC);,Z e( ) traenedgc(J‘;\; Assess- | butionto | lative

a- 9. i ment | trend (%) | Total (%)
1A3b Road transportation; Diesel oil Co2 2'632 7'035 167 0.083 175 175
1A4b Residential; Liquid fuels co2 10'099] 4'879 -52 0.056 11.7 29.2
1A3b Road transportation; Gasoline C02 11'343 6'346) -44 0.048 10.1 39.3
1A4b Residential; Gaseous fuels Co2 1'451 2'968 105 0.030 6.4 45.7
1A2 Manufacturing industries and construction; Liquid fuels C0o2 3'974 1'552 -61 0.028 5.9 51.6
1A2 Manufacturing industries and construction; Gaseous fuels Cco2 1'091 2'215 103 0.022 4.7 56.4
4G HWP Harvested Wood Products co2 -1'127 -39 97, 0.022 4.6| 61.0
1A1 Energy industries; Other fuels C0o2 1'492 2'409 62 0.020] 4.3 65.3
2F1 Refrigeration and air conditioning HFCs o) 1'195/ 5'305'025 0.020 43 69.5
4A1 Forest land remaining forest land Cc02 -1'113 -2'332 -109 0.017 3.6 73.1
1A4a Commercial; Liquid fuels Cco2 3'918 2'328 -41 0.014 3.0] 76.1
1A2 Manufacturing industries and construction; Solid fuels CcOo2 1'275 342 -73 0.012 2.5 78.6
1A4a Commercial; Gaseous fuels C02 920 1'348 47 0.010| 2.1 80.7
3A Enteric fermentation CH4 3'930 3'631 -8 0.008 1.6 82.3
5A Solid waste disposal CH4 862 289 -66| 0.007 1.5 83.8
2A1 Cement production Cco2 2'581 1'732 -33 0.006 13 85.1
5D Wastewater treatment and discharge N20 1'074] 533 -50 0.006 1.2 86.3
1A1 Energy industries; Gaseous fuels C02 243 515 111 0.005 1.1 87.4
1A2 Manufacturing industries and construction; Other fuels C02 192 445 132 0.005 1.0 88.4
1A1 Energy industries; Liquid fuels C02 686 276 -60) 0.005 1.0 89.4
4C2 Land converted to grassland Co2 95, 264 178 0.003 0.7 90.1
4C1 Grassland remaining grassland Cco2 17, 168| 894 0.003 0.5 90.6
1A4c Agriculture and forestry; Liquid fuels C02 742] 453 -39 0.002 0.5 91.2
1A3a Domestic aviation; Kerosene fossil C0O2 253 59 -77 0.002 0.5 91.7
4B1 Cropland remaining cropland C02 398| 191 -52 0.002 0.5 92.2
2D Non-energy products from fuels and solvent use Indirect CO2 from NMVOC 194 35 -82 0.002 0.4] 92.6
2C3 Aluminium production Cc0o2 139 0| -100]| 0.002 0.4] 93.0
1A3b Road transportation; Gasoline N20 143 15 -89 0.002 0.4] 93.4
1B2b Natural gas; All fuels CH4 372 209 -44 0.002 0.3 93.7
1A3b Road transportation; Gasoline CH4 129 14 -89 0.002 0.3 94.0
1A3b Road transportation; Diesel oil N20 5| 91 1'572 0.001 0.3 94.3
2C3 Aluminium production PFCs 105 ) -100 0.001 0.3 94.6
2B10 Chemical industry, other N20 384 389 1 0.001 0.3 94.9
3Db Indirect emissions from managed soils N20 596 408| -32 0.001 0.3 95.2
1A4c Agriculture and forestry; Gaseous fuels Co2 70, 129 84 0.001 0.3 95.4
3B5 Manure management, indirect N20 209 232 11 0.001 0.2 95.6
1A5 Other (military); Liquid fuels C02 218| 114 -48| 0.001 0.2 95.9
2A4 Other process uses of carbonates C02 160 68 -58| 0.001 0.2 96.1
2G Other product manufacture and use Indirect CO2 from NMVOC 125 40 -68| 0.001 0.2 96.3
4F2 Land converted to other land Co2 88| 130 48 0.001 0.2 96.5
1A4b Residential; Biomass CH4 104 26, -75 0.001 0.2 96.7
5D Wastewater treatment and discharge CH4 209 217, 4 0.001 0.2 96.9
2B2 Nitric acid production N20 58 0 -100 0.001 0.2 97.1
Approach 2

Given that the threshold is set at 90 %, the number of key categories is smaller under
approach 2 compared to approach 1 for both level and trend assessments.

Concerning the level assessment, 28 out of 192 categories are identified as key categories
for the latest reported year (see Table 1-4). Regarding the trend assessment between the
base year 1990 and the latest reported year 2021, 27 categories are identified as trend key
categories under approach 2 (see Table 1-5).

Contrary to approach 1 of the KCA, highlighting significant emission contributions from the
Energy sector, approach 2 is dominated by contributions from categories having a large
uncertainty, mostly from sector 3 Agriculture and sector 4 LULUCF, and to a lesser extent
from sector 5 Waste and sector 2 IPPU.
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Table 1-4 Switzerland's key categories according to approach 2 level assessment for the year 2021, including
LULUCF categories and indirect CO2 emissions, sorted by uncertainty-weighted emission contribution (column F).
Categories in grey are not key and are given for information only. Compare also with results of the sensitivity

study for the year 2021, see bottom panel of Figure 1-3.

KCA APPROACH 2, UNCERTAINTY APPROACH 2, LEVEL ASSESSMENT FOR 2021
A B C D E F G
|Ex, t| Cumu-
Ex, t (kt .
Code IPCC category Gas co2eq) (ktCO2 | x,t(%) | lative

4 eq.) Total (%)
4Cc1 Grassland remaining grassland Co2 168 168 14.8 14.8
4A1 Forest land remaining forest land co2 -2'332 2'332 13.0 27.8
3A Enteric fermentation CH4 3'631 3'631 8.8 36.6
3Da Direct emissions from managed soils N20 856 856 7.8 44.3
1A1 Energy industries; Other fuels co2 2'409 2'409 5.1 49.4
3B1-4  |Manure management, all livestock, direct CH4 618 618 4.1 53.5
4A2 Land converted to forest land co2 -628 628 3.5 57.0
3Db Indirect emissions from managed soils N20 408 408 33 60.3
5D Wastewater treatment and discharge N20 533 533 3.1 63.4
4B1 Cropland remaining cropland Co2 191 191 2.9 66.3
2B10 Chemical industry, other N20 389 389 2.8 69.1
2F1 Refrigeration and air conditioning HFCs 1'195 1'195 2.7 71.9
3B5 Manure management, indirect N20 232 232 2.5 74.4
5D Wastewater treatment and discharge CH4 217 217 2.4 76.8
1A4b Residential; Gaseous fuels Co2 2'968 2'968 1.8 78.5
1A2 Manufacturing industries and construction; Gaseous fuels Co2 2'215 2'215 1.3 79.9
4E2 Land converted to settlements Co2 213 213 13 81.2
4C2 Land converted to grassland Cco2 264 264 11 82.3
5A Solid waste disposal CH4 289 289 1.0 83.3
2A1 Cement production Co2 1'732 1'732 0.9 84.3
3B1-4 Manure management, all livestock, direct N20 107 107 0.9 85.2
4D1 Wetland remaining wetland Co2 66 66 0.9 86.1
1A4a Commercial; Gaseous fuels Cc0o2 1'348 1'348 0.8 86.9
4F2 Land converted to other land Co2 130 130 0.8 87.7
1B2b Natural gas; All fuels CH4 209 209 0.8 88.4
1A3b Road transportation; Diesel oil C02 7'035 7'035 0.7 89.2
5C Incineration and open burning of waste N20 48 48 0.7, 89.9
4l Direct N20 from disturbance N20 38 38 0.7 90.6
2G Other product manufacture and use SF6 125 125 0.6 91.2
1A2 Manufacturing industries and construction; Other fuels CO2 445 445 0.6 91.8
482 Land converted to cropland Cco2 31 31 0.6 92.3

1 National circumstances, institutional arrangements and cross-cutting information




National Inventory Document of Switzerland 2023 26

Table 1-5 Switzerland's key categories according to approach 2 trend assessment for 1990-2021, including
LULUCEF categories and indirect CO2 emissions, sorted by decreasing uncertainty-weighted contribution to the
trend assessment (column G). Categories in orange have an increased emission in 2021 compared to 1990.
Categories in grey are not key and are given for information only.

KCA APPROACH 2, UNCERTAINTY APPROACH 2, TREND ASSESSMENT 1990 - 2021
A B C D E F G H
Ex, O (kt | Ex,t(kt | Category Trend CO}’]tI’I- Curtnu-
Code IPCC category Gas co2eq.) | cozeq, |trend (%) Assess- |bution to| lative

9 9 Y ment |[trend (%)| Total (%)
4C1 Grassland remaining grassland Co2 17 168| 894 0.003 24.6| 24.6|
4G HWP Harvested Wood Products Co2 -1'127 -39 97, 0.022 15.8 40.3
4A1 Forest land remaining forest land Co2 -1'113 -2'332 -109 0.017 10.2 50.5
2F1 Refrigeration and air conditioning HFCs 0| 1'195/ 5'305'025| 0.020 5.0 55.5
1A1 Energy industries; Other fuels Cco2 1'492 2'409 62 0.020 4.6 60.1
4B1 Cropland remaining cropland Cco2 398 191 -52 0.002 3.7 63.7
5D Wastewater treatment and discharge N20 1'074 533 -50 0.006 3.6 67.3
5A Solid waste disposal CH4 862, 289 -66 0.007 2.7, 70.0]
3A Enteric fermentation CH4 3'930 3'631 -8 0.008 2.0 71.9
1A4b Residential; Gaseous fuels Cco2 1'451] 2'968 105! 0.030 1.9 73.9
4C2 Land converted to grassland co2 95 264 178| 0.003 ji85 75.3
1A2 Manufacturing industries and construction; Gaseous fuels Cc02 1'091 2'215 103 0.022 1.4 76.8|
3B5 Manure management, indirect N20 209 232 11 0.001 1.2 78.0
1A3b Road transportation; Gasoline N20 143 15 -89 0.002 1.1 79.1
3Db Indirect emissions from managed soils N20 596, 408 -32 0.001 1.1 80.2
1A2 Manufacturing industries and construction; Solid fuels Cco2 1'275 342 -73 0.012 1.1 81.2
2G Other product manufacture and use Indirect CO2 from NMVOC 125 40 -68| 0.001] 1.0 82.2
2B10 Chemical industry, other N20 384 389 1 0.001 1.0 83.3
5D Wastewater treatment and discharge CH4 209 217, 4 0.001 1.0 84.2
2D Non-energy products from fuels and solvent use Indirect CO2 from NMVOC 194, 35 -82 0.002 0.9 85.1
1A3b Road transportation; Diesel oil Cco2 2'632 7'035 167 0.083 0.9 86.1
2G3 N20 from product uses N20 92 28 -70 0.001] 0.8 86.9
1A3b Road transportation; Gasoline CH4 129 d -89 0.002 0.7 87.6)
1A2 Manufacturing industries and construction; Other fuels Cco2 192 445 132 0.005 0.7] 88.3
1A4a Commercial; Gaseous fuels Co2 920 1'34& 47 0.010 0.7, 88.9
4F2 Land converted to other land Co2 88 130 48| 0.001 0.6 89.6|
1B2b Natural gas; All fuels CH4 372 209, -44 0.002 0.6/ 90.2
2F2 Foam blowing agents HECs 0| 23 nan 0.000 0.6/ 90.8|
1A4b Residential; Liquid fuels co2 10'099; 4'879 -52 0.056 0.5 91.2
3B1-4  |Manure management, all livestock, direct N20 168| 107 -36 0.000 0.4 91.7]
1A3b Road transportation; Gasoline Cco2 11'3d 6'346 -44 0.048| 0.4] 92.1

1.4.3. Summary of combined KCA including LULUCF categories

A summary of the key category analysis including LULUCF categories and indirect CO>
emissions is shown in Table 1-6, considering the level assessment for 2021 and the trend
assessment for 1990-2021, for both approach 1 and approach 2. A category is counted
multiple times as key category if it is a key category for multiple gases.
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Table 1-6 Summary of Switzerland key category analysis, including LULUCF categories and indirect CO2
emissions. L: Level assessment (2021); T: Trend assessment (1990—-2021); 1: KCA approach 1; 2: KCA approach
2. SFs and NF3 are not emitted from any key category. Results of the level assessment for the base year are not
reported in this table.

SUMMARIES TO IDENTIFY KEY CATEGORIES
A B C&D
Code IPCC category C02 CH4 N20 HFCs PFCs Indirect CO2
1A1 Energy industries; Gaseous fuels L1, T1
1A1 Energy industries; Liquid fuels L1, T1
1A1 Energy industries; Other fuels L1,T1, L2, T2
1A2 Manufacturing industries and construction; Gaseous fuels L1,T1,L2,T2
1A2 Manufacturing industries and construction; Liquid fuels L1, T1
1A2 Manufacturing industries and construction; Other fuels L1,T1, T2
1A2 Manufacturing industries and construction; Solid fuels L1,T1, T2
1A3a Domestic aviation; Kerosene fossil T1
1A3b Road transportation; Diesel oil L1,T1,L2, T2 T1
1A3b Road transportation; Gasoline L1, T1 T1,T2 T1, T2
1A4a Commercial; Gaseous fuels L1, 71,12, T2
1A4a Commercial; Liquid fuels L1, T1
1A4b Residential; Gaseous fuels L1,T1,L2, T2
1A4b Residential; Liquid fuels L1, T1
1A4c Agriculture and forestry; Liquid fuels L1, T1
1B2b Natural gas; All fuels L1,T1,L2, T2
2A1 Cement production L1,T1, L2
2B10 Chemical industry, other L1,T1,L2, T2
2C3 Aluminium production T1 T1
20 Non-energy products from fuels and solvent use; Indirect CO2 from 1,72
NMVOC
2F1 Refrigeration and air conditioning L1, 71,12, T2
2G Other product manufacture and use; Indirect CO2 from NMVOC T2
2G3 N20 from product uses T2
3A Enteric fermentation L1,T1,L2,T2
3B1-4 Manure management, all livestock, direct L1, 12 L2
3B5 Manure management, indirect L1, L2, T2
3Da Direct emissions from managed soils L1, L2
3Db Indirect emissions from managed soils L1,T1,L2, T2
4A1 Forest land remaining forest land L1,T1,12, T2
4A2 Land converted to forest land L1, L2
4B1 Cropland remaining cropland L1,T1, L2, T2
4C1 Grassland remaining grassland T1,12, T2
4C2 Land converted to grassland L1, 71,12, T2
4D1 Wetland remaining wetland L2
4E2 Land converted to settlements L1, L2
4F2 Land converted to other land L2, T2
4G HWP Harvested Wood Products T1,T2
4111 Direct N20 from disturbance L2
5A Solid waste disposal L1,T1,L2,T2
5C Incineration and open burning of waste L2
5D Wastewater treatment and discharge L1, 12, T2 L1,T1,L2, T2

1.5. General description of QA/QC plan and implementation

The national inventory system has an established and certified quality management system
(QMS) that complies with the requirements of ISO 9001:2015 and the UNFCCC reporting
guidelines (UNFCCC 2019, 2022a) to ensure and continuously improve transparency,
consistency, comparability, completeness, accuracy, and confidence in national GHG
emission and removal estimates. The quality manual (FOEN 2023a) contains all relevant
information regarding the QMS. It is updated annually and made available to everyone
contributing to the GHG inventory.

General QC procedures

The general QC activities as described in Table 6.1 of the IPCC reporting guidelines (IPCC
2006) are implemented in the annual cycle of inventory compilation (Table 1-7). Routine
annual quality control procedures comprise checks related to new data and database
operations, spot-checks for transcription errors, correct use of conversion factors and units,
and correct calculations. There are checklists for the most important sectoral data suppliers
and EMIS database experts.
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The NID is subject to an internal review prior to submission. The review of every section is
carried out by personnel not involved in the preparation of the reviewed section, but who is
familiar with the reporting under the UNFCCC.

Table 1-7 Annual cycle of inventory planning, preparation and management

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

Data compilation

QC EMIS Experts

QC Sectoral Experts

UN Review

Inventory Development Plan
CRF Tables

QC CRF Tables

KCA / Uncertainties

NID

Internal review NID and CRF Tables

Official consideration and approval

Submission X
Archiving

Meeting of Core Group X X X X

Meeting of Working Group X
Meeting of NIS Supervisory Board X X

Category-specific QC procedures

Quite often, sectoral and/or EMIS experts commission research to look into a particular topic
in more detail. Results from these mid- to long-term projects are presented to the inventory
core group, particularly with regard to whether the new data provide a better estimate given
the country-specific circumstances and whether a consistent time-series can be derived from
the new data. The core group then decides if and how to best implement the results and
documents the agreed procedure in the inventory development plan. The general procedures
regarding category-specific QC are also described in the quality manual (FOEN 2023a),
while specific activities are documented in the corresponding sectoral chapters.

Quality assurance procedures

As required by 1SO 9001 there are periodic internal audits covering all processes. In addition,
an external organisation is mandated to do the annual audit of the ISO 9001 quality
management system. Apart from these audits, there are expert peer reviews for specific
sectors commissioned on a case-by-case basis. The results and suggestions for
improvements from these reviews are discussed in the core group and specific tasks for
future implementation are taken up into the inventory development plan.

Likewise, recommendations and encouragements from the UNFCCC expert review teams
(ERT) are also added to the inventory development plan, discussed in the core group and
implemented in future submissions. Specific actions resulting from suggestions from the ERT
are listed in chp. 10 Recalculations.

Verification activities
In the energy sector, the standard verification activity carried out on an annual basis is the
reference approach, as documented in chp. 3.2.1 of the NID and CRF Tablel.A(b).
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In addition, the FOEN supports a long-term monitoring programme carried out by the Swiss
Federal Laboratories for Materials Science and Technology (Empa). In the frame of this
programme, continuous measurements of atmospheric concentrations of various
halogenated gases are made at the high-Alpine research station Jungfraujoch (3580 m
a.s.l.), from which Swiss emissions of some fluorinated greenhouse gases can be estimated.
These data are compared with the emissions reported in the greenhouse gas inventory. The
results are briefly summarized in Annex A6.1.

Furthermore, an ongoing project is developing an independent estimate of CH4 and N.O
emissions in Switzerland based on atmospheric measurements and inverse modelling of
atmospheric transport. The results show a very good agreement between modelled
emissions and emission estimates according to the greenhouse gas inventory for CH, and
reasonable agreement within the uncertainties for N.O. A summary of the current state of
these verification activities is provided in Annex A6.2.

1.6. General uncertainty assessment

We hereafter present the input uncertainty estimates for the greenhouse gas inventory under
the UNFCCC and the obtained results as required by UNFCCC (2019, paragraph 29).

1.6.1. Data used

Input uncertainty values are mostly given for activity data and emissions factors. For
categories concerning indirect CO, emissions and F-gases, uncertainty values are available
for emissions only.

Input uncertainty values are selected and/or computed based on available data and
according to the following order of preference:

¢ As afirst choice, specific uncertainty information from studies or from data suppliers is
used, if available. This is the case for most key categories.

e As a second choice, authors of the NID chapters, FOEN experts involved and several
data suppliers derived estimates of uncertainties based on the 2006 IPCC Guidelines
(IPCC 2006) default values and on information concerning the process of data collection
for activity data and emission factors (import or sales statistics, surveys or modelling).
Several experts from data suppliers were contacted for further information on some of the
uncertainties. Industry associations/sources also provided published or unpublished
uncertainty estimates for their data.

e As a last choice, for categories with no quantitative uncertainty data available, the NID
provides qualitative estimates of uncertainties. The elaboration of a quantitative
uncertainty assessment for these categories would present a large effort with only limited
effect on the overall uncertainty and therefore it has been decided to realize a semi-
guantitative assessment. This includes the definition of a list of the combined
uncertainties for all gases and three uncertainty levels: low, medium and high (see Table
1-8). These values are motivated by the comparison of uncertainty analyses of several
countries carried out by de Keizer et al. (2007), as presented at the 2" International
Workshop on Uncertainty in Greenhouse Gas Inventories (Vienna 27-28 September
2007), and by expert judgement from sectoral experts and authors.
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The following sources of uncertainties are not taken into account:

Uncertainties in the GWP values.
Uncertainty due to unknown bias.

Uncertainty due to neglected temporal variability when assuming constant parameters
over time (e.g. emission factors).

Several uncertainty values have been changed for submission 2023 (see detailed input
values in Annex A2.1):

The uncertainty for the emission factor of category 1A Gaseous fuels CO, was updated.

The uncertainties assigned to emissions of HFCs, PFCs, SFs and NFs in sector 2 IPPU
were updated (yearly update).

The uncertainties assigned to activity data and emission factors in sector 3 Agriculture for
CHa4 and N2O emissions were updated (yearly update). In addition, uncertainties of
agricultural N-O emissions decreased significantly due to lower default uncertainties of
N2O emission factors in the 2019 IPCC Refinement (IPCC 2019) (see also chp. 5.3.3 and
5.5.3). This caused a significant uncertainty decrease for the inventory emissions of N-O,
as well as for the overall inventory uncertainty estimate.

The uncertainties for the emission factors for categories 4B1, 4B2, 4C1, 4C2, 4D2 and
4F2 were updated (yearly update).

The uncertainties for the emissions for categories 5D for CH4 and N.O were updated
because of a methodology update (see chp. 7.5.3).

The uncertainties for the emissions for all indirect CO; emissions were updated (yearly
update).

The detailed data sources can be found in the relevant chapters on “Uncertainties and time-
series consistency” in each of the sectoral chapters (chp. 3 to 9) below.

Table 1-8 Semi-quantitative (combined) uncertainties (U) for the emission of categories with no quantitative
uncertainty data available. Note that there is no source of HFCs, PFCs, SFs or NFs for which a semi-quantitative
uncertainty value is required.

Gas Uncertainty category Combined uncertainty
low 2%
CO, medium 10%
high 40%
low 15%
CH, medium 30%
high 60%
low 40%
NO medium 80%
high 150%
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1.6.2. Methodology

The uncertainty aggregation for the greenhouse gases is carried out for the latest submission
according to approach 1 (uncertainty propagation) and approach 2 (Monte Carlo
simulations).

Input uncertainty values for activity data and emission factors at the same aggregation level
as required for the key category analysis are used for the computation. A total of 192
categories were considered, including LULUCF and indirect CO emissions. Indirect N.O
emissions are not included in the uncertainty analysis.

Uncertainties are assessed in accordance with the IPCC Guidelines 2006 (IPCC 2006). The
Monte Carlo simulations follow the recommendations by JCGM (2008, Supplement 1).

The following assumptions were applied to both approaches:

e Full correlation or no correlation can be set between the base year and the reporting year
for the same input variable.

e The following statistical distributions may be used: normal, triangular, gamma. If a
variable cannot physically have negative values and has an uncertainty >100 %, a
gamma distribution is preferred in order to not generate negative values during Monte
Carlo simulations. This is particularly relevant for emission factors.

¢ Asymmetric distribution: in approach 1, this is taken into account by computing the
uncertainty propagation separately for each side of the mean. In approach 2, each
distribution can be simulated, and asymmetric distributions are not an issue.
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The following factors are not accounted for:

o Partial correlation between the base year and the reporting year for the same input
variable.

e Correlations between categories (for different input variables).

For both approaches, all uncertainty results represent a 95 % confidence interval. For a
symmetrical distribution, this interval is centred on the mean, from 2.5 % up to 97.5 % of the
distribution. For non-symmetrical distributions obtained by Monte Carlo simulations, the
reported uncertainties represent the narrowest 95 % interval, in agreement with JCGM
(2008, S1). This has consequences in particular for combined uncertainties strongly
influenced by input gamma distributions, with the narrowest interval having the tendency to
be shifted towards the lower end of the distribution (for example, from 1 % up to 96 % of the
distribution). Uncertainties are given for the lower range (from the lower edge to the mean)
and the upper range (from the mean to the upper edge), expressed as a percentage of the
mean.

1.6.2.1. Aggregation of uncertainties using approach 1: uncertainty propagation

The uncertainty propagation is computed using the open-source software Python (version
3.6.1, https://www.python.org/), in which the equations given in the guidelines (IPCC 2006)
are programmed. Results of approach 1 for the reporting year and for the trend are
summarised in Table 1-9.

1.6.2.2.  Aggregation of uncertainties using approach 2: Monte Carlo simulations

The Monte Carlo simulations were performed for the base year 1990, the reporting year 2021
and the trend at the aggregation level required for the KCA. All input variables can be found
in Annex A2.1. Results for each gas are summarized in Table 1-11.

The main strategy in Monte Carlo analysis is to simulate a probability distribution for each
input variable (distribution type, mean and standard deviation) and propagate these
probability distributions to the final value of the model, in order to obtain a realistic
uncertainty envelope for the final quantity. In practice, this is achieved by generating a large
set of random numbers for each input quantity according to its distribution probability and by
computing the intermediate (if any) and final values according to the equations of the model.
The strength of this method is to propagate uncertainties accurately even if the equations of
the model are non-linear and even if the final uncertainty envelope is non-symmetric. Another
advantage is that a distribution is produced to represent the final quantity, while this
information is not available from approach 1.

In our settings, each input quantity is, for each year, an activity data value associated with an
emission factor or if applicable, a direct emission. The final quantity is the emission at the
inventory level and the mathematical model is the sum of emissions from each process.
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Modelling framework

The Monte Carlo simulations are programmed using the open-source software Python
(version 3.6.1, https://www.python.org/). Python is run through the Anaconda installation
(https://www.anaconda.com/, version 4.4.0 (64 bit)) on a Windows PC.

To generate random numbers corresponding to the selected distributions, mean and
variances, the Python function random is used. In practice, for each input emission factor
and activity data value (or direct emission, if applicable), random numbers are generated
according to the input parameters. The final uncertainty envelope is obtained by computing
the emissions as the product of simulated activity data and emission factors and by then
adding up all simulated emissions. Intermediate sums can also be obtained, for example the
sum for a given sector.

For each input quantity, 1°000°000 random values were generated resulting in equal numbers
of values for the base year, the reporting year and the trend.

The average offset between the simulated mean for each process and the input mean is less
than 0.15 %. This reflects the uncertainty introduced by the Monte Carlo method itself. This
computational uncertainty remains small compared to the uncertainty introduced by activity
data and emission factors.

Correlation

If two variables representing the base year (BY) and the reporting year (RY) for the same
process are fully correlated, a random number is generated for the base year only, written
BYandom. The random value for the reporting year RY random iS then computed as:

RYrandom = BYrandom * RYinput, mean/BYinput, mean,

where RYinput, mean @Nd BYinput, mean @re the input mean values for the variables in the reporting
year and the base year, respectively.

This method implicitly assumes that the uncertainty for the base year and the reporting year,
expressed in percentage of the mean value, stays the same.

No correlation between activity data (or emission factors) resulting from different processes
for the same year is programmed.

Sensitivity analysis
The sensitivity analysis investigates how sensitive the total emission is to each input
emission. This analysis was conducted for the base year and the reporting year.

The sensitivity of a total value (total base year emission, total reporting year emission) to the
variability of input quantities is computed as the correlation coefficient between total and
input values, using in Python the function corrcoef from the numpy package. Each
sensitivity value is computed on 1°000’000 pairs of points.

The sensitivity therefore has a value between -1 and +1, where a negative value indicates a
negative correlation, and a positive value a positive correlation. For emissions, since the total
values are a sum of input values, we expect only positive correlations.
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Intuitively, the variability in the total value will be very sensitive to a process with also a high
variability, compared to other processes with a smaller variability. In other words, the
inventory total is expected to be mostly sensitive to processes with a high uncertainty
(expressed in absolute values or in the same unit as the emissions).

Source code availability
The Python source code is available on the Github public repository with the repository name
<inventory uncertainty UNFCCC_CLRTAP>.

1.6.3. Results of approaches 1 and 2 uncertainty evaluation

In Table 1-9 the results of the uncertainty evaluations for the previous and latest submissions
are summarised, using approaches 1 and 2 for the base year, the respective reporting year
and the trend, excluding and including the LULUCF sector.

Table 1-9 Relative uncertainties for Switzerland’s national total greenhouse gas emissions and removals
excluding and including the LULUCF sector for the latest and previous submissions. The uncertainties are given
considering a 95% confidence interval and expressed as the distance from edge to mean, in percentage of the
mean. Uncertainties are obtained by approach 1 (uncertainty propagation) and 2 (Monte Carlo simulations) for
emission levels in 1990, 2021 and for the trend (1990-2021) and are detailed by lower range, upper range and
mean uncertainty for submission 2023 as displayed in the upper panel. The uncertainty analysis is based on
emissions and removals including indirect CO2 emissions. For comparison purposes, the corresponding values
from the previous submission are reported as well in the lower panel labelled submission 2022.

Submission 2023
Inventory Level uncertainty 1990 Level uncertainty 2021 Trend uncertainty 1990-2021
(-)% | (+)% | mean % (-)% | (+)% | mean % (-)% | (+)% | mean %
Approach 2 Uncertainty analysis
excl. LULUCF 3.1 3.2 3.1 2.8 2.9 2.9 3.4 3.3 3.3
incl. LULUCF 4.3 4.5 4.4 4.8 4.9 4.9 4.8 4.9 4.9
Approach 1 Uncertainty analysis
excl. LULUCF 2.7 2.9 2.8 2.6 3.3 3.0 2.8 3.6 3.2
incl. LULUCF 4.2 4.3 4.2 4.8 5.2 5.0 4.7 5.2 5.0
Submission 2022
Inventory Level uncertainty 1990 Level uncertainty 2020 Trend uncertainty 1990-2020
% | O% |[mean% | (9% | (9% [mean%| (9% | (9% | mean%
Approach 2 Uncertainty analysis
excl. LULUCF 4.6 5.7 5.2 4.3 4.8 4.6 5.7 5.4 5.6
incl. LULUCF 6.0 6.8 6.4 6.1 6.4 6.2 6.7 6.8 6.7
Approach 1 Uncertainty analysis
excl. LULUCF 3.2 7.4 5.3 3.3 5.9 4.6 3.5 3.6 3.6
incl. LULUCF 4.6 8.3 6.4 5.3 7.3 6.3 5.3 5.3 5.3

In general, mean uncertainties resulting from approaches 1 and 2 are in concordance. For
the lower range uncertainty, approach 1 may result in a smaller estimate in cases where the
inventory probability distribution is asymmetric. We therefore recommend to take into
consideration the uncertainty estimate provided by approach 2 (Monte Carlo simulations).
Uncertainties including the LULUCF sector are in each case larger than excluding the
LULUCEF sector, as processes in the LULUCF sector have comparatively large uncertainties.
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The overall level uncertainties are smaller for the latest submission compared to the previous
one, which is due to smaller uncertainty estimates for several categories, and in particular for
Sector 3 Agriculture. The overall trend uncertainty decreased for the present inventory
compared to the previous one. This is probably due to the general uncertainty decrease for
the emissions.
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Figure 1-2 Results of Monte Carlo simulations: Distributions obtained for the inventory mean emission for all
greenhouse gases, for the base year 1990 (top panel, yellow), the reporting year 2021 (top panel, blue) and the
trend 1990-2021 (bottom panel, grey). All sim.: all simulations (1°000°000 values for each distribution). Fit: fit of
the distribution using a normal distribution. By definition, the integral of the fit (or area) has an exact numeric value
of one. Mean: mean inventory emission obtained from the simulations.
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Table 1-10 Overview of sector contributions to inventory uncertainties for the reporting year emissions and
removals and for the trend, including indirect CO2 emissions. Uncertainties are computed using approach 2
(Monte Carlo simulations).

Emissions or Emissions or Contribution to total | Contribution to total
Sector removals in base year|removals in reporting| uncertainty by sector | trend uncertainty by
(1990) year (2021) in reporting year sector
kt CO2 eq. kt CO2 eq. % %
1: Energy 41'972 34'175 5 3
2: Industrial processes 4977 2017 3 5

and product use
3: Agriculture 6'801 5'898 27 34
4: Land use, land use

-1'764 -1'875 62 48
change and forestry
5: Waste 2'281 1'143 3 12
6: Other 14 16 0.0 0.0
Total 53'581 43'374 100 100

Table 1-11 For each gas, net emission levels for 1990 and 2021, trend (1990-2021), and associated uncertainties
obtained from Monte Carlo simulations and from uncertainty propagation, including indirect CO2 emissions and
LULUCF categories. Note that the trend and its associated uncertainty are expressed in the same unit, in percent.
As an example, for a trend of -10 % with uncertainties of 2 %, the trend is comprised between -12 % and -8 %.

Base year (1990) Reporting year (2021) Trend (1990-2021)
Gas Emissions, | e | ue o | E™MOM )y w | uw % |Trend, % | uer % | e %
kt CO2 eq. kt CO2 eq.
Monte Carlo simulations (approach 2)

CO2 42'313 4 4 33'850 5 5 -20 4 4
CH4 6'544 15 15 5'118 16 16 -22 17 17
N20 4'066 33 35 2'894 28 30 -29 30 33
HFCs 0.023 19 19 1241 18 18| 5'510'648| 1'441'392| 1'507'380
PFCs 104.8 9 9 28.37 13 13 -73 4 4
SF6 141.2 41 40 129.0 40 39 -9 2 2
NF3 0.000 0.370 86 107

Indirect CO2 411.1 30 32 112.9 28 32 -73 11 13

Uncertainty propagation (approach 1)

CO2 42'313 4 4 33'850 5 5 -20 5 5
CH4 6'544 14 15 5'118 16 17 -22 17 19
N20 4'066 27 29 2'894 24 37 -29 24 37
HFCs 0.023 19 19 1241 19 19| 5'510'648| 1'449'599| 1'466'316
PFCs 104.8 0.0 0.0 28.37 14 14 -73 5 5
SF6 141.2 41 41 129.0 40 40 -9 2 2
NF3 0.000 0.370 76 131

Indirect CO2 411.1 28 19 112.9 26 37 -73 10 14

Changes in total level and trend uncertainties are on one hand due to changes in
uncertainties assigned to emission factors and activity data in the different categories. On the
other hand, changes in activity data and emission factor values cause changes in the
contribution to the total level and trend uncertainty of each category.

Contribution to level uncertainty and the uncertainty introduced to the trend in total national
emissions of each category are shown in Annex A2.2 for approach 1 (uncertainty
propagation) and in Annex A2.3 for approach 2 (Monte Carlo simulations).
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The Monte Carlo simulations provide data to conduct a sensitivity analysis between
emissions from each category and the inventory (total) emission. This analysis quantifies the
influence of a change in the emission of a given category on the inventory total. The results
of the sensitivity analysis for the base year and the reporting year are shown in Figure 1-3.
The processes ranked in descending order of importance according to the sensitivity analysis
follow almost the same order as the processes ranked according to approach 2 of the key
category analysis. In both cases, results are dominated by categories from sectors 3
Agriculture and 4 LULUCF. Both methods highlight categories with large uncertainties,
expressed in absolute values. The sensitivity analysis therefore confirms the results obtained
by approach 2 of the KCA.

4C1; CO; 1

5D; N5O

3Da; N>0 -

3A: CH4

4G: CO;

4B1; CO; A

4A1; CO;

3B1-4; CH,4

3Db; N2O +

1A1; Other fuels; CO;
5A; CH4 A

4A2; CO; A

2B10; N,O

5D; CH4 =

3B5; N,O 4

4E2; CO; +

3B1-4; N,O -+

1B2b; All fueli: 834 ]
; COz +

5C; NO 1990

4C1; CO;
4A1; CO;
3A; CH,
3Da; N,O
1A1; Other fuels; CO,
3B1-4; CH4
; COz
3Db; N,O
5D; N-O
4B1; CO;
3B5; N,O
2B10; N,O
2F1; HFCs
5D; CH4
1A4b; Gaseous fuels; CO,
1A2; Gaseous fuels; CO;
4E2; CO;
4C2; CO;
5A; CHq
3B1-4; N,0 - 2021

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Sensitivity [normalised value between -1 and +1]

Figure 1-3 Results of the sensitivity analysis between emissions and removals from each category and inventory
emissions and removals for all greenhouse gases, for the base year 1990 and the reporting year 2021. Only the
twenty categories ranked first are listed. See chp. 1.6.2.2 for details and compare also with Table 1-4 (results for
the key category analysis approach 2, i.e. using uncertainties).

Based on the analysis of the predominant contributions to the uncertainty of the national
GHG inventory, the FOEN commissions and/or supports various projects. Planned
improvements are given in the sectoral chapters and an overview list is reported in chp. 10.4.
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1.7. General assessment of completeness

1.7.1. Information on completeness

The inventory is compiled using notation keys in the reporting tables as appropriate,
according to the modalities, procedures and guidelines for the transparency framework under
the Paris Agreement (UNFCCC 2019). Explanations for using the notation keys “NE” and “IE”
are provided in CRF table 9.

The CRF reporter does not transfer the use of notation keys in tables 1.A(b) Reference
approach and 1.A(d) Feedstock, reductants and other non-energy use of fuels into CRF table
9. Therefore, information on the use of notation key “IE” in tables 1.A(b) and 1.A(d) is
provided here for completeness:

o 1.A(b) Reference approach, liquid fuels: Imports of refinery feedstocks are included in
crude oil.

o 1.A(b) Reference approach, liquid fuels: Imports of other kerosene are included in jet
kerosene.

o 1.A(b) Reference approach, liquid fuels: Carbon stored of liquefied petroleum gas,
naphtha and petroleum coke are included in other oil.

¢ 1.A(b) Reference approach, solid fuels: Import and stock change of anthracite and coke
oven/gas coke are included in other bituminous coal.

o 1.A(d) Feedstock, reductants and other non-energy use of fuels, liquid fuels: fuel quantity,
C excluded from reference approach and CO; emissions for liquefied petroleum gas,
naphtha and petroleum coke are included in other oil.

1.7.2. Description of insignificant categories

e A study commissioned by FOEN measuring greenhouse gas emissions from waste
incineration plants came to the conclusion that "CH4 emission concentrations were very
low and below the background concentration of 1.8 ppm" (Mohn 2013). These
measurements showed that CH, concentration in the exhaust air was below the CH4
concentration in ambient air, which would indicate CH4 removal rather than emissions.
Therefore, CH4 emissions from municipal waste incineration are reported as not
estimated because they are considered insignificant (see chp. 3.2.5.2.1).

e Use of soda ash is reported for glass production (2A3) and ceramics (2A4a). A study
investigating carbonate use in industry (INFRAS 2015) could not identify any other uses
of soda ash. However, the amounts of soda ash used and reported in 2A3 and 2A4a are
slightly smaller than net imports of soda ash. Assuming that the amount of soda ash
unaccounted for in 2A3 and 2A4a caused additional CO; emissions in category 2A4b
Other uses of soda ash, this would result in roughly 5 kt CO- in recent years (see chp.
4.2.2.4).
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1.7.3. Total aggregate emissions considered insignificant

CH4 emissions from waste incineration are not occurring. Based on the exhaust
measurements, the process would rather destroy ambient CHa4 than release any. Therefore,
this does not contribute to total aggregate emissions considered insignificant.

Potential other uses of soda ash not already accounted for in Switzerland might produce 5 kt
CO:..

National total emissions excluding LULUCF in 2021 were 45’249 kt CO; equivalent.
Therefore, the significance threshold for aggregated emissions equals 45.2 kt CO;
equivalent.

1.8. Metrics

The inventory is prepared using the 100-year time-horizon global warming potential (GWP)
values from the IPCC Fifth Assessment Report (Myhre 2013) as required by the modalities,
procedures and guidelines for the transparency framework under the Paris Agreement
(UNFCCC 2019), implemented in the CRF reporter released by the secretariat at the end of
January 2023.

1.9. Summary of any flexibility applied
Not applicable.
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2. Trends in greenhouse gas emissions and removals

Responsibilities for Trends in greenhouse gas emissions and removals

Regine Réthlisberger (FOEN), Nele Rogiers (FOEN; LULUCF), Andreas

Authors Schellenberger (FOEN:; LULUCF)
Annual updates (NID text, tables, figures) Beat Rihm (Meteotest; LULUCF), Nele Rogiers (FOEN), Felix Weber (INFRAS)
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Michael Bock (FOEN), Daniel Bretscher (Agroscope), Markus Didion (WSL), Martin

Internal review Lindenmann (Sigmaplan), Andreas Schellenberger (FOEN)

This chapter provides an overview of Switzerland’s GHG emissions and removals in 2021 as
well as trends for the period 1990-2021.

2.1. Aggregated greenhouse gas emissions and removals

Table 2-1 shows the aggregated emissions of all greenhouse gases (GHG) 2021 for each
sector (including indirect CO,) and the relative shares of the sectors. Furthermore, emission
data on international aviation and marine bunkers are provided. As the table indicates, CO; is
the main contributor to total GHG emissions followed by CH4, N>O and F-gases. Sector 1
Energy is the main source concerning climate-related emissions followed by sectors 3
Agriculture, 2 IPPU, 5 Waste and 6 Other. In contrast, sector 4 LULUCF is a net sink
regarding GHG net emissions and removals in 2021.

Table 2-1 Switzerland’s GHG emissions in CO2 equivalent (kt) by gas and sector in 2021. The last column shows
the share of the total for each sector including indirect CO2 emissions (excluding LULUCF). Emission and removal
estimates for LULUCF for individual years are not relevant for accounting. Emissions and removals in the land
use sector will be accounted for relative to a reference level in the biennial transparency report (see also
Switzerland’s NDC (FOEN 2021n)).

Sectors co, | cH, | No | HFcs | PFcs | SFs | NF; | Total | share
CO, equivalent (kt)

1 Energy 33617 304 227 34'148 75%
2 Industrial processes and product use 2'102 6.8 425 1'241 28 129 0.37 3'933 8.7%
3 Agriculture 46 4249 1'603 5'898 13%
5 Waste 8.7 544 590 1'142 2.5%
6 Other 13 0.78 0.52 14|  0.032%
Indirect CO, 113 113 0.25%
Total (excluding LULUCF, including indirect CO,) 35'900 5'104 2'845 1'241 28 129 0.37 45'249 100%
4. Land use, land-use change and forestry -1'937 14 48 -1'875 -4.1%
Total (including LULUCF, including indirect CO,) 33'963 5'118 2'894 1'241 28 129 0.37 43'374 96%
International aviation bunkers 2'318 0.22 17 2'336
International marine bunkers 17 0.0039 0.14 17

A breakdown of Switzerland’s total emissions by gas (excluding LULUCF) is given in Figure
2-1. Figure 2-2 charts the relative contributions of the individual sectors (excluding LULUCF)
to the emissions of each GHG. Trends in GHG emissions per gas and per sector are given in
chp. 2.2. The national total of 45’249 kt of CO, equivalent (excluding LULUCF; see Table
2-1) corresponds to 5.2 tonnes of CO; equivalent per capita (CO;: 4.1 tonnes per capita)
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emitted to the atmosphere in 2021. Emissions per capita are calculated based on population

statistics from the Federal Statistical Office (FSO).

HFCs; 2.7% PFCs; 0.1%

N20; 6.3%

CH4; 11.3%

NF3; 0.0%

Emissions 2021: 100% = 45'249 CO2 eq (kt)

Ind. CO2; 0.2%
SF6; 0.3%

CO2; 79.3%

Figure 2-1 Contribution of individual gases to total greenhouse gas emissions in 2021 (excluding LULUCF).

A clear dominance of CO; emissions in 2021 is related to source category 1A Fuel
combustion within sector 1 Energy. CH4 and N>O emissions mainly originate from sector 3
Agriculture, while F-gas emissions by definition only originate from sector 2 Industrial

processes and product use.
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Figure 2-2 Relative contributions of the individual sectors (excluding LULUCF) to GHG emissions in 2021.
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2.2. Emission and removal trends by gas and by sector

2.2.1. Emission and removal trends by gas

Emission trends by gas for the period 1990-2021 are summarized in Table 2-2.

Table 2-2 Greenhouse gas emissions in CO2 equivalent (kt) by gas. The last column of the lower panel indicates
the percentage change in emissions in the latest year compared to the base year 1990. HFC emissions increased
by more than 5 million percent when compared to 1990 levels. No NFs was emitted in 1990. Emission and
removal estimates for LULUCF for individual years are not relevant for accounting. Emissions and removals in the
land use sector will be accounted for relative to a reference level in the biennial transparency report (see also
Switzerland’s NDC (FOEN 2021n)).

Greenhouse Gas Emissions 1990‘ 1995 2000‘ 2005‘ 2010
CO, equivalent (kt)
CO, emissions including net CO, from LULUCF 42'313 39'545 48'819 42'828 42'177
CO, emissions excluding net CO, from LULUCF 44'161 43'408 43'614 45'778 45'043
CH, emissions including CH, from LULUCF 6'544 6'198 5755 5'669 5'595
CH, emissions excluding CH, from LULUCF 6'513 6'177 5'739 5'654 5'581
N,O emissions including N,O from LULUCF 4'066 3941 3715 3'448 3'282
N,O emissions excluding N,O from LULUCF 4'014 3'894 3671 3'404 3'236
HFCs 0.023 227 604 997 1244
PFCs 105 16 54 46 36
SFe 141 96 157 210 155
NF3 NO NO NO NO 12
Indirect CO, 411 313 230 164 150
Total (including LULUCF) 53'581 50'336 59'334 53'363 52'650
Total (excluding LULUCF) 55'345 54'131 54'069 56'254 55'457
Greenhouse Gas Emissions 2012‘ 2013‘ 2014‘ 2015‘ 2016‘ 2017‘ 2018‘ 2019‘ 2020‘ 2021 2021;;0'
CO, equivalent (kt) %
CO, emissions including net CO, from LULUCF 39'672 41'379 39'006 36'710 37'132 36'423 35718 34'899 32'747 33'850 -20.0%
CO; emissions excluding net CO, from LULUCF 42'249 43'182 39229 38'726 39'179 38'172 36'867 36'727 34'235 35'787 -19.0%
CH, emissions including CH, from LULUCF 5512 5'432 5'420 5'389 5'353 5287 5253 5'163 5'106 5118 -21.8%
CH, emissions excluding CH, from LULUCF 5'498 5'418 5'406 5'375 5'336 5272 5239 5'149 5'093 5'104 -21.6%
N,O emissions including N,O from LULUCF 3'179 3'158 3'158 3118 3'076 3'190 3'046 3'092 2'996 2'894 -28.8%
N,O emissions excluding N,O from LULUCF 3'133 3111 3111 3071 3027 3141 2'998 3'044 2'948 2'845 -29.1%
HFCs 1'375 1'354 1'389 1'426 1'397 1'390 1'419 1'343 1'323 1'241| see caption
PFCs 37 26 21 24 18 29 33 29 34 28 -72.9%
SFe 225 270 270 281 254 239 184 178 156 129 -8.6%
NF; 0.5 0.13 0.57 0.68 0.72 0.75 0.47 0.51 0.39 0.37| see caption
Indirect CO, 139 133 128 123 124 123 117 120 117 113 -72.5%
Total (including LULUCF) 50'139 51'751 49'393 47'072 47'356 46'683 45771 44'824 42'480 43'374 -19.1%
Total (excluding LULUCF) 52'656 53'494 49'554 49'027 49'336 48'368 46'858 46'591 43'907 45'249 -18.2%

As shown in Table 2-2, Table 2-3, and Figure 2-3, total emissions excluding LULUCF in 2021
are clearly below base year emissions. There is no discernible trend of overall emissions in
the period 1990-2005. Only from 2005 onwards, a decreasing trend starts to develop. Also
when including LULUCF categories, a decreasing trend is visible compared to the base year
1990, although the net CO; eq removals generated by LULUCF categories were generally
smaller after 1997 (see Figure 2-8, Figure 2-9 and Figure 6-3). The overall emission
reduction between 1990 and 2021 amounts to 18.2 % when LULUCF categories are
excluded and 19.1 % when including LULUCF. The emission maximum occurred in 1991.
Compared to 2020, emissions have significantly increased in 2021 (by 3.1 %) after the strong
decrease between 2019-2020.

The decrease of emissions between 2019 and 2020 can partially be interpreted as a
consequence of the lockdown and subsequent measures associated with the COVID-19
pandemic that affected Switzerland from March 2020 onwards. In particular, the measures to
contain the pandemic mainly led to reduced traffic volumes, which reduced CO; emissions
from source category 1A3b Road transportation. In 2021, the effects of the measures against
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the pandemic are still visible in the emission levels of 1A3b Road transportation. However,
due to comparably cold winter months in 2021 and a strong increase in heating degree days
(see Figure 2-7), emissions from source category 1A4 increased, which is the main reason
why overall emission levels in 2021 are higher than in 2020.

The trends of the different greenhouse gases can be described as follows:

There is a strong correlation between CO, emissions and winter climatic conditions
(number of heating degree days; see box 1 on page 49 for further information) in the
period 1990-2021. However, the relative developments of heating degree days and CO;
emissions are clearly drifting apart in the years since 2002, which indicates that additional
effects like reduction measures contribute to emission reductions (see Figure 2-7).

Between 1990 and 2021, CH,4 emissions (excluding LULUCF) decreased. An important
driver for this reduction is sector 5 Waste. Mainly, CH4 emissions from 5A Solid waste
disposal decreased from 2000 onwards, due to a change in waste legislation banning the
disposal of municipal solid waste in landfills. Furthermore, the development of livestock in
sector 3 Agriculture is relevant for the overall reduction of CH4 emissions, in particular
cattle, where a reduction in the years 1990-2004 and 2012-2021 led to a reduction of
emissions from enteric fermentation in the agricultural sector (see Table 5-8).

A strong decrease in N>O emissions could be achieved between 1990-2021 due to
progress in nitrogen removal in centralised wastewater treatment plants (sector 5 Waste).
Furthermore, as a consequence of the declining livestock population and reduced input of
synthetic fertilisers, N-O emissions that mainly stem from manure management and
agricultural soils decreased between 1990 und 2021 as well.

HFC emissions are significantly higher in 2021 compared to the base year due to their
application as substitutes for CFCs, while PFC emissions declined (mainly due to the
decrease and stop of aluminium production). Decreasing tendencies are found for HFC
emissions since 2018 due to restrictions of HFC use in mobile air-conditioning and
stationary refrigeration. SFs emissions show relatively large fluctuations between 1990
and 2021. This effect bases on annual fluctuations of the market volumes in the
production of electrical equipment as well as on changes in other applications. The
temporary increase of SFs emissions between 2010 and 2013 is mainly due the disposal
of sound proof windows. Although soundproof windows containing SFs are not produced
or installed in Switzerland anymore, the disposal of old windows still leads to emissions.
On the other hand, the SFs emissions from electrical equipment (2G1) are decreasing
due to the agreement of Swissmem and FOEN on the reduction of SFs emissions since
2008. Furthermore, the import of SFs for magnesium foundries (2C4) is prohibited in
Switzerland since 2017, leading to an additional decrease of SFs emissions over the past
couple of years. NF3 has been used only short-term in the photovoltaic industry (around
2010).
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Table 2-3 Contribution of individual gases to total emissions (excluding LULUCF) in CO2 equivalent (kt) and (%).

Greenhouse Gas Emissions 1990 1995 2000 2005 2010
(excluding LULUCF) kt CO, eq % kt CO, eq % kt CO, eq % kt CO, eq % kt CO, eq %
CO, 44'161 79.8% 43'408 80.2% 43'614 80.7% 45'778 81.4% 43'182 80.7%
CH, 6'513 11.8% 6'177 11.4% 5'739 10.6% 5'654 10.1% 5'418 10.1%
N,O 4'014 7.3% 3'894 7.2% 3'671 6.8% 3'404 6.1% 3111 5.8%
HFCs 0.023 0.0% 227 0.4% 604 1.1% 997 1.8% 1'354 2.5%
PFCs 105 0.2% 16 0.0% 54 0.1% 46 0.1% 26 0.0%
SFg 141 0.3% 96 0.2% 157 0.3% 210 0.4% 270 0.5%
NF; NO - NO - NO - NO - 0.13 0.0%
Indirect CO, 411 0.7% 313 0.6% 230 0.4% 164 0.3% 150 0.3%
Total (excluding LULUCF) 55'345 100% 54'131 100% 54'069 100% 56'254 100% 53'512 100%
Greenhouse Gas Emissions 2017 2018 2019 2020 2021
(excluding LULUCF) kt CO; eq % kt CO; eq % kt CO; eq % kt CO; eq % kt CO; eq %
CO, 38'172 78.9% 36'867 78.7% 36'727 78.8% 34'235 78.0% 35'787 79.1%
CH, 5272 10.9% 5'239 11.2% 5'149 11.1% 5'093 11.6% 5'104 11.3%
N,O 3141 6.5% 2'998 6.4% 3'044 6.5% 2'948 6.7% 2'845 6.3%
HFCs 1'390 2.9% 1'419 3.0% 1'343 2.9% 1'323 3.0% 1241 2.7%
PFCs 29 0.1% 33 0.1% 29 0.1% 34 0.1% 28 0.1%
SFg 239 0.5% 184 0.4% 178 0.4% 156 0.4% 129 0.3%
NF; 0.75 0.0% 0.47 0.0% 0.51 0.0% 0.39 0.0% 0.37 0.0%
Indirect CO, 123 0.3% 117 0.2% 120 0.3% 117 0.3% 113 0.2%
Total (excluding LULUCF) 48'368 100% 46'858 100% 46'591 100% 43'907 100% 45'249 100%

Figure 2-3 shows Switzerland’s relative GHG emission trends by gas. The base year 1990 is

set to 100 %.
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Figure 2-3 Relative trends of Switzerland’s main greenhouse gas emissions (excluding LULUCF). The base year

1990 represents 100 %. F-gases are not illustrated here (see Figure 4-3).
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2.2.2. Emission and removal trends by sector

Table 2-4 shows the emission trends for all major source and sink categories. As the largest
share of emissions originates from sector 1 Energy, the table includes further information
concerning the contributions of energy-related source categories.

2.2.2.1. Overview

In order to understand trends within the sector 1 Energy, the individual source categories are
considered separately (see chp. 2.2.2.2 and Figure 2-6 below).

In line with economic development, overall emissions in sector 2 Industrial processes and
product use (IPPU) show a decreasing trend in the early 1990s and a gradual increase
between 1997 and 2011, except for the economically difficult year 2009. After 2011,
emissions from the sector remained on a similar level until 2019. Since 2019, emissions
show a decreasing tendency, mainly due to a reduction of NO emissions in category 2B
Chemical industry and a reduction of HFC emissions in category 2F Product uses as
substitutes for ozone-depleting substances (ODS). The Chemical Risk Reduction Ordinance
(Swiss Confederation 2005) was put in place in 2005 and regulates the use of F-gases since
then. The dominant source category of sector 2 is 2A Mineral industry although the
emissions decreased by approximately one third since 1990. If sources are analysed in more
detail, 2A1 Cement production is the most relevant emitter in this category. Emissions of 2F
Product uses as substitutes for ozone-depleting substances (ODS), the second most
important source in sector 2, increased by some orders of magnitude since 1990 due to the
replacement of CFCs with HFCs. The third-most important source category from the IPPU
sector is 2B Chemical industry, in particular due to N>O emissions from category 2B10 Niacin
production. Source category 2G Other product manufacture and use, another important
source category, contains in particular SF¢ and PFC emissions from electrical equipment and
other product use, as well as N2O emissions from the application in households and
hospitals. Other source categories in sector 2 are of minor importance with regard to the
overall greenhouse gas emissions.

GHG emissions in sector 3 Agriculture are driven by populations of cattle and swine and by
fertiliser use. Both factors have been declining (see Table 5-8 and Table 5-24, respectively),
thus leading to a decrease in CH4 and N>O emissions until 2004. Subsequently, CH4
emissions increased slightly until 2008 and decreased again afterwards. N.O emissions
remained more or less on a constant level since 2004 with a decreasing trend in the last
years. This general development can be explained by the development of the cattle
population and the input of mineral fertilisers.

