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on Air Emissions and under the European Environment Agency)
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FOD
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GHG
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IPCC
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Federal Office for Agriculture

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

Guidelines
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Global Warming Potential
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Net calorific value

Nitrogen trifluoride 2006 IPCC GWP: 17°200
(UNFCCC 2014a, Annex Il1)

First (1983-1985), Second (1993—1995), Third (2004—2006)
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Executive summary

ES 1 Background information on greenhouse gas inventories, climate change and
supplementary information required under Art. 7.1. KP

ES 1.1 Background information on climate change

Recent data confirms a warming trend in Switzerland with an observed increase in the mean
annual temperature of 1.75°C between 1864 and 2012 (FOEN 2014d). Over the last 30
years Swiss temperature has increased with an annual average warming rate of
0.35°C/decade (CH2011 2011). The most visible change in the Alps resulting from global
warming is the retreat of glaciers with a volume loss of 12% since 1999 (FOEN 2014d).

The observed trends in precipitation are less pronounced than in temperature. They
generally show an increase in winter and spring, whereas for summer and autumn no
significant trends are detectable. Regional scenarios predict an increase in mean winter
precipitation and a decrease in summer, which will have a marked impact on the hydrological
cycle. Furthermore, higher intensity of storms as well as reduced snowfall and snow cover
duration are expected, increasing the risk and frequency of floods, landslides and debris
flows.

Concerning biodiversity, climate change is expected to affect species composition, distribu-
tion, their cycles, synchronicity, the overall genetic diversity and the provision of ecosystem
services. This in turn would enhance the vulnerability of forests and potentially impair their
protective, productive, and social functions.

For agriculture, a moderate warming of 2°C to 3°C might increase productivity; however, if
the temperature rises beyond that level, the increase in heat waves and drought periods
would prove problematic for the cultivation of land and for livestock husbandry.

Various sectors of the Swiss economy are likely to be adversely affected by progressing
climate change: in particular, winter tourism would suffer from increased scarcity of snow,
hydroelectric power stations are confronted with altered runoff and sediment transport
regimes, and insurance companies may face increased losses due to winter storms and
floods. Natural hazards and extreme weather events potentially pose a growing risk to
infrastructure and human health. Heat waves in combination with elevated tropospheric
ozone levels are cause for serious concern. Finally, it remains to be seen to what extent
vector borne diseases spread due to changing climatic conditions. Recently Switzerland
analysed these challenges in detail and developed an effective adaptation strategy in order
to hedge against negative effects resulting from climate change in Switzerland (FOEN
2012b).

ES.1.2 Background information on greenhouse gas inventories

On 10 December 1993, Switzerland ratified the United Nations Framework Convention on
Climate Change (UNFCCC). Since 1996, the submission of its national greenhouse gas
inventory has been based on IPCC guidelines. From 1998 onwards, the inventories have
been submitted in the Common Reporting Format (CRF). In 2004, Switzerland started
submitting a yearly National Inventory Report (NIR) under the UNFCCC.

Executive summary
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On 9 July 2003, Switzerland ratified the Kyoto Protocol under the UNFCCC. The Swiss
National Inventory System (NIS) according to Article 5.1 of the Kyoto Protocol was
implemented and is fully operational.

The 2016 inventory submission under the United Nations Framework Convention on Climate
Change and under the Kyoto Protocol includes the NIR on hand, the greenhouse gas
inventory 1990-2014, the Kyoto Protocol LULUCF tables 2008-2014 in the common
reporting format as well as the SEF tables and the standard independent assessment report
(SIAR) from the National Registry.

The Federal Office for the Environment (FOEN) is in charge of compiling the emission data
and bears overall responsibility for Switzerland’s national greenhouse gas inventory and the
national registry. 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 took into account the
findings of the individual reviews of the inventory by the expert review teams of the UN
(UNFCCC 2014c). The changes in response to the review process are documented in chp.
10.1.1)

The structure of Switzerland’s NIR corresponds to the UNFCCC annotated outline (UNFCCC
2014a) and it contains three parts:

PART 1 reports the obligations under the UNFCCC,

PART 2 shows the additional obligations under the Kyoto Protocol and several

Annexes provide detailed information on selected issues of Part 1 and Part 2.

