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Glossary

AD

Avenergy

BaP

BbF

BC

BkF
Carbura
CEIP

Cd
Cemsuisse
CLRTAP
CNG

CoO

CO;
CRF
CSss
DDPS
DETEC

DPF
EF
EMIS
EMEP

EMPA
EPA
EV

ex
FAL
FCA

FEDRO
FOCA

Glossary

Activity data

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

Benzo(a)pyrene (CLRTAP: POP)

Benzo(b)fluoranthene (CLRTAP: POP)

Black Carbon

Benzo(k)fluoranthene (CLRTAP: POP)

Swiss organisation for the compulsory stockpiling of oil products
EMEP Centre on Emission Inventories and Projections
Cadmium (CLRTAP: priority heavy metal)

Association of the Swiss cement industry

UNECE Convention on Long-Range Transboundary Air Pollution
Compressed Natural Gas

Carbon monoxide

Carbon dioxide

Common Reporting Format (UNFCCC)

Mix of special waste with saw dust; used as fuel in cement kilns
Federal Department of Defense, Civil Protection and Sport

Department of the Environment, Transport, Energy and
Communications

Diesel Particle Filter
Emission Factor
Swiss Emission Information System

European Monitoring and Evaluation Programme: Co-operative
programme for monitoring and evaluation of the long-range
transmissions of air pollutants in Europe (under the CLRTAP)

Swiss Federal Laboratories for Material Testing and Research
Federal Act on the Protection of the Environment

Erdoél-Vereinigung (petroleum association), since 2019: Avenergy
Suisse

In combination with pollutant (PM2.5 ex, PM10 ex, TSP ex, BC ex or
Cd ex)) exhaust fraction of this pollutant emissions

Swiss Federal Research Station for Agroecology and Agriculture
(since 2013 Agroscope)

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

Swiss Federal Roads Office

Federal Office of Civil Aviation
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FOEN Federal Office for the Environment (former name SAEFL until 2005)

FOCBS Federal Office for Customs and Border Security, formerly Federal
Customs Administration (FCA)

FSKB Fachverband der Schweizerischen Kies- und Betonindustrie

Gas oll Light fuel oil

GHG Greenhouse Gas

GVS Giesserei Verband der Schweiz / Swiss Foundry Association

ha Hectare

HAFL School of Agricultural, Forest and Food Sciences at Bern University
of Applied Sciences

HCB Hexachlorobenzene

Hg Mercury (CLRTAP: priority heavy metal)

HM Heavy Metals

IlcdP Indeno(1,2,3-cd)pyrene (CLRTAP: POP)

IR Informative Inventory Report (CLRTAP)

INFRAS Research and consulting company, Zurich/Berne

IPCC Intergovernmental Panel on Climate Change

IPPU Industrial Processes and Product Use

ICAO International Civil Aviation Organization

I-Teq International Toxic Equivalent (unit of toxic equivalent factors for
PCB’s, PCDDs, PCDFs for Human and Wildlife by WHO

vz Swiss information system traffic admission (Informationssystem
Verkehrszulassung IVZ) run by FEDRO, formerly MOFIS

kt Kilo tonne (1000 tonnes)

L1, L2 Key category according to level assessment with approach 1,
approach 2

LTO Landing and Takeoff-Cycle (Aviation)

LUBW Baden-Wiirttemberg State Institute for Environmental Protection
(Landesanstalt fur Umweltschutz Baden-Wiurttemberg), Germany

LULUCF Land Use, Land-Use Change and Forestry

MOFIS Swiss federal vehicle registration database run by FEDRO (since
2022:1IV2)

MSW Municipal Solid Waste

NCV Net Calorific Value

NFR Nomenclature For Reporting

NH3 Ammonia

NIR National Inventory Report

NIS National Inventory System

NMVOC Non-Methane Volatile Organic Compounds

NOy, NO2, NO Nitrogen oxides, nitrogen dioxide, nitrogen monoxide

Glossary
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NA, NE, IE, NO, NR

nx

OAPC

PAH

PCDD/PCDF

Pb

PCB

PM, PM2.5, PM10

POPs
QA/QC

QMS
SAEFL

SBV

SFOE
SFSO
SGCI/SSCI

SOy, SOz
SGPV
SGWA
SWISSMEM

T1, T2

TAN
TFEIP
TSP
UNFCCC
VKTS
VOC

VTG
VSG/SGIA
VSLF
VSTB
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(official notation keys) Not Applicable, Not Estimated, Implied
Elsewhere, Not Occuring, Not Relevant