Total emissions from the source category 5 Waste continuously decrease between 1990 and
2021. The main driver of the decreasing trend is the emission reduction in solid waste
disposal (sector 5A), which was reinforced through a change of legislation in 2000 that
banned disposal of combustible waste in landfills. Therefore, an increasing amount of
municipal solid waste is being incinerated, with emissions reported under source 1A1 Energy
industries rather than sector 5 Waste. A similar reduction could be achieved in sector 5D
Wastewater treatment mainly due to improvements concerning nitrogen removal in
centralised wastewater treatment plants. Altogether, “waste-related” emissions (including
emissions from all waste management activities reported in 1 Energy, 3 Agriculture, and 5
Waste) are increasing since 1994 and show a stagnation since 2006 (see Figure 7-3 in chp.
7.1).

2 Trends in greenhouse gas emissions and removals



National Inventory Document of Switzerland 2023

46

The total emissions from sector 6 Other (fire damages) show fluctuations within a range of
about 20 % throughout the reporting period. Emissions from sector 6 Other account for well

below 1 %o of total emissions.

Table 2-4 Greenhouse gas emissions in CO2 equivalent (kt) by individual source (positive numbers) and sink
(negative numbers) categories. Emission and removal estimates for LULUCF for individual years are not relevant
for accounting. Emissions and removals in the land use sector will be accounted for relative to a reference level in

the biennial transparency report (see also Switzerland’s NDC (FOEN 2021n)).

Source and Sink Categories 1990] 1995] 2000] 2005] 2010
CO, equivalent (kt)

1 Energy 41'899 41'935 42'240 44'011 43229
1A1 Energy industries 2'514 2'639 3'169 3'813 3'843
1A2 Manufacturing industries and construction 6'568 6'293 6'005 6'039 5'860
1A3 Transport 14'688 14287 15'954 15'847 16'322
1A4 Other sectors 17'507 18'077 16'565 17'832 16'761
1A5 Other 219 163 151 139 137
1B Fugitive emissions from fuels 402 476 396 342 306

2 Industrial processes and product use 3'943 3341 3'675 4'299 4'395

3 Agriculture 6'801 6'583 6'137 6'076 6'183

5 Waste 2'278 1'945 1772 1'687 1'484

6 Other 13 14 15 16 16

Indirect CO, 411 313 230 164 150

Total (excluding LULUCF) 55'345 46'995 55'659 49'064 48'254

4. Land use, land-use change and forestry -1'764 -3'795 5'265 -2'891 -2'807

Total (including LULUCF) 53'581 43200 60'923 46'173 45'447

Source and Sink Categories 2012‘ 2013‘ 2014‘ 2015‘ 2016 2017‘ 2018‘ 2019‘ 2020‘ 2021 2021;’950'

CO, equivalent (kt) %

1 Energy 40'557 41'480 37'429 37'098 37'497 36'510 35216 35'093 32'660 34'148 -18.5%
1A1 Energy industries 3'637 3729 3'600 3287 3371 3290 3'352 3'362 3271 3221 28.1%
1A2 Manufacturing industries and construction 5'430 5'496 5'095 4'976 4'983 4'948 4'789 4'702 4'499 4'594 -30.1%
1A3 Transport 16'260 16'172 16'065 15'329 15'167 14'905 14'910 14'869 13'563 13752 -6.4%
1A4 Other sectors 14'816 15'692 12'282 13131 13'594 12'998 11'798 11'804 10'974 12'237 -30.1%
1A5 Other 132 133 139 135 139 127 126 115 119 115 -47.8%
1B Fugitive emissions from fuels 281 258 248 240 242 242 239 241 233 229 -43.1%

2 Industrial processes and product use 4'376 4'381 4'388 4'340 4'303 4'405 4'285 4270 4'087 3933 -0.3%

3 Agriculture 6'158 6'079 6'214 6'113 6'098 6'060 6'000 5'895 5'859 5'898 -13.3%

5 Waste 1'410 1'405 1'381 1'338 1'300 1'256 1224 1'199 1171 1'142 -49.9%

6 Other 16 17 13 15 14 15 16 13 13 14 14.7%

Indirect CO, 139 133 128 123 124 123 117 120 117 113 -72.5%

Total (excluding LULUCF) 52'656 53'494 49'554 49'027 49'336 48'368 46'858 46'591 43'907 45249 -18.2%

4. Land use, land-use change and forestry -2'516 -1'743 -161 -1'954 -1'980 -1'686 -1'087 -1'766 -1'427 -1'875 6.3%

Total (including LULUCF) 50'139 51'751 49'393 47072 47'356 46'683 45'771 44'824 42'480 43374 -19.1%

The percentage shares of source categories are shown for selected years in Table 2-5

whereas Figure 2-4 to Figure 2-6 are graphical representations of the data in Table 2-4. For

the time series of the source categories of sector 1 Energy see chp. 3.
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Table 2-5 Greenhouse gas emissions (excluding LULUCF) in CO2 equivalent (kt) and the relative contribution (%)
of individual source categories.

Source and Sink Categories 1990 1995 2000 2005 2010
kt CO, eq % kt CO, eq % kt CO, eq % kt CO, eq % kt CO, eq %

1 Energy 41'899 75.7% 41'935 77.5% 42'240 78.1% 44'011 78.2% 43229 78.0%
1A1 Energy industries 2'514 4.5% 2'639 4.9% 3'169 5.9% 3'813 6.8% 3'843 6.9%
1A2 Manufacturing industries and construction 6'568 11.9% 6'293 11.6% 6'005 11.1% 6'039 10.7% 5'860 10.6%
1A3 Transport 14'688 26.5% 14287 26.4% 15'954 29.5% 15'847 28.2% 16'322 29.4%
1A4 Other sectors 17'507 31.6% 18'077 33.4% 16'565 30.6% 17'832 31.7% 16'761 30.2%
1A5 Other 219 0.4% 163 0.3% 151 0.3% 139 0.2% 137 0.2%
1B Fugitive emissions from fuels 402 0.7% 476 0.9% 396 0.7% 342 0.6% 306 0.6%

2 Industrial processes and product use 3'943 7.1% 3'341 6.2% 3'675 6.8% 4299 7.6% 4'395 7.9%

3 Agriculture 6'801 12.3% 6'583 12.2% 6'137 11.3% 6'076 10.8% 6'183 11.1%

5 Waste 2'278 4.1% 1'945 3.6% 1772 3.3% 1'687 3.0% 1'484 2.7%

6 Other 13 0.0% 14 0.0% 15 0.0% 16 0.0% 16 0.0%

Indirect CO, 411 0.7% 313 0.6% 230 0.4% 164 0.3% 150 0.3%

Total (excluding LULUCF) 55'345 100.0% 54'131 99.4% 54'069 99.6% 56'254 99.7% 55'457 99.7%

Source and Sink Categories 2017 2018 2019 2020 2021

kt CO, eq % kt CO, eq % kt CO, eq % kt CO, eq % kt CO, eq %

1 Energy 36'510 75.5% 35216 75.2% 35'093 75.3% 32'660 74.4% 34'148 75.5%
1A1 Energy industries 3'290 6.8% 3'352 7.2% 3'362 7.2% 3271 7.4% 3221 7.1%
1A2 Manufacturing industries and construction 4'948 10.2% 4'789 10.2% 4'702 10.1% 4'499 10.2% 4'594 10.2%
1A3 Transport 14'905 30.8% 14'910 31.8% 14'869 31.9% 13'563 30.9% 13'752 30.4%
1A4 Other sectors 12'998 26.9% 11'798 25.2% 11'804 25.3% 10974 25.0% 12'237 27.0%
1A5 Other 127 0.3% 126 0.3% 115 0.2% 119 0.3% 115 0.3%
1B Fugitive emissions from fuels 242 0.5% 239 0.5% 241 0.5% 233 0.5% 229 0.5%

2 Industrial processes and product use 4'405 9.1% 4'285 9.1% 4270 9.2% 4'087 9.3% 3'933 8.7%

3 Agriculture 6'060 12.5% 6'000 12.8% 5'895 12.7% 5'859 13.3% 5'898 13.0%

5 Waste 1'256 2.6% 1224 2.6% 1'199 2.6% 1171 2.7% 1'142 2.5%

6 Other 15 0.0% 16 0.0% 13 0.0% 13 0.0% 14 0.0%

Indirect CO, 123 0.3% 117 0.2% 120 0.3% 117 0.3% 113 0.2%

Total (excluding LULUCF) 48'368 100.0% 46'858 100.0% 46'591 100.0% 43'907 100.0% 45'249 100.0%
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Figure 2-4 Greenhouse gas emissions in COz equivalent (kt) by sectors (excluding LULUCF).
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Figure 2-5 Relative emission trends (CO2 eq) by main source categories (base year 1990 = 100 %).

2.2.2.2. Emission trends in sector 1 Energy

The main source categories within sector 1 Energy — representing the major sources of
Switzerland’s GHG emissions — are shown in Figure 2-6 and Table 2-5.

The following emission trends emerge within the sector 1 Energy:

o Despite differing trends of individual source categories, the overall emissions from the
sector 1 Energy remain at a relatively constant level (orange/bold line in Figure 2-6) in the
period 1990-2006. Afterwards, the trend is determined by a combination of effective
reduction measures and a decreasing trend of heating degree days (see Figure 2-7; see
further details below under 1A1 Energy industries and 1A4 Other sectors).

e |tis noteworthy that due to Switzerland’s electricity production structure (mainly
hydroelectric and nuclear power in 2021; see SFOE (2022), Table 24), category 1A1
Energy industries plays only a minor role. It does not represent thermal power stations as
in many other countries, but primarily waste incineration plants. The increase in waste
incineration is the reason why overall emissions from source category 1Al Energy
industry are higher in 2021 than in 1990. The time series shows an increase until 2006
and a decrease thereafter. Fluctuations are caused by varying combustion activities for
district heating. The emission reduction in 2015 was due to the closure of one of two
refineries (see Figure 2-6 and values in Table 2-5).

e Emissions from 1A2 Manufacturing industries show a decreasing trend since 1990,
mainly due to continuous changes in the use of fuel types for stationary combustion (see
table 3-43).

¢ The increasing trend of emissions in source category 1A3 Transport between 1990 and
2008 is based on increasing traffic volumes (in all different types of transport). The effect
of increasing energy efficiency of vehicles was unable to counterbalance the substantial
growth in transport. The decrease of transport emissions since 2008 as well as the drop
from 2014 to 2015 is largely caused by decreasing fuel tourism (EV 2015a) (see chp.
3.2.9.2.2). The strong decrease between 2019 and 2020/2021 can be attributed to the
COVID-19 pandemic, when a lockdown and further measures reduced traffic volumes, in
particular of passenger cars.
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e The trend for source category 1A4 Other sectors reflects the impact of climatic variations
on energy demand for heating in stationary source-categories (1A4ai/bi/ci). The strong
correlation with the number of “heating degree days” (see box 1 on page 49) — used as
an index of cold weather conditions over the year — is apparent from Figure 2-7, which
shows CO, emissions from source category 1A4 Other sectors (only stationary sources)
and the number of heating degree days. Since 2002, heating degree days and CO:
emissions are clearly drifting apart, which indicates that additional effects like reduction
measures contribute to emission reductions (see Figure 2-7). In the period 1990-2021,
the number of buildings and apartments increased as well as the average floor space per
person and workplace. Both phenomena result in an increase in the total area heated by
around forty-five percent (FOEN 2022l). Over the same period, however, higher
standards were specified for insulation and for combustion equipment efficiency for both
new and renovated buildings, compensating for the emissions from the additional area
heated.

e CO; emissions from 1A5 Other mainly stem from military aircraft and therefore show
almost the same decreasing trend as the use of jet kerosene within this source-category
(see Table 3-94).

e The development of CO; equivalent emissions in 1B are dominated by the trend of the
CH4 emissions from leakage in the natural gas distribution network. From 1990 to 1994,
emissions increased due to network expansion. Thereafter, emissions decreased
substantially due to gradual replacement of old pipelines.

Box 1: Heating degree days

Heating degree days: a standardized measure for linking heating demand and weather
conditions. Number of degrees per day calculated as the difference between 20°C
(room temperature) and the daily average outdoor temperature for such days where
the daily average temperature is below 12°C (e.g. daily outdoor average equals 7°C,
then for that day 20 - 7 = 13). The number of degrees per day are summed up for a
year t to yield the heating degree days of year t.

2 Trends in greenhouse gas emissions and removals
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Figure 2-6 Emission trends (CO: eq) for the source categories in sector 1 Energy. The trend for the entire sector

1 Energy is represented by the bold line with orange bullets.
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Figure 2-7 Relative trend for CO2 emissions from 1A4 Fuel Combustion — Other Sectors (stationary sources only)

compared with the number of heating degree days.

2.2.2.3. Emission and removal trends in sector 4 LULUCF

Figure 2-8 illustrates the net CO. eq emissions and removals in sector 4 LULUCF.
Associated data are given in Table 2-4.

The GHG fluxes are reported for six land-use categories: 4A Forest land, 4B Cropland, 4C
Grassland, 4D Wetlands, 4E Settlements and 4F Other land. The carbon stock of 4G
Harvested wood products made from Swiss wood is also recorded. CO; is the most
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important greenhouse gas by far in the LULUCF sector. CH4 and N.O from fires, soil organic
matter decomposition, reservoirs and drained organic soil make a minor contribution to the
emissions (see Figure 6-2). With the exception of 2000, Switzerland’s land use resulted in
more CO; eq being absorbed from the atmosphere by the soil and vegetation than were
emitted (Figure 2-8, see also Figure 2-9, Figure 6-1 and Figure 6-3). Quantitatively, most

CO; eg removals were achieved in the decade between 1990 and 1999.

CO, equivalent (kt)
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Land use, land-use change and forestry

Figure 2-8 Net GHG (COz2, CH4, N20O) emissions and removals of sector 4 Land use, land-use change and

forestry (LULUCF), in kt CO2 eq. Positive values refer to net emissions, negative values refer to net removals.

4A: Forest land dominates the GHG balance of Switzerland’s land use. For most years,

management of Forest land resulted in a distinct increase in the total carbon stocks in living
biomass, dead wood, litter and forest soils (i.e. a net removal of CO, from the atmosphere;
Figure 2-9). Salvage logging following severe storms (Vivian in February 1990, Lothar in
December 1999) and the rise in harvested volumes in some years (e.g. 2006, 2007) are
clearly recognisable. In 2008 harvesting rates dropped (Table 6-15) due to the international
and domestic economic framework conditions and remained relatively constant thereafter
with interannual fluctuation of ca. 2 to 8 %. These fluctuations are reflected in the year-to-

year variability of the removals from Forest land.

4G: In terms of climate policy, sustainable forest management can be achieved by using the
wood grown in a cascade, firstly for long-lived harvested wood products and subsequently for
energy purposes. In almost all years since 1990, more wood has been incorporated into new
products (such as construction timber or wood panels) than has been released from old
ones. However, the size of the annual net CO, removals from harvested wood products
decreased clearly since 2011. In 2013, 2017 and 2019 HWP fluxes resulted in net CO,

emissions (see Figure 2-9 and Figure 6-20 for details).
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Figure 2-9 Net GHG (COz2, CHa4, N20) emissions and removals in the LULUCF sector (in kt CO2 eq) broken down
by categories 4A-4G. Balance indicates the annual net total. Positive values refer to net emissions, negative
values refer to net removals.

4B, 4C: The agricultural use of Cropland and Grassland affects the carbon stocks of the soil.
For example, ploughing promotes the decomposition of soil organic matter, whereas
spreading farmyard manure or leaving harvest residues on the fields increases soil carbon
stocks. As well as the farming method, the main factors influencing the annual fluctuations
are the crops grown and the climatic conditions. The case of drained former peatlands is a
special one. When subjected to intense agricultural use, these organic soils release large
amounts of CO2 and N;O. In both categories 4B Cropland and 4C Grassland, the 1990-2021
patterns of net CO, eq emissions and removals caused by carbon dynamics in living biomass
and in mineral soil are pushed towards an overall net CO, eq source by persistently high
emissions from organic soil. As a consequence, categories 4B and 4C show weakly to
moderately fluctuating net CO; eq emissions at an intermediate level over most of the
inventory period (Figure 2-9).

4D: Unproductive wetlands only account for a small part of the land area. As most remaining
peatland are impaired by the consequences of previous use (particularly drainage), many
organic soils are now net GHG sources. CO; eq emissions in category 4D are comparatively
low and increased by 25 % over the inventory period (Figure 2-9).

4E: The development of new settlements and infrastructure resulted in comparatively low
and slowly fluctuating CO- eq emissions since 1990 (-22 % change from 1990 to 2021)
(Figure 2-9). Emissions in category 4E are mainly produced by loss of plant biomass and soil
organic carbon during construction work.

4F: CO; eq emissions in 4F2 Land converted to other land increased by 47 % between 1990
and 2021 (Figure 2-9). Mudflows, erosion, landslides, and dynamic changes in stream beds
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were identified as the main processes causing these land-use changes. The contribution to
the GHG balance of the LULUCF sector remains small.

2.2.3. Emission trends for precursor gases

The methodologies concerning calculation of emissions of the precursor gases NOy, CO,
NMVOC and SO, (IPCC 2006, Volume 1, Chapter 7) are provided in detail in Switzerland’s
Informative Inventory Report (FOEN 2023b). Emission trends for precursor gases show a
very pronounced decline (see Table 2-6 and Figure 2-10). A strict air pollution control policy
and the implementation of a large number of emission reduction measures led to decreasing
emissions of precursor gases over the period 1990-2021.

Overall, the most effective reduction measures were the abatement of exhaust emissions
from road vehicles and stationary installations and the incentive taxes on VOC (since 2000)
and on fossil combustible fuels (since 2008). The latter measure was (jointly) responsible for
the significant shift in the fuel mix of standard fossil fuels in industry from solid and liquid
fuels to natural gas and the almost complete disappearance of residual fuel oil. As a result,
NOy, NMVOC and CO emissions clearly declined between 1980 and 2021.

Furthermore, due to legal restriction of sulphur content in liquid fuels and decrease in coal
consumption, a decreasing trend can also be observed for SOy emissions (SOx = SO2 + SOs,
expressed as SO: equivalents). The lowering of the maximum sulphur content in liquid fuels
is shown in Table A — 15, whereas the time series of Switzerland’s decreasing coal
consumption is given in Table 3-12. Both trends resulted in a considerable reduction of the
SOy emissions. Annual fluctuations of SO, emissions occur mainly due to annual variations
of heating degree days, which affects the consumption of gas oil.

Table 2-6 Emissions of precursor gases (kt) (excluding NOx, CO and NMVOC from LULUCF).

Precursor gases and SO, 1990] 1995] kt2000\ 2005] 2010
NO, 144 115 102 93 83
co 817 531 418 321 252
NMVOC 302 210 157 116 100
S0, 37 26 16 14 10
Precursor gases and SO, 2012‘ 2013‘ 2014‘ 2015‘ 2016‘ 2017‘ 2018‘ 2019‘ 2020‘ 2021 2021
vs. 1990
kt %
NO, 79 79 76 71 69 66 63 59 52 51 -65%
co 221 213 192 184 184 178 169 168 152 151 -81%
NMVOC 93 90 86 82 79 78 77 76 74 75 -75%
S0, 8.5 7.9 7.1 5.5 5.1 48 46 4.3 3.7 37 -90%
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Figure 2-10: Relative trends for precursor gas emissions (excluding NOx, CO and NMVOC from LULUCF; base

year 1990 = 100 %).

Sector 1 Energy is by far the largest source of precursor gas emissions (see Table 2-7), with
the only exception being NMVOC, where sector 4 LULUCF is the dominant source followed
by sector 2 Industrial processes and product use (see Figure 2-11).

Table 2-7: Precursor gas emissions (kt) by source category in 2021. Totals include LULUCF emissions.

Sectors NO, CcO NMVOC SO,
kt % kt % kt % kt %

1 Energy 46 91.7% 143 94.4% 17 11.5% 3.2 86.4%
2 IPPU 0.25 0.5% 5.7 3.7% 37 25.6% 0.47 12.5%
3 Agriculture 3.8 7.5% NA NA 19 13.3% NA NA
4 LULUCF 0.017 0.0% 0.57 0.4% 70 48.3%| 0.00143 0.038%
5 Waste 0.12 0.2% 1.4 0.9% 1.8 1.2% 0.029 0.8%
6 Other sources 0.017 0.0% 0.79 0.5% 0.13 0.1% 0.012 0.3%
Total 51 100.0% 152 100.0% 144 100.0% 3.7 100.0%

Figure 2-11 shows the relative contributions of the various sectors for each individual
precursor gas excluding LULUCF (data deduced from Table 2-7).
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Figure 2-11: Relative contributions of individual sectors to precursor gas emissions in 2021 (excluding LULUCF,
note data given in Table 2-7 especially for NMVOC).
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Responsibilities for sector Energy

Overall responsibility

Anouk-Aimée Bass (FOEN)

Experts for source-categories

Anouk-Aimée Bass (FOEN; Overview, Stationary sources in 1A1, 1A4, Bunker fuels,
Country-specific issues, Mobile sources in 1A2-1A5), Daiana Leuenberger (FOEN;
Waste related processes), Benedikt Notter (INFRAS; Non-road and Road
transportation), Sabine Schenker (FOEN; Sectoral/Reference Approach, Feedstocks
and non-energy use of fuels, Wood combustion, 1A2 (stationary)), Adrian Schilt
(FOEN; Country-specific issues Fuel consumption, Industry Model), Theo
Rindlisbacher (FOCA,; Civil Aviation)

EMIS database operation

Anouk-Aimée Bass (FOEN), Sabine Schenker (FOEN)

Annual updates (NID text, tables, figures)

Dominik Eggli (Meteotest), Anna Ehrler (INFRAS), Lukas Meyer (Meteotest), Beat
Rihm (Meteotest), Regine Rothlisberger (FOEN), Adrian Schilt (FOEN), Felix Weber
(INFRAS)

Quiality control NID (annual updates)

Dominik Eggli (Meteotest), Regine Rothlisberger (FOEN), Adrian Schilt (FOEN), Felix
Weber (INFRAS)

Internal review

Anouk-Aimée Bass (FOEN), Daiana Leuenberger (FOEN; Waste related processes),
Benedikt Notter (INFRAS; Non-road and Road transportation), Theo Rindlisbacher
(FOCA; Civil Aviation), Regine Roéthlisberger (FOEN), Sabine Schenker (FOEN),
Adrian Schilt (FOEN)

3.1. Overview

This chapter provides information on the estimation of the greenhouse gas emissions from
the sector 1 Energy. The following source categories are reported:

e 1A Fuel combustion

e 1B Fugitive emissions from fuels

In Switzerland, the sector 1 Energy is the most relevant source of greenhouse gases. The
emissions of the period 1990-2021 are illustrated in Figure 3-1 and Table 3-1.

3 Energy



National Inventory Document of Switzerland 2023

57

45000 — —
40000 1428540440012 -
35000 14 B-F BB+ 2Bttt vyuw—
=
g 25000 +@--*-*-H-K- B QBB e R
£ 20000 {414 HE LR R R BB
)
o
C 15000 T AT T E TR T T R R T T R T R R T T 4 01
O
O 10000 i - mtmmemm e e e e e e e e e el e e e el e e e
§'000 i - == = oo e e e e e e el e e e el e e e e e e e e e e e
N NN NN NN NN NNNRANNNNNNNN]
Q v D © \e) Q % ] o \e) Q 2 N © ) N
o ol o° N N N N N N o
SIS I T S S S S S N T N
= 1 A1 Energy Industries 1A2 Manufacturing Industries and Construction
1A3 Transport mmm ] A4 Other Sectors
mmmm 1 A5 Other (military) = 1B Fugitive emissions

Figure 3-1 Switzerland’s GHG emissions of sector 1 Energy in CO2 equivalent (kt).

Considering total emissions of sector 1 Energy, fluctuations with no trend are observed in the

period 1990-2005. From 2006 onwards, a decreasing trend can be identified, again
superposed by fluctuations. The years 2020 and 2021 show the lowest values of the entire
period 1990-2021. The following source categories contribute to the total emissions (see
also Figure 2-6 and explanations in chp. 2.2.2.2):

e 1A3 Transport and 1A4 Other sectors are the main sources of the sector 1 Energy with
1A3 Transport being the most important category over the last years. Emissions in 1A3
Transport increased after 1990, reaching a maximum in 2008 and decreasing again to
the 1990 level thereafter. Emissions from 1A4 Other sectors are strongly influenced by
meteorological conditions in winter. A systematic decrease of emissions from 1A4 is
observed since 2005.

e 1Al Energy industries and 1A2 Manufacturing industries and construction contribute to
total emissions as well, but are less important. Emissions in 1A1 Energy industries
increased until 2006 with no clear trend since then except for a stepwise reduction in
2015, when one of two refineries closed. Emissions from 1A2 Manufacturing industries
are gradually decreasing since 1990.

e 1A5 Other (military) and 1B Fugitive emissions from fuels play only a minor role. Both
categories show a decrease since 1990.

The trends of the individual gases are given in Table 3-1 and Figure 3-2:

e By far the most important gas emitted from sector 1 Energy is CO.. Fluctuations reflect
inter alia the climatic variability in Switzerland (see Figure 2-7 and related comments). A
decreasing trend is observed since approximately 2005, predominantly due to the

decrease in 1A4 Other sectors, but also due to decreasing fuel tourism and the closure of

one refinery in 2015. The strong reduction of CO2 emissions in 2020 compared to
previous years is a result of the measures to contain the COVID-19 pandemic leading to
reduced CO, emissions from source category 1A3b Road transportation and mild winter
temperatures leading to reduced emissions from source category 1A4 Other sectors.
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The decreasing trend of CH,4 emissions in the energy sector since 1990 is the result of
improved gas transmission and distribution networks, resulting in substantially lower
fugitive emissions, and reduced emissions from gasoline passenger cars due to catalytic
converters. Furthermore, improved combustion technologies in 1A4 Other sectors —
stationary sources also contribute to the decreasing trend.

The changes in N2O emissions can mainly be explained by changes in the emission of
road transportation due to changes in emission factors for diesel oil and gasoline
combustion. The first generation of catalytic converters generated N>O as an unintended
by-product in the exhaust gases, leading to an increase in N>O emissions until 1997. With
new converter materials being used, the emission factors are decreasing since 1999 with
strongest reduction in the course of the introduction of the Euro 3 standard during 2003
and 2004 (see Figure 3-2). The massive effective reduction of the maximum sulphur
content of the fuels from 2003 to 2004 led to a higher efficiency of the catalytic
converters, which additionally strengthened the effect (see Table A — 15). Since 2007, the
N.O emissions are slightly increasing in line with increasing mileages (see Table 3-76).
For further details, see chp. 3.2.9.2.2. The low level of N.O emissions in 2020 is a result
of the measures to contain the Covid-19 pandemic.

Table 3-1 GHG emissions of source category 1 Energy by gas in CO2 equivalent (kt)
Gas 1990/ 1995] 2000/  2005] 2010
CO, equivalent (kt)

CO, 40'908| 40'911| 41'336| 43'338| 42'605

CH, 707 698 570 470 415

N,O 284 326 334 204 209

Sum 41'899| 41'935| 42240 44'011| 43'229

Gas 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2020 1990
vs. 2021 vs. 2021

CO2 equivalent (kt) %

CO, 39'981| 40'914| 36'905| 36'573| 36'960| 35'977| 34'688| 34'565| 32'148| 33617 4.6%| -18%

CH, 367 352 321 321 324 316 310 305 296 304 2.8%| -57%

N,O 208 215 202 204 213 216 218 223 216 227 5.0%| -20%

Sum 40'557| 41'480] 37'429] 37'098| 37'497| 36'510] 35216| 35093 32'660| 34'148] 4.6%| -18%
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Figure 3-2 Relative trends of the greenhouse gas emissions of sector 1 Energy. The base year 1990 represents
100 %.

The following table summarises the emissions of sector 1 Energy in 2021. The table also
includes two additional lines with emissions from international bunkers (aviation and marine)
as well as CO, emissions from biomass burning, which both are not accounted for under the
UNFCCC but are included in the reporting tables.

Table 3-2 Summary of sector 1 Energy, emissions in 2021 in kt CO2 equivalent (Total: rounded values). For full
biomass CO2 emissions see Table 3-21.

Sector Energy CO, | CHy, | N,O | Total
CO, equivalent (kt)

1 Energy 33'617 304 227 34'148
1A Fuel combustion 33'598 95 227 33'919
1A1 Energy industries 3'200 0.58 21 3221
1A2 Manufacturing industries and construction 4'554 5.5 35 4'594
1A3 Transport 13'617 22 114 13'752
1A4 Other sectors 12'114 66 57 12'237
1A5b Other (mobile) 114 0.039 0.90 115
1B Fugitive emissions from fuels 20 210 0.00019 229
International bunkers 2'335 0.22 17 2'352
CO, emissions from biomass 8'458 - - 8'458

In 2021, a total of 47 key source categories are identified in the Swiss greenhouse gas
inventory (Table 1-6). Amongst these, 19 belong to sector 1 Energy. The key categories for
approaches 1 and 2 (according to level and trend) from sector 1 Energy are shown in Figure
3-3. While 19 categories are identified as key according to approach 1, only 10 categories
are also identified as key according to approach 2. Indeed, Sector 1 Energy is the major
sector in terms of emissions, while sector 3 Agriculture and 4 LULUCF dominate the
uncertainty contribution (see also Figure 5-3 to compare with sector 3 Agriculture).
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1A3b, Diesel oil, CO5; L1, T1, L2, T2;
Road transportation

1A3b, Gasoline, CO,; L1, T1;
Road transportation

1A4b, Liquid fuels, CO; L1, T1;
Residential

1A4b, Gaseous fuels, CO;; L1, T1, L2, T2;
Residential

1A1, Other fuels, CO;; L1, T1, L2, T2;
Energy industries

1A4a, Liquid fuels, CO; L1, T1;
Commercial

1A2, Gaseous fuels, CO5; L1, T1, L2, T2;
Manufacturing industries and construction

1A2, Liguid fuels, CO5; L1, T1;
Manufacturing industries and construction

1A4a, Gaseous fuels, CO;; L1, T1, L2, T2;
Commercial

1A1, Gaseous fuels, CO;; L1, T1;
Energy industries

1A4c, Liquid fuels, CO5; L1, T1;
Agriculture and forestry

1A2, Other fuels, CO;; L1, T1, T2;
Manufacturing industries and construction

1A2, Solid fuels, CO5; L1, T1, T2;
Manufacturing industries and construction
1A1, Liguid fuels, CO;; L1, T1;

Energy industries

1B2b, All fuels, CHg4; L1, T1, L2, T2; |
Natural gas | —

1A3b, Diesel oil, N2O; T1; }
Road transportation

1A3a, Kerosene fossil, CO;; T1; |
Domestic aviation

1A3b, Gasoline, N,O; T1, T2; |
Road transportation |-

1A3b, Gasoline, CHa; T1, T2; |
Road transportation |- s 2021
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Figure 3-3 Key categories in the Swiss GHG inventory from sector 1 Energy determined by the key category
analyses, approaches 1 and 2. Categories are set out in order of decreasing emissions in 2021. L1: key category
according to approach 1 level in 2021; L2: same for approach 2; T1: key category according to approach 1 trend
1990-2021; T2: same for approach 2. Black uncertainty bars represent the narrowest 95 % confidence interval
obtained by Monte Carlo simulations (see chp. 1.6 for details).
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3.2. Source category 1A — Fuel combustion activities

3.2.1. Comparison of the Sectoral Approach with the Reference
Approach

Two methods are applied for modelling CO, emissions from the sector 1 Energy, the Sectoral
Approach and the Reference Approach. For the inventory under the Framework Convention
on Climate Change the Sectoral Approach is used. The Reference Approach is only used for
verification purposes (quality control activity).

Figure 3-4 shows the input data used and the disaggregation of fuel types for each of the two
approaches.
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Figure 3-4 Calculation of Reference and Sectoral Approach. The input data for both approaches stem from the
Swiss overall energy statistics (SFOE 2022). For the Reference Approach, additional information from Avenergy
Suisse (formerly Swiss Petroleum Association) (Avenergy 2022) is used. While the Reference Approach
considers the net import/export balance, the Sectoral Approach considers the fuel consumption. The dark grey
arrows represent fuel deductions where occurring. The dashed arrow from the Feedstock use to Other fossil fuels
stands for the CO2 emissions from cracker by-products (originating from feedstock use of liquefied petroleum gas
and naphtha) which are accounted for under Other fossil fuels. The graphic box of the import of Residual fuel oil is
dashed since there is no more import of residual fuel oil. Coke oven coke and anthracite are included under other
bituminous coal.

The Sectoral Approach is based on sectoral energy consumption data from the Swiss overall
energy statistics (SFOE 2022) and additional source-specific information. In the Sectoral

Approach, fossil fuel consumption statistics are combined with bottom-up data and modelling
of fuel consumption. A detailed description of the Sectoral Approach is provided in chp. 3.2.4.
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The Reference Approach on the other hand corresponds to a top-down approach based on
net quantities of fuel imported into Switzerland as listed in the energy supply statistics of the
Swiss overall energy statistics (SFOE 2022). Apparent consumption (in tonnes) is derived
from imports and exports of primary fuels (crude oil, natural gas, coal), secondary fuels
(gasoline, diesel oil etc.) and stock changes. For crude oil, a constant value for carbon
content and net calorific value is applied for the entire time period, although these properties
may vary depending on origin. For solid, gaseous, secondary liquid and other fuels, the same
carbon content values and net calorific values are applied as in the Sectoral Approach (see
Table 3-10 and Table 3-11, Table 3-13 and Table 3-14 in chp. 3.2.4.2 and 3.2.4.4). After the
deduction of feedstocks and non-energy use of fuels (see chp. 3.2.3), the net carbon
emissions and effective CO, emissions are calculated for the Reference Approach as shown
in the reporting tables 1.A(b)-1.A(d). The oxidation factor is set to one (see chp. 3.2.4.4.1).
The Reference Approach covers the CO, emissions of all net imported primary fuels and
emissions of imported secondary fuels. In 2014, 44 % of all liquid fossil fuels sold in
Switzerland (without kerosene) were produced in Swiss refineries. In 2015 after closing of
one refinery, the share dropped down to 30 % (EV 2016) and has since declined further
(Avenergy 2022). In addition, the reporting tables 1.A(b) provide information of the Reference
Approach of total biomass use as well as consumption of so-called other non-fossil fuels
(biogenic waste) in Switzerland.

All necessary data for calculating the Reference Approach are implemented in the EMIS
database and all the data on import, export, bunkers, stock changes, apparent consumption,
carbon emission factors, carbon stored and actual emissions are calculated in the EMIS
database under the following conditions:

¢ Forthe Reference Approach, gas oil and diesel oil are reported together, since the
reporting table template structure requires this aggregation. Accordingly, a weighted
average NCV is calculated based on values given in Table 3-10. In contrast, marine
bunkers consist of diesel oil only and are reported using the country-specific NCV as of
Table 3-10.

e Liechtenstein’s liquid fossil fuel consumption is subtracted from the input figures in SFOE
(2022), as the Swiss overall energy statistics includes Liechtenstein’s liquid fuel
consumption as well (customs union with Switzerland) (see also chp. 3.2.4). The same
holds for the non-energy use of bitumen and lubricants.

The differences in energy consumption and CO; emissions between Reference and Sectoral
Approach are calculated within the EMIS database. For the entire period, they are below 1 %
for energy consumption and in the range of about 1 % for CO, emissions, as shown in Table
3-3 and in Figure 3-5. Various effects influence the difference between Reference and
Sectoral Approach. On the one hand, energy and carbon contents of crude oil may vary over
time. However, no data are available to quantify this effect. On the other hand, the efficiency
of refineries and the market share of secondary fuel imports potentially influence the
difference between the Reference and Sectoral Approach. Apparent differences between the
Reference Approach and the IEA energy statistics (IEA 2012) are discussed in Annex A3.2.
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Table 3-3 Differences in energy consumption and CO2 emissions between the Reference and the Sectoral
Approach. The difference is calculated according to [(RA-SA)/SA] * 100 % with RA = Reference Approach, SA =
Sectoral Approach.

1990] 1995] 2000] 2005 2010
%

Energy consumption 0.6 0.8 0.5 0.5 0.5

CO, emissions 0.8 0.9 0.8 0.9 1.0

2012] 2013] 2014] 2015] 2016] 2017 2018] 2019 2020 2021

%
Energy consumption 0.5 0.4 0.4 0.2 0.6 0.3 0.1 0.7 0.1 -0.1

CO, emissions 0.8 0.9 1.0 0.6 11 0.8 0.8 1.2 0.7 0.4

Difference Reference and Sectoral Approach
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Figure 3-5 Time series for the differences between Reference and Sectoral Approach. Numbers are taken from
Table 3-3. See caption there for further information.

3.2.1.1. Category-specific recalculations for the Reference Approach

The following recalculations were implemented in submission 2023. Recalculations are also
described in the relevant chapters of the sectoral approach or the chapter on feedstock and
non-energy use of fuels if they have an impact.

e 1AB: Recalculations of import and thus of apparent consumption and actual CO»
emissions of natural gas due to revised natural gas consumption in the Swiss energy
statistics (SFOE 2022) for the years 2013-2021.

o 1AB: Revised data of bunker and thus of apparent consumption and actual CO»
emissions of jet kerosene in 2020 due to recalculations of activity data in 1A3a Civil
domestic aviation and 1D1 International aviation (bunker).

o 1AB: Revised stock changes of residual fuel oil for the years 2008—2010 and 2020 and
thus apparent consumption and CO, emissions since more residual fuel oil was
consumed in industry in the years 2020 and 2021 than reported in the Swiss energy
statistics (SFOE 2022).
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o 1AB: Revised import and stock changes of lubricants in 2020 and thus apparent
consumption and CO; emissions due to recalculations in the petroleum balance
(Avenergy 2022), yielding recalculated values of these quantities for other oil in 2020 as
well.

o 1AB: Revised stock changes and thus of apparent consumption and actual CO-
emissions of residual fuel oil and petroleum coke for 2008—-2012, 2014—-2020 and 2007—-
2008, 2018-2019, respectively, due to correction of a sign error.

3.2.2. International bunker fuels (1D)

3.2.2.1. Source category description for 1D

With Switzerland being a landlocked country, international aviation dominates emissions
from bunker fuels by far. International navigation is limited to activities on the river Rhine
(Basel — Rotterdam) and navigation on Lake Geneva (bordering France) and Lake
Constance (bordering Germany and Austria).

Table 3-4 Source category description of International bunkers.

1D Source category Specification

1D1 International aviation (aviation Bunker fuels include fuel used for international aviation
bunkers) only.

1D2 International navigation (marine Marine bunkers of the Rhine river and navigation on the
bunkers) Lake Geneva and the Lake Constance.

3.2.2.2. Methodological issues for 1D

3.2.2.2.1. International aviation / aviation bunkers (1D1)

Following the decision tree of the 2006 IPCC Guidelines (IPCC 2006, Volume 2 Energy, chp.
3 Mobile Combustion, Figure 3.6.1), the emissions from aviation bunkers are calculated with
a Tier 3A method because of availability of data on the origin and destination of flights and
also on air traffic movements delivered by the Federal Office of Civil Aviation (FOCA).

The Tier 3A method follows standard modelling procedures at the level of single aircraft
movements based on detailed movement statistics. For international aviation (aviation
bunkers), the flights departing from Switzerland to a destination abroad are selected. The
emission factors are country-specific based on measurement and analyses of fuel samples.
The activity data of the international aviation bunker are summarised in Table 3-6 (see also
Table 3-73). Given that detailed information about activity data is available, the resulting fuel
consumption is considered complete. In spite of this, there remain small differences between
the fuel consumption modelled bottom-up and the total fuel sold (SFOE 2022, FOCA 2022).
In 1990, the modelled consumption adds up to 1.01 million tonnes, whereas 1.05 million
tonnes of fuel was sold. Such difference of 4 % is considered acceptable, because
discrepancies up to 10 % can easily result from fuelling strategies of airlines (FOCA 2006a).
Investigation showed, that airlines are calculating whether it is economically beneficial to
refuel at a place with lower fuel price. In order to match the bottom-up calculation with the
fuel quantity sold, any occurring difference is attributed to international bunker emissions.
The factor between calculated international fuel consumption and adjusted international fuel
consumption is used to scale the bunker emissions linearly. For instance in 2020, the bunker
fuel consumption and the emissions had to be expanded by the factor 1.10, the correction
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factor was 0.902 (FOCA 2022). For the years 2020 and 2021, the overestimation of
emissions from international aviation was very high compared to previous years because the
modelling of aircraft fuel consumption is based on practically fully loaded aircraft (high load).
Due to exceptional measures to contain the COVID-19 pandemic during the years 2020 and
2021, many flights were very lightly loaded which in terms of aircraft led to slightly lower fuel
consumption per route. More direct flight paths (low traffic volume) may be another reason.
These effects relate almost exclusively to international flights. For the more recent years, the
modelled and actual total fuel sales are listed in Table 3-5.

Table 3-5 Comparison between modelled and actual fuel sales in bunker fuel consumption (FC) for aviation.

Modelled and actual fuel sales Unit 2007 2008 2009 2010 2011

Modelled fuel sales domestic FCint 43'968 37'627 39'626 39'252 42'047

Modelled fuel sales international FCint |1'287'062|1'391'656|1'345'919|1'395'428|1'511'279

Actual fuel sales SFOE minus modelled fuel

sales domestic FCint[1'289'152|1'382'835|1'324'224|1'390'824 | 1'488'805

Correction factor for emission international 0.967 0.967 0.954 0.969 0.957

Overestimation emission international

(modelled) % 3.3% 3.3% 4.6% 3.1% 4.3%

Modelled and actual fuel sales Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Modelled fuel sales domestic FCint 43'414| 42'064| 44'462| 43'680| 44'716) 37'985| 36'561| 36'357| 24'449| 18763
Modelled fuel sales international FCint|1'527'522|1'528'863|1'561'678|1'590'013|1'711'227|1'741'752|1'818'355|1'836'385| 727'941| 818'030
Actual fuel sales SFOE minus modelled fuel

sales domestic FCint|1'623'116|1'539'963|1'549'228|1'602'319|1'679'034|1'723'717|1'823'917|1'846'453| 677'093| 756'549
Correction factor for emission international 0.969 0.980 0.964 0.980 0.955 0.968 0.983 0.986 0.897 0.902
Overestimation emission international

(modelled) % 3.1% 2.0% 3.6% 2.0% 4.5% 3.2% 1.7% 1.4% 10.3% 9.8%

Table 3-6 International bunker fuels (1D1): aviation bunkers. Consumption of kerosene in TJ (Liechtenstein’s
kerosene consumption is subtracted, see chp. 3.2.4).

1D1 International aviation 1990]  1995|  2000] 2005 2010
Fuel consumption in TJ

1D1 International aviation 41'884] 49918] 63726] 47'775] 58334

1990 = 100% 100%|  119%| 152%| 114%| 139%

1D1 International aviation 2012] 2013] 2014] 2015] 2016] 2017] 2018] 2019]  2020] 2021

Fuel consumption in TJ

1D1 International aviation 63903] 64'709] 65006] 67'333] 70'603] 72'824] 77'214] 78196] 28'194] 31'847
1990 = 100% 153%| 154%| 155%| 161%| 169%| 174%| 184%| 187%|  67%|  76%
3.2.2.2.2. International navigation / navigation bunkers (1D2)

According to the decision tree concerning navigation bunkers (IPCC 2006, Volume 2 Energy,
chp. 3 Mobile Combustion, Figure 3.5.1), emissions from international navigation are
calculated with a Tier 2 approach for CO; (with country-specific carbon contents) and with a
Tier 1 approach for CHs and N2O using IPCC default emission factors. On the river Rhine
and on Lake Geneva and Lake Constance, some of the boats cross the border and go
abroad (Germany, France). Fuels bought in Switzerland will therefore become bunker fuel.
Accordingly, the amount of bunker diesel oil is reported as a memo item “International bunker
/ navigation”.

e Only diesel oil is relevant for navigation on the river Rhine. Since there is an exemption
from fuel taxation, activity data on marine river bunkers on the Rhine are well
documented by the customs administration for the years 1997-2021 (SFOE 2022f).

¢ For navigation on two border lakes (Lake Constance, Lake Geneva), bunker fuel
consumption was reported in INFRAS (2011a) after having performed surveys among the
shipping companies involved. Activity data of these bunkers is summarised in Table 3-7.
Data from 1995-2012 have been provided by the three navigation companies concerned
as documented in INFRAS (2011a), data from 2013 onwards are constant on the 2012
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level. For the years 1990 to 1994, proxies such as passenger data on a national basis
had to be consulted. As marine lake bunkers provided only a minor share of the total
international navigation in the early 1990s (about 7 %) this approach is justified. The
emission factor for CO; is country-specific and in accordance with Table 3-13.

Table 3-7 International bunker fuels (1D2): Navigation. Consumption of diesel oil in TJ.

1D2 International navigation 1990  1995]  2000] 2005 2010
Fuel consumption in TJ
1D2 International navigation 821 739 531 493 471
1990 = 100% 100%|  90% 65%|  60%|  57%
1D2 International navigation 2012| 2013] 2014 2015] 2016] 2017] 2018] 2019 2020] 2021
Fuel consumption in TJ
1D2 International navigation 385 342 299 342 299 256 200 197 189 228
1990 = 100% 47%|  42%|  36%|  42%|  36%|  31%|  24%|  24%|  23%|  28%

3.2.2.3. Uncertainties and time-series consistency for 1D

International bunker fuels: see general remarks in chp. 3.2.4.7.

Consistency: Time series of 1D are all considered consistent.

3.2.2.4. Category-specific QA/QC and verification for 1D

The general QA/QC procedures are described in chp. 1.5. Furthermore QA/QC procedures
conducted for all 1A source categories are listed in chp. 3.2.4.8.

3.2.2.5. Category-specific recalculations for 1D

The following recalculation was implemented in submission 2023. Major recalculations,
which contribute significantly to the total differences in GHG emissions of sector 1 Energy
between the latest and the previous submissions are presented also in chp. 10.1.2.1.

e 1D1: Recalculation of activity data in 1D1 International aviation for the year 2020.

¢ 1D2: Recalculation in the reported amount of diesel oil consumption for international
shipping on the river Rhine for the years 1997, 2001-2003, 2005, 2008, 2010, 2012.

3.2.2.6. Category-specific planned improvements for 1D

No category-specific improvements are planned.

3.2.3. Feedstocks and non-energy use of fuels

The Swiss overall energy statistics (SFOE 2022) reports feedstocks and non-energy fuel use
on an aggregated level only. Some disaggregation is provided by the petroleum balance of
the annual report of Avenergy Suisse (formerly Swiss petroleum association, EV) (Avenergy
2022). To complement this source, bottom-up data from annual monitoring reports of the
Swiss emissions trading scheme (ETS) and from surveys of individual companies are used
to provide a detailed breakdown into specific petroleum products and coal types. For
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submission 2015, a more differentiated breakdown of feedstocks and non-energy use of
fuels was developed, which is described in an internal documentation (FOEN 2015g).

Feedstocks and non-energy use of fuels is reported in reporting tables 1.A(d) and
differentiated in the following fuel types:

Liguefied petroleum gas and naphtha are exclusively used in one single Swiss plant as
feedstocks in the thermal cracking process for the production of ammonia and ethylene
(see source categories 2B1 and 2B8b under chp. 4.3.2.1 and 4.3.2.4, respectively).
Accordingly, activity data for liquefied petroleum gas and naphtha are confidential and
included in fuel type Other oil in reporting table 1.A(d).

Bitumen is the most important petroleum product which is used as a feedstock in
Switzerland. It is mainly used for road paving with asphalt and to a lower extent in asphalt
roofing (see source category 2D3 under 4.5.2.2).

Lubricants are used in a variety of processes, including the blending with gasoline for 2-
stroke engines. Two different ways of lubricant use are considered: lubricants used in 2-
stroke engines are assumed to be 100 % oxidised, whereas the use of all other lubricants
are partly emissive. According to the 2006 IPCC Guidelines (IPCC 2006), 20 % of those
lubricants are oxidized during use (ODU). All CO, emissions from use of lubricants are
reported under source category 2D1, see chp. 4.5.2.1.

Petroleum coke is used as a feedstock by two consumers only, i.e. for the production of
silicium carbide and graphite as well as of anodes in primary aluminium production (up to
2006) in source categories 2B5 and 2C3, respectively (see chp. 4.3.2.3 and 4.4.2.2).
Apart from bottom-up information from these two consumers, top-down information is
provided by Avenergy Suisse (Avenergy 2022). Activity data are confidential and included
in fuel type Other oil in reporting table 1.A(d).

Paraffin waxes for non-energy use are reported under Other oil, since there is no
separate category for paraffin waxes in reporting table 1.A(d). The information used
stems from the statistics of Avenergy Suisse (Avenergy 2022). Use of paraffin waxes is
considered partly emissive (see source category 2D2 under chp. 4.5.2.1). According to
the 2006 IPCC Guidelines (IPCC 2006), 20 % of paraffin waxes are oxidized during use
(ODU).

Other oil comprises all other unspecified petroleum products for non-energy use. The net
consumption of non-energy use of fuels reported in the Swiss overall energy statistics
includes also sulphur produced by the refineries. This amount of sulphur is subtracted,
resulting in lower fuel quantities for non-energy use of other oil for the entire time series
compared to the Swiss overall energy statistics.

Anthracite is also used as feedstock in the Swiss production plant for silicium carbide and
graphite in source category 2B5 (chp. 4.3.2.3). Accordingly, activity data for anthracite
are confidential and thus denoted as “C” in reporting tables 1.A(d). Based on personal
communication with the relevant experts for the Swiss overall energy statistics, the
feedstock use of anthracite is included in the stock changes of other bituminous coal.

Table 3-8 This table is only available in the confidential version of this chapter. It provides a complete time series
of the fuel quantity, carbon excluded and the reported CO2 emissions from feedstocks and non-energy use of
fuels.

3.2.3.1. Category-specific recalculations

There were no category-specific recalculations in 1AD.
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3.2.4. Country-specific issues of 1A Fuel combustion

3.24.1. System boundaries: Differences between UNFCCC and CLRTAP reporting

Switzerland uses the same data base for the Swiss greenhouse gas inventory as for the
Swiss air pollution inventory and reports its greenhouse gas emissions according to the
requirements of the UNFCCC as well as air pollutants according to the requirements of the
CLRTAP. The nomenclature for both types of reporting is (almost) the same (NFR), but there
are differences concerning the system boundaries. Under the UNFCCC, the national total for
assessing compliance is based on fuel sold within the national territory, whereas under the
CLRTAP, the national total for assessing compliance is based on fuel used within the
territory.

One difference occurs for 1A3b Road transportation as can be seen from Table 3-9, columns
CLRTAP / NFR Template “national total” and UNFCCC/CRF-Tables “national total’
compared to CLRTAP / NFR Template “national total for compliance”. The CLRTAP / NFR
tables “national total for compliance” does not contain the amount of fuel sold in Switzerland
but consumed abroad, which is called “fuel tourism and statistical difference”, and which is
accounted for in Switzerland’s GHG inventory, but not in the reporting under the CLRTAP
(see chp. 3.2.9.2.2). The difference between the two approaches amounts to several
percent, with considerable variation from year to year due to fluctuating fuel price differences
between Switzerland and its neighbouring countries.

Also, emissions from civil aviation are reported differently under the UNFCCC and the
CLRTAP: Only emissions from domestic flights are accounted for under the UNFCCC, while
emissions from international flights are reported as aviation bunker in 1D1. For the reporting
of air pollutants under the CLRTAP, landing and take-off (LTO) cycle emissions of domestic
and international flights are accounted for, while cruise emissions of international and
domestic flights are reported as memo items (Table 3-9).

Table 3-9 Accounting rules for emissions from 1A3a Domestic aviation and 1A3b Road transportation under the
CLRTAP and the UNFCCC.

CLRTAP / NFR tables [ UNFCCC / CRF tables
Differences between reporting under CLRTAP and accounted to
UNFCCC concerning the accounting to the national . Separated
. National total . } .
total National total . information / National total Bunker (1D)
for compliance .
Memo items
Fuel used
transr\;c)%??ation Fuels sold |(1A3bi-v) ves ves ves ves No
1A3b i
(1A3b) (1A3b)  |Fuel tourism and Yes No No Yes No
statistical differences
Civiland |Landing and Take-Off
. N N
domestic |(LTO) Yes Yes o] Yes o
Aviation aviation  |Cruise No No Yes Yes No
1A3a i -
( ) International I(_La_ltlgl)ng and Take-Off Yes Yes No No Yes
iati -
aviation Cruise No No Yes No Yes

3.2.4.2. Net calorific values (NCVs)

Table 3-10 summarizes the net calorific values (NCVs) which are used in order to convert
from energy amounts in tonnes into energy quantities in gigajoules (GJ). More detailed
explanations including information about the origin of the NCVs of the different fuels are
given below.
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Table 3-10 Net calorific values (NCVs) of various fuels. Where values for two years are indicated, the NCV is
interpolated between these two years and constant NCVs are used before the first and after the second year
(corresponding to the two indicated values). For the NCV of wood, a range covering all facility categories and

years is provided. For the NCVs of natural gas and biogas see Table 3-11.

Fuel

Data sources

NCV [GJ/{]

Gasoline

Jet kerosene

Diesel all

Gas oil

Residual fuel oil
Liquefied petroleum gas
Petroleum coke

Other bituminous coal

EMPA (1999), SFOE/FOEN (2014)
EMPA (1999), SFOE/FOEN (2014)
EMPA (1999), SFOE/FOEN (2014)
EMPA (1999), SFOE/FOEN (2014)
EMPA (1999)

SFOE (2022)

SFOE (2022), Cemsuisse (2010a)
SFOE (2022), Cemsuisse (2010a)

425 (1998), 42.6 (2013)
43.0 (1998), 43.2 (2013)
42.8 (1998), 43.0 (2013)
42.6 (1998), 42.9 (2013)
41.2

46.0

35.0 (1998), 31.8 (2010)
28.052 (1998), 25.5 (2010)

Lignite SFOE (2022), Cemsuisse (2010a) 20.097 (1998), 23.6 (2010)
Natural gas SGWA see caption
Biofuel Data sources

Biodiesel SFOE (2022) 38.0
Bioethanol SFOE (2022) 26.5
Biogas assumed equal to natural gas see caption
Wood SFOE (2022b) 8.6-14.6

Gasoline, jet kerosene, diesel oil and gas oil
For gasoline, jet kerosene, diesel oil and gas oil, the NCV for 1998 and 2013 are based on
national measurement campaigns and are the same as used by the Swiss Federal Office of
Energy (SFOE 2022). A first campaign was conducted by the Swiss Federal Laboratories for
Materials Science and Technology (Empa) in 1998 (EMPA 1999). Since earlier data are not
available, the values for 1990-1998 are assumed to be constant at the 1998 levels. A
second campaign, commissioned by the Swiss Federal Office of Energy (SFOE) and the
Swiss Federal Office for the Environment (FOEN), was conducted in 2013 (SFOE/FOEN
2014). This study was based on representative samples covering summer and winter fuel
qualities from the main import streams. The sampling started in July 2013 and lasted six
months. Samples were taken fortnightly from nine different sites (large-scale storage facilities
and the two refineries operating at that time in Switzerland) and analysed for carbon contents
and NCVs amongst other. These updated values are used from 2013 onwards, while the
NCVs for 1999-2012 are linearly interpolated between the measured values of 1998 and

2013.

Residual fuel oil

Residual fuel oil plays only a minor role in the Swiss energy supply. Therefore, this fuel was
not analysed in the most recent measurement campaign in 2013 (SFOE/FOEN 2014). Thus,
the respective NCV refers to the measurement campaign in 1998 (EMPA 1999). The NCV for
residual fuel oil, which is the same as used by the Swiss Federal Office of Energy (SFOE
2022), is assumed to be constant over the entire reporting period. The same approach is
applied for the CO, emission factor (see Table 3-13).