Chapter 1 of the NIR, the introduction, provides an overview of Switzerland’s National
System including institutional arrangements for producing the inventory, the process and
methodologies used for inventory preparation, and the QA/QC procedures.

° The data sources used to compile the national inventory and to estimate greenhouse
gas emissions and removals are the Swiss Emission Information System (EMIS),
national energy statistics, data from industry associations, as well as further statistics
and models for road transportation, off-road vehicles and machinery, agriculture, land
use, land-use change and forestry (LULUCF), and waste. Emissions are calculated
according to methodologies recommended by the 2006 IPCC Guidelines (IPCC 2006)
including the recommended nomenclature and methodologies concerning uncertainty
and QA/QC activities. The data in the EMIS database are pre-processed in order to
enable transfers to the CRF Reporter required for reporting under the UNFCCC and
under the Kyoto Protocol.

. All inventory data are assembled and prepared for input into the CRF Reporter by the
GHG Inventory Core Group, which is responsible for ensuring the conformity of the
inventory with the Updated UNFCCC Reporting Guidelines on Annual Inventories
(UNFCCC 2014a) and the Guidance for reporting information on activities under
Article 3, paragraphs 3 and 4, of the Kyoto Protocol (UNFCCC 2014b). In the
preparation of this report, the Inventory Core Group was supported by consultants.
Their mandate included editing of the NIR, data quality controls, and an analysis of the
consistency between the emission modelling and the recommendations of the IPCC
Good Practice Guidance. Furthermore, the consultants contributed to the key category
analyses and carried out the uncertainty analyses. They were also involved in

Executive summary
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improving the inventory, e.g. by performing tasks defined in the Inventory
Development Plan.

° The inventory quality management system is designed to comply with the objectives of
good practice guidance, i.e. to ensure and improve transparency, consistency,
comparability, completeness, accuracy and confidence in national GHG emission and
removal estimates. The QA/QC Officer is responsible for the enforcement of the
defined quality standards. The National Inventory System complies with the ISO
9001:2008 standard (Quality Management System) and is certified by the Swiss TS
Technical Services AG (Swiss-TS 2013).

. A National Inventory System Supervisory Board was established by decision of the
FOEN Directorate in summer 2006. The Board oversees activities related to the GHG
Inventory and to the National Registry.

° Chapter 1 provides information on key categories and uncertainties.

Chapter 2 contains an analysis of trends in Switzerland’s greenhouse gas emissions by
sources and removals by sinks for all sectors.

Chapters 3 to 9 provide principal source and sink category estimates.

Chapter 10 justifies, explains and summarises the recalculations. It also contains an
overview of the planned improvements.

In PART 2, Chapter 11 reports KP LULUCF data, Chapter 12 presents information on
accounting of Kyoto Units, Chapter 13 lists changes in the National Registry, and Chapter
14 includes information on minimization of adverse impacts in accordance with Article 3,
paragraph 14.

ES.1.3 Background information on supplementary information required under article
7.1. of the Kyoto Protocol (KP)

As described above, Chapter 11 of PART 2 provides information on KP-LULUCF.

Switzerland only accounts for the mandatory activity Forest management under Article 3,
paragraph 4 of the Kyoto Protocol (FOEN 2016c). In accordance with Annex | to Decision
2/CMP.7 (Annex |, Para 13), credits from Forest management are capped in the second
commitment period. Thus for Switzerland the cap is set at 3.5% of the 1990 emissions
(excluding LULUCEF).

Switzerland chooses to account over the entire second commitment period for emissions and
removals from activities under Article 3, paragraphs 3 and 4, of the Kyoto Protocol (FOEN
2016c¢). In addition to the mandatory submission of the inventory years 2013 and 2014, data
for the years 1999-2012 are available and shown in Switzerland’s NIR.