In combination with pollutant (PM2.5 ex, PM10 ex, TSP ex, BC ex or
Cd ex)) non-exhaust fraction of this pollutant emissions

Ordinance on Air Pollution Control

Polycyclic aromatic hydrocarbons (CLRTAP: POP)
Polychlorinated Dibenzodioxins and -Furanes (CLRTAP: POP)
Lead (CLRTAP: priority heavy metal)

Polychlorinated Biphenyls

Suspended Particulate Matter (PM) with an aerodynamic diameter
of less than 2.5 um or 10 um, respectively.

Persistent Organic Pollutants

Quiality Assurance/Quality Control: QA includes a system of review
procedures conducted by persons not directly involved in the
inventory development process. QC is a system of routine technical
activities to control the quality of the inventory.

Quality Management System

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

Swiss farmer’s union (“Schweizer Bauernverband”) or
Swiss association of builders (“Schweizerischer Baumeisterverband”)

Swiss Federal Office of Energy
Swiss Federal Statistical Office

Schweiz. Gesellschaft fiir Chemische Industrie / Swiss Society of
Chemical Industries

Sulphur oxides, sulphur dioxide
Swiss association for cereal production
Swiss Gas and Water Industry Association

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

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

Total Ammonia Nitrogen

Task Force on Emission Inventory and Projections

Total Suspended Particulate matter

United Nations Framework Convention on Climate Change
Swiss supervising association of textile cleaning

Volatile Organic Compounds

Verteidigung Luftwaffe (Swiss Air Force Administration)
Swiss Gas Industry Association

Swiss association for coating and paint applications

Swiss association of grass drying plants
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WAM Scenario “With Additional Measures”

WHO World Health Organization

WM Scenario “With Measures”

ZPK Swiss association of pulp, paper and paperboard industry

Glossary
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Executive Summary

Switzerland and CLRTAP

Switzerland is a Party to the 1979 Geneva Convention on Long-range Transboundary Air
Pollution (CLRTAP). The aim of the Convention is to protect the population and the
environment against air pollution and to limit and gradually reduce and prevent air pollution
including long-range transboundary air pollution. The seven CLRTAP Protocols including the
Gothenburg Protocol, require an annual emission reporting. The 1999 Gothenburg Protocol
is a multi-pollutant protocol designed to reduce acidification, eutrophication and ground-level
ozone by setting national emissions ceilings for sulphur dioxide, nitrogen oxides, volatile
organic compounds and ammonia, which were to be met by 2010 and maintained
afterwards. A revision of the Protocol including emission reduction commitments for 2020
and beyond expressed as a percentage reduction from the 2005 emission level was adopted
in 2012 and entered into force on 7 October 2019. It includes newly also PM2.5
commitments. This amended protocol entered into force for Switzerland on 22 October 2019.

Following its obligations under the CLRTAP, Switzerland annually submits its air pollution
emission inventory (“CLRTAP Inventory”) as well as an Informative Inventory Report (IIR)
according to the revised emission reporting guidelines under the CLRTAP. The emission
inventory exists since the mid 80’s while the very first IIR as a report was submitted in 2008
(FOEN 2008) in accordance with the Guidelines for Reporting Emission Data under the
Convention. The report on hand is now the fifteenth IR of Switzerland.

The report has substantially improved over the years due to recurring external and internal
reviews. Stage 1 and stage 2 centralized reviews took place annually, centralized stage 3
reviews in 2010 (UNECE 2010), 2016 (UNECE 2016) and 2020 (UNECE 2020a). For the
latest submission and driven by this last centralized stage 3 review, specific improvements
have been implemented. For a list of the most important improvements, see chapter 1.4.1.
Additional information on specific improvements is given in the chapters of the respective
sectors and source categories.