Liquefied petroleum gas

The NCV of liquefied petroleum gas is the same as used by the Swiss Federal Office of
Energy (SFOE 2022) and is — as in the Swiss overall energy statistics — constant over the
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entire reporting period. It is assumed that liquefied petroleum gas is a mixture of propane and
butane in equal proportions.

Petroleum coke, other bituminous coal, lignite

For the entire reporting period, the NCVs of petroleum coke, other bituminous coal and lignite
are the same as used by the Swiss Federal Office of Energy (SFOE 2022). For these fuels,
the Swiss overall energy statistics contains NCVs for the years 1998 and 2010. Values in
between are interpolated, before the first and after the last year of available data values are
held constant. The NCVs for 2010 are based on measured samples taken from Switzerland’s
cement plants as they are the largest consumers of these fuels in Switzerland. Samples from
the individual plants were taken from January to September 2010 and analysed for NCVs by
an independent analytical laboratory (Cemsuisse 2010a). For each fuel, the measurements
from the individual plants were weighted according to the relative consumption of each plant.

Natural gas, biogas

The NCV of natural gas (and also the CO, emission factor of natural gas, see Table 3-14) is
calculated based on measurements of gas properties and corresponding import shares of
individual gas import stations. Measurements of gas properties are available from the Swiss
Gas and Water Industry Assaociation (SGWA) on an annual basis since 2009 and for selected
years before. The latest report is SGWA (2022). Import shares are available for 1991, 1995,
2000, 2005, 2007 and from 2009 onwards on an annual basis. Estimated import shares for
the years 1991, 1995 and 2000 are taken from Quantis (2014). Values for the years in
between are interpolated. The calculation procedure is documented in FOEN (2022i). The
NCV of biogas is assumed to be equal to the NCV of natural gas since the raw biogas is
treated to become the same quality level including its energetic properties as natural gas.
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Table 3-11 Net calorific values (NCVs) of natural gas and biogas for years with available data. Values for the
years in between are linearly interpolated. Data source: Annual reports of the Swiss Gas and Water Industry
Association (SGWA), the latest report is SGWA (2022). Spreadsheet to determine national averages: FOEN
(2022i).

vear NCV of natural gas
and biogas [GJ/t]
1990 46.5
1991 46.5
1995 47.5
2000 47.2
2005 46.6
2007 46.3
2009 46.4
2010 46.3
2011 46.1
2012 45.8
2013 45.7
2014 45.7
2015 46.6
2016 47.1
2017 47.4
2018 47.6
2019 47.5
2020 47.6
2021 48.2
Wood

The NCV of wood depends on the type of wood fuel (e.g. log wood, wood chips, pellets) and
is based on the Swiss wood energy statistics (SFOE 2022b). Table 3-10 illustrates the range
of the NCVs of all wood fuel types.

Bioethanol and biodiesel

The NCVs of bioethanol and biodiesel are the same as used by the Swiss Federal Office of
Energy (SFOE 2022) and are — as in the Swiss overall energy statistics — constant over the
entire reporting period.

3.2.4.3. Swiss energy model and final energy consumption

3.2.4.3.1. Swiss overall energy statistics

The fundamental data on final energy consumption is provided by the Swiss overall energy
statistics (SFOE 2022). However, since Switzerland and Liechtenstein form a customs and
monetary union governed by a customs treaty, data regarding liquid fuels in the Swiss overall
energy statistics also cover liquid fuel consumption in Liechtenstein. In order to calculate the
correct Swiss fuel consumption, Liechtenstein’s liquid fossil fuel consumption, given by
Liechtenstein’s energy statistics (OS 2022), is subtracted from the numbers provided by the
Swiss overall energy statistics. In all years of the reporting period, the sum of liquid fossil
fuels used in Liechtenstein was less than half a percent of the Swiss consumption.
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The energy-related activity data in the energy model and thus in the GHG inventory
correspond to the energy balance provided in the Swiss overall energy statistics (SFOE
2022). The energy statistics are updated annually and contain all relevant information about
primary and final energy consumption. This includes annual aggregated consumption data
for various fuels and main consumers such as households, transport, energy industries,
industry, and services (see energy balance in Annex 4).

The main data sources of the Swiss overall energy statistics are:

o The Swiss organization for the compulsory stockpiling of oil products (Carbura) and
Avenergy Suisse (formerly Swiss petroleum association, EV) for data on import, export,
sales, stocks of oil products and for processing of crude oil in refineries.

¢ Annual import data for natural gas from the Swiss Gas Industry Association (VSG).

¢ Annual import data for petroleum products and coal from the Federal Office for Customs
and Border Security (FOCBS).

e Data provided by industry associations (GVS, SGWA, Cemsuisse, VSG, VSTB, etc.).
e Swiss electricity statistics (SFOE 20229).

e Swiss renewable energy statistics (SFOE 2022a).

e Swiss wood energy statistics (SFOE 2022b).

e Swiss statistics on combined heat and power generation (SFOE 2022c).

As can be seen in Figure 3-6, fossil fuels amount to slightly less than half of primary energy
consumption (i.e. of the total energy demand including losses during transformation and
distribution; the losses during transformation and distribution are larger for nuclear fuel and
hydro power than for fossil fuels). The main end-users of fossil fuels are the transport and the
housing sector, as electricity generation is predominantly based on hydro and nuclear power
stations. The most recent energy balance is given in Annex A3.1.

Other renewable Wood and charcoal

energy 5.20%
4.7% Hydro power
14.0%
Nuclear fuel
19.9% Waste
5.9%
Coal
0.4%
Natural gas
12.8%

Crude oiland
petroleum products
36.3%

Figure 3-6 Switzerland’s primary energy consumption in 2021 by fuels (see corresponding data in SFOE 2022).
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Table 3-12 shows primary energy consumption excluding nuclear fuel and hydro power. On
the one hand, the combined effect of decreasing consumption of gasoline and increasing
consumption of kerosene and diesel oil led to an increasing trend until about 2010 and a
stabilization thereafter in the transport sector. On the other hand, consumption of liquid fuels
in the residential and services sectors (mainly gas oil) as well as in the industry sector
(mainly gas oil and residual fuel oil) substantially decreased. Natural gas consumption
increased since 1990, compensating to some extent the decreasing use of gas oil and
residual fuel oil in the various sectors. Due to the restrictions related to the COVID-19
pandemic the years 2020 and 2021 are exceptional, with lower fuel consumption, especially
in the transport sector.

Table 3-12 Switzerland’s energy consumption by fuel type. Only those fuels are shown that are implemented in
the EMIS database (no hydro and nuclear power). The numbers are based on the fuels sold principle; thus, they
include gasoline, diesel oil and biofuels consumption from fuel tourism, as well as all kerosene sold for domestic
and international aviation. Natural gas and gasoline losses due to fugitive emissions (reported in sector 1B) are

not included.

Year | Gasoline | Kerosene | Kerosene | Diesel oil | Diesel oil Gas oil Residual Refinery | Petroleum | Solid fuels [Natural gas | Other fuels| Bio fuels Total Total

domestic |international international fuel oil gas & coke excl. natural as reported | incl. bunker

aviation aviation navigation Liquefied gas losses in CRF

(bunker) (bunker) petroleum reporting
aas tables
TJ TJ TJ TJ TJ TJ TJ T TJ T TJ T TJ TJ TJ
1990 155'904 6'183 41'884 46'736 821 218'510 23'342 8'890 1'400 14'901 67'861 19'074 46'820 609'620 652'326
1991 162'255 5'690 40'872 47417 737 238'602 23'590 12'437 980 12'162 76'114 18'514 48'809 646'569 688'178
1992 168219 5'600 43'499 45'926 780 236'809 24'170 11'492 315 8758 79'984 18'931 47'766 647'969 692'249
1993 155'960 5'434 45'342 44'197 781 225'920 17'165 12'388 1'120 7442 83'911 19'048 48'102 620'685 666'808
1994/ 155'934 5'269 46'840 46'924 824 207'141 17'860 13'455 1'470 7'632 82'737 19'069 46'054 603'543 651208
1995 151210 5'029 49'918 47'865 739 217'523 17278 12'756 1'260 7'962 91'275 19'588 48'130 619'876 670'534|
1996 155'136 4'778 51'975 44'946 651 226'289 15'097 13'939 1'015 5'456 98'876 20'443 51'674 637'650 690276
1997 161121 4791 53'983 46'728 657 212223 12'581 14'236 280 4'590 95'453 21'498 48'552 622'054 676'694|
1998 162'390 4'669 56'599 48'681 528 222'407 15'882 15'259 455 3'960 98'301 23'586 50'159 645'748 702'875
1999 167'874 4'419 60'824 51'626 558 212'349 11'058 15'805 521 4'105 101'863 24'189 50'920 644'731 706'114
2000 168'051 4'334 63'726 55'146 531 196'137 7'923 13'649 551 6'120 101'282 26'294 50'597 630'086 694'342
2001 163'466 4'055 60'153 56'262 447 213'089 9'942 14'069 410 6233 105'478 26'796 53'832 653'634 714'234|
2002 160283 3'870 55'536 58'389 333 196'655 6'446 15'584 679 5'565 103'548 27'624 53'398 632'040 687'909
2003 159'521 3'598 49'840 61'808 443 208'040 7'061 13'642 202 5'663 109'522 27'361 56'010 652'428 702711
2004 156'718 3'458 46'983 66'447 446 203370 7'561 16'429 1819 5'420 113'047 28518 56'954 659741 707'170
2005 151'978 3'326 47'775 72'572 493 205'729 5'805 16'432 2'906 5'940 116'100 28'849 59'124| 668'761 717'028
2006 147'357 3'338 50'233 78'606 457 195'926 6'419 18'578 3'324 6'467 112'887 30'846 62'248 665'996 716'686
2007 145'938 3'473 53'692 84'420 465 171313 5'179 15'587 2'730 7'196 109'874 29'617 61'310 636'636 690'793
2008 142'729 3128 58'023 92'670 473 178'833 4'581 16'288 3'616 6'562 117'083 30'385 65'486 661'359 719'856
2009 138'900 3239 55'426 94'143 425 173219 3'530 16'301 3254 6'193 112'313 29'296 65'656 646'044 701'896
2010 133'972 3'286 58'334 97'776 471 182295 2'967 15'463 3'498 6'208 125'494 30627 70511 672'097 730'901
2011 128791 3235 62'461 100'449 428 143'760 2'292 14'856 2'957 5792 111'269 30269 66'197 609'867 672757
2012 124243 3'402 63'903 106'611 385 154'448 2'780 12247 3'148 5'269 122'051 30'555 72'128 636'883 701171
2013 118'583 3'359 64'709 111'482 342 162'532 1'959 15'053 2'735 5'567 128'592 30249 75'829 655'938 720'989
2014 113'830 3'535 65'006 114'385 299 122'694 1'581 14'473 3'148 5704 111'346 30'608 70'266 591'569 656'874|
2015 105'548 3454 67'333 112'808 342 129'349 862 9'822 1'145 5'205 118'996 31'398 73'670 592258 659'933
2016 102256 3'559 70'603 114'079 299 132'325 378 9'136 890 4795 125'030 32'835 79'949 605232 676'134
2017 99'116 3'110 72'824 113750 256 123726 350 8770 763 4'609 125289 32'515 83'292 595291 668'371
2018 97'548 3'036 77214 115'283 200 111'225 87 8'890 781 4285 118'611 33'605 83'168 576'520 653'933
2019 96'750 2'874 78'196 115347 197 108'625 111 8'108 77 3'812 121'618 34'044 85'700 577764 656'156
2020 85'682 2'421 28'194 109'312 189 97'246 76 7'627 700 3'664 118'461 33733 84'512 543'432 571'815
2021 87'542 2'112 31'847 110489 228 107'991 139 7'543 604 3'697 128'997 32'826 90'683 572'623 604'698
3.2.4.3.2. Energy model — Conceptual overview

For the elaboration of the greenhouse gas and air pollutants inventories, information about
energy consumption is needed at a much more detailed level than provided by the Swiss
overall energy statistics (SFOE 2022). Activity data in sector 1 Energy are therefore
calculated and disaggregated by the Swiss energy model, which is an integral part of the
emission database EMIS. The model is developed and updated annually by the Swiss
Federal Office for the Environment (FOEN). It relies on the Swiss overall energy statistics
and is complemented with further data sources, e.g. Liechtenstein’s liquid fuel sales (OS
2022), the Swiss renewable energy statistics (SFOE 2022a), the Swiss wood energy
statistics (SFOE 2022b), the energy consumption statistics in the industry and services
sectors (SFOE 2022d), as well as additional information from the industry.

The Swiss overall energy statistics are not only the main data input into the energy model,
but also serve as calibration and quality control instrument. The total energy consumption
given by the Swiss overall energy statistics has to be equal to the sum of the disaggregated
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activity data of all source categories within the energy sector (including memo items/bunker).
Differences are explicitly taken into account as “statistical differences” (see chp. 3.2.4.1).

As shown in Figure 3-7, the energy model consists of several sub-models, such as the
industry model, the civil aviation model, the road transportation model, the non-road
transportation model, and the energy model for wood combustion. A brief overview of each of
these models is given below. However, depending on the scope of these sub-models, they
are either described in the chapter dedicated to the corresponding source category or in an
overarching chapter preceding the detailed description of the individual source categories. In
chp. 3.2.4.3.3, the resulting sectoral disaggregation is shown separately for each fuel type.

NFR-Codes and corresponding NIR chapter:

1A1 Energy industries (NIR chp: 3.2.5) Ene rgv mOdE|
Manufacturing industries and construction . . . .

(NIRchp:3.2.6,3.2.8) Dlsaggregatlon of Swiss energy consumption

Transpaortation road, non-road and bunker

(NIRchp:3.2.2,3.2.9,3.2.11)

1A2

1A3, 1A5, 1D

G Other use in sectors as residential, commercial Fugitive emissions
and agriculture (NIR chp:3.2.7,3.2.10) Information from Industry
1B Fugitive emissions from fuels (NIR chp: 3.3)
Use for energy conversion Boiler for district heating

and in refineries

Information from Industry Electricity production

Use in residential, commercial, agriculture, Boiler not further defined
other sectors or statistical difference

Non-road model Model-specific processes,
Model of stationary engines grass drying and heating
Information from industry of greenhouses
Transportation Fuel tourism and
statistical differences

Civil aviation model Model-specific processes
Road transportation model and compressor station

Non-road model

Pipeline transport

Industry model Boiler not further defined
Information Use for specified
from Industry bottom-up processes

Figure 3-7 Overview of Switzerland’s energy model. In the abbreviations SFOE 202X and OS 202X the “X” refers
to the latest edition of the respective statistics.

Industry model (Details are given in chp. 3.2.6.2.1)

The industry model disaggregates the total fuel consumption in the industry sector (SFOE
2022) by source category and fuel type. It is based on the following two pillars. First, the
energy consumption statistics in the industry and services sectors (SFOE 2022d) provide a
comprehensive annual survey of fuel consumptions for all years since 1999 or 2002
(depending on the fuel type). These statistics are consistently extended back to 1990 based
on a bottom-up industry model (Prognos 2013). Second, further disaggregation is achieved
by using plant-level industry data for specific processes, as far as available.
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Civil aviation model (Details are given in chp. 3.2.2.2.1 and 3.2.9.2.1)

The civil aviation model is developed and updated by the Federal Office for Civil Aviation
(FOCA). It aggregates single aircraft movements according to detailed movement statistics of
the Swiss airports. Differentiation of domestic and international aviation is based on the
information on departure and destination of each flight in the movement database.

Road transportation model (Details are given in chp. 3.2.9.2.2)

The road transportation model is a territorial model, accounting for traffic on Swiss territory
only. The model is based on detailed vehicle stock data from the vehicle registration
database of the Federal Roads Office (FEDRO), mileage per vehicle category differentiated
into different driving patterns, and specific consumption and emission factors. The difference
between fuel sales and the territorial model (road and non-road transportation models
combined) is considered as fuel tourism and statistical differences, emissions of which are
included in the most appropriate categories (see 3.2.9.2.2).

Non-road transportation model (Details are given in chp. 3.2.4.5.1)

The non-road transportation model covers all remaining mobile sources, i.e. industrial
vehicles, construction machinery, agricultural and forestry machinery, gardening machinery
as well as railways, navigation and military vehicles, except for military aviation, which is
considered separately (see chp. 3.2.11.2.1). The model combines vehicle or machinery
numbers, their operation hours, engine power, and load factors to derive specific fuel
consumption, emission factors and resulting emissions. Data stem from surveys among
producers, various user associations, and the national database of non-road vehicles run by
FEDRO.

Model for wood energy combustion (Details are given in chp. 3.2.4.5.2)

Based on the Swiss wood energy statistics (SFOE 2022b), total wood consumption is
disaggregated into source categories (public electricity and heat production, industry,
commercial/institutional, residential, agriculture/forestry/fisheries) and into 24 different
combustion installations (ranging from open fireplaces to large-scale automatic boiler or heat
and power plants). Where available, industry data on wood combustion is taken into account
to allocate parts of the wood consumption as given by the Swiss wood energy statistics to a
specific source category.

3.2.4.3.3. Disaggregation of the energy consumption by source category and fuel
types

The energy model as outlined above disaggregates total energy consumption as provided by

the Swiss overall energy statistics (SFOE 2022) into the relevant source categories 1A1—

1A5. Figure 3-9 to Figure 3-18 visualize for each fuel type separately the disaggregation

process of the energy model (as shown schematically in Figure 3-7), the interaction between

the different sub-models as well as additional data sources.
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Figure 3-8 Switzerland’s energy consumption in the source categories 1A1-1A5 according to the Swiss energy
model. Since 1990 population has increased by about one third, industrial production by about three quarters and
the motor vehicle fleet by about two thirds (SFOE 2022, table 43a).

Starting from the total energy consumption from the Swiss overall energy statistics for each
fuel type, the energy is assigned to the relevant source categories based on the various sub-
models of the energy model (mentioned in chp. 3.2.4.3.2 above). In addition, the following
assignments are considered as well:

e Within the source categories 1A4a and 1A4b, the amount of gas oil and natural gas used
for co-generation in turbines and engines is derived from a model of stationary engines
developed by Eicher + Pauli (Kaufmann 2015) for the statistics on combined heat and
power generation (SFOE 2014c). The residual energy is then assigned to boilers which
are not further specified.

e For source category 1A4ci Other sectors — Agriculture/forestry/fishing, specific bottom-up
industry information is available for grass drying and heating of greenhouses. The fuel
consumption for grass drying is provided by the Swiss association of grass drying plants
(VSTB). Further, based on annual energy consumption data from the Energy Agency of
the Swiss Private Sector (EnAW) regarding agricultural greenhouses exempt from the
CO: levy, total energy consumption of all greenhouses within Switzerland is extrapolated.
The fuel consumption for grass drying and greenhouses is subtracted from the total fuel
consumption of residential, commercial, agriculture and statistical differences (see Figure
3-7).

e In order to report all energy consumption, the statistical differences as reported in the
Swiss overall energy statistics are allocated to source category 1A4ai Other sectors —
Commercial/institutional (stationary combustion) and 1A3bviii Fuel tourism and statistical
differences. In the greenhouse gas inventory, emissions from 1A3bviii Fuel tourism and
statistical differences are reported in the source categories 1A3bi, 1A3bii, and 1A3biii
(see chp. 3.2.9.2.2 for a more detailed description).
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Processes in Swiss Emission Information E ne rgy m od el LEGEND: SD = Statistical difference

- System (EMIS) . . .
NFR-Code: 1A2 1a4 1a3,1a5,10 182 TOT gasoline and diesel oil

Swiss overall energy statistics e . .
(SFOE 202X) | Fugitive emissions from gasoline

distribution 1B2a

Bunker
model (INFRAS 2017¢) Swiss Lakes 1D2
1A3b River Rhine 1D2

@ _| Fuel tourism and SD for diesel oil
1A3bi-iii

o Road transportation
Energy statistics

Liechtenstein

Gasoline

Fuel sales of diesel oil @
Fuel sales of gasoline @

Fuel tourism and SD for gasoline
1A3bi-iii

Non-road model
(INFRAS 2015a)
1A2gvii, 1A3c, 1A3d,
1A4aii, 1A4bii, 1A4cii,
1A5

Figure 3-9 Schematic disaggregation of fuel consumption for gasoline and diesel oil. Marine bunker fuel
consumption is based on the national customs statistics (see chp. 3.2.2.2.2). In the greenhouse gas inventory,
emissions from 1A3bviii Fuel tourism and statistical differences are reported in the source categories 1A3bi,
1A3bii, and 1A3biii (see chp. 3.2.9.2.2 for a more detailed description).

[ Processes in Swiss Emission Information E ner gy model LEGEND: LTO = Landing and Take-off cycle,
- System (EMIS) CR = Cruise
. = 1A3, 145, 1D for Jet kerosene |nc|. SAF SAF = Sustainable Aviation Fuel

Swiss overall energy statistics
(SFOE 202X)

Model of civil aircraft
(FOCA 202X)

Domestic aviation

LTO domestic 1A3a
CR domestic 1A3a

Consumption of aviation fuel
of Swiss military aircraft
(DDPS 202X)

Military aircraft 1ASh

International aviation -
Bunker

LTO international 1D1 (incl. SAF)
CR international 101

Fuel sales of kerosene (incl. SAF)

Figure 3-10 Schematic disaggregation of fuel consumption for kerosene. Fuel consumption for military aircraft is
provided by the Federal Department of Defence, Civil Protection and Sport. The differentiation between domestic
and international aviation as well as between CR and LTO is provided by the civil aviation model (see

chp. 3.2.2.2.1).
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Processes in Swiss Emission Information System

LEGEND: RES = Residential COM = Commercial
i (EMs) Energy model AGR = Agriculture  IND = Industry
- SD = Statistical difference
[TeEile 1A2 L] 1A4 for gas OII Electr. prod. = Electricity production

Swiss overall energy statistics

(SFOE 202X}
Electr. prod. < 300MW 1A1a

Distrctheating 1A1a

Non-road model

(INFRAS 2015a) Model of stationary engines

Energy statistics (Kaufmann, U. 2015)
Liechtenstein 1A4a, 1A4b
Engines + Gas turbines COM

Consumption COM, AGR, SD COM 1A4ai , AGR 1Adci
Consumption RES RES 1A4bi

Consumption IND
Non Ferrous Metals 1A2b
Industry Model

Chemicals 1A2c
iron and Steel \ Pulp Paper and Print 1A2d
Non Ferrous Metals

Food Processing Beverages and

Tobacco 142
Pulp Paper and Print Other Boilers and Engines industry

1A2qviii
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Figure 3-11 Schematic disaggregation of fuel consumption for gas oil. The Swiss overall energy statistics provides
gas oil use for energy conversion and the amount thereof being used for district heating. Based on this
information, gas oil use is split into the source categories 1Alai Electricity generation and 1Alaiii Heat plants.
According to the non-road model, a small amount of gas oil is consumed in source category 1A3d navigation
(steam-powered vessels).

Information from Industry
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Figure 3-12 Schematic disaggregation of fuel consumption for residual fuel oil. The Swiss overall energy statistics
reports residual fuel oil use in energy conversion and the amount thereof consumed in electricity production (one
single fossil fuel power station, operational from 1985 to 1994), district heating, and in petroleum refineries. Based
on this information, residual fuel oil use in Energy industries is split into the source categories 1Alai Electricity
generation, 1Alaiii Heat plants and 1Alb Petroleum refining.
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Figure 3-13 Schematic disaggregation of fuel consumption for liquefied petroleum gas.
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Figure 3-14 Schematic disaggregation of fuel consumption for petroleum coke.
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Figure 3-15 Schematic disaggregation of fuel consumption for lignite and bituminous coal. The Swiss overall
energy statistics provides bituminous coal use for energy conversion and the amount thereof being used for
district heating. Based on this information, use of bituminous coal in Energy industries is split into the source

categories 1Alai Electricity generation and 1Alaiii Heat plants up to 1995. Coal consumption for public electricity
and heat production ceased thereafter.
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Figure 3-16 Schematic disaggregation of fuel consumption for natural gas. The Swiss overall energy statistics
provides gas use in the transformation sector (energy conversion and distribution losses). Distribution losses as
estimated by the Swiss Gas and Water Industry Association (SGWA) are subtracted and reported under source
category 1B2 Fugitive emissions from fuels. The remaining fuel consumption for natural gas is reported under
source category 1Ala Public electricity and heat production. In the greenhouse gas inventory, emissions from
1A3bviii Fuel tourism and statistical differences are reported in the source categories 1A3bi, 1A3bii, and 1A3biii

(see chp. 3.2.9.2.2 for a more detailed description).

| A corresponding Figure 3-16b is available in the confidential version of this chapter, providing more details.
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Figure 3-17 Schematic disaggregation of fuel consumption for wood (see chp. 3.2.4.5.2.)
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Figure 3-18 Schematic disaggregation of fuel consumption for biogas and sewage gas.
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Figure 3-19 Schematic disaggregation of fuel consumption for biodiesel and bioethanol.

Statistical stock change

In a few years the quantity of a fuel sold in a year according to total energy statistics may be
smaller (or larger) than the quantity effectively used in the same year as reported from
bottom-up data. The reason for such deviations is due to further stocks which are not taken
into consideration at the level of the Swiss energy statistics and are managed at the
individual plant level. Some plants manage their own intermediate fuel stocks, which they
may carry over to use in later years. To mitigate the difference between less fuel sold
(according to the total energy statistics) than fuel used (according to bottom-up information)
in one year, so-called “stock shifts” are assumed in the energy model. Stockpiling can only
be performed in the years in which more fuel was sold according to total energy statistics
than was used based on bottom-up information. Stock which was accumulated in such years
can be used in later years to level out the deviations between the total energy statistics and
bottom-up data. Currently, stocks are formed in different years for residual fuel oil, petroleum
coke and other bituminous coal:

e For residual fuel oil stock was built up in the years 2008-2010, 2014, 2015 and used in
the years 2011, 2012, 2016-2021.

e For petroleum coke stock was built up in the years 2007, 2018 and used in the years
2008, 20109.

e For other bituminous coal stock was built up in the years 1991, 1996, 2003, 2005-2007
and used in the years 1993, 1994, 1998-2001, 2011, 2012.

3.2.4.4. Emission factors of 1A Fuel combustion

3.2.4.4.1. Oxidation factor for 1A Fuel combustion

For the emission calculation, an oxidation factor of 100 % is assumed for all fossil fuel
combustion processes, since the technical standards for combustion installations in
Switzerland are high and the small fraction of originally non-oxidised carbon retained in ash,
particulates or soot is likely to be oxidized later. This is consistent with the 2006 IPCC
Guidelines (IPCC 2006) and the EU and Swiss guidelines for the Emissions Trading Scheme
(ETS), where also a default oxidation factor of 100 % was applied.

Because an oxidation factor of 100 % is assumed, indirect CO, emissions from CH4, CO and
NMVOC are implicitly reported as direct CO2 emissions in source category 1A Energy.
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Therefore, from this source category no indirect CO2 emissions are included in CRF Table6
as documented in chp. 9.

3.2.4.4.2. CO; emission factors for 1A Fuel combustion

General CO; emission factors

The CO; emission factors applied for the time series 1990-2021 are given in Table 3-13.
Detailed information regarding the underlying data and assumptions are provided in chp.
3.2.4.2 Net calorific values (NCV), since in most cases, NCVs and carbon content were
determined jointly.

Table 3-13 CO2 emission factors 1990-1998 and years from 2013 onwards. For years between 1998 and 2013,
the factors are linearly interpolated. Data source SGWA stands for annually updated reports of the Swiss Gas and
Water Industry Association (SGWA).

CO, emission factors 1990-1998| 2013-2021
Fossil fuel CS/D |Data sources tCO,/TJ [ tCO,/ TJ
Gasoline CS |EMPA (1999), SFOE/FOEN (2014) 73.8 73.8
Jet kerosene CS |EMPA (1999), SFOE/FOEN (2014) 72.8 72.8
Diesel olil CS |EMPA (1999), SFOE/FOEN (2014) 73.3 73.3
Gas ol CS |EMPA (1999), SFOE/FOEN (2014) 73.7 73.7
Residual fuel oil CS |EMPA (1999) 77.0 77.0
Liquefied petroleum gas CS FOEN (2019k) 65.5 65.5
Petroleum coke CS |Cemsuisse (2010a) 91.4 914
Other bituminous coal CS |Cemsuisse (2010a) 92.7 92.7
Lignite CS |Cemsuisse (2010a) 96.1 96.1
Natural gas CS |SGWA see table below
Biofuel CS/D |Data sources

Biodiesel CS |assumed equal to diesel oil 73.3 73.3
Bioethanol CS |assumed equal to gasoline 73.8 73.8
Biogas CS |assumed equal to natural gas see table below
Wood CS |Cemsuisse (2010a) 99.9 99.9

CO: emission factors for natural gas and biogas

Table 3-14 Time series of CO2 emission factors of natural gas and biogas. SGWA refers to annual updates of
properties of natural gas that are provided by the Swiss Gas and Water Industry Association (SGWA).

CO, emission factors 1990]  1995]  2000]  2005] 2010

Fuel CS/D |Data sources tCO,/TJ

Natural gas/Biogas cs _ [sGwA 56.1] 55.7] 562 56.4] 565

CO, emission factors 2012]  2013] 2014] 2015] 2016] 2017] 2018 2019] 2020] 2021
Fuel CS/D |Data sources tCO,/TJ

Natural gas/Biogas cs [scwaA 565 56.4] 565 564| 56.4| 563] 562 564] 56.2] 559

CO; emission factors for wood
The CO; emission factor for wood combustion activities is taken from Cemsuisse (2010a).
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3.2.4.4.3. CH4 emission factors for 1A Fuel combustion

General CHs emission factors

An overview of the general CH,; emission factors is given in Table 3-15. These emission
factors are used for most stationary combustion processes (exceptions are discussed in the
detailed sectoral chapters where they occur). For stationary combustion, mainly IPCC default
emission factors are used for the entire time period (IPCC 2006). For wood combustion,
country-specific factors are used. Details are given below in Table 3-16. CH4 emission
factors related to transport activities (aviation, road and non-road transportation) are
category-specific and given in the corresponding chapters.

Table 3-15 CH4 emission factors for stationary combustion for the whole time period.

CH, emission factors 1990-2021
Fuel CS/D |Data sources g CH, / GJ
Gas ol D IPCC (2006) 3
Residual fuel oil D IPCC (2006) 3
Liquefied petroleum gas D IPCC (2006) 1
Petroleum coke D IPCC (2006) 3
Other bituminous coal D IPCC (2006) 10
Lignite D IPCC (2006) 10
Natural gas D IPCC (2006) 1
Biofuel CS/D |Data Sources

Biogas D IPCC (2006) 1
Wood CS |Zotter and Nussbaumer (2022) 0.19 - 230

CH4 emission factors for wood

There are many different combustion installations in use which have very different CH,4
emission factors. A detailed overview of all applied wood related CH4 emission factors for the
entire time series is given in Table 3-16.

The CH,4 emission factors are based on a country-specific emission factor model for wood
energy that was completely revised for the submission 2021 (Zotter and Nussbaumer 2022).
The model is based on a large number of air pollution control measurements, laboratory and
field measurements, literature data (e.g. beReal, emission factors in the Nordic countries)
and the EMEP/EEA air pollutant emission inventory guidebook (EMEP/EEA 2019) and
covers the entire time series. The CH,4 emission factors are modelled based on VOC
emissions of each combustion installation type and a mean CH4 to VOC ratio of 0.3.

The emission factor for the different combustion installations varies depending on the year,
rated thermal input and technology used. The emission factor of a single category represents
the emission characteristics of a large number of combustion installations with a range of
technology types, maintenance and operating conditions at a given time. According to their
lifespan, existing combustion installations are gradually replaced by installations of new
technology with better combustion, resulting in gradually decreasing emission factors.
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Table 3-16 CH4 emission factors for wood combustion installations.

1A Wood combustion 1990] 1995] 2000] 2005] 2010
g CH,/GJ

Open fireplaces 160 154 149 143 133

Closed fireplaces, log wood stoves 160 152 143 135 127

Pellet stoves NO NO 16 13 10

Log wood hearths 230 222 213 205 187

Log wood boilers 70 62 53 45 37

Log wood dual chamber boilers 230 222 213 205 187

Automatic chip boilers < 50 kW 60 52 43 35 27

Automatic pellet boilers < 50 kW NO NO 14 12 10

Automatic chip boilers 50-300 kW w/o wood proc. companies 30 27 24 22 17

Automatic pellet boilers 50-300 kW NO NO 7.8 6.7 5.0

Automatic chip boilers 50-300 kW within wood proc. companies 30 27 24 22 17

Automatic chip boilers 300-500 kW w/o wood proc. companies 30 27 24 22 17

Automatic pellet boilers 300-500 kW NO NO NO 6.7 5.0

Automatic chip boilers 300-500 kW within wood proc. companies 30 27 24 22 17

Automatic chip boilers > 500 kW w/o wood proc. companies 10 8.9 7.8 6.7 5.0

Automatic pellet boilers > 500 kW NO NO NO 3.0 2.3

Automatic chip boilers > 500 kW within wood proc. companies 12 11 10 9.5 7.0

Combined chip heat and power plants NO| 0.89| 0.78) 0.67| 047

Plants for renewable waste from wood products 4.0 3.7 3.4 3.2 2.3

1A Wood combustion 2012 2013| 2014| 2015] 2016] 2017| 2018] 2019| 2020 2021

g CH,/GJ

Open fireplaces 127) 123] 120/ 120/ 120] 120| 120, 120| 120| 117
Closed fireplaces, log wood stoves 123 122 120 118 117 115 113 112 110 107
Pellet stoves 8.0 7.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.8
Log wood hearths 173 167 160 158 157 155 153 152 150 146
Log wood boilers 33 32 30 30 30 30 30 30 30 29
Log wood dual chamber boilers 173 167 160 158 157 155 153 152 150 148
Automatic chip boilers < 50 kW 23 22 20 20 20 20 20 20 20 19
Automatic pellet boilers < 50 kW 10 10 10 9 8.7 8.0 7.3 6.7 6.0 5.7
Automatic chip boilers 50-300 kW w/o wood proc. companies 13 12 10 10 10 10 10 10 10 10
Automatic pellet boilers 50-300 kW 4.0 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.9
Automatic chip boilers 50-300 kW within wood proc. companies 13 12 10 10 10 10 10 10 10 10
Automatic chip boilers 300-500 kW w/o wood proc. companies 13 12 10 10 10 10 10 10 10 10
Automatic pellet boilers 300-500 kW 4.0 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.9
Automatic chip boilers 300-500 kW within wood proc. companies 13 12 10 10 10 10 10 10 10 10
Automatic chip boilers > 500 kW w/o wood proc. companies 4.0 3.5 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.9
Automatic pellet boilers > 500 kW 1.7 1.3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Automatic chip boilers > 500 kW within wood proc. companies 5.0 4.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.9
Combined chip heat and power plants 0.33)] 0.27| 0.20] 0.20f 0.20/ 0.20f 0.20] 0.20{ 0.20] 0.19
Plants for renewable waste from wood products 1.7 1.3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
3.24.4.4, N.O emission factors for 1A Fuel combustion

Table 3-17 shows the general N.O emission factors in source category 1A which are based
on default values from the 2006 IPCC Guidelines (IPCC 2006) and kept constant over the
whole period. N2O emission factors related to transport activities (military aviation, road and
non-road transportation) are category-specific and given in the corresponding chapters.

Table 3-17 N20 emission factors. Default emission factors are used for all fuels for the whole time period.

N.O emission factors 1990-2021
Fuel CS/D |Data sources g N,O / GJ
Jet Kerosene D IPCC (2006) 2
Gas oll D IPCC (2006) 0.6
Residual fuel oil D IPCC (2006) 0.6
Liquefied petroleum gas D IPCC (2006) 0.1
Petroleum coke D IPCC (2006) 0.6
Other bituminous coal D IPCC (2006) 15
Lignite D IPCC (2006) 1.5
Natural gas D IPCC (2006) 0.1
Biofuel CS/D [Data sources

Biogas D IPCC (2006) 0.1
Wood D IPCC (2006) 4
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3.2.4.5. Models overlapping more than one source category
3.245.1. Non-road transportation model (excl. aviation)

Choice of method

e The GHG emissions are calculated by a Tier 3 method based on the decision tree in Fig.
3.3.1in chp. 3. Mobile Combustion in IPCC (2006), complemented with

e Tier 2 for railways CO,, Fig. 3.4.1 in IPCC (2006)
o Tier 3 for railways CH4, N2O and precursors, Fig. 3.4.2 in IPCC (2006)
e Tier 2 for navigation, Fig. 3.5.1 (Box 1) in IPCC (2006)

Methodology

The emissions of the non-road sector underwent an extended revision in 2014/2015,
resulting in an update of GHG emissions including precursors. Results are documented in
FOEN (2015j). The non-road categories considered are listed in Table 3-18. All of them
include several technologies, fuels (diesel oil, 2- or 4-stroke gasoline, liquefied petroleum
gas, gas oil), and emission standards according to the classification shown in Figure 3-20.

Table 3-18 Non-road categories as specified in FOEN (2015j) and the corresponding code in the reporting tables
(CRF).

Non-road categories (by Corinair) |Nomenclature CRF

Construction machinery 1.A.2.g.vii Off-road vehicles and other machinery

Industrial machinery 1.A.2.g.vii Off-road vehicles and other machinery

Railway machinery 1.A.3.c Railways

Navigation machinery 1.A.3.d Domestic Navigation

Garden-care/professional appliances |1.A.4.a.ii Commercial/institutional, Off-road vehicles and other machinery
Garden-care/hobby appliances 1.A.4.b.ii Residential, Off-road vehicles and other machinery

Agricultural machinery 1.A.4.c.ii Agriculture/forestry/fishing, Off-road vehicles and other machinery
Forestry machinery 1.A.4.c.ii Agriculture/forestry/fishing, Off-road vehicles and other machinery
Military machinery (excl. aviation) 1.A.5.b Other, mobile, Military

Machine category
;| Machine type <
Engine type <
Engine power clas
%Emission standard

Figure 3-20 Each non-road vehicle is classified by its machine category, machine type, engine type and engine-
power class and emission standard (FOEN 2015j, INFRAS 2015a).
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The emission modelling is based on activity data and emission factors by means of the
following equation, which holds on the most disaggregated level of engine power class
(Figure 3-20):

with

Em = emission per engine type (in g/a)

N = number of vehicles (--)

H = number of operation hours per year (h/a)

P = engine power output (kW)

A = effective load factor (--)

£ = emission factor (g/kwWh)

CFh = correction factor for the effective load (--)

CF, = correction factor for dynamical engine use (--)
CF:s = degradation factor due to aging (--)

With this equation, the emissions of the following gases and also the fuel consumption are
calculated:

GHG: CH4, N2O
precursor gases: NOy, CO
air pollutant: VOC

fuel consumption: in this case, ¢represents the consumption instead of emission factor
(in g/kWh)

For other gases, the following method is applied:

CO; is calculated as product of fuel consumption and CO, emission factors (according to
Table 3-13)

SO is calculated as product of fuel consumption and SO, emission factors (according to
Table A — 15)

NMVOC is calculated as the difference between VOC and CH4

CO; emissions from the use of lubricants as an additive in gasoline for 2-stroke engines
are modelled separately and the corresponding CO- emissions from the lubricants are
reported under 2D1 Lubricant use (chp. 4.5.2.1). Non-CO; emissions from the
combustion of lubricants in 2-stroke engines however are reported in the energy sector
(1A2gvii, 1A3b, 1A3d, 1A4aii, 1A4bii, 1A4cii, LA5bii).

The total emission and consumption per non-road category is calculated by taking the sum
over all engine-power classes, engine types, machine types and emission standards.

3 Energy



National Inventory Document of Switzerland 2023 89

Emissions are only calculated in steps of 5 years from 1980 to 2050. Emissions for years in-
between are interpolated linearly. A more detailed description of the analytical details is given
in the Annex of FOEN (2015j).

Emission factors

Emission factors are taken from FOEN (2015j). They have been derived from various
sources based on measurements, modelling and literature:

e CO; and SO, emission factors are country-specific, see Table 3-13 and Table A — 15.

e For other gases, the main data sources are USEPA (2010), IFEU (2010), EMEP/EEA
(2016), EMEP/EEA (2019) and Integer (2013).

For a detailed description of emission factors and their origin, see tables in the annex of
FOEN (2015j) and online in the database belonging to INFRAS (2015a).

Activity data

Activity data were collected by surveys among producers and several user associations in
Switzerland (FOEN 2015j), and by evaluating information from the national information
system for traffic admission (IVZ, formerly MOFIS) run by the Federal Roads Office (FEDRO
2014). In addition, several publications serve as further data sources:

SBV (2013) for agricultural machinery

e SFSO (2013a) for agricultural machinery

¢ Jardin Suisse (2012) for garden care /hobby and professional appliances
o KWF (2012) for forestry machinery

e The national statistics on imports/exports of non-road vehicles was assessed by FCA
(2015c)

e Off-Highway Research (2005, 2008, 2012) provided information on the number of non-
road vehicles.

o Federal Department of Defence, Civil Protection and Sport: List of military machinery with
vehicle stock, engine-power classes and operating hours (DDPS 2014a).

From these data sources, all necessary information like size distributions, fleet turnover,
annual operating hours (age-dependent), load factors, year of market entry, and age
distributions, was derived. Details are documented in FOEN (2015j). All activity data (vehicle
stock, operating hours, consumption factors) can be downloaded by query from the online
non-road database INFRAS (2015a), which corresponds to the data described in FOEN
(2015j). They can be queried by vehicle type, fuel type, power class and emission standard
either at aggregated or disaggregated levels.
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3.2.4.5.2. Model for wood energy combustion

Choice of method

The emissions from wood combustion in 1A Fuel combustion are calculated by a Tier 2
method based on the decision tree for stationary fuel combustion (IPCC 2006, Volume 2
Energy, chp. 2 Stationary Combustion, Figure 2.1 on page 2.15).

Methodology

The Swiss wood energy statistics (SFOE 2022b) distinguish 24 wood combustion installation
types (excl. municipal solid waste plants) that are fired with logwood, pellets, chips or so-
called renewable waste from wood products and provide both the annual wood consumption
for the individual categories of combustion installation types (table K, categories 1-19, see
Table 3-19), and the allocations of the installation types to the sectoral consumer categories
(table N, household, agriculture/forestry, industry, services, electricity and district heating).
This allows for assigning the annual wood consumption at the level of combustion installation
categories directly to the source categories 1Ala Public electricity and heat production,
1A2gviii Other, 1A4ai Commercial/institutional, 1A4bi Residential and 1A4ci
Agriculture/forestry/fishing (EMIS 2023/1A Holzfeuerungen). Installation types of the wood
energy statistics with the same emission behaviour are grouped into one category in Table
3-19. For information purposes, the category numbers according to the statistics are listed in
parentheses.

Table 3-19 Categories of wood combustion installations based on the Swiss wood energy statistics (SFOE
2022b). The category numbers according to the statistics are listed in parentheses.

1A Wood combustion, categories

Open fireplaces (1)

Closed fireplaces, log wood stoves (2, 3, 4a, 5)

Pellet stoves (4b)

Log wood hearths (6, 7)

Log wood boilers (8, 9)

Log wood dual chamber boilers (10)

Automatic chip boilers < 50 kW (11a)

Automatic pellet boilers < 50 kW (11b)

Automatic chip boilers 50-300 kW w/o wood processing companies (12a)
Automatic pellet boilers 50-300 kW (12b)

Automatic chip boilers 50-300 kW within wood processing companies (13)
Automatic chip boilers 300-500 kW w/o wood processing companies (14a)
Automatic pellet boilers 300-500 kW (14b)

Automatic chip boilers 300-500 kW within wood processing companies (15)
Automatic chip boilers > 500 kW w/o wood processing companies (16a)
Automatic pellet boilers > 500 kW (16b)

Automatic chip boilers > 500 kW within wood processing companies (17)
Combined chip heat and power plants (18)

Plants for renewable waste from wood products (19)

Emission factors

Emission factors are described in chp. 3.2.4.4.2 for CO,, 3.2.4.4.3 for CH., and 3.2.4.4.4 for
N-O.
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Activity data

Total activity data are based on the Swiss wood energy statistics (SFOE 2022Db). As
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additional data source, specific bottom-up information from the industry is used in order to
allocate wood combustion emissions directly to a particular source category. Thus, activity
data of wood combustion within 1A2f, 1A2giv and 1A4ci are allocated on the basis of industry
information (see Figure 3-17 and EMIS 2023/1A Holzfeuerungen):

¢ Wood energy consumption in the source categories 1A2f Brick and tile production (2000—
2012), 1A2f Cement production and 1A2giv Fibreboard are subtracted from the activity
data of 1A2gviii Automatic chip boiler >500 kW without wood processing companies and
1A2gviii Plants for renewable waste from wood products, respectively.

¢ From 2013 onwards, also the wood energy consumption in 1A4ci Grass drying is
available and is subtracted from the activity data in 1A4ci Automatic chip boiler >500 kW

without wood processing companies.

Table 3-20 Wood energy consumption in 1A Fuel combustion.

1A Wood combustion 1990] 1995] 2000] 2005] 2010
TJ
Total 28'215]29'693|27'419|31'386|40'073
Open fireplaces 226 270 195 181 124
Closed fireplaces, log wood stoves 7'273| 7'166| 6'487| 7'036| 8519
Pellet stoves NO NO 7.0 48 151
Log wood hearths 8'520| 7'017| 4'737| 4'020| 2'348
Log wood boilers 5'307| 5'564| 5'105| 5'357| 4'909
Log wood dual chamber boilers 1'964| 1'777 977| 480 273
Automatic chip boilers < 50 kW 239| 433| 550/ 753| 1'008
Automatic pellet boilers < 50 kW NO NO 56 804| 2'106
Automatic chip boilers 50-300 kW w/o wood proc. companies 461 854| 1'158| 1'859| 2'723
Automatic pellet boilers 50-300 kW NO NO 3.0 113 596
Automatic chip boilers 50-300 kW within wood proc. companies 895| 1'186| 1'216| 1'364| 1'531
Automatic chip boilers 300-500 kW w/o wood proc. companies 237 521 713 998| 1'496
Automatic pellet boilers 300-500 kW NO NO NO 19 195
Automatic chip boilers 300-500 kW within wood proc. companies 412 570 586 630 670
Automatic chip boilers > 500 kW w/o wood proc. companies 314| 1'084| 1'705| 2'355| 4'423
Automatic pellet boilers > 500 kW NO NO NO 9.0 186
Automatic chip boilers > 500 kW within wood proc. companies 1'388| 2'188| 2'393| 2'795| 2'988
Combined chip heat and power plants NO 3.0 186 127| 2'756
Plants for renewable waste from wood products 979] 1'060] 1'345| 2'439] 3'070
1A Wood combustion 2012] 2013] 2014] 2015] 2016] 2017] 2018] 2019] 2020] 2021
TJ
Total 40'007|44'161|37'312|38'892| 42'556| 43'540|41'141| 43'316| 42'312|49'260
Open fireplaces 84 84 62 64 68 67 62 62 58 59
Closed fireplaces, log wood stoves 7'787| 8'604| 6'824| 7'446| 7'862| 7'540| 6'926| 6'943| 6'375| 7'281
Pellet stoves 163 190 159 181 199 196 186 187 175 198
Log wood hearths 1'567| 1'454| 978 1'006| 992| 900| 792| 763 675 748
Log wood boilers 3'823| 3'901| 2'820| 2'970| 3'032| 2'852| 2'597| 2'596| 2'320| 2'523
Log wood dual chamber boilers 190 182 125 119 112 88 67 57 42 38
Automatic chip boilers < 50 kW 867 946| 739| 786 798 742| 667 644 559 582
Automatic pellet boilers < 50 kW 2'151| 2'511| 2'099| 2'376| 2'610| 2'619| 2'538| 2'676] 2'489| 2'909
Automatic chip boilers 50-300 kW w/o wood proc. companies 2'762| 3'164| 2'628| 3'012| 3'328| 3'351| 3'227| 3'347| 3'199| 3'752
Automatic pellet boilers 50-300 kW 733 906 845| 1'077| 1'295| 1'436| 1'478| 1'604| 1'610| 1'971
Automatic chip boilers 50-300 kW within wood proc. companies 1'427| 1'538| 1'280| 1'398| 1'486| 1'483| 1'421| 1'418| 1'367| 1'534
Automatic chip boilers 300-500 kW w/o wood proc. companies 1'548| 1'744| 1'430| 1'635| 1'806| 1'811| 1'728| 1'797| 1'726| 1'992
Automatic pellet boilers 300-500 kW 246 269 239 279 337 355 352 365 350 427
Automatic chip boilers 300-500 kW within wood proc. companies 633| 680 567, 597| 629 619] 613 611] 592| 654
Automatic chip boilers > 500 kW w/o wood proc. companies 4'973| 5'828| 4'963| 5'810| 6'548| 6'736| 6'481| 6'895| 6'919| 8'104
Automatic pellet boilers > 500 kW 258 297 281 317 364 362 346 370 354| 408
Automatic chip boilers > 500 kW within wood proc. companies 2'780| 2'974| 2'497| 2'659| 2'750| 2'641| 2'501| 2'547| 2'445| 2'749
Combined chip heat and power plants 5'010| 5'421| 5'325| 3'792| 3'936| 4'856| 4'696| 5'920| 6'151| 6'678
Plants for renewable waste from wood products 3'005] 3'468| 3'450| 3'367) 4'404| 4'887| 4'463] 4'513| 4'906) 6'653

3.2.4.6.

Emissions from biomass (memo item)

According to the 2006 IPCC Guidelines (IPCC 2006), CO; emissions from biomass do not
count for the national total emissions and therefore are a memo item only. The CO-
emissions from biomass as reported in the reporting tables are incomplete as the following

CO; emissions from biomass are not foreseen for reporting in the reporting tables: 2G4 Use
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of tobacco, 2H2 Food and beverages, 5A Solid waste disposal, 5B Biological treatment of
solid waste, 5D Wastewater treatment and discharge as well as 6 Other. In contrast, CO;
emissions from biomass from source category 5C Incineration and open burning of waste are
included in CRF Table5.C, but not accounted for the total CO, emissions from biomass as
shown in CRF Summaryl.As3, CRF Summary2, CRF Table10s1 and CRF Tablel0s2 (these
tables include CO, emissions from biomass from sector 1 Energy only). Similarly, CO-
emissions from biomass from international aviation (source category 1D1) are included in
CRF Tablel.D but not accounted for elsewhere.

Table 3-21 provides an overview of latest effective CO, emissions from biomass and their
reporting in the reporting tables (without land use, land-use change and forestry). For further
information on the CO; emissions from biomass refer to the chapters of the respective
source categories.

Table 3-21 Effective CO2 emissions from biomass in the latest inventory year and their representation in the
reporting tables.

CO, emissions from biomass k2t021 Note
1A1 Energy industries (without MSW incineration) 508|Included in reporting tables
1A1 Energy generation from MSW Incineration 2'286|Included in reporting tables
1A2 Manufacturing industries and construction 1'787|Included in reporting tables
thereof use of waste derived fuels in cement production 83
thereof use of biofuels (1A2gvii) 27
1A3 Transport 446|Included in reporting tables
1A4 Other sectors (Commercial/institutional, residential) 3'431|Included in reporting tables
1A5 Other 0.81|Included in reporting tables
2H2 Food and beverages industry 14[Not included in reporting tables
2G Other product use (Consumption of tabacco) 10|Not included in reporting tables
5A Solid waste disposal 35|Not included in reporting tables
5B Biological treatment of solid waste (composting and anaerobic digestion) 176|Not included in reporting tables
5C Incineration and open burning of waste (without MSW incineration) Included in CRF Table5.C, but not
accounted for in the summary reporting
114|tables
5D Wastewater treatment and discharge 4.3[Not included in reporting tables
6 Other 3.2|Not included in reporting tables
Total CO, emissions from biomass in Switzerland in 2021 8'814|Without international aviation
Total CO, emissions from biomass included in the following summary
reporting tables (energy-related CO, emissions from biomass combustion
included in sector 1 Energy): CRF Summaryl.As3, CRF Summary2, CRF
Table10s1 and CRF Table10s2 8'458
International aviation (aviation bunkers) Included in CRF Tablel.D, but not
accounted for in the summary reporting
1.9|tables

3.2.4.7. Uncertainty and time series consistency for source category 1A

In the following, basic uncertainties of activity data and CO. emission factors by fuel type are
presented for source category 1A Fuel combustion.
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Table 3-22 Uncertainties of activity data, CO2 emission factors and CO2 emissions for 1A Fuel combustion.
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Fuel type Uncertainties

Activity data CO, emission factors CO, emissions

%

kerosene 0.96 0.16 0.97
gasoline 0.69 0.13 0.70
diesel oil 0.88 0.068 0.88
liquid fuels 0.69 0.081 0.69
solid fuels 5 5.1 7.1
gaseous fuels 5 0.34 5.0
other fuels 5 9.2 10
biomass 10 - -
Liquid fuels

Uncertainty of the CO, emission factors: In 2013, a large measurement campaign was
carried out to determine the CO2 emission factors of the dominant liquid fuels (SFOE/FOEN
2014). From the standard deviation presented in this study, the 95 % uncertainties are
derived and shown in Table 3-23 as lower and upper values as well as relative uncertainties.

For mobile combustion, the 2006 IPCC Guidelines provide default uncertainties for the CO.
emission factors of 2 % for kerosene, 4 % for gasoline and 1 % for diesel oil (IPCC 20086, vol.
2, TABLE 3.2.1). The Swiss measurements indicate much lower uncertainties. For stationary
combustion, the 2006 IPCC Guidelines give no default values but show instead a summary
of an uncertainty assessment of CO, emission factors for selected countries (IPCC 2006, vol.
2, TABLE 2.13). The values lie in the range between 0.5 % and 3 % and are again higher
than the values derived from the Swiss measurements.

Table 3-23 Uncertainties of aggregated results of measurements of the CO2 emission factors of selected liquid
fuels (SFOE/FOEN 2014).

Fuel type CO, emission factors (measurements) 95% uncertainties emission | no. samples
factors (CO,)

mean lower upper absolute \ relative

tTJ T T t/TJd %
Kerosene 72.81 72.70 72.93 0.12 0.16% 24
Gasoline 73.80 73.71 73.90 0.10 0.13% 138
Diesel oil 73.30 73.25 73.35 0.05 0.07% 75
Gas ol 73.67 73.61 73.73 0.06 0.08% 138

Uncertainties of activity data: The values shown in Table 3-24 are based on a written
message of SFOE to FOEN (SFOE 2012a). It lists two kinds of relevant sources of
uncertainties: measurement uncertainties and uncertainties of the conversion from mass to
energy units. For diesel oil, the transformation to other products represents a third source of
uncertainty. Since the used equations are multiplications, the relative uncertainties have to

be summed up.
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Table 3-24 Sources of uncertainties contributing to the total uncertainty of the activity data of selected liquid fuels

(SFOE 2012a).

Source of uncertainty kerosene \ gasoline \ diesel oil \ gasoil
activity data uncertainty in %
Measurement 0.39% 0.39% 0.39% 0.39%
Conversion mass to energy 0.57% 0.29% 0.29% 0.29%
Product transformation - - 0.20% -
Total Uncertainty 0.96% 0.69% 0.88% 0.69%

Gaseous fuels

Uncertainty of the CO, emission factor: The composition of the imported gas is analysed
in detail at the import stations. From this information, the FOEN annually calculates the CO
emission factor for each import station and the weighted mean. To estimate the uncertainty
of the emission factor, the weighted standard deviation is calculated and is multiplied by a
factor of 1.96 to represent a 95 % uncertainty interval. This calculation has been carried out
for all years with available data (selected years between 1990 and 2009 and all years
thereafter). The uncertainties fluctuate from year to year. For the uncertainty analysis, the
following values for the uncertainty of the CO, emission factor for gaseous fuels are used:
1.48 % for 1990 and of 0.34 % for 2021.