ES.2 Summary of national emission and removal related trends, and emission and
removals from KP-LULUCF activities

ES.2.1 GHG Inventory 2014

In 2014, Switzerland emitted 48’605 kt (kilo tonnes) of CO equivalent, corresponding to 5.9
tonnes of CO; equivalent per capita (CO2: 4.8 tonnes per capita), to the atmosphere,
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excluding emissions from international bunkers (aviation and marine), excluding indirect
greenhouse gas emissions and excluding emissions and removals from the sector Land use,
land-use change, and forestry (LULUCF). For the emissions that are relevant under the
Kyoto Protocol see chapter ES.3.3.

Key category analysis

Several key category analyses are carried out by level (years 1990 and 2014) and trend
assessment (period 1990-2014), both including LULUCF categories.

e Approach 1: in 2014, 30 categories among a total of 150 are identified as level key
categories. Half of these categories are part of sector 1 Energy, accounting for the
largest share of total national emissions.

e Approach 2: in 2014, 26 categories among a total of 157 categories are identified as
key categories. Under Approach 2, the most important categories stem from sectors 3
Agriculture and 4 LULUCF.

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

Switzerland’s GHG emissions by gases

Table E- 1 shows Switzerland’s annual GHG emissions by individual gases from 1990 (base
year) to 2014. Total emissions excluding LULUCF reach a minimum in 2014, which is 8.8%
below base year emissions in 1990.

Table E- 1 Switzerland’s GHG emissions in CO2 equivalent (kt) by gas; 1990-2014. The column below on the far

right indicates the percentage change in emissions in 2014 as compared to the base year 1990. HFCs increased
by 6°056°832% when compared to 1990 levels (1990 = 0.025 kt CO2 equivalent).

Greenhouse Gas Emissions 1990 ‘ 1995 ‘ 2000
CO, equivalent (kt)
CO, emissions including net CO2 from LULUCF 43122 39'535 48'368
CO, emissions excluding net CO, from LULUCF 44'116 43'368 43'546
CH, emissions including CH, from LULUCF 6'116 5'796 5'404
CH, emissions excluding CH, from LULUCF 6'091 5'780 5'392
N,O emissions including N,O from LULUCF 2'939 2'781 2'632
N,O emissions excluding N,O from LULUCF 2'854 2'702 2'556
HFCs 0 246 626
PFCs 117 17 50
SFe 137 93 144
NF 0 0 0
Total (including LULUCF) 52'430 48'469 57'223
Total (excluding LULUCF) 53'314 52'207 52'314
Greenhouse Gas Emissions 2005 ‘ 2006 ‘ 2007 ‘ 2008 ‘ 2009 | 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 | Change
baseyear to

CO, equivalent (kt) 2014 (%)
CO, emissions including net CO2 from LULUCF 43'342 44'997 42'173 42'716 40'957 42'849 39201 40'160 41'284 38'236 -11.3%
CO, emissions excluding net CO, from LULUCF 45'778 45'351 43'360 44'677 43'509 45'027 40'973 42'242 43'182 39265 -11.0%
CH,4 emissions including CH, from LULUCF 5'317 5'332 5313 5'389 5'305 5'285 5221 5'178 5'108 5'108 -16.5%
CH, emissions excluding CH, from LULUCF 5'306 5'320 5299 5'378 5294 5274 5208 5'167 5'097 5'097 -16.3%
N,O emissions including N,O from LULUCF 2'525 2'527 2'551 2'571 2'534 2'582 2'531 2'517 2'481 2'508 -14.7%
N,O emissions excluding N,O from LULUCF 2'450 2'449 2'474 2'498 2'463 2'512 2'460 2'448 2'412 2'439 -14.5%
HFCs 1071 1'118 1'194 1243 1'253 1'329 1'410 1'489 1'513 1'501 | see caption
PFCs 44 52 49 58 63 65 68 71 52 44 -62.3%
SFg 203 186 172 222 180 148 160 209 252 259 88.9%
NF3 0 0 0 0 5 8 6 0.4 0.1 0.4 -
Total (including LULUCF) 52'503 54'211 51'451 52'199 50'297 52'266 48'597 49'625 50'691 47'656 -9.1%
Total (excluding LULUCF) 54'852 54'475 52'548 54'076 52'767 54'363 50'285 51'626 52'508 48'605 -8.8%
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With regard to the distribution of emissions by individual greenhouse gases, CO: is the
largest single contributor to emissions, accounting for about 80% of total gross GHG
emissions (excluding LULUCF). The shares of CH4 and N».O are about 10% and 5%,
respectively. The shares of the three gases show slightly decreasing trends in the period
1990-2014, whereas F-gases, which contributed with only 0.5% in 1990, increased to reach
almost 4% in 2014 (Table E- 2).