Swiss CLRTAP inventory system

The Swiss inventory system has been developed and is managed by the Federal Office for
the Environment (FOEN) under the auspices of the Federal Department of the Environment,
Transport, Energy and Communications (DETEC).

FOEN'’s Air Pollution Control and Chemicals Division maintains a database called EMIS
(EMissionsinformationssystem Schweiz, Swiss Emission Information System) containing all
basic data needed to prepare the CLRTAP inventory. Background information on data
sources, activity data, emission factors and methods used for emission estimation are
documented in EMIS.

A number of data suppliers provide input data that is fed into EMIS. The inventory’s most
relevant data sources are the Swiss overall energy statistics, existing models for road
transportation and non-road vehicles and machines, data from industry associations and
agricultural statistics and models.

Typically, emissions are calculated according to standard methods and procedures as
described in the revised UNECE Guidelines 2014 for Estimating and Reporting Emission
Data under the Convention on Long Range Transboundary Air Pollution (ECE 2014) and in
the EMEP/EEA Air Pollutant Emission Inventory Guidebook, editions 2016 and 2019
(EMEP/EEA 2016, 2019). With a few exceptions, calculations of emissions are consistent
with methodological approaches in the greenhouse gas (GHG) inventory under the

Executive Summary
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UNFCCC. However, some relevant differences exist. For example, the Swiss CLRTAP
Inventory system applies the “fuel used” principle for road traffic emissions for estimating
compliance with the emission reduction ceilings, while for the GHG inventory, the “fuel sold”
principle applies. This means that the so called “fuel tourism” and statistical differences is
accounted for in the emissions of the GHG inventory, but not in the CLRTAP Inventory. Note
that in the official emission reporting templates the Swiss “National total for the entire
territory” (row 141 in the reporting tables) is reported as “fuel sold” in order to be comparable
to other countries. But the Swiss “national total for compliance” with Gothenburg
Protocol commitments (row 152 in the reporting tables) is the national total based on
the “fuel used” as mentioned before. The difference between the two approaches can
amount to several percent, but deviations varied considerably in the period 1990-2020 due
to fluctuating fuel price differences between Switzerland and its neighbouring countries. Also,
methodological approaches to determine emissions from aviation under the CLRTAP deviate
from the GHG inventory: so-called landing and take-off (LTO) emissions of domestic and
international flights are taken into account for the national total CLRTAP while emissions of
international and domestic cruise flights are reported under memo items only.

Key categories, uncertainties and completeness

Key category analyses were conducted according to approaches 1 and 2. For both
approaches, level assessments were conducted for the years 2020 and 1990 and a trend
assessment for 1990-2020. The most relevant source categories stem from sectors 1
Energy, 2 IPPU and 3 Agriculture.

For the main pollutants (NOx, NMVOC, SOy, NH3) as well as for PM2.5 and PM10, the
uncertainty of the inventory, resulting from uncertainties from each category, is evaluated
according to two methods: uncertainty propagation (approach 1) and Monte Carlo
simulations (approach 2). In addition, a Tier 2 approach uncertainty estimation was
conducted for agricultural NHs; emissions in 2021.

The uncertainty analysis has been carried out for level emissions for the years 1990 and
2020 and for the trend 1990-2020. Level uncertainty estimations from approach 2 for the
reporting year range from 8 % to 34 %, trend uncertainties from 0.7 % to 11 %. Results from
approach 1 are similar. The level uncertainty estimations remain similar for all pollutants
(change below 1 percentage point) as compared to the values of the previous submission for
the year 2019, except for NMVOC and NHs, for which the inventory uncertainty decreased
(see discussion in chp. 1.7.3).

Complete emission estimates are accomplished for all known sources and air pollutants.
According to current knowledge, the Swiss CLRTAP inventory is complete.