Uncertainty of activity data: There is no country-specific estimate of the uncertainty for the
consumption of natural gas. It is taken from the 2006 IPCC Guidelines (IPCC 20086, vol. 2,
Table 2.15), which give a range of 2 % to 5 % for industrial combustion and 3 % to 5 % for
commercial, institutional and residential combustion. For Switzerland, an overall value of 5 %
is used.

Solid fuels

Uncertainty of the CO2 emission factor: There is no country-specific uncertainty available.
The 2006 IPCC Guidelines suggest a range from 0.5 % to 10 % (IPCC 2006, vol. 2, Table
2.13). For Switzerland, an uncertainty of 5 % is chosen (mean of suggested range).

Uncertainty of activity data: There is no country-specific estimate of the uncertainty for the
consumption of coal. It is taken from the 2006 IPCC Guidelines (IPCC 2006, vol. 2, Table
2.15), which give a range of 2 % to 5 % for industrial combustion and 3 % to 5 % for
commercial, institutional and residential combustion. For Switzerland, an overall value of 5 %
is used (as for natural gas).

Other fuels (waste-to-energy)

Uncertainty of the CO, emission factor: There are two factors influencing the uncertainty
of CO; emissions from municipal solid waste incineration (1Ala), namely the carbon content
of waste and the fossil carbon fraction of the carbon content.

e The carbon content is determined according to a study by Fellner et al. (2007). The
relation between the calorific value of waste and the carbon content is derived therein,
including upper and lower limits. The relation is verified by measurements. The relative
difference between upper and lower limits (5.9 %) is interpreted as 95 % confidence
interval for the carbon content.
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e The fossil fraction of the carbon content was determined in a study by Mohn et al. (2011).
The radiocarbon (**C) method was used to determine the ratio of fossil versus biogenic
CO; emissions from five waste-to-energy plants. Gas samples for 1*CO, analysis were
taken at the plants during miscellaneous seasons. Six field campaigns of three weeks
were carried out for three plants and three field campaigns, again of three weeks, were
carried out for two plants, leading to a total sampling duration of 72 weeks. The field
campaigns provided a median and (absolute) 95 % confidence interval of the fossil
fraction of (47.7+7.5) % (Table 3-25). The relative uncertainty was thus 15.8 %. The
results fit well to former field campaigns on three plants, which yielded a mean fossil
fraction of 48.0 % (Mohn et al. 2008). For the greenhouse gas inventory and its
uncertainty analysis the latest results from Mohn et al. (2011) are used.

e The emission factor for fossil CO, results from the multiplication of the carbon content
and the fossil fraction. The relative uncertainty of the CO; emission factor is thus
computed using uncertainty propagation: [(5.9 %)? + (15.8 %)?]°° = 16.9 %.

Table 3-25 Fossil fractions of municipal solid waste measured at five different incineration plants. The absolute
uncertainty values (3" column) are expressed in the same unit as the shares, in %.

Plant Fossil Uncertainty (95% confidence interval) Field campaigns
shares absolute relative (duration)
% % % weeks
Buchs 47.7 6*3=18
Winterthur 43.4 6*3=18
Linthgebiet 50.6 6*3=18
Linthgebiet 54.5 3*3=9
Zuchwil 45.9 3*3=9
Median / sum 47.7 7.5 15.8 72

Uncertainty of activity data: There is no country-specific estimate of the uncertainty for the
combustion of waste. It is taken from the 2006 IPCC Guidelines (IPCC 2006, vol. 2, p. 2.40),
which state: “Experts believe that the uncertainty resulting from the two errors (systematic,
random) combined is probably in the range of £5 % for most developed countries.” In
accordance with that statement, the value of 5 % is used.

Biomass
Uncertainty of the CO, emission factor: For CO, emissions of biomass burning, no
uncertainty is estimated (memo item).

Uncertainty of activity data: No country-specific uncertainty of the activity data is available.
The 2006 IPCC Guidelines suggest 2 % to 5 % for industrial, institutional and residential
combustion and 10 % to 30 % for biomass burning in small sources (IPCC 2006, vol. 2,
Table 2.15). An average uncertainty of 10 % is applied for biomass burning in all source
categories.

Uncertainty of CHs and N2O emission factors

Since the CO; emissions vastly dominate the GHG emissions of source category 1A (almost
99 % of total emissions), the uncertainty evaluation of the non-CO; emissions is carried out
on a semi-quantitative level (see Table 3-26).
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Only for 1A3b Road transportation, a quantitative analysis has been performed. Following
a study for the road transportation in Germany (IFEU/INFRAS 2010), where the same
handbook of emission factors is used as in Switzerland, the uncertainties for the CH4 and
N2O emission factors have been determined (see rows 1A3b gasoline and diesel oil in Table
3-26). The uncertainties of CH4 and N2O emissions of CNG (1A3b), which were not
investigated in IFEU/INFRAS (2010), have been estimated qualitatively as “medium”
according to Table 1-8. For the source categories 1A1, 1A2, 1A3a, 1A3c, 1A3d, 1A3e,
1A4a, 1A4b, 1A4c, 1A5 the uncertainties of CH4 and N>O emissions have similarly been
estimated qualitatively (see Table 3-26).

Summary

Table 3-26 provides a summary of the uncertainties of 1A Fuel combustion as derived in the
preceding sections. The combined uncertainty assigned to the CO, emissions is computed
by propagating the uncertainties of the activity data and the emission factors.

Table 3-26 Uncertainties of 1A Fuel combustion categories for activity data, emission factors and combined
uncertainties for 2021. The latter are calculated by uncertainty propagation (approach 1). For 1A2/Other Fuels a
mean uncertainty is assumed based on semi-quantitative estimations from Table 1-8. The emission factor
uncertainty is calculated “backward” (U(EF) = \/U(EM)Z — U(AD)?) from the combined and the activity data
uncertainty. CH4 and N20O: semi-quantitative uncertainties are used (see Table 1-8). For 1990, uncertainties are
generally the same as for 2021, except for the CO2 emission factor for gas (1.48 % for 1990).

1A Fuel Combustion Categories Fuel type Uncertainties
Activity data COzfzr:thrsion CO, emissions | CH, emissions | N,O emissions
% % %

1. Energy industries liquid fuels 0.69 0.081 0.69 medium medium
1. Energy industries solid fuels 5.0 5.1 7.1 medium medium
1. Energy industries gaseous fuels 5.0 0.34 5.0 medium medium
1. Energy industries other fuels 5.0 9.2 10 medium medium
2. Manufacturing industries and construction |liquid fuels 0.69 0.081 0.69 medium medium
2. Manufacturing industries and construction [solid fuels 5.0 5.1 7.1 medium medium
2. Manufacturing industries and construction |gaseous fuels 5.0 0.34 5.0 medium medium
2. Manufacturing industries and construction |other fuels 5.0 9.2 10 medium medium
3a. Transport; Domestic aviation kerosene 0.96 0.16 0.97 high high
3b. Transport; Road transportation gasoline 0.69 0.13 0.70 37% 50%
3b. Transport; Road transportation diesel oil 0.88 0.068 0.88 20% 22%
3b. Transport; Road transportation gaseous fuels 5.0 0.34 5.0 medium medium
3c. Transport; Railways diesel oil 0.88 0.068 0.88 medium high
3d. Transport; Domestic navigation liquid fuels 0.69 0.081 0.69 medium high
3e. Transport; Other transportation gaseous fuels 5.0 0.34 5.0 medium medium
4a. Other sectors; Commercial/institutional liquid fuels 0.69 0.081 0.69 medium medium
4a. Other sectors; Commercial/institutional gaseous fuels 5.0 0.34 5.0 medium medium
4h. Other sectors; Residential liquid fuels 0.69 0.081 0.69 medium medium
4bh. Other sectors; Residential solid fuels 5.0 5.1 7.1 medium medium
4b. Other sectors; Residential gaseous fuels 5.0 0.34 5.0 medium medium
4c. Other sectors; Agriculture/forestry/fishing |liquid fuels 0.69 0.081 0.69 medium medium
4c. Other sectors; Agriculture/forestry/fishing |gaseous fuels 5.0 0.34 5.0 medium medium
5. Other liquid fuels 0.69 0.081 0.69 medium high
1A Stationary sources biomass 10 -- -- medium medium
1A Mobile sources biomass 10 - - high high

Time series consistency 1A
Time series for 1A Fuel combustion are all considered consistent.
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3.2.4.8. Category-specific QA/QC and verification for source category 1A

Various QA/QC activities are relevant for all source categories in 1A. Therefore, they are
briefly described here and not repeated in the chapters dealing with the source categories
1A1 to 1A5.

Comparison of emission estimates using different approaches

At the level of total energy-related CO, emissions, a quality control consists in the
comparison of emissions modelled using the sectoral approach with emissions calculated
based directly on fuel consumption according to the Swiss overall energy statistics (SFOE
2022). The differences in total CO, emissions for the entire time period are negligible,
indicating the completeness of the inventory.

The cross-check of the Reference and Sectoral Approach is also used for an assessment of
emissions related to the consumption of fuels in the energy sector. Again, a good agreement
between the two approaches is found (see chp. 3.2.1).

Activity data checks
The SFOE constructs a national commodity balance expressed in mass and in energy units
including mass balances of fuel conversion industries.

The gross carbon supply in the Reference Approach has been adjusted for fossil fuel carbon
destined for non-energy use. The numbers in the Swiss overall energy statistics (SFOE
2022) are consistent with those provided by international organisations, e.g. IEA.

Emission factor check and review

Emission factors for the main fossil fuels have been reassessed for submission 2015. In
2013, the Swiss Federal Office of Energy (SFOE) and the Swiss Federal Office for the
Environment (FOEN) launched an in-depth investigation into the NCVs and CO. emission
factors of gas olil, diesel oil, gasoline, and kerosene (SFOE/FOEN 2014, see chp. 3.2.4.2).
The most recent results differ only marginally from previously used values. The CO; emission
factors compare well with the IPCC default values (see Table 3-27).

Table 3-27 Comparison of default CO2 emission factors from IPCC (2006) with current country-specific values of
Switzerland for selected fuels.

CO, emission factors IPCC 2006 Switzerland
lower upper ‘ default CS
tCO, /TJ tCO, /TJ
Gasoline 67.5 73.0 69.3 73.8
Jet kerosene 69.7 74.4 71.5 72.8
Diesel oll 72.6 74.8 74.1 73.3
Gas ol 72.6 74.8 74.1 73.7

Switzerland’s country-specific CO, emission factor for gasoline is higher than the upper limit
of the IPCC range (Table 3-27). However, the value is based on more than 100 fuel samples
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taken from July to December 2013 (SFOE/FOEN 2014) and is in agreement with earlier
measurements (EMPA 1999). Accordingly, the value is considered to correctly represent
national circumstances.

For natural gas, the CO; emission factor is annually assessed. A country-specific CO-
emission factor is calculated based on measurements of gas properties and corresponding
import shares of individual gas import stations (see chp. 3.2.4.4). The resulting values are
largely consistent with the CO, emission factor used by the countries from which gas is
imported (i.e. Germany, the Netherlands, Norway, France, Italy and Denmark, with implied
emission factors between 55.5 and 57.9 t CO,/TJ, based on submissions in 2022).

For submission 2021, the CH4 emission factors from combustion of wood were scrutinized
and revised based on Zotter and Nussbaumer (2022). The range of country-specific values is
not entirely consistent with the lower IPCC default values (1A1, 1A2, Table 3-28). However,
as the country-specific emission factors are based on an extensive measurement campaign,
they are considered representative for Swiss circumstances.

Table 3-28 Comparison of default CH4 emission factors from the 2006 IPCC Guidelines (IPCC 2006) with country-
specific values for wood/wood waste.

CH, emission factors IPCC 2006 Switzerland
lower | upper | default Cs
kg CH, /TJ kg CH, /TJ
Wood/wood waste 10 (1AL, 1A2) | 100 (1AL, 1A2) | 30 (1AL, 1A2)
100 (1A4) 900 (1A4) 300 (1A4) 0.19 - 230

Further QC procedures

The general QC procedures as described in chp. 1.5 (e.g. annual internal review, expert peer
review, etc.) also apply to source category 1A.

3.2.4.9. Planned improvements for source category 1A in general

1A stationary engines and gas turbines: Based on a new data collection and model,
emissions from stationary engines and gas turbines were re-estimated for all years and will
be implemented in the inventory. Within source category 1A4, several sub-categories are key
categories COs..

3.2.5. Source category 1A1 — Energy industries (stationary)

3.2.5.1. Source category description for 1A1 (stationary)

Table 3-29 Key categories of 1A1 Energy industries. Combined KCA results, level for 2021 and trend for 1990—
2021, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2).

Code IPCC category Gas Id-entl.flcatlon
criteria

1A1 Energy Industries; Gaseous Fuels COo2 L1, T1

1A1 Energy Industries; Liquid Fuels CcOo2 L1, T1

1A1 Energy Industries; Other Fuels C0o2 L1, T1,L2, T2
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Source category 1A1 Energy industries comprises emissions from fuels combusted by the
fuel extraction and energy-producing industries. The most important source category is 1Ala
Public electricity and heat production, followed by 1A1b Petroleum refining. Activities in
source category 1A1c Manufacture of Solid Fuels and other energy industries are virtually
not occurring in Switzerland (apart from a tiny charcoal production activity in historic trade).

Within source category 1Ala, heat and electricity production in waste incineration plants
cause the largest emissions, as electricity production in Switzerland is dominated by
hydroelectric power plants and nuclear power stations (SFOE 2022). Emissions from
industries producing heat and/or electricity (CHP) for their own use are included in category
1A2 Manufacturing Industries and Construction.

Table 3-30 Specification of source category 1A1 Energy Industries.

1A1 Source category Specification

1Ala Public electricity and heat production |Main source are waste incineration plants with heat and
power generation (Other fuels) and public district heating
systems. The only fossil fuelled public electricity generation
unit “Vouvry” (300 MWe; no public heat production) ceased
operation in 1999.

1A1b Petroleum refining Combustion activities supporting the refining of petroleum
products, excluding evaporative emissions.
1Alc Manufacture of solid fuels and other |Charcoal production

energy industries

3.2.5.2. Methodological issues for 1A1 (stationary)

3.2.5.2.1. Public electricity and heat production (1Ala)

Public electricity and heat production in Switzerland encompasses different plant types
where various fuels are used (Table 3-31). Energy recovery from municipal solid waste and
special waste incineration is mandatory in Switzerland (Swiss Confederation 2015, Art. 27)
and plants are equipped with energy recovery systems. The emissions from municipal solid
waste and special waste incineration plants are therefore reported under category 1Ala.
There was a single fossil fuel power station operating with residual fuel oil in Vouvry.
However, the power station closed down in 1999.

Table 3-31 Plant type and fuels used in source category 1Ala.

Plant type Fuel type

Heat plants for renewable wastes wood waste (biomass)

Heating boilers > 300 MW (Vouvry) residual fuel oil

Heating boilers < 300 MW gas oil, residual fuel oil, bituminous coal

Central heating boilers for district heating natural gas, gas oil, residual fuel oil, bituminous coal
Wood combined heat and power generation  [wood, wood waste (biomass)

Engines on landfill sites landfill gas (biogas)

Municipal solid waste incineration plants municipal solid waste (other, waste-to-energy)
Special waste incineration plants special wastes (other, waste-to-energy)
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Methodology (1Ala)

For CO; emissions in source category 1Ala Public electricity and heat production, a country-
specific approach is used combining Tier 2 and Tier 3 methods (IPCC 2006, Volume 2
Energy, chp. 2 Stationary Combustion, Figure 2.1). For CH4 emissions, a Tier 2 method was
applied using IPCC default emission factors (IPCC 2006), except for biomass, where
country-specific emission factors are used. For N.O IPCC default values are used (Tier 1,
IPCC 2006), except for municipal solid waste and special waste incineration plants, where
country-specific emission factors were used (Tier 2).

Emission factors (1A1a)

Table 3-32 presents the emission factors used in 1Ala. Emission factors for gas oil, natural
gas, biomass and biogas (highlighted green in Table 3-32) are further explained in chp.
3.2.4.4.

Table 3-32 Emission factors for 1Ala Public Electricity and Heat Production in 2021.

1Ala Public electricity and heat CO, [CO;biog.| CHy | N,O | NO, | NMVOC [ SO, co
production YT kg/TJ

Gas oil 73.7 NA 3.0 0.6 32 2 5.6 6
Residual fuel oil NO NA NO NO NO NO NO NO
Petroleum coke NO NA NO NO NO NO NO NO
Natural gas 55.9 NA 1.0 0.1 17 2 0.5 9
Other (waste-to-energy), fossil 89.2 NA NE 1.0

Other (waste-to-energy), biogenic NA 92.0 NE 1.1 823 2.8 41 6.6
Biomass (wood, renewable waste) NA 99.9 0.4 4.0 59 0.45 5.1 21
Biogas (co-generation from landfills) NA 55.9 20 0.1 119 1 0.5 198

Emission factors for waste incineration and landfill gas use
Specific emission factors within 1Ala Public electricity and heat production apply for

municipal solid waste incineration, special waste incineration and for landfill gas use. The
emission factors for CO,, NOy, CO, NMVOC and SO; are country-specific and based on
measurements and expert estimates. Emission factors for CHs and N2O are IPCC default
values (IPCC 2006), with the exception of waste and biomass as fuel, where country-specific
emission factors are applied. Emission factors are documented in EMIS 2023/1Ala
Kehrichtverbrennungsanlagen, EMIS 2023/1Ala Sondermullverbrennungsanlagen and EMIS
2023/1A1a & 5A Kehrichtdeponien.

Source-specific CO2 emission factors for municipal solid waste incineration plants
C-content of waste is calculated based on the net calorific value, which is deduced by a

standard method and published on a yearly basis since 2009 by SFOE for each municipal
solid waste incineration plant and as a Swiss average (FOEN/SFOE/VBSA 2022). In
deviation from the general description of oxidation factors in chp. 3.2.4.4.1, an oxidation
factor of 0.99 is assumed here. The assumption is based on measurements in two municipal
solid waste incineration plants in Zurich (AWEL 2009) and on a study in Austria (Zeschmar-
Lahl 2004), where the municipal solid waste incineration plants have the same standards as
in Switzerland. The measurements in Zurich showed transfer coefficients into air of 0.96—
0.99 and the ones in Austria stated a transfer coefficient into clean air of 0.989.

The fossil fraction of waste incinerated in municipal solid waste incineration plants is based
on a study conducted in the year 2014 (Rytec 2014). The study uses data from three
measurement campaigns during which the waste composition has been analysed (FOEN
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20140) and measurements of the radioactive isotope carbon-14 (**C) in the flue gas for
calibration have been made (Mohn et al. 2011). The CO emission factor in municipal solid
waste incineration plants fluctuates over the reporting period because of gradual changes in
the net calorific values of the waste (Table 3-33).

Table 3-33 Emission factor COz total, share of CO:z fossil and net calorific value (NCV) in municipal solid waste
incineration plants (MSWIP).

1Ala Public electricity and heat Unit 1990 1995 2000 2005 2010
production, Other fossil fuels

CO, total (MSWIP) T 92.80 91.86 91.09 91.49 92.32

Share of CO, fossil (MSWIP) 1 0.497 0.505 0.513 0.505 0.486

NCV of waste (MSWIP) T 0.0114 0.0119 0.0124 0.0121 0.0117

1Ala Public electricity and heat Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
production, Other fossil fuels

CO, total (MSWIP) T 92.62 92.76 92.43 92.28 92.01 91.92 91.90 91.85 91.86 92.04
Share of CO, fossil (MSWIP) 1 0.478 0.478 0.478 0.478 0.478 0.478 0.478 0.478 0.478 0.478
NCV of waste (MSWIP) T 0.0115 0.0114 0.0116 0.0117 0.0118 0.0119 0.0119 0.0119 0.0119 0.0118

Sodium bicarbonate and calcium carbonate are used in some municipal solid waste
incineration plants for flue gas treatment. Sodium bicarbonate is used since 2013 and
calcium carbonate was used between 1990 and 2005. According to IPCC 2006, the
corresponding emissions are reported in source category 2A4d.

Source-specific CO2 emission factors for special waste incineration plants
Based on detailed information regarding waste composition and estimated emission factors

in the years 1992—-2004, a weighted average emission factor for special waste incineration
was calculated. Special waste is assumed to be of entirely fossil origin. Overall, a specific
emission factor of 1.45 t CO./t waste results for special waste. This value is considerably
higher than the one reported in SAEFL (2000). As there is no newer data on the special
waste composition, the emission factor deduced as described above is used for the whole
period from 1990 until today. See documentation in EMIS 2023/1A1a Sondermillver-
brennungsanlagen.

Source-specific CH4 emission factors in municipal and special waste incineration plants
Emissions of CH4 are not occurring in waste incineration plants because of the high

temperatures and the long dwell time in the combustion chamber as confirmed by Mohn
(2013). In the year 2013, Empa assessed the N.O and CH4 emission factors for municipal
solid waste incineration plants (Mohn 2013). In this study, Empa evaluated measurements
that were performed in 2011 in five Swiss municipal solid waste incineration plants with
different Denox techniques (SCR, SNCR). For most of the measurements, CH4
concentrations were below the detection limit of 0.3 ppm. The study concluded that "CH4
emission concentrations were very low and below the background concentration of 1.8 ppm".
These measurements, which showed that CH4 concentration in the exhaust air was below
the CH4 concentration in ambient air, would point to CH4 removal rather than emissions
occurring. Therefore, CH4 emissions from municipal waste incineration are reported as not
estimated because they are considered insignificant. The same fact applies for special waste
incineration.
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Source-specific N2O emission factors for municipal solid waste incineration
In 2013, a study evaluated N.O measurements that have been performed in the years 2010—

2011 in the flue gas of five Swiss municipal waste incineration plants (Mohn 2013) and
derived plant-specific emission factors for Selective Catalytic Reduction (SCR) and Selective
Non-Catalytic Reduction (SNCR) equipped installations.

Average Swiss emission factors have been calculated according to the state of equipment of
all Swiss waste incineration plants (with two types of Denox-equipment (SCR, SNCR) and
without Denox-equipment). For installations without Denox-equipment, the emission factor
comes from SAEFL (2000). According to the state of equipment of all Swiss waste
incineration plants in the years 1990, 1994, 1998, 2004, 2008, 2012, 2016 and 2020,
weighted average N2O emission factors have been calculated, based on the amounts of
waste burnt in every plant. For the years in between, the N.O emission factors were linearly
interpolated. Since 2020, the emission factor is assumed to be constant (however the
emission factor related to energy changes by reason of the conversion with the net calorific
value of waste). It is planned to calculate new weighted averages for the N.O emission
factors periodically every four years, depending on data available; see documentation in
EMIS 2023/1A1a Kehricht- und Sondermiullverbrennungsanlagen. The emission factor is
therefore not constant over time.

Source-specific NoO emission factors for special waste incineration
The emission factor of special waste for the year 1990 is based on SAEFL (2000). It is

assumed that this value (3.1 g/GJ) then increases until 2003 (6.1 g/GJ) due to the installation
of Denox-equipment and thereafter declines as a result of optimized installations.

Table 3-34 N20 emission factors of municipal solid (MSWIP) and special waste incineration plants (SWIP) in
1Ala Public electricity and heat production.

1A1la Public electricity and heat Unit 1990 1995 2000 2005 2010
production, Other fossil fuels
N,O (MSWIP) kg/TJ 5.26 2.96 2.06 1.44 1.40
N,O (SWIP) kg/TJ 3.06 4.23 5.41 5.48 3.89

1Ala Public electricity and heat Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
production, Other fossil fuels

N,O (MSWIP) kg/TJ 1.43 1.37 1.29 121 113 113 1.13 112 112 1.13
N,O (SWIP) kg/TJ 3.25 2.94 2.62 2.30 1.98 1.67 1.35 1.03 0.71 0.40

Activity data (1Ala)

Activity data for liquid, gaseous, solid fuels and wood are based on the Swiss overall energy
statistics (SFOE 2022) and additional data sources as described in chp. 3.2.4.3. Activity data
for Other fuels are based on the amount of waste incinerated in MSWIPs and SWIPs (FOEN
2022h, see Table 3-36). Activity data for combined heat and power generation in landfills are
taken from the Swiss renewable energy statistics (SFOE 2022a).

Please note that waste-to-energy activities in CRF Tablel.A(a)s1 are allocated to fuel types
‘Other fossil fuels’ and ‘Biomass’. ‘Other fossil fuels’ encompasses emissions from the fossil
shares of MSWIP and SWIP. Whereas ‘Biomass’ covers emissions from wood, waste wood,
landfill gas use in co-generation and biogenic share from MSWIP.
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Table 3-35 Activity data in 1Ala Public Electricity and Heat Production.

1Ala Public electricity and heat Unit 1990 1995 2000 2005 2010
production
Total fuel consumption 40'379| 39'179| 49'913| 56'976] 61'740
Gas oil TJ 980 554 790| 1'300 490
Residual fuel oil TJ 3'214| 1'813 340 290 40
Petroleum coke TJ NO NO NO NO NO
Other bituminous coal TJ 530 46 NO NO NO
Lignite TJ NO NO NO NO NO
Natural gas TJ 4'339| 5'422| 8'292| 9'827| 9'926
Other (waste-to-energy), fossil TJ 16'605| 16'870| 22'482| 24'711| 26'002
Biomass TJ 14'711| 14'474| 18'009| 20'848| 25282
Other (waste-to-energy), biogenic  |TJ 14'163| 13'394| 16'889| 19'797| 22'275
Biomass (wood, renewable waste) |[TJ 301 466 547 844| 2'958
Biogas (co-generation from landfills) | TJ 247 614 573 207 49
1Ala Public electricity and heat Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
production
Total fuel consumption 63'402| 63'294| 59'316] 61'351| 64'986| 64'723| 65'304| 66'475| 65'436| 65'912
Gas oil TJ 800 670 770 660 430 490 380 450 340 420
Residual fuel oil TJ NO NO NO NO NO NO NO NO NO NO
Petroleum coke TJ NO NO NO NO NO NO NO NO NO NO
Other bituminous coal TJ NO NO NO NO NO NO NO NO NO NO
Lignite TJ NO NO NO NO NO NO NO NO NO NO
Natural gas TJ 8'213| 8'409| 5032 7'050| 8926/ 7'907| 8111| 8444| 7'501] 8551
Other (waste-to-energy), fossil TJ 26'262| 25'738| 26'049| 26'832| 27'657| 27'430| 27'997| 28'285| 27'918| 27'020
Biomass TJ 28'127| 28'476| 27'464| 26'809| 27'973| 28'896| 28'816| 29'296| 29'678| 29'920
Other (waste-to-energy), biogenic  |TJ 23'051| 22'489| 23'112| 23'716| 24'765| 24'886| 25'100| 25'267| 25'331| 24'838
Biomass (wood, renewable waste) |TJ 5032| 5949, 4'321) 3'071] 3195 4'003| 3710 4'021| 4'343) 5078
Biogas (co-generation from landfills) | TJ 44 39 31 21 13 7 6.0 8.4 4.0 4.0

Since 1990 the use of waste-derived fuels increased considerably. This is due to the fact that
since 1% of January 2000, disposal of combustible wastes in landfill sites is prohibited by law,
see Swiss Confederation 2015 (VVEA, Art. 25), and Swiss Confederation 1990 (the
preceding Ordinance TVA, Art. 32). The increase is also partly due to municipal solid waste
imported from neighbouring countries to optimize the load factor of MSWIPs. During the
reporting period, the consumption of natural gas increased, and the consumption of liquid
fuels decreased. This is due to a fuel shift in combined heat and power generation and the
closure of the only power station located in Vouvry that has been operated with residual fuel
oil in the 1990s.

Municipal solid waste incineration and special waste incineration
Figure 7-5 in Sector 5 Waste gives an overview over the waste amounts, their treatment and

their reporting in the Swiss greenhouse gas inventory. Municipal solid waste includes waste
generated in households and waste of similar composition from other sources.

The amount of municipal solid waste in kt reported in Table 3-36 is the total amount of waste
burnt (it includes fossil and biogenic shares). The fossil and biogenic share in TJ are given as
well.

Special waste is composed of special wastes with high calorific value, wastewater and
sludge with organic load, inorganic solids and dusts, inorganic sludge containing heavy
metals, acids and alkalis, PCB-containing wastes, non-metallic shredder residues,
contaminated soll, filter materials and chemicals residues and others.
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Table 3-36 Activity data for 1Alaiv Other: Municipal solid waste and special waste incinerated with heat and/or
power generation. The amount of municipal solid waste in kt is the total amount of waste burnt.

1Alaiv Public electricity and heat Unit 1990 1995 2000 2005 2010
production, Other
Total fuels TJ 30'768| 30264 39'371| 44'508| 48277
Municipal solid waste fossil TJ 13'995| 13'664| 17'790| 20'197| 21'062
Municipal solid waste biogenic TJ 14'163| 13'394| 16'889| 19'797| 22'275
Special waste TJ 2'610] 3206 4'692| 4'514| 4'941
Total waste kt 2'603] 2'433| 3'040] 3'527| 3'968
Municipal solid waste (fossil
and biogenic) kt 2'470| 2'270| 2'801| 3297| 3717
Special waste kt 133 163 239 230 252
1A1laiv Public electricity and heat Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
production, Other
Total fuels TJ 49'313| 48228| 49'161| 50'548| 52'422| 52'316| 53'097| 53'552| 53248| 51'859
Municipal solid waste fossil TJ 21'108| 20'593| 21'163| 21'717| 22'678| 22'789| 22'984| 23'137| 23'195| 22'745
Municipal solid waste biogenic TJ 23'051| 22'489| 23'112| 23'716| 24'765| 24'886| 25'100| 25'267| 25'331| 24'838
Special waste TJ 5'155 5'145 4'886 5'115 4'979 4'641 5'013 5'148 4'722 4'276
Total waste kt 4'104| 4'035| 4'066| 4'150| 4'264| 4'248| 4'297| 4'322| 4'312| 4245
Municipal solid waste (fossil
and biogenic) kt 3'841| 3'773| 3'817| 3'889| 4'010] 4'011| 4'042| 4'059| 4'072| 4'027
Special waste kt 263 262 249 261 254 236 255 262 241 218

3.25.2.2. Petroleum refining (1Alb)

Methodology (1A1b)

Up to 2015, two refineries were in operation in Switzerland. Since one of the refineries
ceased operation in 2015, the data are considered confidential since 2014. Data are
available to reviewers on request. Based on the generalised decision tree Fig. 2.1 for
stationary combustion (IPCC 2006, vol.2, chp. 2), Switzerland applies a Tier 3 approach with
country-specific emission factors for CO, emissions. The calculations are based on
measurements and data from the refining industry as documented in the EMIS database
(EMIS 2023/1A1b Heizkessel Raffinerien).

Emission factors (1A1b)

CO; emission factors of residual fuel oil, petroleum coke and refinery gas are estimated
based on measurements from the refineries for the years 2005-2011 and 2013-2021
provided in the framework of the Swiss emissions trading system. From 2005 onwards, the
measured emission factors are applied. The emission factors for 2012 are interpolated
between 2011 and 2013. In years before 2005, the emission factors of residual fuel oil and
petroleum coke are based on the weighted mean of the available data (2005-2011 and
2013-2015). The CO; emission factor of refinery gas is based on an estimate provided by
one of the two refining plants for the years 1990-2004, which is assumed to be constant.
Since 2013 the annual emission factor is derived from annual monitoring reports and the
allocation report (2005-2011), which provide plant-specific data.

The resulting CO, emission factor of refinery gas is higher than the IPCC default value (IPCC
2006).

Table 3-37 Emission factors for 1A1b Petroleum refining in 2021.

1A1b Petroleum refining Unit CO, CH, N,O NO, NMVOC SO, CO

Residual fuel oil kg/TJ C C C C C C C
Refinery gas kg/TJ C C C C C C C
Petroleum coke kg/TJ NO NO NO NO NO NO NO
Natural gas kg/TJ C C C C C C C
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Activity data (1A1b)

Activity data on fuel combustion for 1Alb Petroleum refining is provided by the Swiss overall
energy statistics (SFOE 2022) and by the industry (bottom-up data). The data from the
industry is collected by Carbura and forwarded to the Swiss Federal Office of Energy for
inclusion in the Swiss overall energy statistics (SFOE 2022). As one of the refineries ceased
operation in 2015, the data are considered confidential since 2014. Data are available to
reviewers on request.

Refinery gas is the most important fuel used in source category 1A1b. Energy consumption,
in particular use of refinery gas, has increased substantially since 1990 because one of the
two Swiss refineries operated at reduced capacity in 1990 and resumed full production in
later years. In 2012, one of the refineries was closed over six months due to insolvency and
the search for a new buyer (EV 2014). Between 2004 and 2015, one of the Swiss refineries
was also using petroleum coke as a fuel and since 2015 natural gas is used additionally to
residual fuel oil and refinery gas. From the year 2019 onwards only refinery gas and natural
gas are used.

Net calorific values are provided by the annual monitoring reports of the refining industries for
the years 2005-2011 and 2013-2021 that are required under the Swiss Federal Act and
Ordinance on the Reduction of CO, Emissions (Swiss Confederation 2011, Swiss
Confederation 2012). For years with missing data (1990-2004 and 2012), the weighted
mean of the net calorific value is applied for residual fuel oil and petroleum coke. The net
calorific value of refinery gas is based on an estimate provided by one of the two refining
plants for the years 1990-2004, which is assumed to be constant. The use of a plant-specific
net calorific value leads to a slight difference to the energy consumption data provided by the
Swiss overall energy statistics (SFOE 2022).

Table 3-38 Activity data for 1A1b Petroleum refining.

1A1b Petroleum refining Unit 1990/ 1995/ 2000/ 2005 2010
Total fuel consumption TJ 5'629| 9'836| 9'636| 14'548| 14'176
Residual fuel oil TJ 1'259 1786 1'908 902 891
Refinery gas TJ 4'370| 8'050 7'728| 11'833| 11'282
Petroleum coke TJ NO NO NO 1'813 2'003
Natural gas TJ NO NO NO NO NO
1A1b Petroleum refining Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Total fuel consumption TJ 11'242| 13'834| 14'173 7'232 6'355 6'298 6'627 5911 5'987 5'160
Residual fuel oil TJ 1212 1'094 1'330 C C C C NO NO C
Refinery gas TJ 8'249| 11'055| 10'935 C C C C C C C
Petroleum coke TJ 1781 1'685 1'908 C NO NO NO NO NO NO
Natural gas TJ NO NO NO NO NO C C C C C
3.2.5.2.3. Manufacture of solid fuels and other energy industries (1Alc)

Methodology (1Alc)

In source category 1Alc Manufacture of solid fuels and other energy industries, only the
emissions from charcoal production are reported as no other activities occur in Switzerland.

Based on the generalised decision tree in Fig. 2.1 for stationary combustion (IPCC 2006,
vol.2, chp. 2), emissions are estimated using a Tier 2 approach.
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Emission factors (1A1c)

The CO; emission factor is based on literature (USEPA 1995, chapter 10.7). CH4 as well as
emission factors for precursors NOy, NMVOC and CO are taken from the revised 1996 IPCC
Guidelines (IPCC 1997c, EMIS 2023/1A1c).

Table 3-39 Emission factors for 1Alc Manufacture of solid fuels and other energy industries in 2021. The CO2
emission factor refers to CO2 of biogenic origin.

1A1lc Charcoal Unit CO, biog. CH, N,O NO, NMVOC SO, CO
Charcoal production kg/TJ 16'900 1'000 NA 10 1'700 NE 7'000

Activity data (1A1c)

The annual amount of charcoal produced is based on detailed queries with the few remaining
sites where charcoal is produced. The main producer is the Kéhlerverein Romoos, small
guantities are produced at individual traditional local trade shows (Karthause Ittingen,
Freilichtmuseum Ballenberg), as documented in EMIS 2023/1Al1c. The FAO database
contained values that differ substantially from these detailed bottom-up data. FAO has been
informed about the discrepancy and was provided with the data used in the greenhouse gas
inventory.

The charcoal is not used in the industry anymore but mainly for barbecues. Production has
increased between 1990 and 2016 due to two regular charcoal production sites starting
operation in 2004, low wood prices and increased demand for local charcoal in Switzerland
(Koehlerei 2014).

Table 3-40 Activity data for 1A1c Manufacture of Solid Fuels and other energy industries.

1Alc Charcoal Unit 1990 1995 2000 2005 2010
Charcoal production TJ 1.3 1.4 2.2 3.4 3.6
1Alc Charcoal Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Charcoal production TJ 4.1 3.3 4.3 3.8 4.1 3.9 4.3 5.1 3.9 3.7

3.2.5.3. Uncertainties and time-series consistency for 1Al (stationary)
The uncertainty of emission estimates for source category 1Al (stationary) is described in
the general uncertainty assessment of source category 1A Fuel combustion in chp. 3.2.4.7.

Time series for 1Al Energy industries are all considered consistent.

3.2.5.4. Category-specific QA/QC and verification for 1Al (stationary)

The general QA/QC procedures are described in chp. 1.5. Furthermore QA/QC procedures
conducted for all 1A source categories are listed in chp. 3.2.4.8.

Concerning activity data and emission factors in the refinery sector, emissions and fuel
combustion statistics are collected at large combustion plants for pollution legislation
purposes. This plant-level data is used to cross-check national energy statistics from this
sector for representativeness.
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3.2.5.5. Category-specific recalculations for 1A1 (stationary)

The following recalculations were implemented in submission 2023. Major recalculations,
which contribute significantly to the total differences in GHG emissions of sector 1 Energy
between the latest and the previous submissions are presented also in chp. 10.1.2.1.

¢ 1Ala: According to the Swiss energy statistic there was a reallocation of natural gas use
from source category 1Ala Public electricity and heat production to end users in 1A2
Manufacturing industries and construction and 1A4a Commercial/institutional in the years
2013 to 2020. This does not lead to a change in total gas consumption.

o 1Ala: Activity data (wood, wood waste) of combustion installations in source category
1Ala have been revised for 1990-2020 due to recalculations in the Swiss wood energy
statistics (SFOE 2022b).

3.2.5.6. Category-specific planned improvements for 1Al (stationary)

A new model for stationary engines and gas turbines within 1A Fuel combustion will be
implemented. This model bases on new data collection and more detailed emission
modelling.

3.2.6. Source category 1A2 — Manufacturing industries and construction
(stationary, without 1A2gvii)

3.2.6.1. Source category description for 1A2 (stationary)

Table 3-41 Key categories of 1A2 Manufacturing industries and construction. Combined KCA results, level for
2021 and trend for 1990-2021, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend,
Approach 1 or 2).

Code IPCC category Gas Idfentl.flcatlon
criteria

1A2 Manufacturing industries and construction; Gaseous fuels CO2 L1, T1,L2,T2

1A2 Manufacturing industries and construction; Liquid fuels Cc0o2 L1, T1

1A2 Manufacturing industries and construction; Other fuels Cc02 L1, T1, T2

1A2 Manufacturing industries and construction; Solid fuels CO2 L1, T1, T2

[Source category 1A2 contains the sum of emissions of stationary and mobile sources — the

statement on key categories holds for the aggregated emissions only. The CO, emissions of
1A2 from Liquid Fuels are dominated by the stationary sources, however, 41 % (2021) of the
CO, emissions stem from mobile sources 1A2gvii.]

The source category 1A2 Manufacturing industries and construction comprises all emissions
from the combustion of fuels in stationary boilers and cogeneration facilities within
manufacturing industries and construction. This includes use of conventional fossil fuels as
well as waste-derived fuels and biomass. Use of fossil fuels as feedstocks or other non-
energy use of fuels as for example bitumen and lubricants are reported in CRF Tablel.A(d)
and described in chp. 3.2.3.
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Table 3-42 Specification of source category 1A2 Manufacturing industries and construction.

1A2 Source category Specification

1A2a Iron and steel Iron and steel industry: boilers, cupola furnaces in iron
foundries and electric arc furnaces and heating furnaces in
steel production

1A2b Non-ferrous metals Non-ferrous metals industry: secondary aluminium
production, copper alloys production
1A2c Chemicals Chemical industry: production of chemicals such as.

ammonia, niacin, nitric acid (ceased in 2018), ethylene,
acetic acid and sulphuric acid as well as silicon carbide
(amongst others)

1A2d Pulp, paper and print Pulp, paper and print industry
1A2e Food processing, beverages and Food processing, beverages and tobacco industry: meat
tobacco production, milk products, convenience food, chocolate,

sugar and baby food (amongst others).

1A2f Non-metallic minerals Fine ceramics, container glass, glass, glass wool, lime,
rock wool, mixed goods, cement, brick and tile

1A2giv  |Wood and wood products Fibreboard production

1A2gviii |Other Industrial fossil fuel and biomass boilers and engines that

do not provide heat or electricity to the public.

3.2.6.2. Methodological issues for 1A2 (stationary)

3.2.6.2.1. Methodology (1A2) and industry model

For CO; emissions from fuel combustion in source category 1A2 Manufacturing industries
and construction, Tier 2 and 3 methods are applied (IPCC 2006, Volume 2 Energy, chp. 2
Stationary Combustion, Figure 2.1) using country-specific emission factors — except for other
fossil fuels (gasolio, heating gas, and synthesis gas) in 1A2c Chemicals, where plant-specific
emission factors are used from 2018 onwards.

For all fuel combustion in 1A2f Cement production, and for wood combustion in 1A2f Brick
and tile production (2000-2012), 1A2giv and 1A2gviii, CH4 emissions are calculated by a
Tier 2 approach using country-specific emission factors. For CH4 emissions from all other
fuel combustion processes in source category 1A2 Manufacturing industries and
construction, a Tier 1 method is applied (IPCC 2006, Volume 2 Energy, chp. 2 Stationary
Combustion, Figure 2.1) using default emission factors from the 2006 IPCC Guidelines.

For N>O emissions from fuel combustion in source category 1A2 Manufacturing industries
and construction, a Tier 1 method is applied (IPCC 2006, Volume 2 Energy, chp. 2 Stationary
Combustion, Figure 2.1) using default emission factors from the 2006 IPCC Guidelines.

Overview industry model

As a sub-model of the Swiss energy model (see chp. 3.2.4.3), the industry model
disaggregates, for each fuel type, the total fuel consumption in the industry sector provided
by the Swiss overall energy statistics (SFOE 2022, see also description in chp. 3.2.4.3) into
the source categories and processes under 1A2 Manufacturing industries and construction.
As visualized in Figure 3-21, the industry model is based on two pillars. First, the energy
consumption statistics in the industry and services sectors (SFOE 2022d) provide a
comprehensive annual survey of fuel consumptions for all years since 1999 or 2002
(depending on the fuel type, see paragraph “Energy consumption statistics in the industry
and services sectors” below). These statistics are consistently extended back to 1990 based
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on a bottom-up industry model (Prognos 2013, see paragraph “Modelling of industry
categories” below). Second, further disaggregation is achieved by using plant-level industry
data for specific processes, as far as available (see paragraph “Bottom-up industry data”
below).

’ 1A2a - Iron and Steel

Fuel consumption —
industry ’ 1A2b - Non Ferrous Metals

’ 1A2c - Chemicals

’ 1A2e - Food Processing, Beverages and Tobacco

|
|
|
’ 1A2d - Pulp, Paper and Print ‘
|

| 1A2f - Non Metallic Minerals

1A2g - Other

1A2g viii - Other Boilers and Engines Industry

Fuel sales of liquefied 1A2g vii — mobile machinery in industry and construction
petroleum gas, gasoline,

diesel oil

Figure 3-21 Schematic presentation of the data sources used for the industrial sectors 1A2a—-1A2g. The
references SFOE 202X, 202Xa, 202Xb and 202Xc refer to the 2022 edition of the corresponding energy statistics.
For each fuel type, the Swiss overall energy statistics provide the total fuel consumption in the industry sector
(SFOE 2022). The total fuel consumption is then distributed to the different source categories based on the
energy consumption statistics in the industry and services sectors (SFOE 2022d) for all years since 1999 or 2002
(depending on the fuel type), consistently extended back to 1990 based on a bottom-up industry model (Prognos
2013). The grey boxes on the right show the further disaggregation achieved by using plant-level industry data for
specific processes.

Energy consumption statistics in the industry and services sectors
The energy consumption statistics in the industry and services sectors (SFOE 2022d) refer to

representative annual surveys with about 13’000 workplaces in the industry and services
sectors that are then grossed up or extrapolated to the entire industry branch. For certain
sectors and fuel types (i.e. industrial waste, residual fuel oil, other bituminous coal and
lignite) the surveys represent a census covering all fuel consumed. The surveys are available
since 1999 for gas oil and natural gas. For all other fossil fuels (i.e. residual fuel oil, liquefied
petroleum gas, petroleum coke, other bituminous coal and lignite) data are available since
2002.

In 2015, a change in the survey method of the energy consumption statistics in the industry
and services sectors was implemented (SFOE 2015d). The business and enterprise register,
which forms the basis for the samples of the surveys, was revised. While previously the
business and enterprise register was based on direct surveys with work places, it is now
based on annual investigations of registry data (e.g. from the old-age and survivors’
insurance). In the course of this revision, a comparative assessment was conducted for the
year 2013. This comparison showed that the energy consumption in the source categories of
1A2 stationary are modified by less than one percent, but also that the differences between
the new and the old results for 2013 are not statistically significant (SFOE 2015d). As these
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statistics are only used for allocation of total energy consumption to different source
categories, the impact on the different source categories solely consists of a reallocation of
the energy consumption and does not affect the total of the sector. Moreover, only
consumption of gas oil and natural gas is affected. For all these reasons, the time series
consisting of data based on the previous (1990-2012) and latest (since 2013) survey method
are considered consistent.

Modelling of industry categories

As mentioned above, the energy consumption statistics in the industry and services sectors
(SFOE 2022d) are available since 1999 or 2002. In order to get consistent time series
starting in 1990, a bottom-up industry model (Prognos 2013) is used. The model is based on
164 individual industrial processes and further 64 processes related to infrastructure in
industry. Fuel consumption of a specific process is calculated by multiplication of the process
activity data with the process-specific fuel consumption factor.

The model provides data on the disaggregation of total fuel consumption according to
different industries and services between 1990 and 2012. For the time period where the two
disaggregation methods (i.e. surveys and model) overlap, systematic differences between
the two time series can be detected. These two data sets have been combined in order to
obtain consistent time series of the shares of each source category 1A2a—1A2g for each fuel
type. For this purpose, the approach to generate consistent time series from overlapping time
series is used according to the 2019 Refinement to the 2006 IPCC Guidelines (IPCC 2019,
Volume 1, chp. 5.3.3.1, overlap). To illustrate the approach, an example for gas oil attributed
to source category 1A2c is provided in Figure 3-22. A detailed description for all fuel types
and source categories (1A2a—1A2g), including further assumptions, is provided in the
underlying documentation of the EMIS database (EMIS 2023/1A2 Sektorgliederung
Industrie).
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Figure 3-22 lllustrative example for combining time series with consistent overlap according to the 2019
Refinement (IPCC 2019, Volume 1, chp. 5.3.3.1, overlap). The y-axis indicates the share of source category 1A2c
in total gas oil consumption in the industry sector. The green triangles correspond to the share finally used to
calculate the fuel consumption in 1A2c, based on the combination of the shares from the energy consumption
statistics in the industry and services sectors (SFOE 2022d, orange dots, since 1999) and the bottom-up industry
model (Prognos 2013, blue squares, from 1990 to 2012). Similar calculations are performed for each source
category and fuel type.

Bottom-up industry data
Grey coloured boxes in Figure 3-21 represent source categories (i.e. 1A2a—d, 1A2f and

1A2g) for which bottom-up data from the industry are used in order to further disaggregate
the fuel consumption within a particular source category. These data consist of validated and
verified monitoring data from the Swiss emissions trading scheme implemented under the
Ordinance for the Reduction of CO, Emissions (Swiss Confederation 2012) and are
discussed in depth in the following chapters 3.2.6.2.2 to 3.2.6.2.8.

The bottom-up information provides activity data for specific industrial production processes
and forms a subset of the total fuel consumption allocated to each source category by the
approach described above. Therefore, the fuel consumptions of the bottom-up industry
processes are subtracted from the total fuel consumption of the respective source category
and the remaining fuel consumptions are considered as fuels used in boilers of each source
category. This method ensures that the sum of fuel consumption over all processes of a
source category corresponds to the total fuel consumption assigned based on the energy
consumption statistics in the industry and services sectors (SFOE 2022d) and the bottom-up
industry model (Prognos 2013).

There is a difference in calculating the emissions of precursors from boilers and bottom-up
industry processes. For boilers, fuel consumption is used as activity data whereas for
bottom-up processes production data is used.
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Further specific statistical data
The share of fuel used for co-generation in turbines and engines within 1A2 is derived from a

model of stationary engines developed by Eicher + Pauli (Kaufmann 2015) for the statistics
on combined heat and power generation (SFOE 2022c).

Fuel consumption of wood, wood waste, biogas and sewage gas in manufacturing industries
is based on the Swiss wood energy statistics (SFOE 2022b) as well as on data from the
Swiss renewable energy statistics (SFOE 2022a) and the statistics on combined heat and
power generation in Switzerland (SFOE 2022c), respectively. Emissions from these sources
are reported under 1A2gviii Other due to insufficient information regarding sectoral
disaggregation.

Emission factors (1A2)
The following table presents the emission factors of fuel consumption in source category 1A2
Manufacturing industries and construction (see also chp. 3.2.4.4).

Table 3-43 Emission factors for 1A2 Manufacturing industries and construction in 2021. Values that are
highlighted in green are described in more detail in chp. 3.2.4.4.

1A2 Emission factors for GHG
(mix of bottom-up and top-down
approach (modelling); without source CO, CO,
category 1A2gvii Off-road vehicles fossil biog. CH, N,O
and machinery) t/TJ t/TJ kg/TJ kg/TJ
Gas oil <3 (lower IEF than default

73.7 emission factor) 0.6
Residual fuel oil <3 (lower IEF than default

77.0 emission factor) 0.6
Liquefied petroleum gas <1 (lower IEF than default

65.5 emission factor) 0.1
Petroleum coke <3 (lower IEF than default

91.4 emission factor) 0.6
Other bituminous coal <10 (lower IEF than default

92.7 emission factor) 1.5
Lignite <10 (lower IEF than default

96.1 emission factor) 1.5
Natural gas <1 (lower IEF than default

55.9 emission factor) 0.1
Other fossil fuels
(including solvents, plastics, waste tyres
and rubber (see 1A2c¢ and 1A2f)) 76.7 4.3 3.4
Biomass (wood, biogas and other
biogenic waste) 92.4 4.5 35

Other fossil fuels comprise various fossil waste-derived fuels used in 1A2f Cement
production as well as cracker by-products, i.e. gasolio, heating gas and synthesis gas used
for steam production in a chemical plant in source category 1A2c. The emission factors of
COg2, CH4 and N2O are implied emission factors based on the fossil waste fuel mix. In
addition, the CH4 emission factor includes the total CH4 emissions of the cement industry
based on direct exhaust measurements at the chimneys of the cement plants (see
documentation in EMIS 2023/1A2f Zementwerke_Feuerung), based on industry data and
emission declarations according to the Ordinance on Air Pollution Control (Swiss
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Confederation 1985). Implied CH4 emission factors of source category 1A2 for residual fuel
oil, petroleum coke, other bituminous coal and lignite are lower than the default emission
factors of source category 1A documented in chp. 3.2.4.4.3 (see detailed description below
in chapter Cement (1A2f)).

The emission factors of the precursor gases NOx, CO, NMVOC and SO for all fuels in
source category 1A2 are provided in Switzerland’s Informative Inventory Report (FOEN
2023Db, chp. 3.2.3.2.1). The emission factors for NOy and CO for natural gas and gas oil used
in boilers are derived from a large number of air pollution control measurements of
combustion installations (Leupro 2012). This study analysed a large dataset from various
cantons in Switzerland that was collected between 2000 and 2011. The emission factors for
NOy and CO for residual fuel oil, petroleum coke, other bituminous coal and lignite used in
boilers are country-specific and documented in the Handbook on emission factors for
stationary sources (SAEFL 2000). The implied emission factors for NOy decreased
significantly over the reporting period. NMVOC and SO; emission factors are country-specific
and documented in SAEFL (2000).

In contrast to combustion in boilers, emission factors of precursors for fuel combustion in
bottom-up industry processes are based on bottom-up industry data. Production-weighted
emission factors based on various air pollution control measurements under the Ordinance
on Air Pollution Control (Swiss Confederation 1985) are used to derive the corresponding
process-specific emission factors.

Activity data (1A2)

Table 3-44 shows the total fuel consumption reported in source category 1A2 as described
above in the industry model, and displays the fuel switch within Swiss industry over the
reporting period. Since 1990, the use of residual fuel oil and other bituminous coal has
decreased strongly. In the same period, natural gas consumption has about doubled.
Currently, natural gas consumption accounts for the largest share of fuels used within Swiss
industry, followed by biomass and gas oil.

Currently, source category 1A2gviii Other comprising emissions from boilers and engines
and 1A2f Non-metallic minerals are the two largest fuel consumers within source category
1A2 Manufacturing Industries and construction. 1A2e Food processing, beverages and
tobacco and 1A2c Chemicals are the third and fourth largest fuel consumers, respectively.
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Table 3-44 Activity data for fuel consumption in 1A2 Manufacturing industries and construction.

1A2 Manufacturing industries and Unit 1990 1995 2000 2005 2010

constr. (stationary sources)

Total fuel consumption TJ 89'953| 90'573| 89'111| 92'570| 91'580
Gas oil TJ 22'910| 24'471| 25'892| 25'317| 21'137
Residual fuel oil TJ 18'870| 13'678| 5'675| 4'613| 2'036
Liquefied petroleum gas TJ 4'354| 4'458| 5'627| 4'309| 3912
Petroleum coke TJ 1'400, 1'260 551 1'093| 1'495
Other bituminous coal TJ 13'476| 7'303| 5'866| 4'799| 4'348
Lignite TJ 265 153 124 742 1'460
Natural gas TJ 19'450| 28'500| 31'850| 34'760| 38'330
Other fossil fuels TJ 2'469| 2'718| 3'812| 4'138] 4'625
Biomass TJ 6'759| 8031] 9715/ 12'800] 14'238

1A2 Manufacturing industries and Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

constr. (stationary sources)

Total fuel consumption TJ 86'536| 88'151| 82'665| 81'213| 82'325| 82'699| 79'896| 79'499| 76'633| 80'738
Gas ol TJ 17'575| 18'007| 12'444| 12'725| 12'812| 11'489| 10'871| 10'071 8'854 9'074
Residual fuel oil TJ 1'568 848 231 196 155 123 34 111 76 55
Liquefied petroleum gas TJ 3'731] 3'740| 3'288] 3'340] 2'752| 3131 3051 2'925| 2'797| 2'941
Petroleum coke TJ 1'367) 1'049| 1240 795 890 763 781 777 700 604
Other bituminous coal TJ 3'794| 3910| 2'403] 1'946| 1'517| 1'634| 1'665| 1'450) 1'153| 1'155
Lignite TJ 1'175| 1'357| 3'102| 3'060| 3078 2876 2520 2262| 2410 2442
Natural gas TJ 38'280| 39'630| 40'220| 39'370| 39'880| 40'920| 39'240| 39'480| 38100/ 39'620
Other fossil fuels TJ 4'292| 4'510| 4'558| 4'566| 5'178| 5'085| 5608 5'759| 5'815| 5'806
Biomass TJ 14'753| 15'100| 15'179| 15'217| 16'062| 16'679| 16'126| 16'663| 16'727| 19'041

The following chapters describe the fuel consumption of the different source categories
1A2a-1A2gviii, the specific industrial production processes based directly on bottom-up
industry data, and additional source-specific emission factors. Further information is
documented in the respective EMIS documentation (EMIS 2023/1A2a-g).

3.2.6.2.2. Iron and steel (1A2a)

The source category 1A2a Iron and steel consists both of fuels used in boilers and specific
industrial production processes, i.e. reheating furnaces in steel plants and cupola furnaces in
iron foundries.