16

Table E- 2 Switzerland’s total gross GHG emissions (excluding LULUCF) and the contribution of individual gases
in COz equivalent (kt), selected years.

CH4; 10.5%

N20; 5.0%

HFCs; 3.1%

PFCs; 0.1%

SF6; 0.5%

Emissions 2014: 100% = 48'605 CO2 eq
(kt)

CO2; 80.8%

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, 44'116 82.7% 43'368 83.1% 43'546 83.2% 45'778 83.5% 45'027 82.8%
CH, 6'091 11.4% 5'780 11.1% 5'392 10.3% 5'306 9.7% 5274 9.7%
N,O 2'854 5.4% 2702 5.2% 2'556 4.9% 2'450 4.5% 2'512 4.6%
HFCs 0 0.0% 246 0.5% 626 1.2% 1'071 2.0% 1'329 2.4%
PFCs 117 0.2% 17 0.0% 50 0.1% 44 0.1% 65 0.1%
SFg 137 0.3% 93 0.2% 144 0.3% 203 0.4% 148 0.3%
NF3 0 0.0% 0 0.0% 0 0.0% 0 0.0% 8 0.0%
Total (excluding LULUCF) 53'314 100% 52'207 100% 52'314 100% 54'852 100% 54'363 100%
Greenhouse Gas Emissions 2011 2012 2013 2014

(excluding LULUCF) kt CO, eq % kt CO, eq % kt CO, eq % kt CO, eq %

CO, 40973 81.5% 42'242 81.8% 43'182 82.2% 39'265 80.8%

CH, 5'208 10.4% 5'167 10.0% 5'097 9.7% 5'097 10.5%

N,O 2'460 4.9% 2'448 4.7% 2'412 4.6% 2'439 5.0%

HFCs 1'410 2.8% 1'489 2.9% 1'513 2.9% 1'501 3.1%

PFCs 68 0.1% 71 0.1% 52 0.1% 44 0.1%

SFg 160 0.3% 209 0.4% 252 0.5% 259 0.5%

NF3 6 0.0% 0 0.0% 0 0.0% 0 0.0%

Total (excluding LULUCF) 50'285 100% 51'626 100% 52'508 100% 48'605 100%

Figure E- 1 Contribution of individual gases to Switzerland’s GHG emissions (excluding LULUCF) in 2014.
100% = 48’605 kt CO2 eq. (Numbers may not add to total due to rounding.)
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Uncertainty Analyses

Uncertainties were assessed with Approach 1 and 2 for Switzerland’s GHG inventory
including and excluding LULUCF categories for the years 1990 and 2014 (level) and for the
period 1990-2014 (trend). The uncertainty results for Approach 2 are displayed in Table E-
3. When excluding LULUCF, Approach 2 level uncertainty amounts to 3.58% and trend
uncertainty to 2.61%. Due to high uncertainties in sector 4 LULUCF, overall uncertainties are
generally higher for the analyses including LULUCF categories (level: 4.52%, trend: 4.09%).

Table E- 3 Switzerland’s relative uncertainties for national total GHG emission excluding and including the
LULUCF sector — Approach 2: Level uncertainties 2014 and trend uncertainties 1990-2014.

Approach 2 Uncertainty Analysis
Inventory Level uncertainty Trend uncertainty
2014 1990-2014
excl. LULUCF 3.58% 2.61%
incl. LULUCF 4.52% 4.09%

Recalculations

In order to facilitate the review of the inventory, all recalculations made since the last
inventory review in 2014 are summarized in the NIR on hand and grouped according to the
corresponding submission year. Recalculations made until April 2015 have already been
documented in the NIR submission of April 2015. However, due to substantial technical
problems with the reporting software, it was impossible to generate the corresponding
reporting tables (CRF) at the time. The preparation of the reporting tables (CRF) over the
past months revealed several issues that have been addressed in the meantime, but were
not described in the NIR 2015. For the current submission, reporting tables (CRF) and NIR
are consistent.