Quality assurance and quality control (QA/QC)

A QA/QC system for the GHG inventory is in place that also covers most of the preparation
process of the CLRTAP Inventory. The National GHG Inventory, which is also derived from
the Swiss Emission Information System (EMIS), complies with the ISO 9001:2015 standard
(Swiss Safety Center 2019). It was certified by the Swiss Association for Quality and
Management Systems in December 2007 and has been re-audited annually. A separate and
formalized CLRTAP Inventory quality system is not foreseen. However, a centralised
plausibility check for emissions was established that compares emissions of the previous and
the last submission.

Executive Summary
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Emission trends 1980-2020
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ES Figure 1.1 Relative trends for the total emissions of main pollutants and CO in Switzerland.

Overall, ES Figure 1.1 shows a decreasing trend of all main air pollutants and CO. The
significant decline of NOy, NMVOC and CO emissions is caused by effective reduction
measures: abatement of exhaust emissions from road vehicles and stationary installations,
taxation of solvents and voluntary agreements with industry sectors. The drop of emissions in
2020, especially visible for NOx and CO, is due to reduced traffic volumes during the COVID-
19 pandemic. As a result of the legal restriction of sulphur content in liquid fuels and the
decrease of coal consumption, SOx emissions decreased significantly as well. In contrast to
the other main pollutants, NH3; emissions only show a slight reduction mainly due to the
decrease of animal numbers and changes in agricultural production techniques.

Emission trends for PM2.5 (not included in ES Figure 1.1, see Figure 2-3) reveal a significant
decline between 1980 and 2020 mainly as a result of the abatement of exhaust emissions
from road vehicles and also to a minor extent from non-road machinery and from improved
residential heating equipment.
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Characteristics of the sectors

1 Energy: the energy sector encompasses stationary and mobile fuel combustion
activities and fugitive emissions from handling of fuels, such as losses in the gas network
or refining and storage of gasoline and coal. Compared to the other sectors, fuel
combustion activities are the main emission source of all air pollutants reported in the IIR
except for NHs, NMVOC, TSP and PCB. Within sector 1 Energy, source category 1A3
Transport is the predominant source of all main pollutants except for SOx and PM2.5,
where 1A2 Manufacturing industries and construction and 1A4 Other sectors,
respectively, are the most important sources. The emissions of all pollutants from the
sector decreased compared to 1990.

2 Industrial processes and product use: this sector comprises process emissions from the
mineral, chemical and metal industry. Included are also other production industries such
as pulp and paper industry and food and beverages industry as well as other solvent and
product use, e.g. emissions from paint applications and domestic solvent use. Emissions
from industrial processes and product use are the main emission source of NMVOC and
an important source of particulate matter (mainly PM2.5, but also PM10 and TSP) as well
as SOy emissions. NMVOC emissions originate mainly from source category 2D3 Other
solvent use. 2A1 Cement production, 2A5a Quarrying and mining other than coal, 2G
Other product use (i.e. use of fireworks) and 2H1 Pulp and paper industry are responsible
for considerable amounts of PM2.5 emissions, whereas 2C1 Iron and steel production is
a crucial source of heavy metal emissions. SOy is generated mainly by 2B5 Carbide
production as well as 2C3 Aluminium production (until 2006). In source category 2K
Consumption of POPs and heavy metals, considerable emissions of PCB are reported.
Since 1990, the emissions of all pollutants decreased more or less continuously, although
in the past few years, the decrease has been less pronounced for most of the pollutants.

3 Agriculture: this sector encompasses emissions from livestock production and
agricultural soils. Overall, sector 3 Agriculture clearly is the predominant contributor to
total Swiss NH3 emissions, also contributing to a relevant share of NMVOC, NOy, PM10
and TSP emissions. Within the sector, the NHsz emissions are attributed to the source
categories 3B Manure management and 3D Agricultural soils. Most NH3 emission
reduction in agriculture occurred between 1980 and 2004 (-13 %), followed by an
increase until 2007 and then showed a slight but rather constant decrease again.
Between 1990 and 2020 the reduction of agricultural and total NHs; was -23 %. Emissions
of NOy reveal a decreasing trend since 1990 with slight fluctuations. NMVOC emissions
mainly stem from 3B Manure management. Finally, the PM10 emissions show an
increasing trend since 1997.