There is no primary iron and steel production in Switzerland. Only secondary steel and iron
production using recycled steel scrap occurs. Iron is produced in 14 iron foundries. About

75 % of the iron is processed in induction furnaces and 25 % in cupola furnaces using other
bituminous coal as fuel. Part of the other bituminous coal acts also as carburization material
as well as reducing agent. Since other bituminous coal first of all acts as fuel in cupola
furnaces it was decided to report its CO, emissions in source category 1A2a. Furthermore,
this allows to be consistent with the fuel use of other bituminous coal provided by the Swiss
overall energy statistics (SFOE 2022). Additionally, also limestone is used as flux in cupola
furnaces yielding geogenic CO. emissions. These emissions are reported in source category
2A4d Other carbonate uses. The share of induction furnaces increased since 1990 with a
sharp increase in 2009 due to the closure of at least one cupola furnace. Induction furnaces
use electricity for the melting process and therefore only process emissions occur, which are
reported in source category 2C1 Iron and steel production. Due to the reduced iron
production and the switch from cupola to induction furnaces in iron foundries, the
consumption of other bituminous coal has decreased.

Today, steel is only produced in two steel production plants after closure of two plants in
1994. Both plants use electric arc furnaces (EAF) with carbon electrodes for melting the steel
scrap. In these electric arc furnaces also so-called injection coal and petroleum coke for slag
formation as well as natural gas are used. These fuel consumptions are reported under
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source category 1A2a Electric arc furnaces of steel production based on plant-specific data
from monitoring reports of the Swiss ETS for the years 2005-2011 and from 2013 onwards.
In addition, emissions from the reheating furnaces are reported in source category 1A2a.
Since 1995, these furnaces use natural gas only for reheating the ingot moulds prior to the
rolling mills. Process emissions from steel production are included in source category 2C1
Iron and steel production. Steel production and the related natural gas consumption was
significantly reduced in 1995 and the use of residual fuel oil ceased with the closure of two
steel companies. Since 1995, steel production increased continuously until 2004 to reach the
same production level as 1990. Since then, steel production is about constant. Only in 2009,
the production was considerably lower due to the economic crisis. One steel producer
switched its production to high quality steel and therefore the specific energy use per tonne
of steel produced increased between 1995 and 2000. This led to higher natural gas
consumption.

Today fuel consumption of source category 1A2a consists mainly of natural gas but also
liquefied petroleum gas, other bituminous coal and gas oil are used.

Table 3-45 Activity data fuel consumption in 1A2a Iron and steel.

1A2a Iron and steel Unit 1990 1995 2000 2005 2010
Total fuel consumption TJ 3'567| 2'733| 3579] 3654/ 4'102
Gas oil TJ 480 262 338 401 315
Residual fuel oil TJ 346 131 20 39 51
Liquefied petroleum gas TJ 408 193 286 217 219
Petroleum coke TJ 85 46 56 72 47
Other bituminous coal TJ 606 406 439 346 346
Lignite TJ NO NO NO NO NO
Natural gas TJ 1'642 1'695 2'439 2'578 3'125
1A2a Iron and steel Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Total fuel consumption TJ 3'962 3'850 4'007 4'287 4'170 4'623 4'768 4'432 4'439 4'390
Gas oil TJ 172 139 86 136 134 123 127 97 81 80
Residual fuel oil TJ NO NO NO NO NO NO NO NO NO NO
Liquefied petroleum gas TJ 438| 438.1 388 393 327 368 358 342 327 342
Petroleum coke TJ 42 53 81 69 78 77 71 57 43 NO
Other bituminous coal TJ 341 321 325 313 303 321 319 307 285 258
Lignite TJ NO NO NO NO NO NO NO NO NO NO
Natural gas TJ 2'969 2'899 3'128 3'376 3'328 3'735 3'894 3'629 3'702 3'710

3.2.6.2.3. Non-ferrous metals (1A2b)

The source category 1A2b Non-ferrous metals consists both of fuels used in boilers and
specific industrial production processes, i.e. secondary aluminium production and non-
ferrous metal foundries, producing mainly copper alloys.

Until 1993, secondary aluminium production plants have been in operation using gas oil.
Emissions from primary aluminium production in Switzerland are reported in source category
2C3 as induction furnaces have been used. The last primary aluminium production site
closed down in April 2006.

Regarding non-ferrous metal industry in Switzerland, only casting and no production of non-
ferrous metals occur. There is one large company and several small foundries, which are
organized within the Swiss foundries association (Schweizerischer Giessereiverband, GVS)
providing production data.

Fuel consumption of source category 1A2b represents only a small amount of the total fuel
consumption in source category 1A2. Fuels consumed in 2021 are mainly natural gas as well
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as gas oil and small amounts of liquefied petroleum gas. Fuel consumption within this source
category decreased since 1990 due to the closing down of the secondary aluminium
production and the strong reduction of the non-ferrous metal production since 2000.

Table 3-46 Activity data fuel consumption in 1A2b Non-ferrous metals.

1A2b Non-ferrous metals Unit 1990 1995 2000 2005 2010
Total fuel consumption TJ 2'378| 1'969| 1'560 977| 1'218
Gas oil TJ 587 347 236 125 112
Residual fuel oil TJ NO NO NO NO| 0.024
Liquefied petroleum gas TJ 27 17 15 7.1 7.7
Petroleum coke TJ NO NO NO NO NO
Other bituminous coal TJ NO NO NO NO NO
Lignite TJ NO NO NO NO NO
Natural gas TJ 1'764) 1'605| 1'309 845 1'098
1A2b Non-ferrous metals Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Total fuel consumption TJ 1'746] 1594 1'917| 1'792] 1'683] 1'640| 1746/ 1'963| 1'812] 2'020
Gas oil TJ 153 128 90 78 76 78 55 61 49 66
Residual fuel oil TJ 0.78 23 NO 44 NO 3.7 NO NO NO NO
Liquefied petroleum gas TJ 11 11 9.8 9.9 8.3 9.3 9.0 8.6 8.3 8.6
Petroleum coke TJ NO NO NO NO NO NO NO NO NO NO
Other bituminous coal TJ NO NO NO NO NO NO NO NO NO NO
Lignite TJ NO NO NO NO NO NO NO NO NO NO
Natural gas TJ 1581 1'431] 1'817/ 1660/ 1'599| 1'549| 1'682| 1'893| 1'755| 1'945

3.2.6.2.4. Chemicals (1A2c)

In Switzerland, there are more than thirty chemical companies mainly producing fine
chemicals and pharmaceuticals. Fossil fuels are mostly used for steam production and
process heat. The process emissions from the production of chemicals such as ammonia,
niacin, nitric acid, ethylene, acetic acid and sulphuric acid as well as silicon carbide are
reported in source category 2B, see chp. 4.3.

There is one large company producing ammonia and ethylene by thermal cracking of
liquefied petroleum gas and light virgin naphtha (see also descriptions in chp. 3.2.3 for
feedstock use). As by-products from the cracking process, so-called heating gas and gasolio
are produced, which are used thermally for steam production within the same plant. In 2018
the cracker process and the subsequent integrated production chain were modified yielding
synthesis gas as additional cracker by-product. For reasons of confidentiality, fuel
consumption and emissions of these by-products are included in Other fossil fuels of 1A2f in
the reporting tables. The CO, emission factors of gasolio, heating gas and synthesis gas are
plant specific based on monitoring reports of the Swiss ETS. In 2017 the fuel quality of
gasolio and heating gas have been re-analysed by the production plant yielding new net
calorific values and CO, emission factors. Due to changes in the cracker operation the
composition of the heating gas has changed considerably. The further process modification
in 2018 resulted again in changes of both net calorific value and CO- emission factor mainly
for heating gas.

Since the fuel quality of gasolio and heating gas are of similar quality as residual fuel oil and
gas oil, respectively, the same default IPCC emission factors (IPCC 2006) are assumed for
CHa4 and N20O (see Table 3-15 and Table 3-17). For synthesis gas the same default IPCC
emission factor as of natural gas is assumed for N,O (IPCC 2006). Whereas no CH,
emissions are supposed from the combustion of synthesis gas.
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Table 3-47 Emission factors for 1A2c Chemicals are documented in the confidential NID, which is available to
reviewers on request.

The fuels consumed in 2021 include mainly natural gas as well as minor amounts of gas oil.
Fuel consumption in this source category has decreased by more than 20 % between 1990
and 2021. Consumption of gas oil and residual fuel oil has decreased or been stopped in that
period, while natural gas consumption has increased.

Table 3-48 Activity data fuel consumption in 1A2c Chemicals.

1A2c Chemicals Unit 1990 1995 2000 2005 2010
Total fuel consumption TJ 14'431| 15'158| 13'497| 15'477| 11'814
Gas oil TJ 3'942| 3'313| 3215] 3'345] 2'103
Residual fuel olil TJ 1'434 693 252 36 66
Liquefied petroleum gas TJ 15 13 12 10 7.5
Petroleum coke TJ NO NO NO NO NO
Other bituminous coal TJ NO NO NO NO NO
Lignite TJ NO NO NO NO NO
Natural gas TJ 9'039| 11'138| 10'017| 12'086| 9'637
Other fossil fuels TJ IE 1E IE IE IE
1A2c Chemicals Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Total fuel consumption TJ 13'909| 14'128| 12'131| 12'528| 14'374| 13'809| 13286/ 11'811| 10'935/ 10'813
Gas oil TJ 2'055| 1'797| 1'321| 1'167 881 860 825 799 602 597
Residual fuel olil TJ 0.16 1.2 NO NO NO NO NO NO NO NO
Liquefied petroleum gas TJ 10 10 8.9 9.0 7.5 8.4 8.2 7.9 7.5 7.9
Petroleum coke TJ NO NO NO NO NO NO NO NO NO NO
Other bituminous coal TJ NO NO NO NO NO NO NO NO NO NO
Lignite TJ NO NO NO NO NO NO NO NO NO NO
Natural gas TJ 11'845| 12'320| 10'800| 11'352| 13'485| 12'941| 12'454| 11'004| 10'325| 10'208
Other fossil fuels TJ IE IE IE IE IE IE IE IE 1E IE

3.2.6.2.5. Pulp, paper and print (1A2d)

Around ten paper producers and several printing facilities exist in Switzerland. The only
cellulose production plant was closed in 2008. Thermal energy is mainly used for provision of
steam used in the drying process within paper production. Emissions from use of carbonate
in flue gas treatment in cellulose production is reported in 2A4d Other process use of
carbonates.

Fuel consumption in 1A2d consists both of fuels used in boilers and specific industrial
production processes. In this source category only biomass (biogenic waste) from cellulose
production (until 2008) is included, based on data from the only production site. The
emissions were calculated using a country-specific CO, emission factor (EMIS 2023/1A2d
Zellulose-Produktion) and default factors for CH4 and N.O (IPCC 2006, vol. 2, chp.2, table
2.3, sulphite lyes). Biomass (e.g. wood and wood waste) used in paper production is
reported in source category 1A2gviii, because no statistical data exists to allocate biomass
consumption to the specific industry sectors within 1A2 as explained in chp. 3.2.4.5.2.
Therefore, from 2009 onwards, emissions from biomass are reported as "IE” in CRF
Tablel.A(a)s2.

The overall fuel consumption within the Swiss pulp and paper industry has considerably
decreased since 1990, due to the closure of the cellulose production plant in 2008 and of
several paper producers in the last years. The fuels used in 2021 are mainly natural gas as
well as gas oil and small amounts of liquefied petroleum gas.
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Table 3-49 Activity data of fuel consumption in 1A2d Pulp, paper and print.

1A2d Pulp, paper and print Unit 1990 1995 2000 2005 2010
Total fuel consumption TJ 11'760] 13'700{ 11'577] 11'379| 6'773
Gas oil TJ 1'188| 1'751| 1'403| 1'456 852
Residual fuel ol TJ 5250, 3'061| 1'417| 2'092 279
Liquefied petroleum gas TJ 86 141 148 100 61
Petroleum coke TJ NO NO NO NO NO
Other bituminous coal TJ NO NO NO NO NO
Lignite TJ NO NO NO NO NO
Natural gas TJ 3'151| 7'389| 6'916] 5678] 5581
Biomass TJ 2'085| 1'358| 1'694| 2'053 NO
1A2d Pulp, paper and print Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Total fuel consumption TJ 5'374| 5'475| 4'645| 3656 2'983] 2'852| 2'074| 2'151] 2'068| 2'337
Gas oil TJ 623 711 297 383 410 288 293 345 284 244
Residual fuel ol TJ 2.8/ 0.018 22 19 9.0 8.8 NO NO NO NO
Liquefied petroleum gas TJ 67 67 60 60 50 57 55 53 50 53
Petroleum coke TJ NO NO NO NO NO NO NO NO NO NO
Other bituminous coal TJ NO NO NO NO NO NO NO NO NO NO
Lignite TJ NO NO NO NO NO NO NO NO NO NO
Natural gas TJ 4'681| 4'697| 4'266| 3'194| 2'513| 2'499| 1'726| 1'754| 1'734| 2'041
Biomass TJ IE IE IE IE IE IE 1E IE 1E IE
3.2.6.2.6. Food processing, beverages and tobacco (1A2e)

In Switzerland, the source category 1A2e Food, beverages and tobacco includes around 200
companies. According to the national food industry association, the major part of revenues is
provided by meat production, milk products and convenience food. Further productions
comprise chocolate, sugar or baby food (Fial 2013). Fossil fuels are used for steam
production and drying processes. Fuel consumption in 1A2e is exclusively based on
information from the energy consumption statistics in the industry and services sectors
(SFOE 2022d) and Prognos (2013).

In 2021, the fuels used in this category were mainly natural gas as well as gas oil and small
amounts of liquefied petroleum gas (Table 3-50). Overall, there was an increase in fuel
consumption of approximately 20 % between 1990 and 2021. This is due to the increased
production in this sector. The consumption of residual fuel oil ceased and gas oil
consumption has decreased, while natural gas and liquefied petroleum gas consumption has
increased significantly.

Biomass (e.g. wood and wood waste) used in 1A2e Food processing, beverages and
tobacco is reported in source category 1A2gviii, because no statistical data exists to allocate
biomass consumption to the specific industry sectors within 1A2 as explained in chp.
3.2.4.5.2. Therefore, activity data and emissions from biomass are reported as "IE” in the
CRF Tablel.A(a)s2.
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Table 3-50 Activity data fuel consumption in 1A2e Food processing, beverages and tobacco.

1A2e Food processing, Unit 1990 1995 2000 2005 2010

beverages and tobacco

Total fuel consumption TJ 9'858| 8'784| 10'437| 10'239| 13161
Gas oil TJ 7'410| 5'511| 5'515| 4'070, 3'778
Residual fuel oil TJ 1'160 466 137 NO NO
Liquefied petroleum gas TJ 204 308 535 534 659
Petroleum coke TJ NO NO NO NO NO
Other bituminous coal TJ NO NO NO NO NO
Lignite TJ NO NO NO NO NO
Natural gas TJ 1'085| 2'500| 4'250| 5'635/ 8'723
Biomass TJ IE IE IE IE IE

1A2e Food processing, Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

beverages and tobacco

Total fuel consumption TJ 11'310| 13'081| 12'442| 11'574| 10'976| 11'214| 10'826| 11'833| 11'909| 12'067
Gas oil TJ 3237| 3'681| 2'395| 2'522| 2'6503| 2'110| 1'925| 2'119| 2'009| 2'301
Residual fuel oil TJ NO NO NO NO NO NO NO NO NO NO
Liquefied petroleum gas TJ 935 935 828 838 699 785 763 731 699 731
Petroleum coke TJ NO NO NO NO NO NO NO NO NO NO
Other bituminous coal TJ NO NO NO NO NO NO NO NO NO NO
Lignite TJ NO NO NO NO NO NO NO NO NO NO
Natural gas TJ 7'138| 8'465| 9'220| 8'214| 7'774| 8320 8139 8983 9201| 9035
Biomass TJ IE IE IE IE IE IE IE IE IE IE

3.2.6.2.7. Non-metallic minerals (1A2f)

The source category 1A2f Non-metallic minerals includes several large fuel consumers within
mineral industry, e.g. cement, brick and tile, glass, and rock wool production. All fuel
consumption of these specific industrial production processes are based on bottom-up
industry data.

The fuels consumed in this source category are very diverse, depending on the fuel use
within the specific industry process (see detailed documentation below). Except for brick and
tile production (from 2013 onwards) bottom-up information is also available on the amount of
biomass consumed. Therefore, all emissions from biomass used in these processes are
reported in source category 1A2f.

Between 1990 and 2021, there has been a switch in fuel consumption from other bituminous
coal and residual fuel oil to other fossil fuels, biomass, natural gas and lignite. The most
important emission source within this category is cement production. Information on bottom-
up data of fuel consumption and some source-specific emission factors are described in the
following. Detailed data at process level cannot be provided, since they are mostly
confidential. Therefore, aggregated data for 1A2f are shown in Table 3-51.

3 Energy



National Inventory Document of Switzerland 2023 120

Table 3-51 Activity data fuel consumption in 1A2f Non-metallic minerals.

1A2f Non-metallic minerals Unit 1990 1995 2000 2005 2010
Total fuel consumption TJ 25'613| 19'885| 18'055| 17'832| 18'196
Gas oil TJ 1'871| 1'629| 1'642| 1'389| 1'269
Residual fuel oil TJ 5'382| 5'578| 3649 2'420| 1519
Liquefied petroleum gas TJ 523 498 468 324 102
Petroleum coke TJ 550 300 480 638 1'130
Other bituminous coal TJ 12'665| 6'758| 5'415| 4'364| 3992
Lignite TJ 265 153 124 737| 1'348
Natural gas TJ 1'769| 1'566| 1'496| 1'861| 2'048
Other fossil fuels TJ 2'469| 2'718| 3'812| 4'138]| 4'625
Biomass TJ 119 685 970/ 1'962| 2'162
1A2f Non-metallic minerals Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Total fuel consumption TJ 16'956| 17'119| 17'677| 16'484| 16'518| 16'536| 16'716| 16'643| 16'257| 16'622
Gas ol TJ 1'097| 1'174| 1'204] 1'098| 1'020| 1'118| 1'078| 1'117 997 995
Residual fuel oil TJ 1'456 801 209 130 139 106 31 109 72 52
Liquefied petroleum gas TJ 108 113 45 52 44 44 45 45 39 41
Petroleum coke TJ 920 815 1'052 622 658 574 542 552 591 583
Other bituminous coal TJ 3'403| 3'478| 1'973| 1'498| 1'089| 1210/ 1'206| 1'085 767 879
Lignite TJ 1'081| 1'283| 2'912| 2'856| 2'881| 2'694| 2'367| 2'120| 2'266| 2'304
Natural gas TJ 2'085| 2'506| 3'111| 3'121| 2'952| 2'970| 2'972| 2'997| 2'820| 2'804
Other fossil fuels TJ 4'292| 4'510| 4'558| 4'566| 5'178| 5'085| 5608 5'759| 5815 5'806
Biomass TJ 2'5613| 2'440| 2'613| 2'542| 2'557| 2'735| 2'867| 2'860| 2'890| 3'158

Cement (1A2f)

Methodology
In Switzerland, there are six plants producing clinker and cement. The Swiss plants are

rather small and do not exceed a production capacity of 3’000 tonnes of clinker per day. All
of them use modern dry process technology. Cement industry emissions occur by
incinerating a wide variety of fuels: standard fossil fuels as well as mixed, biogenic and fossil,
waste-derived fuels are used to generate the high temperatures needed for the calcination
process. The fossil and biogenic shares are reflected in the activity data. Specific activity
data have been created for the fossil and biogenic contributions, for each of the
combustibles. Equal humeric values are used for emission factors of the fossil and the
biogenic fraction.

Emission factors
The CH,4 emission factor includes the overall CH4 emissions of the cement industry based on

direct exhaust measurements at the chimneys of the cement plants. Therefore, these CH4
emissions are reported under the fuel type other fossil fuels in the reporting tables.

Table 3-52 Emission factors for cement industry in 2021. Emission factors for CO2 and N20 are fuel specific (see
Table 3-13, Table 3-17 and Table 3-53).

Cement industry (part of 1A2f) co, | NoO CH, | NO, [NMvOoC | so, | co
tTJ g/t clinker
Cement fuel specific 7] 790] 67] 280] 2'600

The emission factors for CO» and N-O for standard fossil fuels are the same as used
elsewhere (Table 3-13, Table 3-17). Regarding waste derived fuels, the NCVs and CO»
emission factors for waste oil, solvents and residues from distillation, plastics, mix of special
waste with saw dust (CSS), sewage sludge, wood waste, animal meal and saw dust are
based on a study of Cemsuisse (Cemsuisse 2010a) providing measured values for the year
2010. A follow-up study of Cemsuisse (Cemsuisse 2018) provided measured values for the
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year 2017 for the three most relevant waste derived fuels — i.e. waste oil, solvents and
residues from distillation and plastics — as well as for mix of special waste with saw dust
(CSS). Emission factors between 2010 (the year of the previous assessment) and 2017 are
interpolated, while constant values are used before the first and after the last year with
available data.

The values for waste tyres and rubber are taken from Hackl and Mauschitz (2003). The
biogenic fraction of waste tyres and rubber is based on an Austrian study and published by
the German Ministry of Environment (UBA 2006). The emission factor of N»O is the same for
all waste derived fuels and is taken from the IPCC Guidelines (IPCC 2006, vol. 2, chp. 2
table 2.3 industrial wastes).

Table 3-53 NCVs, fossil fractions as well as CO:2 (fossil and biogenic) and N2O emission factors of waste derived
fuels (Other fossil fuels and Biomass) used in the cement industry. Where data for more than one year is
available, values in between are interpolated and constant values are used before the first and after the last year
with available data.

) Fossil EF CO,
Cement m_dustry (part of 1A2f) Data sources For the years NCV fraction [ fossil, biog. EFN:O
Waste derived fuel
GJlit % t CO,/TI kg N,O/TJ

Waste oil Cemsuisse (2010a) until 2010 325 100 74.4 4

Cemsuisse (2018) from 2017 31.0 92.7 73.2 4

) Cemsuisse (2001)

Waste coke from coke filters Hackl and Mauschitz (2003) all 23.7 100 97 4
Mixed industrial waste Cemsuisse, FOEN all 18.3 100 74 4
Other fossil waste fuels Cemsuisse, FOEN all 20.9 100 97 4
Solvents and residues from Cemsuisse (2010a) until 2010 23.6 99.1 74.0 4
distillation Cemsuisse (2018) from 2017 23.5 89.7 70.7 4
Waste tyres and rubber Sg{::l(sggel;/lauschnz (2003) all 26.4 73 84 4
Plastics Cemsuisse (2010a) until 2010 25.2 72.3 84.7 4

Cemsuisse (2018) from 2017 23.6 76.6 84.5 4
Mix of special waste with Cemsuisse (2010a) until 2010 9.2 215 102.4 4
saw dust (CSS) Cemsuisse (2018) from 2017 9.1 27.0 112.2 4
Sewage sludge (dried) Cemsuisse (2010a) all 94 0 94.5 4
Wood waste Cemsuisse (2010a) all 16.3 0 99.9 4
Animal meal Cemsuisse (2010a) all 16.8 0 86.7 4
Agricultural waste / other biomass Cemsuisse, FOEN all 12.7 0 110.0 4
Activity data

Data on fuel consumption is provided by the industry, for recent years based on monitoring
reports of the Swiss ETS as documented in the EMIS database (EMIS 2023/1A2f
Zementwerke Feuerung).

In 2021, the Swiss cement industry used about two-thirds of waste derived fuels and one-
third of standard fossil fuels. Today, fossil fuels used in cement industry are mainly lignite,
plastics, waste oil and solvents and residues from distillation whereas petroleum coke and
other bituminous coal are less important. Biogenic wastes contain mainly wood waste,
sewage sludge and (bio)plastics. The main fossil fuel used in 1990 was other bituminous
coal, but residual fuel oil, and waste oil were also of importance.

Fuel consumption in cement plants has decreased between 1990 and 2021. This is partly
due to a decrease in production since 1990 and an increase in energy efficiency. In the same
period, the fuel mix has changed significantly from mainly standard fossil fuels to the above-
mentioned mix of fuels.

In the reporting tables, the biogenic waste derived fuels are reported under fuel type
Biomass, whereas fossil waste derived fuels are reported under fuel type Other fossil fuels.
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Table 3-54 Activity data: Overview on fuel use in cement industry (part of 1A2f). The waste derived fuel is split
into Other fossil fuels and Biomass.

Cement industry (part of 1A2f) Unit 1990 1995 2000 2005 2010
Total fuel consumption TJ 17'194| 12'774| 11'017| 11'623| 12'388
Cement fossil without waste TJ 15'319| 9'993| 7'332] 6'208| 6278
Gas ol TJ NO NO NO 72 5.4
Residual fuel oil TJ 1'907| 2'825| 1'530 637 112
Petroleum coke TJ 550 300 480 638 1'130
Other bituminous coal TJ 12'235| 6'547| 5'176] 4'120| 3662
Lignite TJ 265 153 124 737 1'348
Natural gas TJ 362 168 22 3.9 21
Cement, waste derived fuel TJ 1'874| 2'781| 3685 5415 6'109
Other fossil fuels TJ 1'755| 2'096| 2'755| 3544| 4021
Industrial waste TJ NO NO NO NO NO
Mix of special waste with saw dust (C|TJ 5.0 29 34 29 26
Other fossil waste fuels TJ NO NO NO NO 45
Plastics TJ NO 40 413 608 905
Solvents and residues from distillatio] TJ 281 180 422 967 1'178
Waste coke from coke filters TJ 59 59 59 58 NO
Waste oil TJ 1'170| 1'485| 1'520| 1'411| 1'253
Waste tyres TJ 241 303 307 471 614
Biomass TJ 119 685 930/ 1'871| 2'088
Agricultural waste TJ NO NO NO NO 7.3
Animal meal TJ NO NO 198 856 624
Mix of special waste with saw dust (C/TJ 18 106 124 105 97
Other biomass TJ NO NO NO NO 5.7
Plastics TJ NO 15 158 233 347
Sewage sludge (dried) TJ 9.4 128 333 494 477
Solvents and residues from distillatio] TJ 25 1.6 3.8 8.8 11
Waste oil TJ NO NO NO NO NO
Waste tyres and rubber TJ 89 112 114 174 227
Wood waste TJ NO 322 NO NO 292
Cement industry (part of 1A2f) Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Total fuel consumption TJ 11'462| 11'866] 12'339| 11'348| 11'583| 11'476| 11'474| 11'478| 11'248| 11'609
Cement fossil without waste TJ 5'406| 5'512| 5'847| 4'917| 4'544| 4'354| 3'965| 3'736| 3500/ 3617
Gas ol TJ 0.10 88 75 87 50 56 63 106 54 61
Residual fuel oil TJ 297 86 58 45 90 59|NO 63 35 52
Petroleum coke TJ 920 815 1'052 622 658 574 542 552 591 583
Other bituminous coal TJ 3'097| 3203| 1713 1267 826 938 938 831 528 587
Lignite TJ 1'081| 1'283| 2'912| 2'856| 2'881| 2'694| 2'367| 2'120| 2'266| 2'304
Natural gas TJ 11 38 37 41 39 34 56 65 26 28
Cement, waste derived fuel TJ 6'056] 6'354| 6'492| 6'431| 7'039| 7'122| 7'509| 7'743| 7'748] 7992
Other fossil fuels TJ 3'635| 3'923| 3'884| 3'895| 4'486| 4'393| 4'645| 4'885| 4'861| 4'834
Industrial waste TJ NO NO NO NO NO NO NO NO NO NO
Mix of special waste with saw dust (C|TJ 23 23 25 20 26 21 20 16| 0.043 0.58
Other fossil waste fuels TJ 36 25 19 12 11 5.7 5.4|NO NO 13
Plastics TJ 803 963| 1'016 887 890| 1'071| 1'319| 1'246| 1'558| 1'688
Solvents and residues from distillatio] TJ 1'247| 1'345| 1'193| 1'194| 1'397| 1'254| 1'238| 1'456| 1'155| 1'107
Waste coke from coke filters TJ NO NO NO NO NO 66 61 48 52 48
Waste oil TJ 822 848 884| 1'083] 1'469| 1'215| 1'239] 1'359| 1'353| 1253
Waste tyres TJ 704 719 746 699 694 760 763 760 743 726
Biomass TJ 2'421| 2'432| 2'608| 2'536| 2'553| 2'729| 2'864| 2'858| 2'887| 3'158
Agricultural waste TJ 28 NO NO NO NO 9.2 NO NO NO NO
Animal meal TJ 572 479 457 412 409 470 522 475 441 454
Mix of special waste with saw dust (C|TJ 77 73 78 60 72 57 53 43 0.12 1.6
Other biomass TJ 17 32 21 42 7.9 5.6 5.4 31 36 147
Plastics TJ 289 336 343 290 281 327 403 381 476 516
Sewage sludge (dried) TJ 527 418 428 420 479 499 519 512 553 572
Solvents and residues from distillatio] TJ 46 70 80 98 137 144 142 167 133 127
Waste oil TJ 18 27 39 60 98 96 98 107 107 99
Waste tyres and rubber TJ 260 266 276 259 257 281 282 281 275 269
Wood waste TJ 586 732 886 896 811 840 840 861 867 973
Lime (1A2f)

In Switzerland there is only one plant producing lime. Fossil fuels are used for the burning
process (calcination) of limestone. From 1990 to 1993, other bituminous coal was the
primary fuel. Between 1994 and 2012, bituminous coal was replaced by residual fuel oil. In
2013, the main kiln has been switched to natural gas.
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Container glass (1A2f)

Today, there exists only one production plant for container glass in Switzerland. Fuel
consumption has drastically decreased over the reporting period due to a reduction in
production. Until 2003, only residual fuel oil was used. From 2004 onwards, the share of
natural gas has increased, reaching a stable share between 2006 and 2012. In autumn 2013,
the plant has switched its glass kiln completely to natural gas.

Tableware glass (1A2f)

Today, there exists only one production plant for tableware glass in Switzerland. Fuel
consumption for tableware glass currently includes only liquefied petroleum gas, as residual
fuel oil was eliminated in 1995. Since 1990, fuel consumption has strongly decreased
because of the closure of one production plant in 2006.

Glass wool (1A2f)

Glass wool is produced in two plants. Currently, fuel consumption for glass wool production
includes only natural gas. Production of glass wool has increased since 1990.

Fine ceramics (1A2f)

In Switzerland, the main production of fine ceramics is sanitary ware produced by one big
and some small companies. In earlier years, also other ceramics were produced as for
example glazed ceramic tiles, electrical porcelain and earthenware. Since 2001, only sanitary
ware is produced.

Until 2001, the fuel mix consisted of natural gas and gas oil. Since then, gas oil consumption
decreased continuously, so that from 2010 onwards, only natural gas is consumed.
Compared to the production of other fine ceramics, the production of sanitary ware is more
energy-intensive. Therefore, the specific energy use per tonne of produced fine ceramics
increased considerably between 1990 and 2001. This results in a lower reduction of fuel
consumption compared to the reduction in production between 1990 and 2021.

Brick and tile (1A2f)

In Switzerland there are about 20 plants producing bricks and tiles. Mainly fossil fuels but
also paper production residues, animal grease and wood are used for drying and burning of
the clay blanks.

Emission factors
The CO; emission factors for wood and animal grease are based on a study of Cemsuisse

(Cemsuisse 2010a), see Table 3-53, whereas the one for paper production residues is taken
from a German study on secondary fuels (UBA 2006) as documented in the EMIS database
(EMIS 2023/1A2f Ziegeleien).

For CH4 and N2O, emission factors of paper production residues and animal grease default
values for wood waste and other liquid fuels, respectively, according to IPCC 2006 are used.
For wood, the CH4 emission factor according to the energy model for wood combustion
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(automatic chip boiler >500 kW, w/o wood processing companies), see chp. 3.2.4.5.2, and
the default NoO emission factor from IPCC 2006 are used.

Activity data
Since 2013, plant-specific activity data — except for biomass — are available from monitoring

reports of the Swiss ETS. Fuels used in the brick and tile production in 2021 are almost
exclusively natural gas and very little gas oil. Apart from a production recovery in the years
around 2004, the production has gradually decreased since 1990, which is also represented
in the overall fuel consumption decrease. Regarding the fuels used, there has been a
considerable shift from residual fuel oil to natural gas from 1990 onwards as well as to a
lesser extent, a shift from liquefied petroleum gas and gas oil to natural gas from 2004
onwards. Small amounts of paper production residues, wood and animal grease were used
from 2000 onwards and reported up to 2017, 2012 and 2020, respectively.

Rock wool (1A2f)

In Switzerland there is one single producer of rock wool. Cupola furnaces are used for the
melting of rocks at a temperature of 1500°C.

Currently, other bituminous coal and natural gas are used in the production process. Until
2004, also gas oil and liquefied petroleum gas were used. In 2005, these fuels were
substituted by natural gas.

Mixed goods (1A2f)

The production of mixed goods mainly includes the production of bitumen for road paving. A
total of 110 production sites are producing mixed goods at stationary production sites. The
main fuels used are gas oil and increasingly also natural gas.

3.2.6.2.8. Other (1A2g stationary)

Methodology (1A2g stationary)

Source category 1A2giv Wood and wood products includes fuel consumption of fibreboard
production. Fibreboards were produced in two companies in Switzerland until 2019, where
thermal energy is used for heating and drying processes. Since 2020 only one plant is left.

Source category 1A2gviii Other covers fossil fuel combustion in boilers not further specified
in manufacturing industries and construction, as well as combustion of wood, wood waste,
biogas and sewage gas in all manufacturing industries. Methodologically, the fossil fuel
consumption in boilers of 1A2gviii represents the residual entities of the industry installations
that could not be allocated to any other source categories in 1A2a—f.

For more detailed descriptions on methodologies of biogas and sewage gas, see source
categories 5B Biological treatment of solid waste (chp. 7.3) and 5D Wastewater treatment
and discharge (chp. 7.5), respectively.

This source category accounts for nearly 40 % of the overall fuel consumption in 2021 of 1A2
Manufacturing industries and construction (stationary).
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Emission factors (1A2g stationary)

The CO, emission factors for wood waste and animal grease in 1A2giv Wood and wood
products are based on a study by Cemsuisse (2010a), see Table 3-53. For wood waste, the
respective CH4 and N>O emission factors of the energy model for wood combustion, see chp.
3.2.4.5.2, and IPCC 2006, respectively, are taken, whereas for animal grease, the default
values of IPCC 2006 for other liquid biofuels are used. For biogas and sewage gas in
1A2gviii Other Boilers and Engines Industry, the same emission factors as for natural gas are
assumed.

Activity data (1A2g stationary)

1A2giv Wood and wood products
In source category 1A2giv Wood and wood products, mainly wood waste as well as natural

gas are used (Table 3-55). Since 1990, the production of fibreboard and thus the fuel
consumption have increased significantly. The fuel mix has strongly shifted from fossil fuels
to biomass (wood waste) between 1990 and 2021. Between 2001 and 2013, also animal
grease was used for fibreboard production. Since 2004, data on annual fuel consumption is
taken from monitoring reports of the industry as documented in the EMIS database (EMIS
2023/1A2giv).

1A2gviii Other Boilers and Engines Industry
Activity data for wood combustion is based on Swiss wood energy statistics (SFOE 2022b)

whereas sewage and biogas consumption is based on data from the Swiss renewable
energy statistics (SFOE 2022a) and the Statistics on combined heat and power generation in
Switzerland (SFOE 2022c). Further information on wood energy consumption is provided in
chp. 3.2.4.5.2.

Since 1990, the consumption of residual fuel oil and liquefied petroleum gas has decreased,
and since 2005 also that of gas oil. Solid fossil fuel consumption remained quite stable with
fluctuations, whereas biomass and natural gas consumption increased significantly.

3 Energy



National Inventory Document of Switzerland 2023 126

Table 3-55 Activity data fuel consumption in 1A2giv Wood and wood products and 1A2gviii Other (stationary).

1A2giv: Wood and wood products, |Unit 1990 1995 2000 2005 2010

1A2gviii: Other (stationary)

Total fuel consumption TJ 22'345| 28'343| 30406 33'013| 36'316
Gas oil TJ 7'431| 11'657| 13'542| 14'531| 12'707
Residual fuel oil TJ 5'298 3'749 199 26 122
Liquefied petroleum gas TJ 3'091] 3'288] 4'164| 3'116| 2'855
Petroleum coke TJ 765 914 15 383 318
Other bituminous coal TJ 205 140 12 88 11
Lignite TJ NO NO NO 4.7 111
Natural gas TJ 1'000) 2'607| 5'423] 6'077| 8116
Other fossil fuels TJ NO NO NO NO NO
Biomass TJ 4'555| 5'988| 7'050| 8786| 12'076

1A2giv: Wood and wood products, |Unit 2012| 2013 2014| 2015, 2016 2017 2018| 2019, 2020 2021

1A2gviii: Other (stationary)

Total fuel consumption TJ 33'278| 32'904| 29'846| 30'892| 31'622| 32'025| 30'479| 30'665| 29'214| 32'488
Gas oil TJ 10'239| 10'377| 7'050| 7'342| 7'788| 6'913| 6'568| 5534| 4'831] 4791
Residual fuel oil TJ 109 22 0.33 2.8 7.9 4.3 2.2 2.4 3.7 2.8
Liquefied petroleum gas TJ 2'162 2'165 1'949 1'977 1'615 1'860 1'814 1'738 1'667 1'758
Petroleum coke TJ 405 181 108 104 155 113 168 169 65 21
Other bituminous coal TJ 49.7 110 105 134 125 102 140 58 101 18
Lignite TJ 95 75 189 204 197 182 153 141 144 138
Natural gas TJ 7'980| 7'313| 7'878| 8453| 8229| 8'907| 8374 9220 8564 9'876
Other fossil fuels TJ NO NO NO NO NO NO NO NO NO NO
Biomass TJ 12'239| 12'660| 12'566| 12'675| 13'505| 13'944| 13'259| 13'803| 13'837| 15'883

3.2.6.3. Uncertainties and time-series consistency for 1A2 (stationary)

The uncertainty of emission estimates for source category 1A2 (stationary) is described in
the general uncertainty assessment of source category 1A Fuel combustion in chp. 3.2.4.7.

Time series for 1A2 Manufacturing industries and construction are all considered consistent.

3.2.6.4. Category-specific QA/QC and verification for 1A2 (stationary)

The general QA/QC procedures are described in chp. 1.5. Furthermore QA/QC procedures
conducted for all 1A source categories are listed in chp. 3.2.4.8.

3.2.6.5. Category-specific recalculations for 1A2 (stationary)

The following recalculations were implemented in submission 2023. Major recalculations,
which contribute significantly to the total differences in GHG emissions of sector 1 Energy
between the latest and the previous submissions are presented also in chp. 10.1.2.1.

e 1A2: According to the Swiss energy statistic there was a reallocation of natural gas use
from source category 1Ala Public electricity and heat production to end users in 1A2
Manufacturing industries and construction and 1A4a Commercial/institutional in the years
2013 to 2020. This does not lead to a change in total gas consumption but it leads to
recalculations for natural gas in all source-categories with stationary combustion in 1A2
Manufacturing industry and construction for these years.

e 1A2a-g: Recalculation in all source categories 1A2a to 1A2gviii due to reallocations of
natural gas and gas oil use in these sub-categories of 1A2 Manufacturing industries and
construction in the year 2020. The reason is that during the surveys for the most recent
year, the reports from the previous year are reviewed again and, if necessary, adjusted
retroactively. This does not affect the total amount of gas and gas oil used in 1A2
Manufacturing industries and construction for that year.
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o 1A2f: In 1A2f Cement, the following combustibles are a mix of biogenic and fossil waste:
waste oil, solvents and residues from distillation, waste tyre and rubber, plastics, mix of
special waste with saw dust (CSS). Previously, the total activity data were used while the
biogenic and fossil shares were reflected using specific emission factors for CO;, fossil
and biogenic. From now on, the fossil and biogenic shares are reflected in the activity
data. Specific activity data and emission factors have been created for the fossil and
biogenic contributions, for each of these combustibles. Due to rounding issues small
deviations from previous emission values may occur, up to 5%. Values for emission
factors and activity data have substantially changed (up to 70%) while the sum of
emissions for all fuels has not changed by more than 5%. All years are affected. Before
the change, the activity data for CSS was fully reported within Biomass and for all the
other reorganised resources, within Other fuels.

e 1AZ2gviii: Activity data (wood, wood waste) of combustion installations in source category
1A2gviii have been revised for 1990-2020 due to recalculations in the Swiss wood
energy statistics (SFOE 2022b). The biggest changes were in automatic boilers >50 kW
after 2015.

e 1A2gviii: An error in the country-specific emission factor model for wood energy
combustion was corrected resulting in revised CH, emission factors of log wood dual
chamber boilers for the entire time series.

e 1A2gviii: Since more residual fuel oil was consumed in the years 2020 and 2021
according to direct bottom-up information from the industry than was declared in total
sales in the same year, stock transfers must be made. This leads to additional stockpiling
in 2008—-2010 and therefore to changes for residual fuel oil used in not further defined
boilers in 1A2gviii Other. Stockpiling can only be performed in the years in which more
residual fuel oil was sold according to total energy statistics than was consumed
according to bottom-up information. Therefore, the years 2008—2010 were chosen to add
residual fuel oil to stocks to cover the additional bottom-up consumption in the years
2020 and 2021.

e 1A2gviii: Due to revised activity data of liquefied petroleum gas in source category 1A3bi
Passenger cars, also the statistical difference and not further defined use of liquefied
petroleum gas in boilers of source category 1A2gviii Other changed for the years 2011 to
2020.

3.2.6.6. Category-specific planned improvements for 1A2 (stationary)

A new model for stationary engines and gas turbines within 1A Fuel combustion will be
implemented. This model bases on new data collection and more detailed emission
modelling.
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3.2.7. Source category 1A4 — Stationary combustion in other sectors
(commercial, residential, agriculture and forestry)

3.2.7.1. Source category description for 1A4 Stationary combustion in other
sectors (commercial, residential, agriculture and forestry)

Table 3-56 Key categories of 1A4 Other sectors. Combined KCA results, level for 2021 and trend for 1990-2021,
including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2).

Code IPCC category Gas Idfentl.flcatlon
criteria

1A4a Commercial; Gaseous fuels C02 L1, T1,L2,T2

1A4a Commercial; Liquid fuels C02 L1, T1

1A4b Residential; Gaseous fuels Cco2 L1,T1,L2,T2

1A4b Residential; Liquid fuels COo2 L1, T1

1A4c Agriculture and forestry; Liquid fuels Cco2 L1, T1

Each of the source categories 1A4a, 1A4b, 1A4c contain the sum of emissions of stationary
and mobile sources — the above statements on key categories hold for the aggregated
emissions of 1A4a etc. only. The CO, emissions of 1A4a and 1A4b from Liquid Fuels are
vastly dominated by the stationary sources, which means that the emissions of 1A4aii and
1A4bii only play a minor role within category 1A4a and 1A4b. For 1A4c, however, the
emissions of 1A4cii are more important than those of 1A4ci (see also chp. 3.2.10.1.)

Table 3-57 Specification of source category 1A4 Other sectors.

1A4 Source category Specification
Commercial/institutional: Stationary |Emissions from stationary fuel combustion in commercial
1A4ai and institutional buildings, including boilers, engines,
turbines and different wood combustion installations
Residential: Stationary Emissions from stationary fuel combustion in households,
1A4bi including boilers, engines, turbines and different wood
combustion installations
Agriculture/Forestry/Fishing: Emissions from stationary fuel combustion in agriculture,
1A4ci Stationary including different wood combustion installations, engines
with biogas, heating of greenhouses and grass drying
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3.2.7.2. Methodological issues for 1A4 Stationary combustion in other sectors
(commercial, residential, agriculture and forestry)

Methodology (1A4 stationary)

CO. emissions from stationary combustion in source categories 1A4ai, 1A4bi and 1A4ci are
estimated based on country-specific emission factors using a Tier 2 approach according to
the decision tree for stationary combustion of the IPCC Guidelines (IPCC 2006, Volume 2
Energy, chp. 2 Stationary Combustion, Figure 2.1) for liquid, solid, gaseous fuels, biogas,
wood consumption in bonfires and animal grease. For wood biomass, a Tier 3 approach
using country-specific emission factors is applied.

A Tier 1 approach is applied with IPCC default emission factors for CHs emissions of residual
fuel oil and gas oil for boilers and N>O emissions of all fuels and technologies (IPCC 2006).
CHa4 emissions of gas oil used in engines, gaseous fuels and biogas are calculated by a Tier
2 approach using country-specific emission factors. CH4 emissions of wood biomass are
calculated by a Tier 3 approach using country-specific emission factors. In 1A4ci Grass
drying, also small amounts of crop residues are used as fuel; their emissions are calculated
with default IPCC emission factors (IPCC 2006).

For the calculation of the emissions from the use of gas oil and natural gas the following
sources are differentiated: (a) heat only boilers, (b) combined heat and power production in
turbines and (c) combined heat and power production in engines.

Emissions from 1A4ci Other sectors (stationary) — Agriculture/Forestry/Fishing originate from
fuel combustion for the heating of greenhouses and grass drying, as well as from wood
combustion for heating in agriculture and forestry. For grass drying, information is provided
by the Swiss association of grass drying plants (VSTB). For greenhouses, information is
provided by the Energy Agency of the Swiss Private Sector (EnAW).
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Emission factors (1A4 stationary)

Table 3-58 Emission factors for stationary combustion in 1A4ai Other sectors commercial/institutional in 2021.
Emission factors that are highlighted in green are described in chp. 3.2.4.4.

1A4ai Other sectors: CO,fossil [CO,biog.] CH, | N,O [ NO, [NMVOC] sO, | cO
tTJ kg/TJ

Gas oil (weighted average) 73.7 NA 10 0.6 32 6 5.6 6
Gas oil heat only boilers 73.7 NA 10 0.6 32 6 5.6 5.9
Gas oil engines 73.7 NA 2 0.6 40 8 5.6 30
Natural gas (weighted average) 55.9 NA 2.1 0.1 17.9 1.9 0.5 11.6
NG heat only boilers 55.9 NA 1 0.1 16 2 0.5 8.9
NG turbines 55.9 NA 2 0.1 19 0.1 0.5 4.8
NG engines 55.9 NA 20 0.1 50 1 0.5 54.7
Biomass (weighted average) NA 99.8 17.5 3.99 112.3 39.1 5.4 544
Biomass (wood) NA 99.9 17.5 4 112.4 39.1 5.4 545
Biogas (heat only boilers) NA 55.9 1 0.1 15.9 2.0 0.5 8.9

Table 3-59 Emission factors for stationary combustion in 1A4bi Other sectors residential in 2021. Emission factors
that are highlighted in green are described in chp. 3.2.4.4.

1A4bi Other sectors: Residential | CO, fossil|CO, biog. CH, N,O NO, NMVOC SO, CO
tTJ kg/TJ

Gas oil (weighted average) 73.7 NA 10 0.6 33 6 5.6 11
Gas oil heat only boilers 73.7 NA 10 0.6 33 6 5.6 11
Gas oil engines 73.7 NA 2 0.6 40 8 5.6 30

Natural gas (weighted average) 55.9 NA 1.2 0.1 14.9 4 0.5 12.2
NG heat only boilers 55.9 NA 1 0.1 15 4 0.5 12
NG turbines NO NA NO NO NO NO NO NO
NG engines 55.9 NA 20 0.1 29 1 0.5 54.7

Other bituminous coal 92.7 NA 300 15 65 100 350 1'000

Biomass (wood, charcoal, bonfires) NA 100 46 3.99 95 104 7.8 1'331
Wood NA 100 43 4 96 99 7.8 1'304
Use of charcoal NA 112 200 1 50 600 11 4'000
Bonfires NA 100 300 4 50 600 11 4'000

Table 3-60 Emission factors for stationary combustion in 1A4ci Agriculture/forestry/fishing in 2021. Emission
factors that are highlighted in green are described in chp. 3.2.4.4.

1Ad4ci Agriculturefforestry/fishing [CO, fossil[CO,biog.] CH, | N,O | NOy [NMvOC| so, | co
t/TJ kg/TJ
Gra§s drying (fossil, biogenic) 59 99 20 0.89 65 88 73 501
(weighted average)
Gas ol 74 NA 3 0.6 NA NA NA NA
Residual fuel oil NO NA NO NO NA NA NA NA
Natural gas 55.9] NA 1 0.1 NA NA NA NA
Biomass NA 99 4.4 3.7 NA NA NA NA
Heating of greenhouses (weighted 61 NA 16 03 22 2 21 66
average)
Gas oil 73.7 NA 3 0.6 30.9 2 5.6 5.9
Natural gas 55.9 NA 1 0.1 18.5 2 0.5 6.9
Othgr biomass combustion NA 73 16 16 51 8.7 25 218
(weighted average)
Biogas heat only boilers NA 55.9 1 0.1 16 2 0.5 8.9
Biogas engines NA 55.9 20 0.1 20 1 0.5 54.7
Wood combustion NA 99.9 10 4 103 21 5.7 487

Charcoal and bonfires
Emission factors concerning CO,, CH4 and N>O emissions of charcoal use in the residential

source categories (1A4bi) are taken from the IPCC Guidelines (IPCC 2006). Default
emission factors according to the guidelines are also applied for CHs and N>O emissions
resulting from bonfires. The CO; emission factor for bonfires is based on the value for wood
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combustion; see chp. 3.2.4.4. Emission factors of precursors are taken from the EMEP/EEA
guidebook (2019) (Table 3.39).

Activity data (1A4 stationary)

General energy sources
Activity data about the energy sources gas oil, residual fuel oil, natural gas and biomass are

calculated by the Swiss energy model (see chp. 3.2.4.3 for further information). For other
energy sources such as other bituminous coal, activity data is provided directly by the Swiss
overall energy statistics (SFOE 2022). Grass drying activities for source category 1A4ci are
reported by the Swiss association of grass drying plants (VSTB) (as standard tonne of dried
grass) as documented in the EMIS database (EMIS 2023/1A4ci Grastrocknung). The fuel
consumption for the heating of greenhouses is extrapolated from the information provided by
the Energy Agency of the Swiss Private Sector (EnAW) as documented in the EMIS
database (EMIS 2023/1A4ci Gewachshauser).

Table 3-61 Activity data in 1Ad4a Commercial/Institutional (stationary).

1A4ai Other sectors (stationary): Unit 1990 1995 2000 2005 2010
Commercial/institutional
Total fuel consumption TJ 72'354| 80'123| 76'795| 83'379| 79'430
Gas ol TJ 52'977| 54'379| 48777 51'197| 46'525
Gas oil heat only boilers TJ 52'953| 54'204| 48'426| 50'880| 46'406
Gas oil engines TJ 24 175 351 318 119
Natural gas TJ 16'399| 21'843| 23'552| 26'732| 25'307
NG heat only boilers TJ 16'123| 20'672| 21'815| 24'699| 23'602
NG turbines TJ 85 78 NO 28 23
NG engines TJ 192| 1'093| 1'737| 2'004| 1'681
Biomass (total) TJ 2'978| 3'901| 4'466] 5'450| 7'599
Biomass (wood) TJ 2'939| 3'869| 4'438| 5'403| 7'495
Biogas (heat only boilers) TJ 39 32 27 46 104
1A4ai Other sectors (stationary): Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Commercial/institutional
Total fuel consumption TJ 71'902| 77'299| 60'985| 66'966| 70'299| 67'761| 61'196| 61'675| 58'792| 67'362
Gas ol TJ 39'750| 42'727| 32'993| 35'153| 36'440| 34'222| 30'879| 30'273| 27'596| 31'349
Gas oil heat only boilers TJ 39'656| 42'640| 32'910| 35'071| 36'358| 34'140| 30'797| 30'191| 27'514| 31'267
Gas oil engines TJ 94 86 82 82 82 82 82 82 82 82
Natural gas TJ 24'733| 26'351| 20247| 23'112| 24'336| 23'967| 21'176| 21'759| 21'054| 24'120
NG heat only boilers TJ 23'180| 24'854| 18811| 21'676| 22'900| 22'531| 19'740| 20'323| 19'618| 22'684
NG turbines TJ 5 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3 7.3
NG engines TJ 1'5648| 1'490| 1'429| 1'429| 1'429| 1'429| 1'429| 1'429| 1'429| 1'429
Biomass (total) TJ 7'420 8'221 7'745 8'701 9'522 9'572 9'141 9'643| 10'142| 11'892
Biomass (wood) TJ 7'344| 8162 7'698| 8679 9'498| 9'548| 9'128| 9'628| 10'127| 11'877
Biogas (heat only boilers) TJ 76 59 47 21 24 24 13 14 15 16
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Table 3-62 Activity data in 1A4b Residential (stationary).

1A4bi Other sectors (stationary): Unit 1990 1995 2000 2005 2010

Residential
Total fuel consumption TJ 185'308| 189'291| 170'485| 186'056| 182'062
Gas oil TJ 136'887| 133'548| 116'295| 124'024| 111'731
Gas oil heat only boilers TJ 136'887| 133'544| 116'242| 123'961| 111'695
Gas oil engines TJ 0.59 4.5 53 63 36
Natural gas TJ 25'864| 34'088| 36'261| 42'633| 48229
NG heat only boilers TJ 25'804| 33'830| 35'822| 42'103| 47723
NG turbines TJ NO NO NO NO NO
NG engines TJ 60 258 439 530 506
Other bituminous coal TJ 630 460 130 400 400
Biomass (wood, charcoal, bonfires) |TJ 21'926| 21'195| 17'799| 19'000| 21'702
Wood TJ 21'455| 20'744| 17'347| 18526| 21'198
Use of charcoal TJ 311 291 292 313 344
Bonfires TJ 160 160 160 160 160
1A4bi Other sectors (stationary):  |Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Residential
Total fuel consumption TJ 161'282| 172'581[ 135'085] 144'791] 150'953| 144'838] 133'078| 133'971| 124'475] 139'280
Gas oll TJ 94'103| 99'373| 75'136| 79'406| 81'340| 76'113| 67'901| 66'642| 59'375| 66'048
Gas oil heat only boilers TJ 94'072| 99'344| 75'109| 79'379| 81'312| 76'085| 67'874| 66'615| 59'348| 66'021
Gas oil engines TJ 32 29 27 27 27 27 27 27 27 27
Natural gas TJ 47'043| 50'977| 42'377| 46'106| 48'835| 48'345| 45'925| 47'585| 47'215| 53'086
NG heat only boilers TJ 46'577| 50'529| 41'947| 45'676| 48'405| 47'915| 45'496| 47'155| 46'786| 52'656
NG turbines TJ NO NO NO NO NO NO NO NO NO NO
NG engines TJ 466 448 430 430 430 430 430 430 430 430
Other bituminous coal TJ 300 300 200 200 200 100 100 100 100 100
Biomass (wood, charcoal, bonfires) TJ 19'836| 21'931| 17'372| 19'079| 20'579| 20'281| 19'151| 19'645| 17'785| 20'045
Wood TJ 19'331| 21'428| 16'858| 18'565| 20'084| 19'747| 18'637| 19'159| 17'221| 19'846
Use of charcoal TJ 344 343 354 354 334 374 354 325 404 40
Bonfires TJ 160 160 160 160 160 160 160 160 160 160

Table 3-63 Activity data in 1A4ci Agriculturefforestry/fishing (stationary).

1A4ci Other sectors (stationary): Unit 1990 1995 2000 2005 2010
Agriculture/forestry/fishing
Total fuel consumption TJ 6'378| 6'103] 5'798/ 5524| 5650
Drying of grass TJ 1'895| 1'544| 1223 994 739
Gas oil TJ 1'156 942 746 607 451
Residual fuel oil TJ NO NO NO NO NO
Natural gas TJ 739 602 477 388 288
Biomass TJ NO NO NO NO NO
Heating of greenhouses TJ 4'000) 4'000] 4'000] 3735 3677
Gas oil TJ 3'490| 3'490| 3'490| 3133 1'803
Natural gas TJ 510 510 510 601 1'874
Other biomass combustion TJ 484 559 575 795 1'235
Biogas heat only boilers TJ 39 32 27 46 104
Biogas engines TJ 16 15 35 82 394
Wood combustion TJ 428 513 513 666 738
1A4ci Other sectors (stationary): Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Agriculture/forestry/fishing
Total fuel consumption TJ 5'803| 5'294| 4'758| 4'933| 5'438| 5'957| 5'483| 5819 5'928| 6'347
Drying of grass TJ 685 458 524 431 492 610 545 684 721 630
Gas oil TJ 418 106 104 89 86 118 116 124 148 94
Residual fuel oil TJ NO 17 20 22 18 25 13 NO NO NO
Natural gas TJ 267 220 264 233 279 338 296 427 435 410
Biomass TJ NO 114 136 88 109 129 120 132 138 126
Heating of greenhouses TJ 3'671| 3'389| 2'800] 2'900| 2'899| 3'238| 2'754| 2'732| 2'537| 2'753
Gas oil TJ 1'647| 1'496| 1'095| 1'165/ 1'066| 1'145 930 916 788 861
Natural gas TJ 2'025| 1'893| 1'705| 1'735| 1'834| 2'093| 1'824| 1'816] 1'749] 1'892
Other biomass combustion TJ 1'447| 1'448| 1'435| 1'602| 2'046| 2'109| 2'184| 2'403| 2'670| 2'963
Biogas heat only boilers TJ 76 59 a7 21 24 24 13 14 15 16
Biogas engines TJ 599 754 880| 1'020| 1'168| 1'248| 1'390| 1'597| 1'747| 1'893
Wood combustion TJ 772 635 507 562 854 837 781 792 909] 1'055

Charcoal and bonfires
Besides the main fuels, also charcoal use and bonfires are accounted for in source category

1A4bi Other sectors (Stationary) — Residential. Charcoal is only used for charcoal grills. The
total charcoal consumption under 1A4bi Other sectors (Stationary) — Residential is very small
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compared to other fuels used for heating purposes. The activity data are the sum of Swiss
charcoal production as reported under 1A1c Manufacture of solid fuels and other energy
industries and net imports provided by the Swiss overall energy statistics (SFOE 2022).

As the Swiss wood energy statistics (SFOE 2022b) cover wood used for heating and energy
purposes only, no figures are available on wood burnt in source category 1A4bi Bonfires.
The activity data of bonfires are thus expert judgements based on a per capita consumption.
Two types of bonfires are considered: (public) traditional bonfires such as on national day
and (private) bonfires for barbecuing. The number of traditional bonfires has declined, as
fewer communities are holding national day bonfires. With the increasing use of gas
barbecues, there has also been a decrease in bonfires for barbecuing. Overall, a constant
wood consumption was therefore assumed for bonfires due to the declining per capita
consumption and increasing population (EMIS 2023/1A4bi Lagerfeuer).

3.2.7.3. Uncertainties and time-series consistency for 1A4 Stationary combustion in
other sectors (commercial, residential, agriculture and forestry)

The uncertainty of emission estimates for source category 1A4 (stationary) is described in
the general uncertainty assessment of source category 1A Fuel combustion in chp. 3.2.4.7.

Time series for 1A4 Other sectors are all considered to be consistent.

3.2.7.4. Category-specific QA/QC and verification for 1A4 Stationary combustion in
other sectors (commercial, residential, agriculture and forestry)

The general QA/QC procedures are described in chp. 1.5. Furthermore QA/QC procedures
conducted for all 1A source categories are listed in chp. 3.2.4.8.

3.2.7.5. Category-specific recalculations for 1A4 Stationary combustion in other
sectors (commercial, residential, agriculture and forestry)

The following recalculations were implemented in submission 2023. Major recalculations
which contribute significantly to the total differences in GHG emissions of sector 1 Energy
between the latest and the previous submissions are presented also in chp. 10.1.2.1.

e 1A4: An error in the country-specific emission factor model for wood energy combustion
was corrected resulting in revised CH4 emission factors of log wood single-room furnaces
and dual chamber boilers for the entire time series.

e 1A4a: According to the Swiss energy statistic there was a reallocation of natural gas use
from source category 1Ala Public electricity and heat production to end users in 1A2
Manufacturing industries and construction and 1A4a Commercial/institutional in the years
2013 to 2020. This does not lead to a change in total gas consumption.

e 1Ad4ai, 1A4bi, 1A4ci: Activity data (wood, wood waste) of combustion installations in
source categories 1A4ai, 1A4bi and 1A4ci have been revised for 1990-2020 due to
recalculations in the Swiss wood energy statistics (SFOE 2022b). The biggest changes
were in automatic boilers >50 kW after 2015.

e 1A4ci: The CH4 emission factor for crop residues in source category 1A4ci Grass drying
has been adjusted from 300 g/GJ to 30 g/GJ for 2013 to 2020. It is now based on Table
2.3 instead of Table 2.5 of 2006 IPCC Guidelines (vol. 2, chp. 2.).

3 Energy



National Inventory Document of Switzerland 2023 134

3.2.7.6. Category-specific planned improvements for 1A4 Stationary combustion in
other sectors (commercial, residential, agriculture and forestry)

A new model for stationary engines and gas turbines within 1A Fuel combustion will be
implemented. This model bases on new data collection and more detailed emission
modelling.

3.2.8. Source category 1A2 — Manufacturing industries and construction
(mobile 1A2gvii)

3.2.8.1. Source category description for 1A2 Manufacturing industries and
construction (mobile 1A2gvii)

Note for Key categories 1A2: See chp. 3.2.6 and note that source category 1A2 contains the
sum of emissions of stationary and mobile sources — the statement on key categories holds
for the aggregated emission only. The CO, emissions of 1A2 from Liquid Fuels are
dominated by the stationary sources. Only 41 % (2021) of the CO, emissions of Liquid Fuels
from 1A2 stem from mobile sources 1A2gvii.

Table 3-64 Specification of source category 1A2 Manufacturing industries and construction (mobile).

1A2 Source category Specification

Industry sector: forklifts and snow groomers etc.
construction machines: excavators, loaders, dump trucks,
mobile compressors etc.

Mobile Combustion in manufacturing

1A2gvi industries and construction

3.2.8.2. Methodological issues for 1A2 Manufacturing industries and construction
(mobile 1A2gvii)

Methodology (1A2gvii)

Based on the decision tree Fig. 3.3.1 in chp. “3. Mobile Combustion” in IPCC (2006) the
emissions of industry and construction vehicles and machinery are calculated by a Tier 3
method with the non-road transportation model described in chp. 3.2.4.5.1.

CO; emissions from lubricants of gasoline 2-stroke engines are calculated by using the IPCC
default CO, emission factor for lubricants, 73.3 t/TJ (IPCC 2006). However, these emissions
are reported under source category 2D1 Lubricant use (see chp. 4.5.2.1). In contrast, CH4
and N>O emissions from lubricant use in 2-stroke engines are reported in source category
1A2gvii, since the emission factors are based on measurements including 2-stroke engines.

Emission factors (1A2gvii)

e The CO: emission factors applied for the time series 1990-2021 for diesel oil, gasoline,
liquefied petroleum gas and biodiesel and bioethanol are country-specific and are given
in Table 3-13.
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e The CH4 and N2O emission factors are country-specific and are shown in Table 3-65 to
Table 3-67 for diesel oil, gasoline and liquefied petroleum gas engines for all emission
standards.

o For SO; from diesel oil, gasoline, gas oil and liquefied petroleum gas see Table A—15in
Annex A5.1.4.

¢ The emission factors for precursors are country-specific and are given in FOEN (2015j).

e NMVOC is not modelled bottom-up. The NMVOC emissions are calculated as the
difference between VOC and CH4 emissions.

o The implied emission factors 2021 are shown in Table 3-68.

All emission factors (GHG, precursors) can be downloaded by query from the online non-
road database INFRAS (2015a). They can be queried by vehicle type, fuel type, power class
and emission standard either at aggregated or disaggregated levels.

Table 3-65 Emission factors CH4 and N20 for industry and construction vehicles with diesel oil engines by
emission standards including the year of entry into force.

Gas Power class | PreEU-A PreEU-B EU-I EU-II EU-IIIA EU-IlIB EU-IV
<1996 1996 2002/03 2002/04 2006/08 2011/12 2014
kw g/kwh
CH, <18 0.0547 0.0547 0.0384 0.0240 0.0142 0.0142 0.0142
CH, 18-37 0.0578 0.0578 0.0221 0.0134 0.0089 0.0089 0.0089
CH, 37-56 0.0319 0.0319 0.0156 0.0110 0.0079 0.0055 0.0058
CH, 56-75 0.0319 0.0319 0.0156 0.0110 0.0079 0.0031 0.0031
CH, 75-130 0.0218 0.0218 0.0108 0.0084 0.0067 0.0031 0.0031
CH, 130-560 0.0218 0.0218 0.0103 0.0072 0.0053 0.0031 0.0031
CH, >560 0.0218 0.0218 0.0103 0.0072 0.0053 0.0031 0.0031
N,O 0-3000 0.035 0.035 0.035 0.035 0.035 0.035 0.035

Table 3-66 Emission factors CH4 and N20 for industry and construction vehicles with gasoline engines by
emission standards including the year of enforcement.

Gas Power class | PreEU-A PreEU-B PreEU-C EU-I EU-II
<1996 1996 2000 2004 2005/09
ccm g/kWh
CH, <66 2.040 2.040 2.040 1.394 1.394
CH, 66-100 1.360 1.360 1.360 1.088 1.088
CH, 100-225 0.680 0.680 0.680 0.408 0.408
CH, >225 0.680 0.680 0.680 0.340 0.306
N,O 0-3000 0.03 0.03 0.03 0.03 0.03

Table 3-67 Emission factors CH4 and N20 for industry and construction vehicles with liquefied petroleum gas
engines (for all years).

Gas without catalyst \ with catalyst
g/kWh

CH, 0.552 0.035

N,O 0.05 0.05
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Table 3-68 Implied emission factors 2021 for industry and construction vehicles.
1A2gvii Non-road vehicles and CoO, CH, N,O NO, NMVOC SO, CO
other machinery

t/TJ kg/TJ
Gasoline 73.8 34.4 1.1 100 617 0.26 19'716
Diesel oil 73.3 0.45 3.3 196 19 0.33 97
Liquefied petroleum gas 65.5 0.67 2.3 96 8.8 NA 24
Biodiesel 73.3 0.39 2.8 168 17 0.28 83
Bioethanol 73.8 7.8 0.79 46 220 0.17 12'058

Activity data (1A2gvii)

Activity data for non-road (LA2gvii) are described in. chp. 3.2.4.5.1 (non-road transportation
model). Values are taken from FOEN (2015j). Data on biofuels are provided by the statistics
of renewable energies (SFOE 2015a). Activity data are shown in Table 3-69 and in Annex
A5.1.3. Detailed data can be downloaded from the non-road database (INFRAS 2015a).
Underlying activity data (vehicle stock, operating hours) of mobile non-road sources can also
be downloaded by query from the online non-road database (INFRAS 2015a). They can be
queried by vehicle type, fuel type, power class and emission standard either at aggregated or

disaggregated levels.

Table 3-69 Activity data for industry and construction vehicles.

1A2gvii Non-road vehicles and other |Unit 1990 1995 2000 2005 2010
machinery
Total fuel consumption TJ 5721 6'852 7'636 8'169 8'779
Gasoline TJ 196 224 227 225 220
Diesel oil TJ 5'359 6'380 7'106 7'626 8254
Liguefied petroleum gas TJ 165 248 294 290 269
Biodiesel TJ NO NO 9.2 28 36
Bioethanol TJ NO NO NO NO| 0.0047
1A2gvii Non-road vehicles and other |Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
machinery
Total fuel consumption TJ 8'843| 8'875 8'906 8'938 8'944| 8'949 8'955 8'960| 8'966 8'991
Gasoline TJ 206 198 191 184 180 177 174 171 168 167
Diesel ol TJ 8'312 8'341 8'370| 8'399 8'380 8'361 8'342 8'323| 8304, 8296
Liguefied petroleum gas TJ 252 243 235 226 215 203 192 180 168 163
Biodiesel TJ 73 91 110 128 166 205 243 282 320 360
Bioethanol TJ 0.51 0.76 1.02 1.3 2.0 2.7 3.3 4.0 4.7 5.4
3.2.8.3. Uncertainties and time-series consistency for 1A2gvii (mobile)

The uncertainty of emission estimates for source category 1A2gvii (mobile) is described in
the general uncertainty assessment of source category 1A Fuel combustion in chp. 3.2.4.7.
Uncertainties by fuel type are given in Table 3-26.

3.2.8.4.

Category-specific QA/QC and verification for 1A2gvii (mobile)

The general QA/QC procedures are described in chp. 1.5. Furthermore, QA/QC procedures

conducted for all 1A source categories are listed in chp. 3.2.4.8.

3.2.8.5.

There were no recalculations implemented in submission 2023.
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3.2.8.6. Category-specific planned improvements for 1A2gvii (mobile)

No category-specific improvements are planned.

3.2.9. Source category 1A3 — Transport

3.2.9.1. Source category description for 1A3

Table 3-70 Key categories of 1A3 Transport. Combined KCA results, level for 2021 and trend for 1990-2021,
including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2).

Code IPCC category Gas Id‘entn‘flcauon
criteria
1A3a Domestic aviation; Kerosene fossil C02 T1
1A3b Road transportation; Diesel oil CO2 L1, 71,12, T2
1A3b Road transportation; Diesel oil N20 T1
1A3b Road transportation; Gasoline COo2 L1, T1
1A3b Road transportation; Gasoline CH4 T1, T2
1A3b Road transportation; Gasoline N20 T1,T2
Table 3-71 Specification of source category 1A3 Transport.
1A3 Source category Specification
1A3a Domestic aviation LTO and Cruise;
Large (jet, turboprop) and small (piston) aircrafts,
helicopters
1A3bi Road Transportation Passenger cars
1A3bii Light duty trucks
1A3biii Heavy duty trucks and buses
1A3biv Motorcycles
1A3bv Other
1A3c Railways Diesel locomotives
1A3d Domestic navigation Passenger ships, motor and sailing boats on the Swiss
lakes and the river Rhine
1A3e Other transportation - Pipeline Compressor station in Ruswil, Lucerne
Compressors

For information on international bunker fuel emissions from international aviation and
navigation, see chp. 3.2.2.

3.2.9.2. Methodological issues for 1A3
3.2.9.2.1. Domestic aviation (1A3a)

Methodology (1A3a)

The emissions of domestic aviation are modelled by a Tier 3A method (IPCC 2006, Volume
2, chp. 3 Mobile Combustion, Table 3.6.2 and figure 3.6.2) developed by FOCA (2006) and
based on origin and destination of single movements by aircraft type according to detailed

movement statistics. LTO emissions are modelled based on the individual engine type. The

3 Energy



National Inventory Document of Switzerland 2023 138

emissions of domestic aviation are modelled together with the international aviation reported
in 1D1 (aviation bunker, see chp. 3.2.2.2.1).

FOCA is represented in the emissions technical working group (Committee on Aviation
Environmental Protection CAEP, WG3) and in the modelling and database group (CAEP
MDG) of the International Civil Aviation Organisation (ICAO). FOCA is directly involved in the
development of ICAO guidance material for the calculation of aircraft emissions and in the
update of the IPCC Guidelines (via the secretariat of ICAO CAEP). The Tier 3A method
applied for the emission modelling is in line with the methods developed in the working
groups mentioned. The modelling scheme for domestic aviation refers to aircraft basic data,
activity data and emission factors that result in calculated emissions. Respective values are
ultimately imported into the EMIS database as shown in Figure 3-23.

The Tier 3A method follows standard modelling procedures at the level of single aircraft
movements based on detailed movement statistics. The primary key for all calculations is the
aircraft tail number, which allows to calculate on the most precise level, namely on the level
of the individual aircraft and engine type. Every aircraft is linked to the FOCA engine data
base containing emission factors for more than 800 individual engine types with different
power settings. Emissions in the landing/take-off (LTO) cycle are calculated with aircraft
category dependent flight times and corresponding power settings. Cruise emissions are
calculated based on the individual aircraft type with individual engine model (since 2021) and
the trip distance for every flight. For piston-engine powered aircraft and helicopters, to the
knowledge of FOCA, it has been the only provider of publicly available engine data and a full
methodology. All piston engine data and study results have been published in 2007 (FOCA
2007a). The guidance on the determination of helicopter emissions has been published in
2009 (FOCA 2009a) and updated in 2015 (FOCA 2015a).

The movement database from Swiss airports registers the departure and destination airports
of each flight. With this information, all flights from and to Swiss airports are differentiated
into domestic and international flights prior to the emission calculation. The emissions of
domestic flights are reported under 1A3a Domestic Aviation, the emissions of international
flights are reported under 1D1 international aviation (international bunkers).

The emission factors used are either country-specific or taken from the ICAO engine
emissions databank, from EMEP/EEA guidebook (EMEP/EEA 2019), Swedish Defence
Research Agency (FOI) and Swiss FOCA measurements (precursors). Cruise emission
factors are generally calculated from the values of the ICAO engine emissions databank,
aircraft performance tables and from confidential airline data. Pollutant emission factors are
adjusted to cruise conditions by using the Boeing Fuel Flow Method 2. For N»O, the IPCC
default emission factor of 2 kg/TJ is used (IPCC 2006). For the methane split of unburnt
hydrocarbons, the 10 % methane share for the LTO, given in IPCC 2006 is used. For cruise
emissions, no methane is reported.
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Figure 3-23 Modelling scheme (activity data, emission factors, emissions) for domestic aviation.

A complete emission modelling (LTO and cruise emissions for domestic and international
flights) has been carried out by FOCA for 1990, 1995, 2000, 2002, 2004-2021. The results of
the emission modelling have been transmitted from FOCA to FOEN in an aggregated form
(FOCA 20064a, 2007-2022). FOEN calculated the implied emission factors 1990, 1995, 2000,
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2002, 2004 and carried out a linear interpolation for the years in-between. The interpolated

implied emission factors were multiplied with the annual fuel sold from Swiss overall energy
statistics (SFOE in respective years), providing the missing emissions of domestic aviation

for the years 1991-1994, 1996-1999, 2001 and 2003.

Details of emission factors and activity data follow below. Further tables containing more
information are also given in Annex A5.1.1, more detailed descriptions of the emission
modelling may be found in FOCA (2006).

Emission factors (1A3a)

Landing/take-off (LTO) cycle
The FOCA engine emissions database consists of more than 800 individual engine data

sets. Jet engine factors for engines above 26.7 kN thrust (emission certificated) are identical
to the ICAO engine emissions database. Emission factors for lower thrust engines, piston
engines and helicopters were taken from manufacturers or from own measurements.
Emission factors for turboprops could be obtained in collaboration with the Swedish Defence
Research Agency (FOI).

Cruise
The fuel flows of the whole Airbus fleet (which produces a great portion of the Swiss

inventory) have been modelled on the basis of real operational aircraft data from flight data
recorders (FDR) of Swiss International Airlines. GHG emission factors have been modelled
on the basis of the ICAO engine databank and corrected to cruise conditions using FDR
engine parameters and the Boeing Fuel Flow Method 2. For older aircraft types (pre-2003),
part of the cruise emission factors were taken from the EMEP/EEA guidebook (EMEP/EEA
2019) and from former CROSSAIR (FOCA 1991). For new aircraft type entries, the FOCA
models the cruise emission factors based on the aircraft type characteristics and the engine
models fitted to the aircraft. The model uses proprietary aircraft information as well as public
information from the ICAO engine database. For those aircraft types, which dominate the fuel
consumption in Switzerland, flight data recorder information has been used to calibrate
emission factors. The factors are updated periodically to take account of flight operational
improvements, as well. Calculation results for international aviation emissions are
periodically compared to Eurocontrol results. For piston engine aircraft and helicopters,
Swiss FOCA has produced its own data, which were taken under real flight conditions (2005
data, FOCA 2009a, FOCA 2015a).

In 2015 and 2016, the FOCA Helicopter Emissions Calculation Guidance has been updated
and implemented in the emissions calculation for the 2015 and 2016 emission inventory
(FOCA 2015a, 2016a). Since then, FOCA uses engine power specific emission factors for
most helicopters, taking into account lower power requirement per engine, if engines are
installed in a twin-engine configuration. On top of the few non-public manufacturer data
sources, FOCA introduced 80 individual helicopter engine models replacing most of the
generic engine assignments.

Gases

o COa2: the emission factor for jet kerosene is country-specific and is based on
measurements and analyses of fuel samples (see Table 3-13 and Table 3-72)
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e CHai, NMVOC (country-specific; CORINAIR): VOC emissions (see section “Precursors”
below) of jet kerosene are split into CH4 and NMVOC by a constant share of 0.1 (CHa)
and 0.9 (NMVOC) for LTO. For cruise flights, the VOC emissions do not contain CHa. The
implied emission factor for CH4 for 2021 is shown in Table 3-72.

o The N2O emission factor for jet kerosene corresponds to the default value given by the
2006 IPCC Guidelines (IPCC 2006, Table 3.6.5), see Table 3-72. It is assumed that the
emission factor for international cruise is sufficient for all kind of flight periods (LTO and
cruise) and remains constant over the entire time period 1990-2021.

Precursors (further details see Switzerland’s Informative Inventory Report (FOEN 2023b))

e Assignment of emission factors for 1990 and 1995: The fleet that operated in and from
Switzerland during those years has been analysed. The corresponding most frequent
engines within an aircraft category (ICAO Code) have been assigned to every aircraft

type.

e Assignment of emission factors for the year 2000, 2002 and 2004 to 2021: the actual
engine of every single aircraft operating in and from Switzerland has been assigned.
FOCA uses the aircraft tail number as the key variable which links activity data and
individual aircraft engine information (see Annex A5.1.1 Table A — 9 Aircraft Engine
Combinations).

FOCA determines the emission factors of different gases as given in Table 3-72.

Table 3-72 Implied emission factors of 1A3a in 2021. Emission factors that are highlighted in green are described
in chp. 3.2.4.4.

1A3a/1D1 Civil aviation CO, fossil CO, CH, N,O NOy NMVOC SO, co
biogenic

kg/TJ

1A3a Domestic aviation
1A3a Domestic aviation, LTO,

Kerosene fossil 72'800 NA 19 2.0 208 175 18 5'254
1A3a Domestic aviation, CR,
Kerosene fossil 72'800 NA NA 2.0 252 85 22 832

1D1 International aviation (not part of
national total)
1D1 International aviation, LTO,

Kerosene fossil 72'800 NA 2.9 2.0 332 26 23 280
1D1 International aviation, LTO,

Kerosene biogenic NA 72'800 2.5 2.0 358 23 23 258
1D1 International aviation, CR,

Kerosene fossil 72'800 NA NA 2.0 427 4.2 23 47
1D1 International aviation, CR,

Kerosene biogenic NA 72'800 NA 2.0 454 3.7 23 41

Activity data (1A3a)

The statistical basis has been extended after 1996. Therefore, the modelling details are not
exactly the same for the years 1990/1995 as for the subsequent years. The source for the
1990 and 1995 modelling are the movement statistics, which record information for every
movement on airline, number of seats, Swiss airport, arrival/departure, origin/destination,
number of passengers, distance. From 1996 onwards, every movement in the FOCA
statistics also contains the individual aircraft tail number (aircraft registration). This is the key
variable to connect airport data and aircraft data. The FOCA activity data contain both,
instrument flight rules (IFR) traffic and visual flight rules (VFR) traffic. As visual flight rules
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traffic dominates the domestic flight activity, a complete inclusion of visual flight rules traffic is
important. The statistics may contain more than one million records with individual tail
numbers. All annual aircraft movements recorded are split into domestic and international
flights. There are 191’219 aircraft movements in the total of scheduled and charter traffic in
2021 (FSO 2022j). The number of aircraft movements in 2020 and 2021 was clearly lower
than usual due to the COVID-19 pandemic (e.g. 2019: 469’667, 2020: 166’758 movements),
which also leads to a strong reduction of fuel consumption from civil aviation (see Table
3-73).

Handling of small aircraft and helicopters

¢ Airports and most of the airfields report individual aircraft data (aircraft registration).
FOCA may therefore compute the inventory for small aircraft with a Tier 3A method, too.
However, for 1990 and 1995, the emissions data for non-scheduled, non-charter and
General Aviation (helicopters etc.) could not be calculated with a Tier 3A method. Its fuel
consumption is estimated to be 10 % of the domestic fuel consumption. Data were taken
from two FOCA studies (FOCA 1991, FOCA 1991a). For 2000-2007, all movements from
airfields are known, which allows a more detailed modelling of the emissions (FOCA
2007a).

e Helicopter flights which do not take off from an official airport or airfield such as transport
flights, flights for lumbering, animal transports, supply of alpine huts, heli-skiing and flight
trainings in alpine regions cannot be recorded with the movement data base from airports
and airfields. These emissions are taken into account using the statistics of the Swiss
Helicopter Association (Unternehmensstatistik der Schweizer Helikopterunternehmen).
These statistics are officially collected by FOCA and updated annually (see FOCA 2004
as illustrative example for all subsequent years). In this case, emissions are calculated
based on operating hours of the helicopters, with emission factors taken from the
helicopter study (see FOCA 2015a).

e Since 2007, the data of these helicopter statistics are included electronically in the data
warehouse of the model and undergo first some plausibility checks (E-plaus software). In
order to distinguish between single engine helicopters and twin-engine helicopters a fix
split of 87 % for single engine helicopters and 13 % for twin engine helicopters has been
applied for the entire commitment period until 2014 based on investigations in 2004
(FOCA 2004). Since 2015, the statistics allows to assign the individual helicopters to the
helicopter companies. All emissions from helicopter flights without using an official airport
or an official airfield are considered domestic emissions.

Fuel consumption
Table 3-73 summarises the activity data for 1A3a Civil aviation. It also includes international

aviation, which belongs to the memo items, international bunkers/aviation (1D1, see also
chp. 3.2.2). In order to split the fuel consumption for domestic and international flights, the
FOCA calculates the fuel for each domestic and international flight bottom-up. A first
validation of this calculation can be done top down for the sum of all flights: The total annual
aviation fuel sold known from robust energy statistics in a country should correspond very
closely (within a few percent) to the modelled total fuel consumption of domestic and
international flights together. In 2021 and 2020, in contrast to the years before, the modelled
total fuel consumption in Switzerland was clearly higher than the fuel sold value (2021:

9.8 %), so the model showed a clear overestimation. For domestic aviation, the statistical
data did not show systematic changes, which could have caused differences to the modelling
of pre 2020 years. However, for international aviation, which is dominated by large and
scheduled aircraft in Switzerland, FOCA investigation revealed a much lower load factor in
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2020 and 2021 due to the COVID-19 pandemic. The model fully accounts for the individual
aircraft flying but calculates the fuel burn of normally loaded aircraft. In fact, many aircraft
were flying lighter than usual, thus burning less fuel than usual on a given distance, which
explains the 9.8 % difference observed in 2021. A small additional effect reported by a Swiss
carrier were more direct routes in Europe due to the low traffic volume, especially in 2020. A
cross comparison for the modelled difference for international aviation was done with
Eurocontrol calculations for Switzerland’s international flights, where the same phenomenon
(overestimation by the model) was observed by Eurocontrol. For domestic flights, FOCA
takes every movement including the smallest aircraft into account and applies conservative
emission factors. An indication of this is the fact that Eurocontrol calculations for
Switzerland’s domestic flight fuel consumption is usually only around half the value reported
by Switzerland. In summary, Switzerland reports the domestic fuel consumption according to
the modelled value, whereas the international fuel consumption (bunker) is scaled
downwards so that the sum of domestic and international fuel consumption becomes
identical with the fuel sold, as reported in the Swiss overall energy statistics.

Since 2021, sustainable aviation fuels (SAF) are reported from Zurich airport and attributed
to international flights. The amount is very small compared to the amount of fossil jet fuel.

Table 3-73 Fuel consumption of civil aviation in TJ separated for domestic/international and LTO/cruise. Domestic
consumption and the corresponding emissions are reported under 1A3a, international consumption is reported
under Memo items, international bunkers. Sustainable aviation fuels (SAF) are referred to as kerosene biogenic.
(FOCA 2007, 2007a, 2008-2022).

1A3a/1D1 Civil aviation 1990] 1995] 2000] 2005] 2010
Fuel consumption in TJ
1A3a Domestic aviation 3'450 3'075 2'5641 1'702 1'694

1A3a Domestic aviation, LTO,
Kerosene fossil
1A3a Domestic aviation, CR,
Kerosene fossil

1D1 International aviation (not part of

1'050 935 773 518 464

2'401| 2'139| 1'768| 1'184| 1'230

national total) 41'884| 49'918| 63'726| 47'775| 58'334
1D1 International aviation, LTO,
Kerosene fossil 4'277| 5'097| 6'507| 4'878| 5'643
1D1 International aviation, LTO,
Kerosene biogenic NO NO NO NO NO
1D1 International aviation, CR,
Kerosene fossil 37'608| 44'821| 57'219| 42'896| 52'691
1D1 International aviation, CR,
Kerosene bhiogenic NO NO NO NO NO
Total 1A3a/1D1 Civil aviation 45'334| 52'993| 66'267| 49'477| 60'028
1990 = 100% 100%| 117%| 146%| 109%| 132%
1A3a/1D1 Civil aviation 2012] 2013] 2014] 2015] 2016] 2017] 2018] 2019] 2020] 2021
Fuel consumption in TJ
1A3a Domestic aviation 1'875 1'817 1'921 1'887 1'932 1'641 1'579 1'571 1'056 811

1A3a Domestic aviation, LTO,
Kerosene fossil
1A3a Domestic aviation, CR,
Kerosene fossil

1D1 International aviation (not part of

504 494 525 387 421 384 346 321 170 183

1'371| 1'323] 1'396| 1500| 1511 1257 1'234] 1250 886 628

national total) 63'903| 64'709| 65'006| 67'333| 70'603| 72'824| 77'214| 78'196| 28'194| 31'872
1D1 International aviation, LTO, 6'226| 6'208| 6'142| 6'459| 6'529| 6'728| 6'953| 6'963| 2'395| 2'718
1D1 International aviation, LTO,

Kerosene biogenic NO NO NO NO NO NO NO NO NO 2.0
1D1 International aviation, CR,
Kerosene fossil 57'677| 58501| 58'864| 60'874| 64'073| 66'096| 70'261| 71'233| 25'799| 29'129
1D1 International aviation, CR,
Kerosene biogenic NO NO NO NO NO NO NO NO NO 24
Total Civil aviation 65'778| 66'526| 66'927| 69'220| 72'534| 74'465| 78'793| 79'767| 29'250| 32'683
1990 = 100% 145%| 147%| 148%| 153%| 160%| 164%| 174% 176% 65% 72%
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3.2.9.2.2. Road transportation (1A3b)

Methodology (1A3b)
Choice of method

e The CO; emissions are calculated by a Tier 2 method based on the decision tree Fig.
3.2.2 in chp. 3. Mobile Combustion in IPCC (2006).

e The CH4 and the N>O emissions are calculated by a Tier 3 method based on the decision
tree Fig. 3.2.3 in chp. 3. Mobile Combustion in IPCC (2006).

e The use of urea in urea-based catalysts is reported in chp. 4.5.2.2 under Urea use in
SCR catalysts of diesel engines (2D3d) as recommended in the reporting table’s
footnotes.

¢ CO; emissions from the use of lubricants as an additive in 2-stroke motorcycles are
reported in chp. 4.5.2.1 under 2D1 Non-energy products from fuels and solvent use /
lubricant use. Non-CO; emissions are reported under 1A3biv.

Connections between road model, non-road model and Swiss overall energy statistics
For the source categories related to transport, INFRAS developed a territorial emission

model for 1A3b Road transportation and a model for non-road vehicles and machinery
(mobile sources categories 1A2gvii, 1A3c, 1A3d, 1Adaii, 1A4bii, 1A4cii, 1A5b excl. military
aviation). The general method of the road transportation model is described in the following
paragraphs and Annex A5.1.2 (INFRAS 2017c, INFRAS 2019a, Matzer et al. 2019, Notter et
al. 2022).

Due to fluctuating fuel price differences in the vicinity of the national borders, gas stations sell
varying amounts of fuels to foreign car owners. This amount of fuel is referred to as “fuel
tourism”. Fuel tourism is not captured by the territorial road transportation model.

The Swiss overall energy statistics (SFOE 2022) provide information on the total amount of
fuel sold, i.e. the sum of territorial consumption and fuel tourism. From the amount of fuel
sold, the consumption modelled by the territorial road and non-road models —i.e. fuel used —
is subtracted. The resulting difference represents the amount of fuel tourism plus statistical
differences. The amount of fuel tourism is regularly estimated in ex-post analyses, latest
update by SFOE (2022¢). The results for fuel tourism clearly show that the difference
between fuels sales and fuels determined by the traffic model tend to overestimate the “true”
fuel tourism. It is concluded that the difference also contains potential underestimation of the
mileage and other statistical biases. Therefore, the difference between fuel sold and fuel
used in the traffic model is indicated in the NID as “fuel tourism and statistical differences”.
The value for fuel tourism can be negative (in case of net fuel imports — e.g. the case for
diesel oil in the years 2015-2021since it was cheaper in the neighbouring countries) or
positive (in case of net fuel exports — the case for gasoline in most years, since it is cheaper
in Switzerland). It is assumed that no fuel tourism takes place with non-road vehicles and
therefore the fuel tourism and the statistical difference is attributed to 1A3b Road
transportation for gasoline, diesel oil, natural gas, bioethanol and biodiesel (see Figure 3-9,
Figure 3-16 and Figure 3-19). The statistical difference for biogas is attributed to 1A4ai Other
sectors (stationary) — commercial/institutional (see Figure 3-18) and the one from liquefied
petroleum gas to 1A2gvii Other (boilers) (see Figure 3-13). In the reporting tables, activity
data and emissions from fuel tourism and statistical difference are reported in the most
appropriate categories. In submission 2023, the CRF reporter produced an error due to
negative values in some source categories for some years for CH4. The negative values
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occurred because of the way the fuel tourism and statistical difference was integrated in the
reporting tables (CRF Tablel.A(a)s3). Therefore, the distribution of fuel tourism amongst the
source categories 1A3bi, 1A3bii and 1A3biii had to be changed. The new distribution is not
intuitive for diesel oil and gaseous fuels, but there is currently no other solution which does
not lead to an error from the CRF reporter. The distribution of fuel tourism and statistical
differences does not affect total fuels sold and has no effect on the total emissions reported.
The distribution is conducted as follows:

e Emissions from gasoline: fuel tourism and statistical difference is proportionally
distributed amongst source categories 1A3bi, 1A3bii and 1A3biii according to annual
consumption data within these categories.

e Emissions from diesel oil: fuel tourism and statistical difference is distributed amongst
source categories 1A3bi and 1A3biii. The distribution is conducted in proportion to annual
consumption data within these two source categories, but due to negative CH4 emission
values, 25 % of the fuel tourism had to be reallocated from source category 1A3biii to
category 1A3bi for all years.

¢ Emissions from gaseous fuels: fuel tourism and statistical difference is completely
allocated to source category 1A3biii.

¢ Emissions from biomass: fuel tourism and statistical difference is proportionally
distributed amongst source categories 1A3bi, 1A3bii and 1A3biii according to annual
consumption data within these categories.

Figure 3-24 shows how the models and the Swiss overall energy statistics are linked to
determine the GHG emissions from road and non-road transportation:

e CO, emissions are calculated by using fuel sales and country-specific CO, emission
factors.

e CHjand N2O emissions are calculated in three steps (the same procedure also applies to
precursor gases):

e From fuel used and country-specific CH4 and N20O emission factors, the territorial
emissions are calculated.

e The differences between fuels sold and fuels used (territorial) are interpreted as fuel
tourism and statistical differences. These amounts of gasoline and diesel oil are
multiplied with implied CH4 and N20O emission factors, which are deduced from the
territorial road transportation model (including weighted averages over all vehicle
categories), to form the CH4 and N20 emissions resulting from fuel tourism and
statistical differences.

e The sum of CH4 and N20O emissions from the territorial model and CH4 and N20
from fuel tourism and statistical differences represents the total CH4 and N20
emissions as reported in 1A3b Road transportation.
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Data sources Fuel (AD) Emission Emissions
factors (EF)

: o EF(CO2)
Swiss overall energy statistics Fuel sold
SFOE (20x0) SFOE/FOEN (2014) » CO,
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Figure 3-24 Connections between fuel sold and fuel used for road and non-road transportation. Fuel sold is
provided by the Swiss overall energy statistics (minus Liechtenstein’s gasoline and diesel oil consumption and
bunker fuels for navigation). Fuel used results from the territorial road and non-road models. The residual fuel
consists of fuel tourism and statistical differences. Its emissions are calculated by means of implied emission
factors deduced from the territorial road model. The diagram holds separately for gasoline and diesel oil. SFOE
(20xx) stands for the latest Swiss overall energy statistics.

Methodology of the territorial road transportation model
The emission computation is based on two sets of data:

¢ Emission factors: specific emissions in grams per activity data unit.

¢ Traffic activity data:
e vehicle kilometres travelled (hot emissions, evaporative losses during operation)
o number of starts/stops

¢ vehicle stock (cold start, evaporative losses from gasoline passenger cars, light duty
vehicles and motorcycles)

¢ fuel consumption per vehicle category

Emissions are calculated as follows:

e Hot emissions: Enot = VKT - EFyot
e Cold start excess emissions: Estart = Nstart " EFstart

e Evaporation soak and diurnal VOC emissions: Eeyap,i = Nevap,i * EFevap,i»

e Evaporation running VOC losses: Eevap-rL = VKT * EFgyap_pL

with

o  EFnot, EFstart, EFevap,i, EFevap-rL : Emission factors for ordinary driving conditions (hot
engine), cold start excess emissions, and evaporative (VOC) emissions (after stops,
diurnal losses, and running losses)

e VKT: Vehicle km travelled
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e  Nstart: Number of starts

e Nevapii Number of stops, or number of vehicles. i runs over two evaporation categories:
a) evaporation soak emissions, i.e. emissions after stopping when the engine is still hot;
and
b) evaporation diurnal emissions, i.e. emissions due to daily air temperature differences.
For a) the corresponding activity is the number of stops, for b) it is the number of
vehicles.

Emission factors are differentiated for all fuel types: Gasoline (4-stroke), gasoline (2-stroke),
diesel olil, liquefied petroleum gas bioethanol, biodiesel, gas (CNG), biogas. In terms of
vehicle categories, the emission factors are weighted according to the fleet composition in
Switzerland (within HBEFA).

CO. emissions from lubricant use in 2-stroke engines are calculated from the gasoline
consumption of 2-stroke motorcycles, assuming a lubricant content of 2 % in the gasoline.
Note that the road transportation model distinguishes 2-stroke (including 2 % lubricant) and
4-stroke gasoline (without lubricant). It is assumed that the whole amount of lubricant is
being oxidised. The resulting CO; emissions are reported in source category 2D1 Lubricant
use. In contrast, CH4 and N>O emissions from lubricant use are reported in source category
1A3biv, since the emission factors are deduced from measurements on motorcycles
including 2-stroke engines.

Cold start excess emissions for N.O were originally not accounted for in the model
described. During the in-country review in 2016, the ERT identified a potential
underestimation. Switzerland therefore estimated N»O cold start excess emissions for
passenger cars and light duty vehicles by means of emission factors from the EMEP/EEA
guidebook, as recommended by the ERT. The corresponding emission factors per Euro
class are documented in the EMEP/EEA guidebook on p. 72 ff. (EMEP/EEA 2019).

Emission factors (1A3b)
CO;

e The country-specific CO, emission factors are described in chp. 3.2.4.4.2. Values are
shown in Table 3-13 (gasoline, diesel oil, biofuels) and in Table 3-14 (natural gas,
biogas). The values in 2021 are also shown in Table 3-74.

e The same emission factors are also applied for the calculation of the emissions resulting
from fuel tourism and statistical differences.

e Emission factors for 2-stroke gasoline: For the gasoline part of the fuel, the CO, emission
factor for gasoline according to Table 3-13 is applied. For the lubricant part of the fuel,
the IPCC default CO, emission factor for lubricants is applied (see Table 4-38, IPCC
2006). The resulting emissions from the gasoline part are reported under 1A3biv, the
emissions from the lubricant part, however, under source category 2D1 Lubricant use
(see chp. 4.5.2.1).

CH4

e Country-specific emission factors are applied. For details including data sources see
below (“Country-specific emission factors”). Emission factors are applied based on
HBEFA 4.2 (INFRAS 2022).
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e CH4 emissions from fuel tourism and statistical difference: From the territorial model,
implied emission factors for CH,4 are derived per fuel type corresponding to mean
emission factors for Switzerland including all vehicle categories (see Figure 3-24). These
factors are then applied to calculate the emissions resulting from fuel tourism. This
approach has been verified by comparing implied emission factors with the neighbouring
countries (see chp. 3.2.9.4).

o For biofuels, no country-specific emission factors for CH, are available. Therefore, the
same emission factors as for fossil fuels have been used (e.g. emission factor for
gasoline was used for bioethanol, and emission factor for diesel oil for biodiesel).

N20

¢ N0 emissions from territorial traffic under hot operating condition: Country-specific
emission factors are used, details see below (INFRAS 2022).

e Cold start N.O emission factors for gasoline, diesel oil, natural gas and liquefied
petroleum gas vehicles are based on the EMEP/EEA guidebook (EMEP/EEA 2019) (see
Annex A5.1.2 for details).

¢ N0 emissions from fuel tourism and statistical difference: The same approach as for
CHa is applied (see paragraph above) by means of mean emission factors (country-
specific).

¢ For biofuels no country-specific emission factors for N2O are available. Therefore, the
same emission factors as for fossil fuels have been used (e.g. emission factor for
gasoline was used for bioethanol, and emission factor for diesel oil for biodiesel).

Country-specific emission factors
Emission factors for gases other than CO. are derived from “emission functions” which are

determined from a compilation of measurements from various European countries with
programmes using similar driving cycles (legislative as well as standardized real-world
cycles, like “Common Artemis Driving Cycle” (CADC)). The method was developed in 1990—
1995 and has been extended and updated in 2000, 2004, 2010, 2017,2019 and latest 2022.
These emission factors are compiled in the “Handbook of Emission Factors for Road
Transport” (HBEFA, see INFRAS 2022). The latest version 4.2 is presented on the website
(http://www.hbefa.net/) and documented in Notter et al. 2022. Further descriptions can also
be found in the former publication INFRAS (2017c), INFRAS (2019a) and Matzer et al.
(2019). The emission factors are differentiated by so-called “traffic situations”, which
represent characteristic patterns of driving behaviour determined by road type, speed limit,
area type (rural/urban), traffic density, and road gradient. They serve as a key to the
disaggregation of the activity data. The underlying database contains dynamic fleet
compositions simulating the release of new exhaust technologies and the fading out of old
technologies. Further details are shown in Annex A5.1.2.

Implied emission factors for GHG and precursors
The following Table 3-74 presents mean emission factors for GHG and precursors in 2021 in

kg per TJ fuel consumption. More or less pronounced decreases of the emission factors
have occurred in the last years due to new emission regulations and subsequent new
exhaust technologies (optimized combustion, use of catalytic converters, particle filters, lower
limits for sulphur content in diesel fuels). Early models of catalytic converters represented
substantial sources of N2O, leading to an emission increase of this gas until 1998. More
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recent converter technologies have overcome this problem resulting in a decrease of the
(mean) emission factor.
Table 3-74 Implied emission factors in 2021 for road transportation. For more details see Annex A5.1.2. The
implied emission factors in the reporting tables (CRF) are slightly different because of the distribution of fuel
tourism and statistical differences in the reporting tables (see chapter 3.2.9.2.2).
1A3b Road Transportation Gasoline| CO, | CH, | N,O | NOy | NMVOC| SO, | CO
/ Bioethanol kg/TJ
1A3bi  Passenger cars 73'800 3.8 0.63 32 46 0.26 545
1A3bii  Light duty vehicles 73'800 10 2.3 86 121 0.26 2535
1A3biii Heavy duty vehicles 73'800 19 0.81 781 552 0.26 666
1A3biv Motorcycles 73'800 55 1.2 73 248 0.26 1911
1A3bv Other, gasoline evaporation NO NO NO NO 24 NO NO
1A3bi-iii Fuel tourism and

statistical differences 73'800 5.9 0.68 35 80 0.26 627
1A3b Road Transportation CO, CH, N,O NOy NMVOC SO, CO
Diesel oil / Biodiesel kg/TJ
1A3bi  Passenger cars 73'300 4.0 3.7 239 3.7 0.33 46
1A3bii  Light duty vehicles 73'300 1.6 2.5 281 1.7 0.33 47
1A3biii Heavy duty vehicles 73'300 0.06 3.9 137 2.6 0.33 55
1A3biv Motorcycles NO NO NO NO NO NO NO
1A3bv Other, gasoline evaporation NO NO NO NO NO NO NO
1A3Dbi-iii Fuel tourism and

statistical differences 73'300 2.4 3.5 210 3.0 0.33 48
1A3b Road Transportation CcO, CH, N,O NOy NMVOC SO, CcO
Natural gas / Biogas kg/TJ
1A3bi  Passenger cars 55'900 15 4.5 27 13 NA 167
1A3bii  Light duty vehicles 55'900 7.1 14 14 0.62 NA 1283
1A3biii  Heavy duty vehicles 55'900 25 NE 207 2.2 NA 64
1A3biv Motorcycles NO NO NO NO NO NO NO
1A3bv Other, gasoline evaporation NO NO NO NO NO NO NO
1A3bi-iii Fuel tourism and

statistical differences 55'900 19 3.5 103 1.6 NA 232
1A3b Road Transportation CO, CH, N,O NOy NMVOC SO, Cco
Liquefied petroleum gas kg/TJ
1A3bi  Passenger cars 65'500 1.1 1.2 24 1.8 NA 327
1A3bii Light duty vehicles NO NO NO NO NO NO NO
1A3biii Heavy duty vehicles NO NO NO NO NO NO NO
1A3biv Motorcycles NO NO NO NO NO NO NO
1A3bv Other, gasoline evaporation NO NO NO NO NO NO NO
1A3Dbi-iii Fuel tourism and

statistical differences NO NO NO NO NO NO NO

Activity data (1A3b)

Energy-related activity data (basis for modelling the CO, emissions)
The Swiss overall energy statistics (SFOE 2022) provides the amount of liquid fuels

(gasoline, diesel oil) and gaseous fuels (CNG) sold in Switzerland for road transportation.
From the amount of liquid fuels sold, Liechtenstein’s sales, Switzerland’s non-road
consumption, bunker fuel emissions and fugitive emissions from transmission, storage and

fuelling of gasoline (reported under 1B2av Distribution of oil products) are subtracted.
Amounts of liquefied petroleum gas used for road transportation are very small and not
provided in the Swiss overall energy statistics. Therefore, the liquefied petroleum gas
consumption for road transportation is entirely based on the road transportation model.

The consumption of biofuels is based on the Swiss overall energy statistics (SFOE 2022),
the Swiss renewable energy statistics (SFOE 2022a) and the Federal Office for Customs and
Border Security (FOCBS 2022). The NCV of biogas is assumed to be equal to the NCV of
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natural gas since the raw biogas is treated to reach the same quality level including its
energetic properties as natural gas (see NCV time series for natural gas and biogas in Table
3-11).

Table 3-75 shows the split of fuel sales into territorial road transportation model, the territorial
non-road transportation model and fuel tourism including statistical differences.

e The relevant numbers for 1A3b Road transportation are given as two different
contributions in the rows “on road fuel consumption (model)” and “fuel tourism and
statistical differences”.

¢ Consumption of biofuels for road transportation (biodiesel, bioethanol and biogas) starts
in Switzerland in 1997.
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Table 3-75 Split of fuel sales between territorial “on-road consumption (model)”, “non-road consumption (models)”
and “fuel tourism and statistical differences” (residual value to sold amounts) for gasoline, diesel oil, natural gas
(CNG), liquefied petroleum gas, and biofuels (vegetable/waste oil is included in the numbers of Biodiesel) in PJ.
Numbers may not add to totals due to rounding.

Activity data for Source category 1990] 1995  2000]  2005] 2010
on-road and non-road categories PJ
Gasoline
on-road consumption (model) 1A3b 137 135 147 136 120
fuel tourism and statistical differences 1A3b 16 14 19 13 12
non-road consumption (models) 1A2gvii; 1A3dii;
1Ad4aii,bii,cii; 1A5b 2.4 2.4 2.3 2.1 1.9
Gasoline sold in Switzerland 156 151 168 152 134
Diesel oil
on-road consumption (model) 1A3b 38 41 47 60 81
fuel tourism and statistical differences 1A3b -2.0 -6.0 -5.8 -1.9 1.5
non-road consumption (models) 1A2gvii; 1A3c,dii;
1A4cii; 1A5b 11 12 14 14 15
Diesel oil sold in Switzerland 47 48 55 73 98
Natural gas
on-road consumption (model) 1A3b NO NO NO 0.052 0.54
fuel tourism and statistical differences 1A3b NO NO NO 0.038 0.17
non-road consumption (models) NO NO NO NO NO
Natural gas sold in on- and non-road
categories in Switzerland NO NO NO 0.090 0.71
Liquefied petroleum gas (LPG)
on-road consumption (model) 1A3b NO NO NO NO NO
non-road consumption (models) 1A2gvii 0.17 0.25 0.29 0.29 0.27
Liquefied petroleum gas sold in on- and
non-road categories in Switzerland 017 0.25 0.29 0.29 0.27
Biodiesel
on-road consumption (model) 1A3b NO NO 0.042 0.18 0.30
non-road consumption (models) 1A2gvii; 1A3c,dii;
1A4cii; 1A5b NO NO 0.017 0.050 0.064
Biodiesel sold in Switzerland NO NO 0.060 0.23 0.37
Bioethanol
on-road consumption (model) 1A3b NO NO NO 0.019 0.055
non-road consumption (models) 1A2gvii; 1A3dii;
1A4bii; cii; 1A5b NO NO NO NO| 0.000037
Bioethanol sold in Switzerland NO NO NO 0.019 0.055
Biogas
on-road consumption (model) 1A3b NO NO NO 0.030 0.13
non-road consumption (models) NO NO NO NO NO
Biogas sold in Switzerland NO NO NO 0.030 0.13
Activity data for Source category 2012]  2013]  2014]  2015]  2016]  2017]  2018]  2019]  2020] 2021
on-road and non-road categories PJ
Gasoline
on-road consumption (model) 1A3b 111 106 102 97 94 91 89 87 77 79
fuel tourism and statistical differences 1A3b 11 11 10 6.5 7.0 6.1 6.7 7.7 6.8 6.5
non-road consumption (models) 1A2gvii; 1A3dii;
1Ad4aii,bii,cii; 1A5b 1.8 1.8 1.7 1.7 1.7 1.6 1.6 1.6 1.6 1.6
Gasoline sold in Switzerland 124 119 114 106 102 99 98 97 86 88
Diesel oil
on-road consumption (model) 1A3b 90 96 100 103 106 107 106 107 98 102
fuel tourism and statistical differences 1A3b 1.50 1.2 0.0 -5.1 -7.0 -7.6 -5.5 -6.3 -3.5 -6.0
non-road consumption (models) 1A2gvii; 1A3c,dii;
1A4cii; 1A5b 15 15 15 15 15 15 15 15 15 15
Diesel oil sold in Switzerland 107 111 114 113 114 114 115 115 109 110
Natural gas
on-road consumption (model) 1A3b 0.39 0.39 0.40 0.39 0.41 0.39 0.41 0.40 0.34 0.37
fuel tourism and statistical differences 1A3b 0.29 0.31 0.27 0.24 0.19 0.18 0.18 0.18 0.18 0.17
non-road consumption (models) NO NO NO NO NO NO NO NO NO NO
Natural gas sold in on- and non-road
categories in Switzerland 0.68 0.70 0.67 0.63 0.60 0.57 0.59 0.58 0.52 0.54
Liquefied petroleum gas (LPG)
on-road consumption (model) 1A3b 0.015 0.015 0.015 0.018 0.020 0.021 0.020 0.019 0.021 0.021
non-road consumption (models) 1A2gvii 0.25 0.24 0.23 0.23 0.21 0.20 0.19 0.18 0.17 0.16
Liquefied petroleum gas sold in on- and
non-road categories in Switzerland 0.27 0.26 0.25 0.24 0.23 0.22 0.21 0.20 0.19 0.18
Biodiesel
on-road consumption (model) 1A3b 0.29 0.23 0.50 1.2 25 4.2 5.9 6.0 5.4 4.2
non-road consumption (models) 1A2gvii; 1A3c,dii;
1A4cii; 1A5b 0.13 0.16 0.19 0.23 0.29 0.36 0.43 0.49 0.56 0.63
Biodiesel sold in Switzerland 0.42 0.39 0.70 15 2.8 4.5 6.3 6.4 5.9 4.8
Bioethanol
on-road consumption (model) 1A3b 0.093 0.078 0.162 0.58 0.79 0.97 1.2 13 13 1.7
non-road consumption (models) 1A2gvii; 1A3dii;
1A4bii; cii; 1A5b 0.0043| 0.0065| 0.0086 0.011 0.017 0.023 0.029 0.035 0.041 0.046
Bioethanol sold in Switzerland 0.097 0.08 0.170 0.59 0.80 1.00 1.2 1.4 1.3 1.7
Biogas
on-road consumption (model) 1A3b 0.10 0.12 0.11 0.12 0.12 0.13 0.12 0.12 0.13 0.13
non-road consumption (models) NO NO NO NO NO NO NO NO NO NO
Biogas sold in Switzerland 0.10 0.12 0.11 0.12 0.12 0.13 0.12 0.12 0.13 0.13
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Mileage-related activity data (basis for modelling of the non-CO; emissions by means of a
traffic model)
The activity data are derived from different data sources:

¢ Vehicle stock: The federal vehicle registration database IVZ (run by the Federal Roads
Office FEDRO) contains vehicle stock data including all parameters needed for the
emission modelling (vehicle category, engine capacity, fuel type, total weight, vehicle age
and exhaust technology). The data are not public, but the overall vehicle stock numbers
are published by the Federal Statistical Office (FSO 2022¢). With the help of a fleet
turnover model, the vehicle categories are assigned emission standards based on age
and thereby split up into “sub-segments”, which are used to link with the specific emission
factors of the same categorisation (vehicle category, size class, fuel type, emission
standard [“Euro classes”]).

e The specific mileage per vehicle category is an input from the Federal Statistical Office
(FSO 2022¢, 2022f). It is based on periodical surveys/Mikrozensus (ARE 2002,
ARE/SFSO 2005, 2012, 2017). By means of the vehicle stock data (see paragraph
above), the specific mileage per vehicle category can be derived (FSO 2022e, SFOE
2022e, INFRAS 2017).

¢ Numbers of starts/stops: Derived from vehicle stock and periodical surveys/Mikrozensus
(ARE/SFSO 2005, 2012, 2017).

The total mileage of each vehicle category is differentiated by “traffic situations”
(characteristic patterns of driving behaviour) and gradients, which serve as a key to select
the appropriate emission factors, which are also available per traffic situation and gradient.
The relative shares of the traffic situations and gradients are derived from a national road
traffic model (operated by the Federal Office of Spatial Development, see ARE 2016). The
traffic model is based on an origin-destination matrix that is assigned to a network of about
20’000 road segments. The model is calibrated partly bottom-up and partly top-down:
bottom-up by a number of traffic counts from the national traffic-counter network, and top-
down by the total of the mileage per vehicle category. The assignment of traffic situations
and gradients to the modelled mileage is described in INFRAS (2017). The traffic model in
combination with consumption factors (per vehicle category, size class, fuel type, emissions
standard and per traffic situation) allows to calculate the territorial road traffic consumption of
gasoline and diesel oil.

Table 3-76 shows the time series of the mileage per vehicle category. The total mileage has
constantly been increasing since 1995. This trend was halted in 2020 and 2021, as total
mileages decreased compared to the years before due to the restrictions related to the
COVID-19 pandemic. In 2021 total mileages increased again compared to 2020, but were
still lower than before 2020. The major part of vehicle kilometres was driven by passenger
cars over the whole period. In the same period, on-road fuel consumption increased less
strongly, indicating improved fuel efficiency. This effect is also reflected in Table 3-77 that
shows the specific fuel consumption per vehicle-km. Average consumption and the specific
consumption for most of the vehicle categories have decreased in the period 1990-2021.
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Table 3-76 Mileages in millions of vehicle kilometres. PC: passenger cars, LDV: light duty vehicles, HDV: heavy
duty vehicles).