4 Land Use, Land-Use Change and Forestry (LULUCF): The emissions of this sector are
not accounted for in the commitments of the Gothenburg Protocol. Only forest fires
(under 11B) and other natural emissions (under 11C) are reported under memo items in
the official emission reporting templates and are described in chapter 7 Other and natural
emissions.

5 Waste: This sector encompasses solid waste disposal on land, biological treatment of
solid waste, waste incineration and open burning of waste, wastewater handling and
other waste. Overall, emissions of the main pollutants are minor when compared to the
other sectors. The heat generated in waste incineration plants has to be recovered in
Switzerland, and in accordance with the EMEP/EEA guidebook (EMEP/EEA 2019),
emissions from the combustion of waste-to-energy activities are therefore dealt within 1A
Fuel combustion. Relevant pollutants within sector 5 Waste are NMVOC and NHs.
NMVOC emissions are mainly caused by 5B Biological treatment of solid waste, while
NHs is emitted mainly by composting activities and solid waste disposal. Regarding total
emissions, sector 5 Waste is also a relevant source of heavy metals (Pb, Hg),
PCDD/PCDF and PAH emissions, mainly from 5C Incineration and open burning of
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waste. Emissions in sector 5 Waste have declined since 1990, with the exception of
NMVOC (increase), and NHs, which is about the same as in 1990.

e 6 Other: In this sector, mainly emissions from human and pet ammonia, private
application of synthetic fertiliser as well as fire damages in estates and in motor vehicles
are reported. This sector is an important source of heavy metals (Pb, Cd, Hg),
PCDD/PCDF and PCB as well as of PAH mainly due to 6Ad fire damage. Regarding the
main pollutants however, emissions from sector 6 Other are minor when compared to
sectors 1 to 5. Overall, emissions are fluctuating without any significant trends.

Projections for emissions until 2030

The emission projections of air pollutants in Switzerland have been fully revised in the course
of the latest submission 2022 and a new “With Measures” (WM) scenario was elaborated.

The projected data for the energy consumption and resulting production quantities in
industrial processes are mainly in accordance with the scenarios of the Swiss Energy
Perspectives 2050+ (Prognos/INFRAS/TEP/Ecoplan 2020).

For all activities depending on population size the latest perspectives for Switzerland’s
inhabitants are integrated (SFSO 2020p), and for the agricultural sector an independent
scenario was developed (Swiss Confederation 2017, FOAG 2011, Mack and Moéhring 2021).

ES Figure 1.2 shows the past emissions from 2005-2020 and the projected emissions until
2030 for main air pollutants relative to 2005 levels under the WM scenario.
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ES Figure 1.2 Relative trends for the total emissions from 2005-2020 (grey area) and the projected emissions until
2030 for main pollutants and CO in the WM scenario. 100 % corresponds to 2005 levels (base year
of the revised Gothenburg Protocol).

Total emissions of the main air pollutants are expected to develop differently from the
reporting year onwards until 2030. Overall projections of the emissions of main pollutants
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NOy, NMVOC, SO, and CO indicate a decline between 2005 and 2030. NH3z emissions are
projected to be slightly below 2005 levels in 2030. For NOy, CO and SOy, the drop in 2020
due to reduced traffic volumes in the COVID-19 pandemic led to a less pronounced decrease
between 2020 and 2030 compared to earlier submissions. Forecasts for suspended primary
particulate matter predict a declining trend in PM2.5 and BC emissions but a slight increase
of PM10 and TSP emissions due to the drop of emissions in 2020 caused by reduced traffic
volumes during the COVID-19 pandemic and an increase of non-exhaust emissions due to
the overall increasing trend of traffic. Concerning heavy metals, emissions of Pb are
expected to slightly decrease and emissions of Cd and Hg to slightly increase.

Gothenburg Protocol

Under the CLRTAP, the 1999 Gothenburg Protocol requires that parties shall reduce and
maintain the reduction in annual emission in accordance with national emission targets set
for 2010. The following table shows the emission ceilings, the reported emissions for 2010
and the respective compliance. Accordingly, Switzerland is in compliance with the
Gothenburg Protocol emission ceilings for all pollutants except for NOx in 2010. All emissions
2020 are in compliance with the emission ceilings 2010.