Veh. category 1990/  1995|  2000] 2005 2010
million vehicle-km
PC 42'649| 41'324| 45%613| 48040 52'066
LDV 2600 2'746] 2'957| 3228 3502
HDV 1992| 2107| 2273] 2120 2226
Coaches 108 110 99 106 118
Urban Bus 174 192 200 229 244
2-Wheelers 2025 1'563] 1700| 1785 1'852
Sum 49'548| 48'043| 52'841| 55'507| 60'009
(1990=100%) 100%|  97%| 107%| 112%| 121%
Veh. category 2012]  2013| 2014| 2015 2016 2017 2018] 2019 2020 2021
million vehicle-km
PC 53721| 54'695| 55'641] 56'620| 57'737| 58735 59'344| 59'833| 52'840| 56'057
LDV 3776]  3874| 3998 4'129| 4269 4'392| 4'530| 4'668 4'809|  4'809
HDV 2229| 2243 2236 2235 2235 2242 2238 2226 2203| 2248
Coaches 124 125 128 131 134 136 139 142 131 135
Urban Bus 254 262 267 272 281 280 291 300 295 300
2-Wheelers 1'899]  1'904] 1'920| 1'937| 1'976] 2'008|  2'046]  2'068] 21152 21152
Sum 62'004| 63102 64'188| 65'324| 66'631| 67'793| 68588 69237 62430 65701
(1990=100%) 125%| 127%| 130%| 132%| 134% 137%| 138%| 140%  126%|  133%

Table 3-77 Specific fuel consumption of road transport, excluding fuel tourism and statistical differences. Numbers
include additional fuel consumption by cold starts.

Veh. Category |Fuel 1990|  1995]  2000]  2005] 2010
MJ / veh-km
PC Gasoline 3.15 3.23 3.29 3.21 3.07
Diesel oil 3.34 3.16 3.05 2.75 2.72
Liquefied petroleum gas NO NO NO NO NO
CNG NO NO NO NO 2.04
LDV Gasoline 3.85 3.75 3.65 3.62 3.54
Diesel oil 4.54 451 4.33 3.98 3.77
CNG NO NO NO NO 2.40
HDV Gasoline NO NO NO NO NO
Diesel oil 11.3 11.6 11.6 12.2 11.9
CNG NO NO NO 10.5 13.2
Coach Diesel oil 12.7 12.6 12.3 12.0 11.5
Urban Bus Gasoline NO NO NO NO NO
Diesel oil 16.3 16.7 16.8 16.8 16.2
CNG NO NO NO NO 16.7
2-Wheeler Diesel oil 1.49 1.66 1.48 1.59 1.52
Average 3.53 3.66 3.68 3.55 3.37
(1990=100%) 100% 104% 104% 101% 96%
Veh. Category [Fuel 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
MJ / veh-km
PC Gasoline 2.95 2.88 2.81 2.73 2.65 2.57 2.50 2.44 2.39 2.33
Diesel oil 2.70 2.68 2.66 2.62 2.58 2.53 2.49 2.49 2.50 2.52
Liquefied petroleum gas 2.96 2.95 2.93 2.86 2.84 2.82 2.82 2.81 2.81 2.79
CNG 1.97 1.88 1.89 1.81 1.84 1.76 1.80 1.75 1.65 1.66
LDV Gasoline 3.45 3.40 3.35 3.29 3.23 3.15 3.05 3.01 2.96 2.89
Diesel oil 3.71 3.71 3.69 3.66 3.61 3.53 3.43 3.40 3.36 3.36
CNG 2.69 2.55 2.56 2.45 2.48 2.38 2.40 2.34 2.22 2.24
HDV Gasoline 9.15 9.16 9.15 9.10 9.10 9.07 9.04 8.99 8.95 8.89
Diesel oil 11.8 11.7 11.6 115 114 111 10.9 10.8 10.8 10.8
CNG 13.0 125 12.7 12.3 12.7 12.2 10.9 10.7 9.4 10.2
Coach Diesel oil 10.6 10.5 10.4 10.3 10.1 9.92 9.67 9.64 9.43 9.54
Urban Bus Gasoline NO NO NO NO NO NO 9.4 9.39 9.38 9.34
Diesel oil 16.1 16.0 15.9 15.6 154 15.0 14.9 14.8 14.8 14.7
CNG 16.4 15.8 15.7 15.2 15.6 15.2 15.8 15.6 14.9 15.2
2-Wheeler Diesel oil 1.55 1.53 1.58 1.62 1.59 1.59 1.61 1.62 1.61 1.57
Average 3.26 3.21 3.15 3.08 3.02 2.94 2.87 2.84 2.85 2.81
(1990=100%) 92% 91% 89% 87% 85% 83% 81% 80% 81% 80%
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For modelling of evaporative emissions, the stock, the mileage and the number of stops of
gasoline passenger cars, light duty vehicles and motorcycles are used. For modelling cold
start excess emissions, also the numbers of starts of passenger cars and light duty vehicles
are used as activity data. The corresponding numbers are summarised in Table 3-78.
Vehicle stock figures correspond to registration data. The starts and stops per vehicle are
based on specific surveys (ARE/SFSO 2005, 2012, 2017).

Table 3-78 Vehicle stock numbers (gasoline vehicles only — relevant for diurnal evaporation) and average number
of starts per vehicle per day (gasoline, diesel oil, and CNG vehicles).

Veh. Category 1990/  1995|  2000] 2005 2010
stock in 1000 veh. (gasoline/bioeth.)
PC 2'839 3'049 3'305 3263 2'956
LDV 167 164 148 112 77
2-Wheelers 764 688 712 746 765
starts per veh. per day
PC 2.94 2.68 291 2.52 2.56
LDV 1.97 1.97 1.96 1.96 1.96
Veh. Category 2012 2013 2014 2015 2016\ 2017\ 2018\ 2019 2020 2021
stock in 1000 veh. (gasoline/bioeth.)
PC 2'873 2'831 2'782 2'738 2'688 2'687 2'701 2'706 2'767 2'791
LDV 69 64 61 58 56 54 51 52 54 52
2-Wheelers 779 792 801 812 820 839 860 866 879 870
starts per veh. per day
PC 2.53 2.54 2.55 2.55 2.56 2.58 2.59 2.59 2.27 2.40
LDV 1.96 1.96 1.96 1.96 1.96 1.96 1.94 2.05 2.03 1.95

Further details are given in Annex A5.1.2.

3.2.9.2.3. Railways (1A3c)

Methodology (1A3c)

As mentioned in chp. 3.2.4.5.1, the emissions are calculated by the non-road transportation
model. The following methods are used:

e Tier 2 for CO, (based on decision tree Fig. 3.4.1 in IPCC 2006)

e Tier 3 for CH4, N2O and precursors (based on decision tree Fig. 3.4.2 in IPCC 2006).

The entire Swiss railway system is electrified. Electric locomotives are used in passenger as
well as freight railway traffic. Diesel locomotives are used for shunting purposes in
marshalling yards and for construction activities only.

Emissions are calculated for the years 1990, 1995, 2000, 2005 etc. up to 2021 based on fuel
used. For the years in-between, the emissions are interpolated linearly.

Emission factors (1A3c)
Only diesel ail is being used as fuel, therefore all emission factors refer to diesel oil.
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e The CO; emission factor applied for the time series 1990-2021 for diesel oil is country-
specific and is given in Table 3-13.

e The CH4 and N>O emission factors of diesel locomotives are shown in Table 3-79.

e The emission factors for precursors are country-specific and are given in FOEN (2015j).
More details concerning the emission factor for SO, are shown in
Table A — 15 (row diesel oil). NMVOC emissions are calculated as the difference
between VOC and CH4 emissions.

e Implied emission factors 2021 are shown in Table 3-80.

All emission factors (GHG, precursors) can be downloaded by query from the online non-
road database INFRAS (2015a). They can be queried by vehicle type, fuel type, power class
and emission standard either at aggregated or disaggregated levels (see INFRAS (2015a)).

Table 3-79 CH4 and N2O emission factors for rail vehicles

Gas Power class Rail vehicles with diesel oil engines
PreEU uUIC1 uic2 EU3a EU3b
<2000 2000 2003 2006 2012
kw g/kwh
CH, <18 0.0547 0.0384 0.024 0.0142 0.0142
CH, 18-37 0.0578 0.0221 0.0134 0.0089 0.0089
CH, 37-56 0.0319 0.0156 0.011 0.0079 0.0055
CH, 56-75 0.0319 0.0156 0.011 0.0079 0.0031
CH, 75-130 0.0218 0.0108 0.0084 0.0067 0.0031
CH, >130 0.0218 0.0103 0.0072 0.0053 0.0031
N,O all 0.035 0.035 0.035 0.035 0.035

Table 3-80 Implied emission factors 2021 for rail vehicles. Emission factors that are highlighted in green are
described in chp. 3.2.4.4.

1A3c Railways CO, fossil | CO, biog.] CH, | N,O | NOx | NMVOC| SO, | CO
kg/TJ

Diesel oil 73'300 NA 13 3.6 937 110 0.33 520

Biodiesel NA| 73300 1.1 3.0 801 94 0.28 445

Activity data (1A3c)

Activity data for non-road, including 1A3c Railways, are described in chp. 3.2.4.5.1 (hon-road
transportation model). Values are taken from FOEN (2015j). Data on biofuels are provided by
the statistics of renewable energies (SFOE 2015a). Activity data are shown in Table 3-81
and in Annex A5.1.3.

Underlying activity data (vehicle stock, operating hours) of mobile non-road sources can be
downloaded by query from the online non-road database INFRAS (2015a). They can be
queried by vehicle type, fuel type, power class and emission standard either at aggregated or
disaggregated levels (see INFRAS (2015a)).
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Table 3-81 Activity data (diesel oil consumption) for railways.

1A3c Railways Unit 1990 1995 2000 2005 2010
Diesel oil TJ 390 441 455 472 492
Biodiesel TJ NO NO 0.59 1.7 2.1
Total Railways TJ 390 441 456 474 494
1990 = 100% 100% 113% 117% 121% 127%
1A3c Railways Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Diesel oil TJ 451 431 410 390 388 387 385 383 382 380
Biodiesel TJ 3.7 4.4 5.2 5.9 7.7 9.4 11 13 15 16
Total Railways TJ 455 435 416 396 396 396 396 396 396 396
1990 = 100% 117% 112% 107% 102% 102% 102% 102% 102% 102% 102%

3.2.9.2.4. Domestic navigation (1A3d)

Methodology (1A3d)

Based on the decision tree Fig. 3.5.1 Box 1 of the 2006 IPCC Guidelines (IPCC 2006) the
emissions of navigation are calculated by a Tier 2 method with the non-road transportation
model described in chp. 3.2.4.5.1.

There are passenger ships, dredgers, fishing boats, motor and sailing boats on the lakes and
rivers of Switzerland. The emissions are calculated for the years 1990, 1995, 2000, 2005 etc.
up to 2021 based on fuel used. For the years in-between, the emissions are linearly
interpolated.

On the river Rhine as well as on Lake Geneva and Lake Constance, some of the boats cross
the border. Fuels bought in Switzerland but used for international navigation are therefore
reported as bunker fuels (memo items, chp. 3.2.2.).

CO; emissions from lubricants of gasoline 2-stroke engines are calculated by using the IPCC
default CO, emission factor for lubricants, 73.3 t/TJ (IPCC 2006). However, these emissions
are reported in source category 2D1 Lubricant use (see chp. 4.5.2.1). In contrast, CH4 and
N2O emissions from lubricant use are reported in source category 1A3d Domestic navigation,
since the emission factors are deduced from measurements including 2-stroke engines.

Emission factors (1A3d)

e The CO: emission factor applied for the time series 1990-2021 for diesel oil, gasoline
and gas oil are country-specific and are given in Table 3-13.

e The CH4 and N>O emission factors are country-specific and are shown below in Table
3-82 to Table 3-84 for all fuel types and emission standards.

o For SO; the emission factors are country-specific. See also Table A — 15 in Annex A5.1.4
rows diesel oil, gasoline, gas oll.

e The emission factors for precursors are country-specific and are given in FOEN (2015j).

¢ NMVOC is not modelled bottom-up. The NMVOC emissions are calculated as the
difference between VOC and CH4 emissions.

o The implied emission factors 2021 are shown in Table 3-85.

All emission factors (GHG, precursors) can be downloaded by query from the online non-
road database INFRAS (2015a). They can be queried by vehicle type, fuel type, power class
and emission standard either at aggregated or disaggregated levels (see INFRAS (2015a)).
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Table 3-82 CH4 and N20 emission factors for ships with diesel engines.

Gas Power class Ships with diesel oil engines
Pre SAV SAV EU-I EU-II EU-IA
(<1995) 1995 2003 2008 2009
kw g/kWh
CH, <18 0.0547 0.0547 0.0384 0.0240 0.0142
CH, 18-37 0.0578 0.0578 0.0221 0.0134 0.0089
CH, 37-56 0.0319 0.0319 0.0156 0.0110 0.0079
CH, 56-75 0.0319 0.0319 0.0156 0.0110 0.0079
CH, 75-130 0.0218 0.0218 0.0108 0.0084 0.0067
CH, >130 0.0218 0.0218 0.0103 0.0072 0.0053
N,O all 0.035 0.035 0.035 0.035 0.035
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Table 3-83 CH4 and N20 emission factors for ships with gasoline engines by emission standards including the

year of enforcement.

Gas Power class | Boats with 2-stroke gasoline engines | Boats with 4-stroke gasoline engines
Pre SAV SAV SAV/EU Pre SAV SAV SAV/EU
<1995 1995 2007 <1995 1995 2007
kw g/kwh g/kwh
CH, <18 18.2 1.54 1.75 1.25 1.10 1.25
CH, 18-37 18.2 0.84 0.91 1.00 0.60 0.65
CH, 37-56 18.2 0.42 0.56 1.00 0.30 0.40
CH, 56-75 18.2 0.42 0.56 1.00 0.20 0.30
CH, 75-130 18.2 0.42 0.56 1.00 0.17 0.25
CH, 130-560 18.2 0.42 0.56 1.00 0.10 0.25
N,O 0-300 0.01 0.01 0.01 0.03 0.03 0.03

Table 3-84 CH4 and N20 emission factors for steamboats by the year of enforcement.

Gas Steamboats
<2000 \ 2000-2004 \ >2004
g/kWwh
CH, 0.0218 0.0103 0.0072
N,O 0.035 0.035 0.035

Table 3-85 Implied emission factors 2021 for navigation. Emission factors that are highlighted in green are

described in chp. 3.2.4.4.

1A3d Navigation CO;, fossil | CO, biog.| CH, | N,O | NOx | NMVOC| SO, | CO
kg/TJ

Gasoline 73'800 NA 23 1.9 545 416 0.26 8751

Diesel oil 73'300 NA 1.3 3.4 764 216 0.33 498

Gas oil 73700 NA 0.24 0.73 26 1.6 47 6.9

Biodiesel NA| 73300 1.1 2.9 653 185 0.28 426

Bioethanol NA| 73800 13 13 351 256 0.17 5'540

Activity data (1A3d)

Activity data for navigation (1A3d) are described in chp. 3.2.4.5.1 (hon-road transportation
model). Values are taken from FOEN (2015j). Data on biofuels are provided by the statistics
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of renewable energies (SFOE 2015a). Activity data are shown in Table 3-86 and in Annex
A5.1.3.

Underlying activity data (vehicle stock, operating hours) of mobile non-road sources can be
downloaded by query from the online non-road database INFRAS (2015a). They can be
queried by vehicle type, fuel type, power class and emission standard either at aggregated or
disaggregated levels (INFRAS 2015a).

Table 3-86 Fuel consumption of (domestic) navigation.

1A3d Domestic navigation Unit 1990 1995 2000 2005 2010
Gasoline TJ 701 654 616 565 535
Diesel oil TJ 738 724 792 800 868
Gas oil TJ 110 139 147 150 159
Biodiesel TJ NO NO 1.0 2.9 3.8
Bioethanol TJ NO NO NO NO 0.013
Total Navigation TJ 1'550 1'517 1'556 1'518 1'565
1990 = 100% 100% 98%| 100% 98%| 101%
1A3d Domestic navigation Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Gasoline TJ 526 522 518 514 512 511 509 508 506 505
Diesel oil TJ 872 874 876 878 873 867 862 857 851 847
Gas oil TJ 156 154 153 151 150 149 148 147 146 145
Biodiesel TJ 7.6 9.5 11 13 17 21 25 29 33 37
Bioethanol TJ 1.6 2.3 3.1 3.9 6.3 8.6 11 13 16 18
Total Navigation TJ 1'563 1'5662 1'561 1'560 1'559 1'557 1'556 1'554 1'552 1'551
1990 = 100% 101%| 101%| 101%| 101%, 101%| 100%| 100%| 100%| 100%| 100%

3.2.9.2.5. Other transportation (1A3e)

Methodology (1A3e)
The emissions are calculated with a Tier 2 method (the 2006 IPCC Guidelines (IPCC 2006)
do not contain a decision tree to determine the Tier level specifically).

Source 1A3e includes only pipeline transportation (1A3ei) from a compressor station located
in Ruswil. Emissions of CO2, CHa4, N2O, NOy, CO, NMVOC and SO; are reported. The
compressor station uses a centrifugal compressor according to Transitgas AG (the company
operating the compressor station and the pipeline network).

Emission factors (1A3e)

e The CO; emission factor applied for the time series 1990-2021 for natural gas is country-
specific and is given in Table 3-14.

e The CHsemission factor corresponds to the one used for gas turbines in Switzerland
(SAEFL 2000) as suggested by expert judgement. The CH4 emission factor is assumed
to be 5 g/GJ up to 1995 and 2 g/GJ from 2000 onwards, with linear interpolation in
between. This corresponds with the fact that a catalyst was fitted to the system, which
reduced the CH4 emissions of the gas turbine.

e For N2O emission factors the IPCC 2006 default value (Table 3-17) is used as displayed
in Table 3-87.

e The emission factors for precursors are mostly country-specific. The NO, emission factor
stems from the Factsheet Emission Factors Furnaces (FOEN 2015k). NMVOC and SOy
emission factors stem from section “Gasturbinen; Erdgas” in SAEFL (2000). More details
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concerning the emission factor for SO, are shown in Table A — 15(row natural gas). The
CO emission factor is a default factor from the EMEP/EEA guidebook (EMEP/EEA 2019).

e The emission factors 2021 are shown in Table 3-87.

Table 3-87 Emission factors of 1A3ei Pipeline transportation / compressor station located in Ruswil in 2021.
Emission factors that are highlighted in green are described in chp. 3.2.4.4.

1A3e Other transportation ~ [CO,fossil| CH, | N,O | NOx | NMVOC|[ SO, | cO
kg/TJ
Gas 55'900 2.0 0.10| 19| 0.10 0.50 4.8

Activity data (1A3e)
The data on fuel consumption for the operation of the compressor station in Ruswil is based
on the Swiss overall energy statistics (SFOE 2022; Table 17).

Table 3-88 Activity data of 1A3e.

1A3ei Pipeline transport Unit 1990 1995 2000 2005 2010
Natural gas TJ 560 310 340/ 1'070 830
1990=100% 100% 55% 61%| 191%| 148%
1A3ei Pipeline transport Unit 2012| 2013] 2014| 2015| 2016| 2017| 2018 2019| 2020| 2021
Natural gas TJ 810 410 830 760 340 470 490 600 540 120
1990=100% 145% 73%| 148%| 136% 61% 84% 88%| 107% 96% 21%

3.2.9.3. Uncertainties and time-series consistency for 1A3

The uncertainty of emission estimates for source category 1A3 is described in the general
uncertainty assessment of source category 1A Fuel combustion in chp. 3.2.4.7. Uncertainties
by fuel type are given in Table 3-26.

Time series for 1A3 Transport are all considered consistent.

3.2.9.4. Category-specific QA/QC and verification for 1A3

General
The general QA/QC measures are described in chp. 1.5. Furthermore, QA/QC procedures
conducted for all 1A source categories are listed in chp. 3.2.4.8.

Specific: Domestic aviation (1A3a)

Emissions
Total calculated emissions for domestic and international flights have been compared

between different years. The development of total emissions with time is consistent with a
fleet renewal of former Swissair in the early nineties, the technological improvements and
changes in fleet composition.
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Emission factors

From total fuel consumption, total distance, number of passengers (without freight) per
aircraft type, the fuel consumption per 100 passenger km has been calculated (backward
calculation). The result of 2 to 10 kg fuel per 100 passenger km is in line with
expectations for 1990 passenger fleets. Current modern fleets are in the order of 2.5 kg
fuel per 100 passenger km. During the COVID-19 pandemic, the seat load factor was
exceptionally low and therefore, a calculation of the fuel consumption per 100 passenger
km is not representative.

The implied emission factors were calculated for 2021 and compared with previous
years.

Activity data

In an independent Tier 3B calculation, EUROCONTROL performed a fuel calculation for
Switzerland’s international flights, based on collected Instrument Flight Rules flight plan
data and single movements. The results for the years 2004, 2005 and 2007 matched the
FOCA calculations by more than 97.4 %. The FOCA results were generally 1 % to 2 %
higher but included the total number of actual flight movements of all flights, including
visual flight rules and non-scheduled flights such as helicopter movements in alpine
regions.

Comparison between total movement numbers in the calculation and in the
corresponding published statistics. Example: In 1990 calculation, FOCA considered all
flights for which there was a form ‘Traffic report to the airport authorities’ filled in (total
heavy aircraft). The total number of movements in 1990 is 263’951 (without Basel). The
published number of movements for scheduled and charter flights in 1990 is: 263’952
(without Basel).

The bottom-up calculation of total fuel matches the total fuel sold within a few percent,
except for 2020 and 2021, where the difference is larger due to the COVID-19 pandemic.

Real-world fuel consumption was compared with modelled consumption for selected
aircraft of four Swiss airlines. The difference between the two methods was smaller than
1 %.

Specific: Road transportation (1A3b)
Comparison between the 2006 IPCC Guideline’s default (IPCC 2006) and Switzerland’s
emission factors:

CO; (see also Table 3-27): IPCC default value for gasoline is 69.3 t/TJ and for diesel oll
74.1 t/TJ (IPCC 2006, Table 3.2.1). Switzerland’s emission factors vary between 73.8
and 73.9 t/TJ for gasoline — 6 % higher than IPCC — and between 73.3 and 73.6 t/TJ for
diesel oil — about 1 % below IPCC default value (IPCC 2006).

CHa: The IPCC default emission factor for gasoline motors with oxidation catalysts is 25
kg/TJ with an uncertainty range from 7.5 to 86 kg/TJ (IPCC 2006, Table 3.2.2).
Switzerland’s emission factor for gasoline passenger cars varied between 27.5 kg/TJ and
3.8 kg/TJ throughout the time series and is therefore in the lower part of and below
IPCC’s uncertainty range. For diesel oil, the IPCC default emission factors lie in the range
of 1.6-9.5 kg/TJ (IPCC 2006), whereas Switzerland’s range is on a lower level (0.8-4.0
kg/TJ).

N2O: The IPCC default emission factor for gasoline motors with oxidation catalysts lies in
the uncertainty range 2.6—24 kg/TJ (IPCC 2006, Table 3.2.2). Switzerland’s emission
factor for gasoline passenger cars varied between 5.4 kg/TJ and 0.6 kg/TJ and is
therefore in the lower part of and below IPCC’s uncertainty range. For diesel oil the IPCC
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default emission factors lies in the range of 1.3-12 kg/TJ (IPCC 2006), whereas
Switzerland’s range is lower (0.2-3.7 kg/TJ).

The international project for the update of the emission factors for road vehicles is overseen
by a group of external national and international experts that guarantees an independent
quality control. For the update of the modelling of Switzerland’s road transport emissions,
which has last been carried out comprehensively between 2019-2020 in the framework of
the update of Switzerland’s energy perspectives, several experts from the federal
administration have accompanied the project (INFRAS 2019a). The results have undergone
extensive plausibility checks and comparisons with earlier estimates. A light update of the
emission factors took place in 2022 (Notter et al. 2022).

The emission factors CH4 and N2O used for the modelling of 1A3b Road Transportation are
taken from version 4.2 of the Handbook Emission Factors for Road Transport (HBEFA)
(INFRAS 2022), which is also applied in Germany, Austria, Netherlands, and Sweden. The
Swiss emission factors for CH4 and N2O used in 1A3b Road transportation were additionally
compared with those shown in the CRF from Germany and a good match was found.
Possible small differences might result from a varying fleet composition.

Use of implied emission factors from the territorial model to calculate emissions for fuel
tourism: This approach has been verified by comparing implied emission factors with the
neighbouring countries. The differences turned out to be small between Switzerland, Austria,
and Germany because all three countries used the same emission factors (INFRAS 2010),
whereas there were some differences when comparing with France and Italy that use other
emission factors (COPERT, EEA 1997). Nevertheless, the use of the implied Swiss emission
factors seemed to be the consistent approach. It must be noted, that this comparison was
carried out with version 3.1 of the “Handbook of Emission Factors for Road Transport”,
whereas the current emissions are based on version 4.2. It is expected that an update of this
comparison would result in similarly low differences with the neighbouring countries, since
the underlying measurement data in the inventory models are the same (given the
neighbouring countries also work with an eventually updated COPERT version).

The activity data for gasoline and diesel oil of the road transportation model (consumption
without tank tourism and statistical difference) is verified due to the fact that more than 90 %
of the gasoline and diesel oil sold 2021 in Switzerland, as reported by the Swiss overall
energy statistic (SFOE 2022), is consumed by the road transportation model (see Table
3-75).

3.2.9.5. Category-specific recalculations for 1A3

The following recalculations were implemented in submission 2023. Major recalculations,
which contribute significantly to the total differences in emissions of sector 1 Energy between
the latest and the previous submissions are presented also in chp. 10.1.2.1.

e 1A3a/1D1: An update of activity data in 1A3ai Domestic aviation and 1D1 International
aviation for the year 2020 leads to a recalculation of all greenhouse gas emissions for the
year 2020.

o 1A3b: Based on newest available statistics updates in the activity data (mileage) for
different vehicle categories have been done. This recalculation leads to changes in all
greenhouse gas emissions for the years 1990-2020.
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e 1A3b: The revision of the model for determining NMVOC emissions at gasoline stations
in 1B2a Fugitive emissions from oil distribution leads to changes in total gasoline losses
as the NMVOC lost are equivalent to gasoline losses. This amount of gasoline lost is part
of the total amount of gasoline consumption reported in the Swiss overall energy
statistics. To keep consistency with this total amount of gasoline consumption a
respective adjustment of activity data of gasoline consumption in 1A3b Road
transportation was required.

o 1A3b: The emission factors in 1A3b Road transportation were adjusted to the HBEFA
version 4.2 published in February 2022. This leads to a recalculation of all greenhouse
gas emissions for the years 1990-2020.

3.2.9.6. Category-specific planned improvements for 1A3

No category-specific improvements are planned.
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3.2.10. Source category 1A4 — Other non-road machinery sources in
residential, commercial, agriculture and forestry sectors

3.2.10.1. Source category description for 1A4 — Other non-road machinery sources
in residential, commercial, agriculture and forestry sectors

Key categories 1A4
See key categories mentioned in chp. 3.2.7.1, Table 3-56.

Table 3-89 Specification of source category 1A4 — Other non-road machinery sources in residential, commercial,
agriculture and forestry sectors (1A4aii, 1A4bii, 1A4cii).

1A4 Source category Specification

1A4aii Commercial/ institutional Emission from non-road vehicles (professional gardening)
and motorised equipment

1A4bii Residential Emissions from mobile machinery (hobby, gardening) and
motorised equipment

1AAcii Agriculture/forestry Emisions from non-road vehicles and machinery in
agriculture and forestry

3.2.10.2. Methodological issues for 1A4 — Other non-road machinery sources in
residential, commercial, agriculture and forestry sectors

Methodology (1A4 — Other non-road machinery sources in residential, commercial,
agriculture and forestry sectors)

Based on the decision tree Fig. 3.3.1 in chp. “3. Mobile Combustion” in the 2006 IPCC
Guidelines (IPCC 2006), the emissions of vehicles and machinery in 1A4 are calculated by a
Tier 3 method with the non-road transportation model described in chp. 3.2.4.5.1.

CO; emissions from lubricants of gasoline 2-stroke engines are calculated by using the IPCC
default CO, emission factor for lubricants, 73.3 t/TJ (IPCC 2006). However, these emissions
are reported under source category 2D1 Lubricant use (see chp. 4.5.2.1). In contrast, CHa
and N2O emissions from lubricant use in 2-stroke engines are reported in the corresponding
source category in 1A4 Other non-road machinery sources in residential, commercial,
agriculture and forestry sectors, since the emission factors are based on measurements
including 2-stroke engines.

Emission factors (1A4 — Other non-road machinery sources in residential, commercial,
agriculture and forestry sectors)

In Off-road vehicles and other machinery in categories 1A4aii Commercial/institutional and
1A4bii Residential, only gasoline (and a small share of bioethanol) is being used as fuel. In
category 1A4cii Agricultural/forestry/fishing, mainly diesel oil is consumed (more than 85 %,
see Table 3-91) and only a small amount (less than 15 %) of gasoline (e.g. chainsaws) or
biodiesel/bioethanol.

e The CO: emission factors applied for the time series 1990-2021 are country-specific and
are given in Table 3-13.

e The CH4 and N2O emission factors are country-specific and are shown in Table 3-65 and
Table 3-66 for diesel oil and gasoline engines for all emission standards.
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o For SO; the emission factors are country-specific. See also Table A — 15 in Annex A5.1.4
for diesel oil, gasoline, gas oil.

e The emission factors for precursors are country-specific and are given in FOEN (2015j).

¢ NMVOC is not modelled bottom-up. The NMVOC emissions are calculated as the
difference between VOC and CH4 emissions.

¢ Implied emission factors 2021 are shown in Table 3-90.

All emission factors (GHG, precursors) can be downloaded by query from the online non-
road database INFRAS (2015a). They can be queried by vehicle type, fuel type, power class
and emission standard either at aggregated or disaggregated levels (see INFRAS (2015a)).

Table 3-90 Implied emission factors 2021 for 1A4 — Other non-road machinery sources in residential, commercial
agriculture and forestry sectors(1A4aii — 1A4cii mobile). Emission factors that are highlighted in green are
described in chp. 3.2.4.4.

1A4 Non-road machinery CO;, fossil|[ CO, biog.] CH, | N,O | NOx | NMVOC| SO, | CO
kg/TJ
1A4aii Gardening professional
Gasoline 73'800 NA 83 1.2 178 1'317 0.26 26'732
Bioethanol NA 73'800 15 1.0 75 434 0.17 15'853
1A4bii Gardening
Gasoline 73'800 NA 41 14 146 852 0.26 25'475
Bioethanol NA 73'800 15 1.0 85 432 0.17 15'867
1A4cii Forestry and agriculture
Gasoline 73'800 NA 80 1.2 177 1'379 0.26 24'656
Diesel oil 73'300 NA 1.0 3.0 348 40 0.33 201
Biodiesel NA 73'300 0.8 25 298 34 0.28 172
Bioethanol NA 73'800 19 0.92 76 529 0.17 15'083

Activity data (1A4 — Other non-road machinery sources in residential, commercial,
agriculture and forestry sectors)

Activity data are described in chp. 3.2.4.5.1 (non-road transportation model) and are shown
in Table 3-91 and in Annex A5.1.3.

Underlying activity data (vehicle stock, operating hours) of mobile non-road sources can be
downloaded by query from the online non-road database INFRAS (2015a). They can be
queried by vehicle type, fuel type, power class and emission standard either at aggregated or
disaggregated levels (see INFRAS 2015a).
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Table 3-91 Activity data for non-road vehicles and machinery in 1A4 — Other non-road machinery sources in
residential, commercial, agriculture and forestry sectors.

1A4 Non-road machinery Unit 1990 1995 2000 2005 2010
1A4aii Gardening professional
Gasoline TJ 191 245 295 295 287
Bioethanol TJ NO NO NO NO| 0.0039
1A4bii Gardening
Gasoline TJ 142 155 165 166 163
Bioethanol TJ NO NO NO NO| 0.0034
1A4cii Forestry and agriculture
Gasoline TJ 1'160| 1'070 963 824 689
Diesel oil TJ 4'269| 4'604] 4'920| 4'802| 4'882
Biodiesel TJ NO NO 6.4 17 21
Bioethanol TJ NO NO NO NO| 0.012
Total 1A4 non-road machinery TJ 5761| 6'073] 6'349| 6'103| 6'042
Relative values 1A4 (1990 = 100%) 100%| 105%| 110%, 106%| 105%
1A4 Non-road machinery Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1A4aii Gardening professional
Gasoline TJ 273 266 260 253 251 250 248 247 245 243
Bioethanol TJ 0.48 0.72 0.95 1.19 1.9 2.6 3.3 4.0 4.7 54
1A4bii Gardening
Gasoline TJ 160 159 158 156 155 154 153 152 151 150
Bioethanol TJ 0.43 0.64 0.85 1.06 1.7 2.3 2.9 3.6 4.2 4.8
1AA4cii Forestry and agriculture
Gasoline TJ 641 616 592 568 551 535 519 503 486 473
Diesel oil TJ 4'870 4'864 4'859 4'853 4'835 4'817 4'800 4'782 4'764 4'742
Biodiesel TJ 42 53 63 74 96 118 140 162 184 205
Bioethanol TJ 1.31 2.0 2.6 3.3 4.8 6.4 8.0 9.6 11 12
Total 1A4 non-road machinery TJ 5'989| 5'962| 5'936| 5'909| 5'898| 5'886| 5'874| 5'862] 5851 5'836
Relative values 1A4 (1990 = 100%) 104%| 103%| 103%| 103%| 102%| 102%| 102%| 102%| 102%| 101%

3.2.10.3. Uncertainties and time-series consistency for 1A4 — Other non-road
machinery sources in residential, commercial, agriculture and forestry
sectors

The uncertainty of emission estimates for source category 1A4 Other sectors (mobile) is
described in the general uncertainty assessment of source category 1A Fuel combustion in
chp. 3.2.4.7. Uncertainties by fuel type are given in Table 3-26.

3.2.10.4. Category-specific QA/QC and verification for 1A4 — Other non-road
machinery sources in residential, commercial, agriculture and forestry
sectors

The general QA/QC procedures are described in chp. 1.5. Furthermore QA/QC procedures
conducted for all 1A source categories are listed in chp. 3.2.4.8.

3.2.10.5. Category-specific recalculations for 1A4 — Other non-road machinery
sources in residential, commercial, agriculture and forestry sectors

There were no recalculations implemented in submission 2023.

3.2.10.6. Category-specific planned improvements for 1A4 — Other non-road
machinery sources in residential, commercial, agriculture and forestry
sectors

No category-specific improvements are planned.
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3.2.11. Source category 1A5b — Other (mobile)

3.2.11.1. Source category description for 1A5b (mobile)

Table 3-92 Key categories of 1A5b — Other (mobile). Combined KCA results, level for 2021 and trend for 1990—
2021, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2).

Source category 1A5b — Other (mobile) is not a key category.

All of the Swiss source categories of 1A5 refer to mobile sources of military activities (1A5b).
Stationary activities (LA5a) are not occurring.

Table 3-93 Specification of Swiss source category 1A5 Other.

1A5 Source category Specification

1A5bi Military aviation Emissions from military aircrafts

1A5bii Military non-road vehicles and Emissions from machines like power generators, tanks,
machines bulldozers, boats etc.

3.2.11.2. Methodological issues for 1A5b Other (mobile)
3.2.11.2.1.  Military aviation (1A5bi)

Methodology (1A5bi Other, military aviation)

To calculate the emissions from military aviation, a Tier 2 method is used for CO», while a
Tier 1 method is used for CH,; and N.O.

Emission factors (1LA5bi Other, military aviation)

e The CO; emission factor applied for the time series 1990-2021 for kerosene is country-
specific and is given in Table 3-13.

o CH.: Because there is no split in LTO and cruise flights in military aviation, the CH,4
emission factor of 1A3a Civil aviation (see chp. 3.2.9.2.1) cannot be applied. Therefore,
the Tier 1 emission factor from IPCC 2006, table 3.6.5 is used.

e NO: As for 1A3a Civil aviation, the Tier 1 IPCC default value is used (IPCC 2006, table
3.6.5).

e NOy, NMVOC, CO: average emission factors for military aircraft are calculated by the
Federal Office of Civil Aviation (FOCA) based on collaborative measurement efforts of
FOCA and the Federal Department of Defence, Civil Protection and Sport (DDPS) and
the FOCA aircraft engine data bank. The fuel consumption per aircraft type in the year
2016-2017 is provided by DDPS (DDPS 2018b). The emission factors stay constant for
the whole time series from 1990 onwards.

e SOg: the emission factor is taken from the EMEP/EEA guidebook (EMEP/EEA 2019,
Table 3.11, row “Switzerland/CCD” (where: CCD means: climb/cruise/descent)) and is
assumed to be constant over the period 1990-2021.

e Implied emission factors 2021 are shown in Table 3-94.
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Table 3-94 Implied emission factors 1A5bi military aviation in 2021. Emission factors that are highlighted in green
are described in chp. 3.2.4.4.

1A5bi Other: Military aviation [CO,fossil] CH, | N,O | NOy | NMVOC| SO, | CO
kg/TJ
Jet kerosene 72'800 0.50] 2.0| 231] 33 23| 235

Activity data (1A5bi Other, military aviation)

Fuel consumption data for 1990-2021 is available on an annual basis (VTG 2011, DDPS
2022). A very small fraction of fuel is consumed for training abroad and might be allocated
under “International aviation” (assumed to be less than 3 % of total military aviation
consumption). Since the exact numbers for the fuels used abroad is not known, it is not
subtracted from the total consumption but included under national military aviation, as
recommended by the 2006 IPCC Guidelines (IPCC 2006, chp. 3.6.1.4).

Table 3-95 Activity data (fuel consumption) for military aviation.

1A5bi Other: Military aviation Unit 1990 1995 2000 2005 2010
Jet kerosene TJ 2'733 1'955 1'794 1'624 1'592

1A5bi Other: Military aviation Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Jet kerosene TJ 1'527 1'542 1'615 1'567 1'627 1'469 1'457 1'303 1'365 1'301

3.2.11.2.2. Military non-road vehicles (1A5bii Other, military machinery)

Methodology (1A5bii Other, military machinery)

Emissions are calculated as part of the non-road transportation model (chp. 3.2.4.5.1)
corresponding to a Tier 3 according to the decision tree Fig. 3.3.1 in chp. 3. Mobile
Combustion in IPCC (2006).

CO; emissions from lubricants of gasoline 2-stroke engines are calculated by using the IPCC
default CO, emission factor for lubricants, 73.3 t/TJ (IPCC 2006). However, these emissions
are reported under source category 2D1 Lubricant use (see chp. 4.5.2.1). In contrast, CH4
and N2O emissions from lubricant use in 2-stroke engines are reported in source category
1A5bii, since the emission factors are based on measurements including 2-stroke engines.

Emission factors (1A5bii Other, military machinery)

e The CO: emission factors applied for the time series 1990-2021 for diesel oil, gasoline
and biofuels are country-specific as shown in Table 3-13.

e The CH4 and N>O emission factors are country-specific and are shown in Table 3-65 and
Table 3-66 for diesel oil and gasoline engines for all emission standards.

e For SO; the emission factors are country-specific. See Table A — 15 in Annex A5.1.4,
rows diesel oil, gasoline.

e The emission factors for precursors are country-specific and are given in FOEN (2015j).

e NMVOC is not modelled bottom-up. The NMVOC emissions are calculated as the
difference between VOC and CH4 emissions.

e Implied emission factors 2021 are shown in Table 3-96.
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All emission factors (GHG, precursors) can be downloaded by query from the online non-
road database INFRAS (2015a). They can be queried by vehicle type, fuel type, power class
and emission standard either at aggregated or disaggregated levels (see INFRAS (2015a)).

Table 3-96 Implied emission factors 1A5bii military non-road vehicles 2021. Emission factors that are highlighted
in green are described in chp. 3.2.4.4.

1A5bii Military non-road CO, fossil[CO,biog.] CH, | N,O | NOx [NMvOC | SO, | co
kg/TJ

Gasoline 73'800 NA 38 15 126 701 0.26]  24'654

Diesel oil 73'300 NA 0.63 3.0 289 26 0.33 133

Biodiesel NA| 73300 0.54 2.6 247 22 0.28 113

Bioethanol NA|  73'800 10 11 65 279 0.17| 15629

Activity data (1A5bii Other, military machinery)

Activity data for military non-road vehicles (1A5bii) are described in. chp. 3.2.4.5.1 (hon-road
transportation model). Values are taken from FOEN (2015j). Data on biofuels are provided by
the statistics of renewable energies (SFOE 2015a). Activity data are shown in Table 3-97
and in Annex A5.1.3.

Underlying activity data (vehicle stock, operating hours) of mobile non-road sources can be
downloaded by query from the public part of the non-road database INFRAS (2015a). They
can be queried by vehicle type, fuel type, power class and emission standard either at
aggregated or disaggregated levels (see INFRAS 2015a).

Table 3-97 Activity data (fuel consumption) for military non-road vehicles.

1A5bii Military non-road Unit 1990 1995 2000 2005 2010
Total fuel consumption TJ 239 248 252 257 275
Gasoline TJ 19 19 19 19 18
Diesel oil TJ 220 228 233 238 256
Biodiesel TJ NO NO 0.30 0.86 1.1
Bioethanol TJ NO NO NO NO| 0.00038
1A5bii Military non-road Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Total fuel consumption TJ 275 275 275 275 274 273 272 271 270 269
Gasoline TJ 18 17 17 17 17 16 16 16 16 16
Diesel oil TJ 255 255 254 254 252 250 248 246 244 243
Biodiesel TJ 2.2 2.8 3.3 3.9 5.0 6.1 7.2 8.3 9.4 11
Bioethanol TJ 0.046] 0.069| 0.092 0.11 0.18 0.25 0.31 0.38 0.45 0.51

3.2.11.3. Uncertainties and time-series consistency for 1A5b Other (mobile)

The uncertainty of emission estimates for source category 1A5b Other (mobile) is described
in the general uncertainty assessment of source category 1A Fuel combustion in chp.
3.2.4.7. Uncertainties by fuel type are given in Table 3-26.

3.2.11.4. Category-specific QA/QC and verification for 1A5b Other (mobile)

The general QA/QC measures are described in chp. 1.5. Furthermore, QA/QC procedures
conducted for all 1A source categories are listed in chp. 3.2.4.8.

The activity data of military aviation (LA5b), kerosene consumption, is provided by the
Federal Department of Defence, Civil Protection and Sport. For a compatibility check with the
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emission database of civil aviation, they are sent to the FOCA (office of the Federal
Department of the Environment, Transport, Energy and Communications).

3.2.11.5. Category-specific recalculations for 1A5b Other (mobile)

There were no recalculations implemented in submission 2023.

3.2.11.6. Category-specific planned improvements for 1A5b Other (mobile)

No category-specific improvements are planned.
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3.3. Source category 1B — Fugitive emissions from fuels

3.3.1. Source category description for 1B

Table 3-98 Key categories of 1B Fugitive emissions from fuels. Combined KCA results, level for 2021 and trend
for 1990-2021, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2).

Identification
Code IPCC category Gas .
criteria
1B2b Natural gas; All fuels CH4 L1,T1,L2,T2

The only relevant source categories of fugitive emissions in Switzerland are:
e Oil (1B2a)

e Natural gas (1B2b)

¢ Venting and flaring (1B2c)

3.3.2. Source category 1B1 - Solid Fuels

Coal mining is not occurring in Switzerland. There are no greenhouse gas emissions from
coal handling.

3.3.3. Source category fugitive emissions from 1B2a - QOil

3.3.3.1. Source category description for 1B2a

In Switzerland, oil production is not occurring. Fugitive emissions in the oil industry result
exclusively from the refineries and several fuel handling stations. At the beginning of 2015,
one of the two refineries ceased operation. The extents of the two existing oil pipelines in
Switzerland are approximately 40 km and 70 km, respectively. The pipelines are mainly laid
underground.

Table 3-99 Specification of source category fugitive emissions from 1B2a Oil in Switzerland.

1B2 Source category Specification
1B2aiii  |Fugitive emissions oil: Transport Emissions only stem from pipeline transport
1B2aiv  |Fugitive emissions oil: Refining / Emissions from oil refining process
storage
1B2av Fugitive emissions oil: Distribution of |Distribution of oil products (from gasoline storage tanks and
oil products gasoline stations)
(only precursor emissions NMVOC)

3.3.3.2. Methodological issues for 1B2a

Methodology (1B2a)

According to the decision tree for crude oil transport, refining and upgrading, Switzerland
estimates 1B2a fugitive emissions from oil based on a Tier 3 (for 1B2aiii Fugitive emissions
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oil: Transport) and a Tier 2 (for 1B2aiv Fugitive emissions oil: Refining / storage, 1B2av
Fugitive emissions oil: Distribution of oil products) approach (IPCC 2006, Volume 2 Energy,
chp. 4 Fugitive Emissions, Figure 4.2.3 and for precursors EMEP/EEA 2019, Figure 3-1).

For source 1B2a fugitive emissions from oil, fugitive emissions of CH,4 are reported. They
occur only in 1B2aiii Transport and 1B2aiv Refining/storage. Indirect CO, emissions resulting
from CHs and NMVOC emissions in this source category are included in CRF Table6 as
documented in chp. 9. As no CO emissions occur in source category 1B2a, from this source
category no indirect CO; emissions from CO are included in CRF Table6 as documented in
chp. 9.

Emission factors (1B2a)

Crude oil transportation (1B2aiii): In Switzerland crude oil is transported by underground
pipelines only. According to experts from the pipeline operator, there are no emissions along
the pipelines but only at the pig trap. There is one pig trap per pipeline and one pipeline per
refinery. Based on expert estimates 0.5 m? air saturated with VOC are emitted per week and
pig trap. This leads to CH4 emissions of 1-2 kg per year. The CH4 to NMVOC ratio is
assumed to be 1:10.

For oil refining and storage (1B2aiv), country-specific emission factors for CHs and NMVOC
are used. The emission factors for CH,4 are delineated from an emission estimation project in
one of the refineries in 1992 called CRISTAL (Raffinerie de Cressier 1992). The emission
factor from the other refinery is assumed to be twice as high, because the technology of the
plant is older. Then a weighted mean based on the quantity of crude oil used in both
refineries was calculated (for further details see the internal documentation of the EMIS
database, EMIS 2023/1B2aiv). This emission factor is used for all the years until 1995. For
the years 2007-2019, total NMVOC emissions from 1Alb, 1B2aiv and 1B2c correspond to
those reported in the Swiss Pollutant Release and Transfer Register (PRTR) from the two
refineries. For 2021, the emission factor is the same as for 2019, because data from PRTR is
not available during data collection for the inventory. Therefore, emission factors in 1B2aiv
are adapted to reach the total NMVOC emissions as reported in the Swiss Pollutant Release
and Transfer Register. Between the years 1995 and 2007, the emission factors are
interpolated linearly. The ratio between CH4 and NMVOC stays at 1:10 for all the years.

The emission factors for SOy emissions from Claus units in refineries are country-specific
and based on measurements and data from industry and expert estimates.

For the distribution of oil products in gasoline stations (1B2av): The emission factors of
NMVOC from 1B2av are country-specific and based on a bottom-up model (Luftkollektiv
2022) that sums up the different processes generating fugitive gasoline emissions, i.e.
transport to the gasoline station, unloading to the tank at the gasoline station, opening the
manhole, pressure equalisation, vapour recovery and finally refuelling of the vehicles. The
bottom-up model developed was applied to the state of the years 1990, 2002, 2010 and 2030
and the respective emission factors were determined. In between, the emission factors are
linearly interpolated.

For the distribution of oil products in gasoline and kerosene storage tank facilities (1B2av):

Emission factors for storage tanks are estimated by Carbura based on two studies, one for

gasoline storage tanks (Carbura 2021) and one for kerosene storage tanks (Carbura 2022).
NMVOC emissions were estimated on the basis of information on tank volumes, tank
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equipment, throughput quantities and maintenance. For gasoline storage tanks, detailed
information is available for all historical reporting years. For kerosene storage tanks,
historical data is available since 2000. Due to lack of data for earlier years, the emission
factor for 1990 is the same as the one calculated for 2000 and kept constant in between. It
should be noted that the storage and handling of kerosene causes significantly lower
NMVOC emissions than gasoline due to the significantly lower vapour pressure.

Table 3-100 Emission factors for fugitive emissions of source category 1B2a Oil in 2021.

1B2a Fugitive emissions attributed to oil Per amount of Unit CO, CH, N,O NO, NMVOC SO, CcoO
1B2ai Exploration gt NO NO NO NO NO NO NO
1B2aii Production gt NO NO NO NO NO NO NO
1B2aiii Transport of crude oil by pipelines Number of refineries |g/No. NA 1'000 NA NA 10'000 NA NA|
1B2aiv Refining/Storage of crude oil Crude oil imported g/t NA 7 NA NA 75 5 NA
1B2av Distribution of oil products: Gasoline storage tank Gasoline sold g/GJ NA NA NA NA 0.83 NA NA
1B2av Distribution of oil products: Gasoline station Gasoline sold g/GJ NA NA NA NA 22.4 NA NA
1B2av Distribution of oil products: Kerosene storage tank Kerosine imported g/GJ NA NA NA NA 0.12 NA NA]

Activity data (1B2a)

As crude oil is transported per pipeline to the refineries in Switzerland, activity data for oil
transport (1B2aiii) reflects the number of pipelines, which is equal to the number of refineries.
Activity data for oil refining and storage (1B2aiv) is the amount of crude oil imported. This
data is provided by Avenergy Suisse (Avenergy 2022) in their annual statistics and also
reported in the Swiss overall energy statistics (SFOE 2022).

For oil distribution from storage tanks and gasoline stations (1B2av), gasoline sales based on
the Swiss overall energy statistics (SFOE 2022), corrected for consumption of Liechtenstein,
are used as activity data.

Table 3-101 Activity data for fugitive emissions from 1B2a Oil.

1B2a Oil products Amount of Unit 1990 1995 2000 2005 2010
1B2aiii Transport of crude oil by pipelines |Number of refineries No. 2 2 2 2 2
1B2aiv Refining/Storage Crude oil imported kt 3'127| 4'657| 4'649| 4'877| 4'546
1B2av Gasoline distribution Gasoline sold TJ |156'516|151'672| 168'353| 152'182| 134'129
Kerosene imported and T
1B2av Kerosene distribution produced 48'160| 54'739| 68'310| 51'004| 61'815
1B2a Oil products Amount of Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021| 1990 vs.
2021 (%)
1B2aiii Transport of crude oil by pipelines |Number of refineries No. 2 2 2 1 1 1 1 1 1 1 -50%
1B2aiv Refining/Storage Crude oil imported kt 3'455 4'935| 4975 2'836 3'006 2'889 3'076 2'789 2'857 2'339 -25%
1B2av Gasoline distribution Gasoline sold TJ 124'386| 118'717| 113'956| 105'664| 102'367| 99'223| 97'654| 96'850| 85'769| 87'628 -44%
1B2av Kerosene distribution Kerosene imported and TJ
produced 67'513| 69'248| 68219 70'857| 73'853| 75'027| 80'262| 83'698| 34'816] 31'736 -34%

3.3.3.3. Uncertainties and time-series consistency for 1B2a

Based on expert judgement, a preliminary uncertainty assessment of all sources in source
category 1B2a results in medium confidence in the emissions estimate (see Table 1-8).

Time series for 1B2a Oil are all considered consistent.

3.3.3.4. Category-specific QA/QC and verification for 1B2a

The general QA/QC measures are described in chp. 1.5 and partly also in chp. 3.2.4.8. No
further source-specific activities undertaken for fugitive emissions from oil (1B2a).
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3.3.3.5. Category-specific recalculations for 1B2a
There were no recalculations implemented in submission 2023.
For recalculations relating to indirect CO, emissions resulting from NMVOC emissions,

please refer to recalculations reported in chp. 3 on Energy in Switzerland’s Informative
Inventory Report 2023 (FOEN 2023b).

3.3.3.6. Category-specific planned improvements for 1B2a

No category-specific improvements are planned.

3.3.4. Source category fugitive emissions from 1B2b — Natural gas

3.3.4.1. Source category description for 1B2b

Emissions from natural gas production (1B2bii) are only occurring for the years of operation
of the single production plant in Switzerland from 1985-1994. Other emissions in this source
category occur from natural gas transmission (1B2biv) and distribution (1B2bv). Emissions
from accidents in the gas pipeline system are reported under source category 1B2bvi Other
Leakage.

Table 3-102 Specification of source category fugitive emissions from 1B2b Natural gas in Switzerland.

1B2 Source category Specification

1B2bii Fugitive emissions attributed to Emissions from natural gas production (1990-1994 only).
natural gas: Production

1B2biv  |Fugitive emissions attributed to Emissions from natural gas transmission.
natural gas: Transmission

1B2bv Fugitive emissions attributed to Emissions from natural gas distribution.
natural gas: Distribution

1B2bvi |Fugitive emissions attributed to Emissions from other leakage (accident events, so far one
natural gas: Other Leakage in 2010 and one in 2011).

3.3.4.2. Methodological issues for 1B2b

Methodology (1B2b)

According to the decision tree for natural gas systems (IPCC 2006, Volume 2 Energy, chp. 4
Fugitive Emissions, Figure 4.2.1), Switzerland follows a Tier 1 approach for fugitive
emissions concerning 1B2bii Production and a Tier 2 approach for fugitive emissions
attributed to 1B2biv Transmission and storage as well as 1B2bv Distribution.

Emissions from source category 1B2 are key (see Table 3-98). However, the contribution
from 1B2bii is small and therefore the use of a Tier 1 method for this source category is
justified. The emissions from source category 1B2bii are calculated based on annual
production data and default emission factors (IPCC Tier 1 approach). Production data under
1B2bii occur for the years 1990-1994 only because the single production site was closed in
1994.

For emission calculations from source category 1B2biv, 1B2bv and 1B2bvi, country-specific
emission factors and activity data are available. Emissions are calculated with a country-
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specific method which first assesses the losses of natural gas in the gas network including
pipelines, fittings and gas devices, as these data represent the activity data. Based on the

gas losses, CO2, CHs and NMVOC emissions are calculated with country-specific emission
factors which reflect the composition of the gas lost.

Emissions from gas transmission (source category 1B2biv) include emissions from transport
pipelines including the transit pipeline and the single compressor station. Emissions
comprise leakages from gas pipelines, small-scale damages, maintenance work and
leakages of pipeline fittings. Gas storages are considered as components of the distribution
network and the respective emissions are included in source category 1B2bv.

Source category 1B2bv Distribution covers emissions from the gas distribution pipelines and
network components (e.g. control units, fittings and gas meters) as well as fugitive emissions
at the end users. Emission calculations for the gas distribution network are based on the
length, material and pressure of the gas pipelines. Fugitive emissions at the end users arise
from on-site and indoor pipelines and the permanent leakiness of the different gas
appliances in households, industry and natural gas fuelling stations. In the calculations, the
number and kind of end users and connected gas appliances are considered.

Indirect CO2 emissions resulting from CHs and NMVOC emissions in this source category are
included in CRF Table6 as documented in chp. 9. As no CO emissions occur in source
category 1B2b, from this source category no indirect CO, emissions from CO are included in
CRF Table6 as documented in chp. 9.

Emission factors (1B2b)

For natural gas production, CO,, CHs and NMVOC default emission factors are taken from
the 2006 IPCC Guidelines (IPCC 2006) as documented in the internal emission database
documentation (EMIS 2023/1B2b Diffuse Emissionen Erdgas).