ES Table 1.1 Emission ceilings of the Gothenburg Protocol for 2010 and beyond compared to the reported

emissions for 2010 and 2020 of the latest submission (2022).

Pollutants National emission | Emissions 2010 | Compliance with Emissions 2020 | Compliance with
ceilings for 2010 (Subm. 2022) emission ceilings (Subm. 2022) emission ceilings
2010in 2010 2010 in 2020
kt kt kt
SO, (as SO,) 26 10 yes 3.8 yes
NO, (as NO,) 79 83 no 53 yes
NMVOC 144 98 yes 75 yes
NH3 63 58 yes 53 yes

The 2012 revised Gothenburg Protocol included emission reduction commitments for 2020
and beyond expressed as a percentage reduction from the 2005 emission level. On 22
October 2019, the amended protocol including the new reduction commitments for 2020,
including newly PM2.5, has entered into force for Switzerland. ES Table 1.2 shows the
emission reduction commitments for 2020 and the corresponding level of the emissions
2020. The emission reduction commitments 2020 are achieved for all pollutants.

ES Table 1.2 Reported emission reductions versus level of 2005 and reduction commitments per 2020. The
emission reduction commitments 2020 are defined as reductions in percentages from 2005.

Pollutant

Emission
reduction
commitments 2020

Reduction
achieved in 2020

Compliance with
emission ceilings
2020 in 2020

%-reduction of 2005 level

SO, (as SO,)

21%

73%

yes

NO, (as NO,)

41%

44%

yes

NMVOC

30%

32%

yes

NH;

8%

11%

yes

PM2.5

26%

45%

yes

Recalculations and improvements

In 2019, recalculations cause a higher emission level by at least 3 % for CO emissions. A
decrease due to recalculations by at least 3 % is observed for NMVOC, Pb, Cd, Hg and
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PCDD/PCDF. For all other pollutants, the difference in emissions 2019 due to recalculations
does not exceed 1.6 %.

In 1990, recalculations do not cause an increase or decrease of more than 3 % for any
pollutant. The largest differences occur for CO and PM2.5 emissions (+2.3 % and +1.1 %,
respectively), whereas the changes for all other pollutants does not exceed 1.0 %.

In the latest submission 2022, several improvements were conducted and a number of
further planned improvements are identified. The following improvements, which were
announced in the previous submission, were conducted in submission 2022 had a relevant
impact on the inventory:

e 1B2c: Revision of NOy, CO, NMVOC and SOy emissions from flaring in refineries,
introduction of missing emission estimates for PM10, PM2.5, BC, Pb, Cd and Hg.

e 3 Agriculture: Revision of the NH3 emission inventory with the revised version of the
AGRAMMON model.

¢ 5A1 Managed waste disposal sites: An emission factor for direct emissions of NMVOC
has been introduced based on the EMEP/EEA guidebook (EMEP/EEA 2019).

Switzerland prioritizes inventory improvements according to the key category analysis (KCA)
and the uncertainty analysis where appropriate.
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1 Introduction

1.1 National inventory background

Switzerland has signed and ratified the 1979 Geneva Convention on Long-range
Transboundary Air Pollution (CLRTAP) and its Protocols (Swiss Confederation 2004):

e The 1985 Helsinki Protocol on the Reduction of Sulphur Emissions or their
Transboundary Fluxes by at least 30 %.

o The 1988 Sofia Protocol concerning the Control of Emissions of Nitrogen Oxides or their
Transboundary Fluxes.

e The 1991 Geneva Protocol on the Control of Emissions of Volatile Organic Compounds
or their Transboundary Fluxes.

e The 1994 Oslo Protocol on Further Reduction of Sulphur Emissions.
e The 1998 Aarhus Protocol on Heavy Metals and its amendment 2012.

e The 1998 Aarhus Protocol on Persistent Organic Pollutants and its both amendments
adopted in 2009.

e The 1999 Gothenburg Protocol to Abate Acidification, Eutrophication and Ground-level
Ozone and its amendment 2012 (national emission reduc