Emission factors for transmission, distribution and other leakages (source categories 1B2biv,
1B2bv, and 1B2bvi) are calculated based on the weighted average CO,, CH4, and NMVOC
concentrations and net calorific values of natural gas as annually reported by the Swiss Gas
and Water Industry Association (SGWA) for the different import stations (see Quantis 2014
and EMIS 2023/1B2b Diffuse Emissionen Erdgas).

Table 3-103 Emission factors for fugitive emissions of source category 1B2b Natural gas in 2021.

1B2b Natural gas Per amount of Unit CO, CH, N,O NO, NMVOC SO, CO
1B2bii Production Natural gas g/GJ NO NO NO NO NO NO NO
1B2biv Transmission, losses Natural gas g/GJ 435 18'328 NA NA 1'409 NA NA
1B2bv Distribution, losses Natural gas g/GJ 435 18'328 NA NA 1'409 NA NA]
1B2bvi Other Leakage, losses Natural gas g/GJ NO NO NO NO NO NO NO

Activity data (1B2b)
Activity data for fugitive emissions from gas production (1B2bii) are the actual gas pro-
duction data for the years 1990-1994 (SFOE 2022).

For gas transmission (1B2biv), distribution (1B2bv), and other leakage (1B2bvi), the activity
data have been reassessed in a study by Quantis (2014) and the corresponding calculation
model is updated regularly. The activity data represent the amount of natural gas lost from
the gas network and are shown in Table 3-104.
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For source categories 1B2biv and 1B2bv, information regarding the gas transport and
distribution network from the Swiss Gas and Water Industry Association (SGWA) is used to
derive the activity data (see Quantis 2014 and EMIS 2023/1B2b Diffuse Emissionen Erdgas).

For transmission pipelines a constant emission factor per pipeline length is applied
accounting for losses from purging and cleaning flows, pipeline damages and leaky fittings
and mountings. For the one compressor station a constant emission rate based on the
physical power of the turbines is employed including emissions due to shutting down and
starting of the gas turbines, leakages at regulating valves and fittings, maintenance and
gasometry work.

The calculation of losses from source category 1B2bv Distribution follows a detailed country-
specific approach that considers losses from the pipeline network as well as losses at the
end users.

The calculated gas losses from the pipeline network depend on the length, material and
pressure of the pipelines. Gas losses due to permanent leakiness, small-scale damages,
network maintenance and the network components are evaluated separately. As no
applicable loss rates are available for the network compounds in Switzerland (installed
control units, fittings, storage systems and gas meters), a fixed percentage is applied to the
permanent gas losses.

Regarding the end users, gas losses from on-site and indoor pipelines as well as gas losses
due to the permanent leakiness of gas appliances are evaluated. Pipeline loss rates apply to
the number of households, industrial users and gas fuelling stations separately. Regarding
the gas appliances, different loss rates are assigned to the number of gas heating systems,
gas cooking stoves and gas fuelling stations.

For some (earlier) years in the time series, sufficient input data are not available to calculate
the gas losses. For these years, polynomial interpolations are applied to assess the activity
data.

For significant emission events due to accidents the Swiss Pollutant Release and Transfer
Register is considered, and emissions are attributed to source category 1B2bvi Other
Leakage. So far, two events have been reported by the transit pipeline operator, one in 2010
and one in 2011.

Fugitive emissions from pipelines are the major emission source in source category 1B2b.
Fugitive emissions from damages and ruptures of the pipelines, maintenance of the pipelines
and the components are very small (Quantis 2014). Total CH4 emissions from gas trans-
mission and distribution decreased due to gradual replacement of cast-iron pipes with
polyethylene pipes.

Table 3-104 Activity data (amount of gas lost) for fugitive emissions from 1B2b Natural gas.

1B2b Natural Gas Amount of Unit 1990 1995 2000 2005 2010
1B2bii Production Natural gas GJ [130'000 NO NO NO NO
1B2biv Transmission, losses Natural gas GJ 28'226| 30'874| 32'571| 33'491| 34'595
1B2bv Distribution, losses Natural gas GJ |710'246| 817'028| 655267 | 512'036| 449'418
1B2bvi Other Leakage, losses Natural gas GJ NO NO NO NO| 35'444
1B2b Natural Gas Amount of Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 1990 vs.
2021 (%)
1B2bii Production Natural gas GJ NO NO NO NO NO NO NO NO NO NO| -100%
1B2biv Transmission, losses Natural gas GJ 34'483| 34'852| 35'125| 35'468| 35'743| 35'884| 35'809| 36'096| 36'007| 35784 27%
1B2bv Distribution, losses Natural gas GJ | 435'545| 399'993| 389'310| 388'251| 390'185| 383'203| 377'827| 376'657| 374'028| 371'708 -48%
1B2bvi Other Leakage, losses _ |Natural gas GJ NO NO NO NO NO NO NO NO NO NO -
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3.3.4.3. Uncertainties and time-series consistency for 1B2b
According to the assessment by Quantis (2014), an uncertainty of 30 % is estimated for
fugitive CH4 emissions from natural gas pipelines in Switzerland.

A preliminary uncertainty assessment of all other sources in source category 1B2 based on
expert judgement results in medium confidence in the emissions estimate (see Table 1-8).

Time series for 1B2b Natural gas are all considered consistent.

3.3.4.4. Category-specific QA/QC and verification for 1B2b
The general QA/QC measures are described in chp. 1.5.
As suggested by the 2006 IPCC Guidelines (IPCC 2006), the gas industry was involved in

the reassessment of fugitive emissions from the natural gas system in 2014 (Quantis 2014)
and 2016 (EMIS 2023/1B2b Diffuse Emissionen Erdgas).

3.3.4.5. Category-specific recalculations for 1B2b

The following recalculations were implemented in submission 2023. Major recalculations
which contribute significantly to the total differences in emissions of sector 1 Energy between
the latest and the previous submissions are presented also in chp. 10.1.2.1.

e 1B2b: Small recalculation, as fewer decimal places were used for activity rate and
emission factors of CHs and NMVOC to calculate fugitive emissions from natural gas
distribution network for all years.

3.3.4.6. Category-specific planned improvements for 1B2b

No category-specific improvements are planned.

3.3.5. Source category 1B2c — Venting and flaring

3.3.5.1. Source category description for 1B2c

In Switzerland, oil production is not occurring, and only one production site for natural gas
production was operational from 1985-1994. Therefore, emissions from flaring result
primarily from the torches, which were operational at the two refineries (1B2ci Flaring). Since
2015, there is only one refinery in operation. In addition, CO» emissions from H, production in
one of the two refineries are also reported under 1B2c.

Table 3-105 Specification of source category 1B2c Venting and flaring in Switzerland.

1B2 Source category Specification

1B2ci Fugitive emissions attributed to The combustion of excess gas at the oil refinery (flaring)
venting and flaring: Flaring oil only.

1B2ci Fugitive emissions attributed to Emissions from H, production (butane and natural gas).
venting and flaring: H, production

1B2cii Fugitive emissions attributed to Emissions from gas production (1990-1994 only).
venting and flaring: Flaring gas
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3.3.5.2. Methodological issues for 1B2c

Methodology (1B2c)

For source category 1B2ci Flaring, Oil, emissions of CO, as well as CHa, N.O, NOy, CO and
NMVOC are considered. According to the decision tree for crude oil transport, refining and
upgrading, Switzerland follows a Tier 3 method for CO, emissions and a Tier 2 method for all
further pollutants attributed to 1B2ci Flaring, Oil in order to estimate fugitive emissions under
1B2c fugitive emissions from venting and flaring (IPCC 2006, Volume 2 Energy, chp. 4
Fugitive Emissions, Figure 4.2.3). For CO, emission calculations, country-specific CO»
emission factors and activity data are available from the refining industry.

Emissions from gas production are calculated by a Tier 1 method according to 1B2c fugitive
emissions from venting and flaring according to the decision tree for natural gas systems
(IPCC 2006, Volume 2 Energy, chp. 4 Fugitive Emissions, Figure 4.2.1). For source category
1B2cii Flaring, Gas, emissions of CO; as well as CHs, N2O and NMVOC are considered.

One of the refining plants produces H.. Until 2017, butane was used for the production of H,
leading to process emissions of CO,. During 2017, additionally to butane, the refinery started
to use natural gas in its hydrogen production unit. Emissions are estimated based on plant-
specific data (Tier 3 method).

Since the CO; emission factors assume an oxidation of 100 %, no indirect emissions need to
be accounted for. Therefore, no indirect emissions from this source category are included in
CRF Table6 as documented in chp. 9.

Emission factors (1B2c)

Emission factors concerning flaring of refinery gas during the refining process are
documented in the internal emission database documentation (EMIS 2023/1B2c Raffinerie
Abfackelung). The emission factor for CO; is based on a study from Frischknecht et al.
(1996), the emission factor for N2O is based on the expert estimate in the German NIR 2019
(UBA 2019), and those for the other greenhouse gases and precursors base on a study from
USEPA (1995b) and data from the refining industry.

Since 2005 (with the exception of 2012), the refining industry provides annual data on the
CO; emissions from flaring under the Federal Act on the Reduction of CO; Emissions (Swiss
Confederation 2011) based on daily measurements of CO, emission factors of the flared
gases. From these data, annual emission factors are derived. Since 2005, the evolution of
the other emission factors (CH4, N2O, NO,, CO and NMVOC) is assumed to vary
proportionally to the CO, emission factor. Emission factors are considered confidential and
are available to reviewers on request.

The emissions from flaring in the gas production facility are calculated based on default
emission factors provided in the 2006 IPCC Guidelines.

CO; emission factors for H, production are confidential. Data are available to reviewers on
request.
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Table 3-106 Emission factors for 1B2c Venting and flaring in 2021.

1B2c Fugitive emissions attributed to |Per amount of
venting and flaring
Unit CO, CH, N,O NO, NMVOC SO, CO
1B2ci H2 production refinery Butane g/GJ NO NA NA NA NA NA NA
1B2ci H2 production refinery Natural gas g/GJ C NA NA NA NA NA NA
1B2ciil Flaring Oil Crude oil imported glt C C C C C C C
1B2cii2 Flaring gas Natural gas produced |g/GJ NO NO NO NA NO NA NA

Activity data (1B2c)

Before 2005, the amount of flared gas during the refining process is assumed to be
proportional to the amount of crude oil processed in the refineries. Avenergy Suisse (formerly
the Swiss petroleum association EV) provides data on the use of crude oil on an annual
basis (Avenergy 2022). Between 2001 and 2004, one of the two refineries made major
changes to their installations (new cracker, new flaring installation) and their standard
operation process. Therefore, emissions from flaring decreased significantly thereafter. Since
2005, the industry provides data on the amount of gas flared.

For gas production, the amount flared is estimated based on the amount of gas produced.

For H, production in one of the refining plants, annual data on butane and natural gas
consumption are provided by the industry since 2005, when the H; production unit was
installed. Data are confidential and they are available to reviewers on request.

Table 3-107 Activity data for 1B2¢ Venting/flaring.

1B2c Venting and flaring Amount of Unit 1990 1995 2000 2005 2010
1B2ci: H2 production in refinery |Butane and natural gas [GJ NO NO NO C C
1B2ciil Flaring Oil Crude oil imported kt C C C C C
1B2cii2 Flaring Gas Natural gas produced |GJ | 130'000 NO NO NO NO

1B2c Venting and flaring Amount of Unit 2012) 2013| 2014| 2015/ 2016] 2017| 2018| 2019| 2020 2021
1B2ciil Flaring Oil Crude oil imported kt C C C C C C C C C C
1B2ci: H2 production in refinery |Butane and natural gas [GJ C C C C C C C C C C
1B2cii2 Flaring Gas Natural gas produced |GJ NO NO NO NO NO NO NO NO NO NO

3.3.5.3. Uncertainties and time-series consistency for 1B2c
A preliminary uncertainty assessment of all sources in source category 1B2 based on expert
judgement results in medium confidence in the emissions estimate (see Table 1-8).

Consistency: Time series for 1B2c¢ Venting and flaring are all considered consistent.

3.3.5.4. Category-specific QA/QC and verification for 1B2c

The general QA/QC measures are described in chp. 1.5. No category-specific QA/QC
activities were undertaken.

3.3.5.5. Category-specific recalculations for 1B2c

The following recalculations were implemented in submission 2023. Major recalculations
which contribute significantly to the total differences in emissions of sector 1 Energy between
the latest and the previous submissions are presented also in chp. 10.1.2.1.
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e 1B2c: The calculation method for the CO; emissions from flaring in refineries has been
changed for the year 2012.

e 1B2c: Small recalculation due to rounding of emission factors of N>O for 1B2c Flaring oll
for the years 2016—-2020.

3.3.5.6. Category-specific planned improvements for 1B2c

No category-specific improvements are planned.

3.4. Source category 1C — CO» transport and storage

CO; transport and storage is not occurring in Switzerland.
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4. Industrial processes and product use (IPPU)

Responsibilities for sector Industrial processes and product use (IPPU)

Overall responsibility Sabine Schenker (FOEN)
Method updates & authors Sabine Schenker (FOEN), Cornelia Stettler (Carbotech; F-gases)
EMIS database operation Anouk-Aimée Bass (FOEN; F-gases), Sabine Schenker (FOEN)

Dominik Eggli (Meteotest), Lukas Meyer (Meteotest), Beat Rihm (Meteotest),

Annual updates (NID text, tables, figures) Comelia Stettler (Carbotech: F-gases)

Gavin Roberts (Carbotech; F-gases), Regine Réthlisberger (FOEN), Adrian Schilt

Quality control (NID annual updates) (FOEN), Felix Weber (INFRAS)

Stefan Reimann (EMPA; F-gases), Regine Réthlisberger (FOEN), Sabine Schenker

Intemnal review (FOEN), Adrian Schilt (FOEN; F-gases), Loic Schmidely (FOEN, SF6)

4.1. Overview

This chapter provides information on the estimation of the GHG emissions from sector 2
Industrial processes and product use. The following source categories are reported:

e 2A Mineral industry

e 2B Chemical industry

e 2C Metal industry

e 2D Non-energy products from fuels and solvent use

e 2E Electronics industry

e 2F Product uses as substitutes for ozone-depleting substances (ODS)
e 2G Other product manufacture and use

e 2H Other

Emissions within this sector comprise GHG emissions as by-products from industrial
processes and also emissions of F-gases during production, use and disposal. Emissions
from fuel combustion in industry are reported in source category 1A2 under sector 1 Energy.

According to the 2006 IPCC Guidelines this sector provides also information on the GHG
emissions from solvent and product use. CO; emissions from solvent and partly from product
use are due to post-combustion of NMVOC in order to reduce NMVOC in exhaust gases.
The disposal of solvents is reported in the waste energy sector (waste derived fuels, chp.
3.2.6).

Indirect CO; emissions resulting from fossil CH4, CO and NMVOC emissions as well as
indirect N2O emissions resulting from NOx and NHz emissions are included in CRF Table6 as
documented in chp. 9. However, indirect CO, emissions are taken into account when
calculating the key categories of sector 2 (see Figure 4-4). Since the CO, emissions from the
cracker reported in source category 2B8b Ethylene, from 2C1 Secondary steel production,
electric arc furnace and from 2C3 Primary aluminium production are based on carbon mass
balances, their emissions of CO (from source categories 2C1 and 2C3) and NMVOC (from
source categories 2B8b and 2C1) are not accounted for in the calculation of the indirect CO
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emissions. Biogenic CO and NMVOC emissions occur in source category 2H2 Food and
beverages and 2G4 tobacco consumption and are not reported as indirect CO, emissions.

For several industrial processes within source categories 2A Mineral industry, 2B Chemical
industry, 2C Metal industry and 2G Other product manufacture and use, data and information
on emission factors and activity data are classified as confidential (C), because they refer to
a single enterprise. For reviewers, there is an additional version of chp. 4 Industrial
processes and product use (IPPU) available, including all confidential data and information.

Figure 4-1 shows the evolution of greenhouse gas emissions in sector 2 between 1990 and
2021.
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Figure 4-1 Switzerland’s greenhouse gas emissions of sector 2 Industrial processes and product use.

2A Mineral industry remains the dominant source of sector 2, accounting for around 50 % of
the GHG emissions in 2021 although absolute emissions have decreased since 1990. 2B
Chemical industry accounts for a share of around 10 % and shows no clear trend since 1990.
2C Metal industry shows a strong decreasing trend and accounts only for a negligibly small
share in 2021. 2D Non-energy products have also only a minor contribution in 2021.

2F Product uses as substitutes for ozone depleting substances (ODSs) is of considerable
importance: The emissions have increased from 1990 to 2015 due to the replacement of
CFCs and other ODSs by HFCs in many technical applications. However, the emissions are
gradually decreasing over the past years due to restrictions of HFC use in mobile air-
conditioning and stationary refrigeration. They account for almost one third of total GHG
emissions in sector 2 in 2021. 2G Other product manufacture and use shows, after an
increase between 2000 and 2017, a decrease in emissions since then. 2E Electronic industry
and 2H Other are of little importance with regard to the overall GHG emissions of sector 2.
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In Table 4-1, the development of GHG emissions in sector 2 Industrial processes and
product use is given by gases. Dominant gases are CO,, F-gases and N2O in 2021 whereas
CHa4 has only a minor contribution. The relative trend of these gases referring to the base
year 1990 is shown in Figure 4-2 and Figure 4-3.

Table 4-1 GHG emissions of sector 2 Industrial processes and product use by gases in CO2 equivalent (kt).

Gas 1990|  1995] 2000 2005 2010
CO, equivalent (kt)
Co, 3153] 21420] 2208 2372 2369
CH, 40, 66 58 70 78
N,0 535 570 639 661 564
F-gases 246|  330] 815 1253] 1447
sum 3938] 3336] 3668 4203 4388
Gas 2012] 2013] 2014] 2015] 2016] 2017| 2018] 2019] 2020 2021
CO; equivalent (kt)
Co, 2201] 2201] 2255 2085 2148 2124] 21110] 2'096| 20022| 2102
CH, 76/ 59 64 63 79 79/ 84/ 78 72 68
N,O 523 516] 430)  511] 469 606  523| 610, 538 417
F-gases 1'637| 1650] 1680 1732 1'670, 1'660] 1'637| 1550 1'513] 1'399
Sum 4368] 4'373] 4381] 4'333] 4206 4308 4278] 4263] 4081 3925
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Figure 4-2 Relative trends of the greenhouse gas emissions (without F-gases, see Figure 4-3) of sector 2
Industrial processes and product use. The base year 1990 represents 100 %.

Figure 4-2 shows that the emissions of CO, decreased between 1990 and 1997 and since
then, they have remained at a constant level. Emissions of N>O have increased slowly
between 1990 and 2002 and decreased afterwards until 2014. Since 2014 there has been an
increasing trend again with even higher emissions in 2017, 2019 and 2020 than in 1990;
2021 however, has the lowest N>O emissions ever. Emissions of CH4 have an increasing
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trend with considerable interannual fluctuations. However, absolute emissions are very small
compared to CO and N2O.

Figure 4-3 shows a large increase in emissions of F-gases compared to the year 1990. Main
contributions in the inventory 1990 result from the PFC emissions in the smeltering process
of aluminium production (chp. 4.4.2.2) and from the use of SFs in electrical equipment and
sound proof windows (chp. 4.8.2.1 and chp. 4.8.2.2). The increase between 1995 and 2012
is due to the increasing product uses of HFCs as substitutes for ODS (chp. 4.6) in
refrigeration and air conditioning. Since 2012, total F-gas emissions have remained at a
constant level with a visible drop after 2018. The main driver are the restrictions of HFC use
in mobile air-conditioning and the progressing limitation of HFCs with a high GWP for
stationary refrigeration. Most relevant and main source of F-gases emissions in 2021 is the
use of HFC in refrigeration and air conditioning.
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Figure 4-3 Relative trends in emissions of F-gases in sector 2 Industrial processes and product use. The base
year 1990 represents 100 %.

There are a total of eight key categories identified in sector 2 IPPU, thereof six key
categories with direct greenhouse gas emissions and two key categories with indirect CO»
emissions (see Figure 4-4).
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2A1, COy; L1, T1, L2;
Cement production _—

2F1, HFCs; L1, T1, L2, T2;
Refrigeration and air conditioning

2B10, N,0; L1, T1, L2, T2;
Chemical industry, other

2G, Ind. CO; from NMVOC; T2;
Other product manufacture and use | ——

2D, Ind. CO; from NMVOC; T1, T2; |
Non-energy products from fuels and solvent use —_—

2G3, N,O; T2;
N20 from product uses |——

2C3, PFCs; T1; |
Aluminium production -
2C3,COy; T1; | s 2021
Aluminium production - 1990

0 500 1000 1500 2000 2500
Emissions [kt CO; eq.]

Figure 4-4 Key categories in the Swiss GHG inventory from sector 2 IPPU, including indirect CO2 emissions (Ind.
COy), determined by the key category analyses, approaches 1 and 2. Categories are set out in order of
decreasing emissions in 2021. L1: key category according to approach 1 level in 2021; L2: same for approach 2;
T1: key category according to approach 1 trend 1990-2021; T2: same for approach 2. Black uncertainty bars
represent the narrowest 95 % confidence interval obtained by Monte Carlo simulations (see chp. 1.6 for details).
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4.2. Source category 2A — Mineral industry

4.2.1. Source category description

Table 4-2 Key categories of 2A Mineral industries. Combined KCA results, level for 2021 and trend for 1990—
2021, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2).

Identification
Code IPCC category Gas .
criteria
2A1 Cement Production CO2 L1, T1,L2
Table 4-3 Specification of source category 2A Mineral industry.
2A Source category Specification
2A1 |Cement production Geogenic CO, emissions from calcination process in cement
production;
Emissions of CO,, NOx, CO, NMVOC and SO, from blasting
operations
2A2 |Lime production Geogenic CO, emissions from calcination process in lime
production;
Emissions of CO,, NOx, CO, NMVOC and SO, from blasting
operations
2A3 |Glass production Geogenic CO, emissions from production of container and

tableware glass, and glass wool

2A4  |Other process uses of carbonates | Geogenic CO, emissions from production of fine ceramics,
bricks and tiles and rockwool;

Geogenic CO, emissions from use of carbonates for sulphur
oxide removal in municipal solid waste incineration plants, a
combined heat and power plant that burns all classes of wood
waste and cellulose production (ceased in 2008);

Geogenic CO, emissions from use of sodium bicarbonate;
Emissions of CO,, NOx, CO, NMVOC and SO, from blasting
operations in plaster production

4.2.2. Methodological issues

4.2.2.1. Cement production (2A1)

In Switzerland, there are six plants producing clinker and cement. The Swiss plants are
rather small and do not exceed a capacity of 3’000 tonnes of clinker per day. All of them use
modern dry process technology.

Emissions of geogenic CO; occur during the production of clinker, which is an intermediate
component in the cement manufacturing process. During the production of clinker, limestone,
which is mainly calcium carbonate (CaCOs3), is heated (calcined) to produce lime (CaO) and
CO; as by-product. The CaO reacts subsequently with minerals in the raw materials and
yields clinker. During this reaction step no further CO; is emitted. Clinker is then mixed with
other components such as gypsum to make cement.

Blasting operations in the limestone quarries are another source of emissions for both CO.
and precursor greenhouse gases such as NOy, CO, NMVOC and SO..
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Indirect CO, emissions resulting from CO and NMVOC emissions in this source category are
included in CRF Table6 as documented in chp. 9.

Methodology

Calcination process
The geogenic CO2 emissions from the calcination process in cement production are

determined by a Tier 2 method according to the decision tree Fig. 2.1. of 2006 IPCC
Guidelines (IPCC 2006, vol. 3, chp. 2.1 Cement production).

In Switzerland, no long wet or long dry kilns are used. Only modern preheater or precalciner
kilns are used and also no so-called low-alkali cement is produced. Therefore, there is no
land-filling of calcined cement dust (cement kiln dust, CKD) in Switzerland. In the cement
plants all the filter dust is collected in high performance electrostatic precipitator or bag filters
(having an efficiency of more than 99.999 %) and being recycled to the kiln feed. In some
cases, small portions of the CKD are added directly to the cement as filler. Due to the kiln
technology used in Switzerland the degree of decarbonization of the CKD is almost equal to
that of the kiln feed, meaning, that this CKD has not been decarbonised yet.

Blasting operations
Emissions resulting from blasting operations during the digging of limestone are calculated

by a Tier 2 method according to the EMEP/EEA guidebook (EMEP/EEA 2019, chp. 2A1, Fig.
3.1) using country-specific emission factors. The CO; emissions from "blasting" are related
only to the usage of explosives in the quarries and not to the fuel consumption of
construction machinery such as bulldozers etc.

The CO; emission factor for the use of blasting agents amounts to 600 kg CO/t of blasting
agent (EMIS 2023/2A1 Zementwerke Ubriger Betrieb). The amount of used explosives is
reported to be 0.13 kg/t cement on average, based on measurement data of four Swiss
cement plants in 2002. Since these covered more than 60 % of the production, the value is
considered representative for cement plants in Switzerland.

Total emissions reported for the production of cement are the sum of emissions from
calcination process and blasting operations. The share of CO; emissions from blasting
operations in limestone quarries is well below one tenth of a percent of the geogenic CO
emissions from the calcination process.

Emission factors

Calcination process
The emission factor of CO, from calcination is provided per tonne of clinker. It accounts for

geogenic emissions from the carbonate containing raw material, emissions from organic
carbon content of the raw material and from cement kiln dust (CKD).

The base emission factor of 525 kg CO2/t clinker used in the Swiss ETS corresponds to the
value provided by the Cement Sustainability Initiative (CSI) in its report “CO; and Energy
Accounting and Reporting Standard for the Cement Industry — The Cement CO: and Energy
Protocol” (see method B1, p. 9in CSI 2011). Data from the Swiss cement industry for the
years 2008-2011 showed that CaO contents in clinker typically varied between 63 % and
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66 %, while MgO contents were around 2 %. This resulted in an emission factor that varied
from 529 to 532 kg CO./t clinker for those years (weighted average from the values of the six
cement plants). However, these contents already contained fractions deriving from non-
carbonate sources. Therefore, it was decided in the ETS to define the base emission factor
as described in the CSI Protocol and then add a share for non-carbonate C and CKD. In
submission 2017, the emission factor was revised in order to establish a consistent time
series from 1990 to 2015 and also to achieve consistency between the Swiss ETS and the
greenhouse gas inventory (CSI 2011).

The emissions from the organic carbon content of the raw material are assumed to be a
constant share of 0.2 % of the raw material (i.e. 11.37 kg CO2/t clinker). The emission factor
of CKD is estimated based on plant-specific data available for 2013—2016 that were provided
by the cement industry association (cemsuisse). From this data, an average emission factor
of CO, from CKD is calculated (0.35 kg CO./t clinker). As the CKD represents only an
insignificant proportion of the total EF, no annual update is provided.

Based on these three partial emission factors (base, non-carbonate C and CKD) a total
emission factor per ton of clinker is calculated. This results in a country-specific emission
factor of 536.7 kg COx/t clinker. It is assumed constant for the entire time period. Given that
the cement plants have not changed the source of their raw material, it is justified to assume
a constant emission factor over the entire time period.

Table 4-4 CO>2 emission factor for calcination in 2A1 Cement Production 1990 to 2021.

2A1 Cement production Unit 1990-2021
Calcination, CO, kg/t clinker 537

Blasting operations
The emission factors are country-specific based on emission factors of civil explosives and

information on the specific consumption of explosives in the quarries as documented in the
Handbook on emission factors for stationary sources (SAEFL 2000) as documented in the
EMIS database (EMIS 2023/2A1 Zementwerke Ubriger Betrieb). They are assumed to be
constant over the entire time period and are given per tonne of clinker.

Table 4-5 Emission factors for CO2, NOx, CO, NMVOC and SO: from blasting operations in g/t clinker from source
category 2A1 Cement Production in 2021.

2A1 Cement production Unit CO, NOy CcO NMVOC SO,
Blasting operations g/t clinker 34 3.3 3.3 8.6 0.14

Activity data

Since 1990, data on annual clinker production are provided by the industry association
cemsuisse as documented in the EMIS database (EMIS 2023/2A1_Zementwerke
Rohmaterial). From 2008 onwards they are based on plant-specific annual monitoring reports
from the Swiss Emissions Trading Scheme (ETS).
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Table 4-6 Activity data of clinker production.

2A1 Cement production Unit 1990 1995 2000 2005 2010
Clinker production kt 4'808 3'706 3214 3'442 3'642
2A1 Cement production Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Clinker production kt 3'368 3'415 3'502 3'195 3'296 3'279 3'239 3227 3'129 3'227

4.2.2.2. Lime production (2A2)

During the production of lime, calcium carbonate (CaCO:s) is heated (calcined) yielding burnt
lime (CaO) and CO; as by-product. In Switzerland, there is only one plant producing lime.

There is no industry in Switzerland producing lime for its own requirements, except for sugar
production. A request to both sugar producing plants confirmed that indeed they produce
lime from limestone in own shaft kilns. However, the CO; is re-captured in the sugar
production process and thus no CO; emissions occur.

Blasting operations in quarries are another source of emissions for both CO; and precursor
emissions such as NO,, CO, NMVOC and SO..

Indirect CO; emissions resulting from CO and NMVOC emissions in this source category are
included in CRF Table6 as documented in chp. 9.

Methodology

Calcination process
Since 2013, the geogenic CO; emissions from the calcination process in lime production are

determined by a Tier 3 method using plant-specific emission factors according to the
decision tree Fig. 2.2. of the IPCC Guidelines (IPCC 2006, vol. 3, chp. 2.2 Lime production).
Between 1990 and 2012, a Tier 2 method is applied.

Blasting operations
Emissions resulting from blasting operations during the digging of limestone are calculated

by a Tier 2 method according to the EMEP/EEA Guidebook (EMEP/EEA 2019, chp. 2A2, Fig.
3.1) using country-specific emission factors. The CO2 emissions from "blasting" are related
only to the usage of explosives in the quarries and not to fuel consumption of e.g. bulldozers
etc.

Total emissions reported for the production of lime are the sum of emissions from calcination
process and blasting operations. CO, emissions from blasting operations in limestone
quarries account only for a small share of the total emissions.

Emission factors

Calcination process
The emission factor for CO; from calcination of limestone depends both on the purity of the

limestone and the degree of calcination (i.e. amount of CO, remaining in the lime produced).
A plant-specific value has been calculated based on industry declaration and it is assumed to
be constant for the years 1990-2012 (EMIS 2023/2A2 Kalkproduktion, Rohmaterial). The
value is confidential and is available to reviewers on request. Since 2013, emission factors
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are derived from annual monitoring reports from the Swiss Emissions Trading Scheme
(ETS).

Table 4-7 CO2 emission factor for calcination process in lime production in kg/t lime for 1990-2021 are
documented in the confidential NID, which is available to reviewers on request.

Blasting operations
The emission factors are country-specific as documented in EMIS 2023/2A2 Kalkproduktion,

Ubriger Betrieb. The values are confidential and they are available to reviewers on request.

Table 4-8 COz emission factor for the calcination process in lime production in kg/t lime and emission factors for
COz2, NOx, CO, NMVOC and SO2 from blasting operations in g/t lime in 2021.

2A2 Lime production Unit CO, NOy CcO NMVOC SO,
Calcination kg/t C NA NA NA NA
Blasting operations gt C C C C C

Activity data

Activity data on annual lime production are provided by the only existing plant in Switzerland,
as documented in the EMIS database (EMIS 2023/2A2 Kalkproduktion, Rohmaterial and
EMIS 2023/2A2 Kalkproduktion tGbriger Betrieb). Since 2009 they are based on plant-specific
annual monitoring reports from the Swiss Emissions Trading Scheme (ETS).

Detailed activity data are not reported since they are considered confidential.

Table 4-9 In the confidential NID, the respective table with activity data on lime production are separately reported
and available to reviewers.

4.2.2.3. Glass production (2A3)

Source category 2A3 Glass production comprises geogenic CO, emissions from the
carbonate containing raw materials, i.e. soda ash, limestone and dolomite. In Switzerland,
the following three glass types are produced: container glass, tableware glass and glass
wool. Today, there is only one production plant remaining for container glass and tableware
glass after the other plants closed in 2002 and 2006, respectively. Glass wool is produced in
two plants.

Methodology

For determination of geogenic CO» emissions from glass production, a Tier 2 method
according to the decision tree Fig. 2.3 of IPCC 2006 (vol. 3, chp. 2.4 Glass production) is
used. For glass production in Switzerland this results in the following formula:

COZ EmISSIOI’lS = MGIass type @ EFGIass type ® (l - CU||e'[ I’atIO)

The cullet ratio describes the share of recycled glass material which is used in the
production. The melting of cullet causes no geogenic CO, emissions.
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From 2005 onwards, the geogenic CO2 emissions from container glass production is
determined according to a Tier 3 method based on the amount of carbonate containing raw
materials used, i.e. soda, dolomite and limestone and their effective carbonate content.

For the two plants producing glass wool, the amount of soda ash used as raw material is
available from 2013 and 2021 onwards, respectively. Accordingly, the geogenic CO-
emission factor corresponds to a Tier 3 method from 2021 onwards. For the years 2013 to
2020, the emission factor is thus based on a Tier 3 method of one plant and a Tier 2 method
of the other one.

Emission factors

The emission factors for glass production in Switzerland are taken from IPCC 2006 (vol.3,
chp. 2.4 Glass production, Table 2.6). For the production of container glass (1990-2004),
tableware glass and glass wool (1990-2020) the values for glass type container, tableware
and fibreglass are taken, respectively. As the emission factors are material properties, they
remain constant over time.

From 2005 onwards, effective amounts of carbonate containing raw materials (soda ash,
dolomite and limestone) are available from ETS monitoring reports for the container glass
production and thus the corresponding default CO, emission factors are taken from IPCC
2006 (vol. 3, chp. 2.1, Table 2.1). As these emission factors are material properties, they
remain constant over time. Whereas for the two plants producing glass wool, the amounts of
soda ash are available from ETS monitoring reports from 2013 and 2021 onwards,
respectively.

Table 4-10 Geogenic CO2 emission factor for glass production in g/t glass and g/t carbonate containing raw
material (IPCC 2006).

2A3 Glass production Unit Cco,
geogenic
Glass (speciality tableware) g/t 100'000
1990-2020/2013-2021
Glass wool (fibre glass insulation) |g/t 250'000
Soda use g/t soda 414'920
1990-2004|2005-2021
Container glass g/t 210'000
Soda use g/t soda 414'920
Dolomite use g/t dolomite 477'320
Limestone use g/t limestone 439'710

Table 4-11 In the confidential NID, a comparison of implied CO2 emission factors based on Tier 2 and Tier 3
approaches is provided for container glass production in g/t glass for the time period 2005-2011.

Figure 4-5 In the confidential NID, a comparison of Tier 2 and Tier 3 methods for deriving emission factors of
geogenic CO2 from 2A3 Container glass production is provided for the years between 2005 and 2011.
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Activity data and cullet ratios
Source category 2A3 Glass production is dominated by the emissions from the production of
container glass and glass wool.

For glass wool production, activity data are based on data from the two glass wool
production plants in Switzerland. Since 2008, activity data are based on plant-specific annual
monitoring reports (EMIS 2023/2A3 Glaswolle Produktion Rohprodukt).

Activity data of tableware and container glass production are based on data from Swiss glass
producers (EMIS 2023/2A3 Hohlglas Produktion, EMIS 2023/2A3 Glas Ubrige Produktion).
For container glass, they are based on ETS monitoring reports from 2005 onward.

Detailed information on activity data for container glass production and tableware production
is confidential as there is only one production plant for container glass and tableware glass,
respectively. Data are available to the reviewers on request.

Table 4-12 Activity data of glass production in Switzerland and cullet ratio in % as well as consumption of
carbonate containing raw materials in container glass production

2A3 Glass production Unit 1990 1995 2000 2005 2010
Container glass
Production kt C C [} C C
Cullet ratio % C C C NA NA
Soda use kt NA NA NA C C
Dolomite use kt NA NA NA C C
Limestone use kt NA NA NA C C
Glass (speciality tableware)
Production kt C C C C C
Cullet ratio % C C C C C
Glass wool
Production kt 24 24 31 37 36
Cullet ratio % 21 45 69 65 71
Soda use kt NA NA NA NA NA
2A3 Glass production Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Container glass
Production kt C C C C C C [ C C C
Cullet ratio % NA NA NA NA NA NA NA NA NA NA
Soda use kt C C C C C C [} C C [}
Dolomite use kt C C C C C C C C C C
Limestone use kt C C C C C C C C C C
Glass (speciality tableware)
Production kt C C C C C C [} C C [}
Cullet ratio % C C C C C C C C C C
Glass wool
Production kt 39 33 32 31 32 36 40 47 40 49
Cullet ratio % 61 C C C C C C C C NA
Soda use kt NA C C C C C C C C 2.7

4.2.2.4. Other process uses of carbonates (2A4)

Source category 2A4 Other process uses of carbonates comprises geogenic CO, emissions
from production of fine ceramics (2A4a), bricks and tiles (2A4a) and rock wool (2A4d), from
use of carbonates for sulphur oxide removal in municipal solid waste incineration plants
(2A4d) and cellulose production (ceased in 2008) (2A4d), and from use of sodium
bicarbonate (2A4d) as well as emissions of CO,, NOx, CO, NMVOC and SO from blasting
operations in plaster production (2A4d). The limestone use in cupola furnaces of iron
foundries has been reallocated from source category 2A4d to 2C1.

Indirect CO; emissions resulting from CO and NMVOC emissions in this source category are
included in CRF Table6 as documented in chp. 9.
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Ceramics (2A4a)

Source category 2A4a Ceramics consists of the production of fine ceramics and brick and
tile.

Fine ceramics (2A4a)

In Switzerland, the main production of fine ceramics is sanitary ware. The carbonate
containing raw materials limestone and dolomite as well as small amounts of soda ash are
used in product glazes only. All information on the fine ceramics production is documented in
EMIS 2023/2A4a Feinkeramik Produktion.

Methodology
The geogenic CO, emissions from fine ceramics production are determined by a Tier 2

method according to the decision tree Fig. 2.4 of IPCC 2006 (vol. 3, chp. 2.5 Other process
uses of carbonates).

For fine ceramics production in Switzerland, this results in the following formula:

CO, Emissions = (MLimestone ° EFLimestone) + (MDoIomite i EFDolomite) + (MSoda Ash ® EFSodaAsh)

Emission factors
The CO, emission factors of limestone, dolomite and soda ash are taken from IPCC 2006

(vol. 3, chp. 2.1, Table 2.1). As these emission factors are material properties, they remain
constant over time.

Table 4-13 Geogenic CO2 emission factors used for fine ceramics and the production of brick and tile in g/t
carbonate containing raw material and g/t product, respectively.

2A4a Ceramics Unit CO,
geogenic
Fine ceramics 1990-2021
Limestone use g/t limestone 439'710
Dolomite use g/t dolomite 477'320
Soda use g/t soda 414'920
1990-2012 2014] 2015] 2016] 2017] 2018] 2019] 2020] 2021]
Brick and tile production glt 117'000]  110'000] 103'000] 112'000]  113'000] 107'000] 107'000] 103'000]  113'000|
Activity data

Activity data for carbonate containing raw materials (i.e. limestone, dolomite and soda ash)
used in the glazes of the fine ceramics production are extrapolated values based on industry
data from the largest production plant in Switzerland. Detailed activity data are considered
confidential. They are available to the reviewers on request.

Brick and tile production (2A4a)

In Switzerland, there are about 20 plants producing bricks and tiles. The manufacturing
process uses limestone containing clay as main raw material.
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Methodology
The brickearth used in Switzerland for the production of bricks and tiles does not consist of

pure and defined contents of clay minerals but its clay content is varying depending on the
individual pit, comprising other minerals such as calcite, dolomite and quartz. Compared to
other countries, the fraction of carbonate containing raw material is relatively high. Detailed
data on the composition of carbonate containing raw materials from the Swiss brick and tile
industry were not available before 2013. Therefore, for the period 1990 until 2012 data from
a comparison of geogenic CO, emissions based on representative analyses of the carbonate
content of the clay used for brick and tile production in a number of plants in Switzerland and
the European Union are applied. This study was carried out by the Swiss association of brick
and tile industry (Verband Schweizerische Ziegelindustrie, VSZ) in 2012 (see EMIS
2023/2A4a Ziegeleien).

Since 2013, the Swiss brick and tile production plants are legally obliged to report geogenic
emissions from carbonate containing raw materials annually (Federal Act on the Reduction of
CO; Emissions, Swiss Confederation 2011 and Ordinance for the Reduction of CO»
Emissions, Swiss Confederation 2012). The emissions are estimated from analyses of the
carbonate content of the raw materials and an assumed calcination factor of 100 %. This
procedure corresponds to a Tier 3 method according to the decision tree Fig. 2.4 of IPCC
2006 (vol. 3, chp. 2.5 Other process uses of carbonates). Between 1990 and 2012 a Tier 2
method is applied.

Emission factors
According to the above-mentioned study, bricks emit a weighted average of 13.2 % of

geogenic CO; (variation range 5.4—-24 %) and roof tiles have a weighted average of 8.6 %
(variation range 5.6—13 %). Based on the production shares of the largest Swiss brick
producer, a production ratio for bricks to tiles of 2:1 was assumed for the whole period from
1990 to 2012. This resulted in an average geogenic CO» emission factor of 117 kg CO./t
brick and tile, which was assumed constant for the time period 1990 to 2012.

Since 2013, a production weighted emission factor is derived based on the plant-specific
monitoring data of the geogenic CO; emissions from the carbonate containing raw materials.
For emission factors see Table 4-13.

Activity data
Activity data are based on production data from the Swiss association of brick and tile

industry (VSZ) and are presented in Table 4-14 (EMIS 2023/2A4). Since 2011 they are
based on plant-specific annual monitoring reports from the Swiss Emissions Trading Scheme
(ETS).

4 Industrial processes and product use (IPPU)



National Inventory Document of Switzerland 2023 194

Table 4-14 Activity data for the production of fine ceramics including the use of limestone, soda and dolomite in
the glazes, brick and tile, rock wool and plaster as well as other use of carbonates (sodium bicarbonate).

2A4a Ceramics Unit 1990 1995 2000 2005 2010
Fine ceramics production kt Cc C C c C
Limestone use kt C C C C C
Dolomite use kt C C C Cc C
Soda use kt C C C C C
Brick and tile production kt 1'271 1'115 959 1'086 879
2A4d Other
Rock wool production kt C C C C C
Carbonate use in waste
incineration plants kt 0.71 0.76 0.82 0.61 NO
Limestone use in cellulose
production kt 8.5 9.4 9.3 8.3 NO
Other use of carbonates kt 5.9 5.4 7.0 7.3 6.9
Plaster production kt 319 304 288 327 335
2A4a Ceramics Unit 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Fine ceramics production kt C C C C C C C C C C
Limestone use kt C C ¢} C C C C C C [}
Dolomite use kt C Cc C Cc C C C C C C
Soda use kt C C C C C C C C C C
Brick and tile production kt 792 785 765 726 660 622 581 554 531 484
2A4d Other
Rock wool production kt C C C Cc C C C C C C
Carbonate use in waste
incineration plants kt NO 2.7 1.9 6.5 6.6 6.8 7.2 7.0 7.0 7.8
Limestone use in cellulose
production kt NO NO NO NO NO NO NO NO NO NO
Other use of carbonates kt 7.6 6.1 75 6.7 6.8 6.5 7.4 7.8 7.9 9.2
Plaster production kt 271 213 166 140 148 146 152 149 122 C

Other uses of soda ash (2A4b)

Soda ash is mainly used in the glass production, which is reported separately in source
category 2A3 Glass production. A very small amount of soda ash is also applied in glazes of
fine ceramics and is thus accounted for in source category 2A4a Ceramics (see Table 4-13).
Based on a study investigating carbonate use in industry (INFRAS 2015), it is concluded that
there are no known other uses of soda ash (2A4b) in Switzerland. No soda ash is used in
flue gas or wastewater treatment. It was concluded that there is no other relevant emissive
soda ash use and thus, reported as not occurring in the inventory so far.

During the in-depth review in 2019, the ERT raised the question about potential other uses of
soda ash in Switzerland. Based on net imports of soda ash and the known uses in the
production of glass (assuming for glass wool and speciality tableware glass the same soda
ash content of carbonate raw materials as for container glass) and fine ceramics, an amount
of about 11.6 kt resulted for 2017, of which it is not clear whether its use is emissive or not. In
a conservative estimate, this would yield a maximum of about 4.8 kt of CO, emissions
(default emission factor of 0.41492 t CO./t soda ash, IPCC 2006), which corresponds to

0.01 % of the national total (excluding LULUCF) in 2017. Considering the entire time series,
the share of the national total was largest in 1990 (0.02 %) and has remained about constant
(0.01 %) since 2003. In accordance with decision 24/CP.19, annex |, paragraph 37(b), this is
below the significance threshold and thus, the ERT recommended that Switzerland reports
CO; emissions from source category 2A4b Other use of soda ash as not estimated (“NE”) in
its inventory, which was implemented in the submission 2021.

4 Industrial processes and product use (IPPU)



National Inventory Document of Switzerland 2023 195

Other (2A4d)

Rock wool production (2A4d)

In Switzerland, there is one single producer of rock wool. The plant uses carbonate
containing raw materials like dolomite, basalt, cement and further additives as documented in
the EMIS database (EMIS 2023/2A4d Steinwolle Produktion).

Methodology

Since 2013, rock wool manufacturers are legally obliged to report geogenic CO» emissions
from carbonate containing raw material annually. For the years 2005-2011 and 2013 plant-
specific data on raw material consumption and emission factors is available from monitoring
reports of the Swiss ETS. From this information, data for the other years are interpolated for
calculating an implied emission factor.

The geogenic CO2 emissions from rock wool production are determined by a Tier 3 method
according to IPCC 2006 (vol. 3, chp. 2.5 Other process uses of carbonates). Before 2004, a
Tier 2 method was applied.

Emission factors
For rock wool production in Switzerland, the CO; emission factor is based on measurements

of the oxides (CaO, MgO, Naz0, K20, MnO) of the carbonate containing raw materials and
the product for the years 2005 to 2011 as well as since 2013. Based on the difference in the
oxide content in the raw material and the products, the total geogenic CO; emissions are
determined. Consequently, the emission factor is specified as g/t rock wool. Since data on
the carbonate content are missing for the years 1990 to 2004 and 2012 the mean value of
the years 2005-2011 and 2013 is applied for these years.

The CO; emission factors are confidential. They are available to reviewers on request.

Table 4-15 Geogenic CO2 emission factors used for rock wool production and other carbonate uses, CO2 fossil,
NOx, CO, NMVOC and SOz emission factors for plaster production in g/t carbonate containing raw material and
g/t product, respectively for 2021.

2A4d Other Unit CO, CO, fossil NO, CO NMVOC SO,
geogenic

Rock wool production g/t C NA NA NA NA NA

Carbonate use in waste incineration

plants glt 523'880 NA NA NA NA NA

Other carbonate uses g/t 523'880 NA NA NA NA NA

Plaster production g/t rocks NA C C C C C

Table 4-16 In the confidential NID, the respective table with geogenic CO2 emission factors used for rock wool
production is separately reported and available to reviewers.

Activity data

Activity data are based on industry data from the single rock wool production plant in
Switzerland (monitoring reports of the Swiss ETS) and are therefore confidential. They are
available to reviewers on request.
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Other carbonate uses (2A4d)

In 2014, an assessment was carried out in order to identify sources of CO, emissions from
carbonate use for sulphur oxide removal and acid neutralization, which were not considered
in the Swiss greenhouse gas inventory so far (INFRAS 2015). The survey among selected
potentially relevant industrial plants, industry associations, Swiss cantons and the Swiss
customs administration (EZV) comprised the following substances: limestone (CaCOs),
dolomite (CaMg(CO3).), sodium bicarbonate (NaHCO3) and soda ash (Na;COs3).

Besides applications of calcium hydroxide and sodium hydroxide in flue gas treatment also a
few applications of limestone and sodium bicarbonate for sulphur oxide removal could be
identified in Switzerland. Limestone had been used in the cellulose production up to 2008,
when the plant was closed, and in one municipal solid waste incineration plant up to 2005.
Since 2013, several waste incineration plants and one combined heat and power plant that
burns all classes of wood waste (from 2021 onwards) are using sodium bicarbonate.

In cupola furnaces of iron foundries limestone is also used as flux. The resulting geogenic
CO; emissions are reported in 2C1 Iron and steel production. Limestone is also used to
neutralize acid wastewater in one chemical production plant. These emissions are reported
in source category 2B10 Limestone pit.

Additionally, it is assumed, that all other applications of sodium bicarbonate result in a
complete conversion to CO». Since there is no production of sodium bicarbonate in
Switzerland, the annual emissions can be estimated based on the net import.

Methodology
The method for calculating the geogenic CO; emissions from the use of limestone and

sodium bicarbonate in all the source categories mentioned above — except in waste
incineration plants from 1994 onwards — corresponds to a Tier 2 method according to the
decision tree Fig. 2.4 of IPCC 2006 (vol. 3, chp. 2.5 Other process uses of carbonates).

The method for calculating the geogenic CO2 emissions from the use of limestone and
sodium bicarbonate in waste incineration plants from 1994 onwards corresponds to a Tier 3
method according to the decision tree Fig. 2.4 of IPCC 2006 (vol. 3, chp. 2.5 Other process
uses of carbonates).

Emission factors
The emission factors of limestone and sodium bicarbonate are based on the stoichiometry of

CaCOs (IPCC 2006, vol. 3 chp. 2.1, table 2.1, IPCC 2006) and NaHCO3; (CRC 2004),
respectively, see Table 4-15. A conversion factor of 100 % is assumed for all applications of
both carbonates.

Activity data
Activity data on limestone use in flue gas treatment in cellulose production are based on

expert estimates on the specific consumption of limestone per tonne of cellulose as
documented in the EMIS database (EMIS 2023/1A2d Zellulose Produktion).

The activity data of limestone and sodium bicarbonate use in waste incineration plants and a
combined heat and power plant fuelled with all classes of wood waste are provided by the
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industry as documented in the EMIS database (EMIS 2023/1Ala
Kehrichtverbrennungsanlagen).

The activity data of sodium bicarbonate correspond to difference between the net import of
sodium bicarbonate and the amount of sodium bicarbonate used in waste incineration plants
and a wood waste plant. The net import data are provided by the Swiss customs
administration as documented in the EMIS database (EMIS 2023/2A4d Karbonatanwendung
weitere). For activity data see Table 4-14.

Plaster production (2A4d)

Methodology
There were two plaster production sites in Switzerland. In August 2020, one of the two sites

was closed. Therefore, data on plaster production are confidential from 2021 onwards.

The emissions stem mainly from blasting operations. They are determined by a country-
specific method analogous to a Tier 2 method of the EMEP/EEA guidebook (EMEP/EEA
2019).

Emission factors
As there are no specific emission factors for gypsum mining, the emission factors for cement

raw material mining are taken instead (with a rough estimate that 1.5 t of raw material are
required for production of 1 t of cement). This method is documented in EMIS 2023/2A4d
Gips-Produktion Ubriger Betrieb. For emission factors see Table 4-15. Emission factors for
Plaster production are confidential but available to reviewers on request.

Activity data
The activity data of the annual amount of raw material processed in the plaster production

are based on industry data and expert estimates as documented in EMIS 2023/2A4d Gips-
Produktion Ubriger Betrieb (see Table 4-14). Activity data for Plaster production are
confidential from 2021 onwards but available to reviewers on request.

4.2.3. Uncertainties and time-series consistency

For all source categories in 2A, emitting CO», an uncertainty of 2 % is assumed for activity
data, since data at plant level are available and assumed to be fully representative. This is in
agreement with the default range of 1 % to 3 % (IPCC 2006, vol. 3, chp. 2, p. 2.39).

For source category 2A1 Cement production, an uncertainty of 4 % is assumed for the CO-
emission factor, which consists of an average emission factor per tonne of clinker for
calcination of the carbonate containing raw material (FOEN 2020k chp. G.7) and a correction
for the content of organic carbon and cement kiln dust.

The uncertainty of the CO, emission factor is estimated to be 3 % for 2A2 Lime production,
which is the upper value of the default range for Tier 3 (IPCC 2006, vol. 3, chp. 2, p. 2.31,
suggested range of 1 % to 3 %).
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For 2A3 Glass production, the uncertainty of the CO, emission factor is estimated to be 3 %,
which is the upper value of the default range for Tier 3 (IPCC 2006, vol. 3, chp. 2, p. 2.31,
suggested range of 1 % to 3 %).

For CO; emissions in source category 2A4 Other process uses of carbonates, most of the
data are provided by industrial plants participating in the Swiss ETS, which requires that the
uncertainty in the emissions does not exceed a given limit (1.5 % to 7.5 %, depending on the
amount of emissions resulting from a given source) and from the Swiss Federal Customs
Administration. For the emission factor, the chosen value of 2 % is also in agreement with
the default range of 1 % to 5 % (IPCC 2006, vol. 3, chp. 2, p. 2.39).

Consistency: Time series for 2A Mineral industry are all considered consistent.

4.2.4. Category-specific QA/QC and verification

The general QA/QC measures are described in chp. 1.5.

For submission 2017, implied emission factors of 2A3 container glass production were
assessed by both a Tier 2 and Tier 3 method for the years 2005-2011. This comparison

provides an indication of the differences caused by the switch in the Tier level from Tier 2
(1990-2004) to Tier 3 (2005—-2015).

4.2.5. Category-specific recalculations

The following recalculations were implemented in submission 2023. Major recalculations
which contribute significantly to the total differences in GHG emissions of sector 2 IPPU
between the latest and the previous submissions are also presented in chp. 10.1.2.2.

e 2A3: The geogenic CO, emission factor from 2A3 Glass wool production was revised for
the years 2013-2020 based on monitoring reports from the Swiss emissions trading
system. For one of the two plants the factor in 2013—2020 is based on soda consumption
and for the other on cullet ratio and the default factor from IPCC 2006.

4.2.6. Category-specific planned improvements

There are no category-specific planned improvements.
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4.3. Source category 2B — Chemical industry

4.3.1. Source category description

Table 4-17 Key categories of 2B Chemical industry. Combined KCA results, level for 2021 and trend for 1990—
2021, including LULUCF categories (L1/2 = level, Approach 1 or 2; T1/2 = trend, Approach 1 or 2).

Code IPCC category Gas Id.entl.flcatlon
criteria

2B10 Chemical industry, other N20 L1, T1,L2,T2

Table 4-18 Specification of source category 2B Chemical industry.

2B Source category Specification

2B1 |Ammonia production Emissions of CO, and NMVOC are reported in 2B8b Ethylene
production

2B2 |Nitric acid production Emissions of N,O and NOx from the production of nitric acid
(ceased in 2018)

2B5 |Carbide production Emissions of CO,, CH,, CO and SO, from the production of
silicon carbide and graphite

2B8 |Petrochemical and carbon black Emissions of CO, and NMVOC from ethylene production. In

production Switzerland there is only ethylene production under this source

category

2B10 |Other Emissions of CO,, CH,, CO and NMVOC from acetic acid
production;
CO, emissions from limestone pit;
CO,, N,O, NO, and CO emissions from niacin production;,
NMVOC emissions from PVC production (ceased in 1996);
SO, emissions from sulphuric acid production

4.3.2. Methodological issues

4.3.2.1. Ammonia production (2B1)

Ammonia (NHs) is produced in one single plant in Switzerland by catalytic reaction of
nitrogen and synthetic hydrogen (see Figure 4-6). Ammonia is not produced in an isolated
reaction plant but is part of an integrated production chain (see Figure 4-6).

The starting production process is the thermal cracking of liquefied petroleum gas and light
virgin naphtha yielding ethylene (ethene, C>H,), and a series of by-products such as e.g.
synthetic hydrogen and methane, which are used as educts for further production steps.
According to the Swiss ammonia producer it is not possible to split and allocate the
emissions of the cracking process (CO, and NMVOC) to every single product such as, e.g.,
ethylene, acetylene (ethyne, C>Hy), cyanic acid or ammonia. Therefore, all CO, and NMVOC
emissions of the cracking process are alloc