For the latest recalculated year, 2012, the total national emissions (excluding LULUCF)
increased from 51’493 kt CO, eq (Subm. 2014) to 51’623 kt CO, eq (Subm. 2015) and up to
51’626 kt CO; eq (Subm. 2016). See detailed explanations of the recalculations in the
sectoral chapters and the summary in chp. 10.

ES.2.2 KP-LULUCF Activities

Switzerland reports the mandatory LULUCF activities Afforestation and Deforestation
(Reforestation is not occurring in Switzerland) under Article 3, paragraph 3 of the Kyoto
Protocol, and Forest management as a mandatory activity under Article 3, paragraph 4 of the
Kyoto Protocol. The total contribution of these activities is shown in Table E- 4 and
corresponds with values of the KP-reporting tables. All activities include emissions and
removals of all GHG from HWP, biomass burning, drainage and N-mineralization, where
appropriate (see chp. 11.3). The final proof-reading revealed a few errors in the reporting
tables with a small impact on total emissions and removals. They are described in chp.
11.1.5 and will be corrected in the next submission.
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Table E- 4 Emissions (positive sign) and removals (negative sign) of activities accounted for under Article 3,
paragraph 3 and paragraph 4 (Forest management) of the Kyoto Protocol, kt CO2 eq., 1999-2014. All activities
include emissions and removals from HWP, biomass burning, drainage and N mineralization, where appropriate.

Greenhouse gas source and sink 1999 | 2000 [ 2001 | 2002 | 2003 | 2004 | 2005 [ 2006
activities Net CO, equivalent emissions/removals (kt CO, eq)
A. Article 3.3 activities (incl. HWP, N,O) 105.17 110.70 106.92 105.69 107.93 106.92 94.85 82.46

B. Article 3.4 FM (incl. HWP, CH,, N;O) | -3241.67 | 4451.74 | -1848.13 | -3224.34 | -3117.10 | -3003.30 | -3177.05 | -1528.84

Greenhouse gas source and sink 2007 | 2008 | 2009 | 2010 | 2011 [ 2012 | 2013 | 2014
activities Net CO, equivalent emissions/removals (kt CO, eq)
A. Article 3.3 activities (incl. HWP, N,O) 67.19 96.54 48.14 108.44 111.56 112.07 111.75 116.64

B. Article 3.4 FM (incl. HWP, CHy, N,O) -1372.49 | -2459.63 | -3258.46 | -3322.59 | -1969.79 | -3231.24 | -3227.38 | -1843.58

ES.3. Overview of source and sink category estimates and trends, including KP-
LULUCF activities

ES.3.1 GHG inventory (Convention on Climate Change)

Table E- 5 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
guarters of the total GHG emissions (excluding LULUCF), as shown in Table E- 6. Sectors 2
Industrial processes and product use and 3 Agriculture contribute a considerable share of
GHG emissions as well, while sectors 5 Waste and 6 Other are of minor importance.
LULUCF categories from sector 4 are an emission sink.

Overall, Switzerland’s GHG emissions decreased in 2014 compared to 1990. This effect is
mainly driven by decreases in the sectors Energy and Agriculture, which exceed the increase
in the sector Industrial processes and product use.
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Table E- 5 Switzerland’s GHG emissions and removals by source and sink categories in CO2 equivalent (kt),
1990-2014.

Greenhouse Gas Source and 1990 ‘ 1991 ‘ 1992 ‘ 1993 ‘ 1994 ‘ 1995 ‘ 1996 ‘ 1997 ‘ 1998 ‘ 1999
Sink Categories CO, equivalent (kt)
1. Energy 41'837 44271 44259 42'075 40'953 41'862 42'761 41782 43'324 43'123
2. Industrial processes and product use 3'521 3157 2'997 2'691 2'881 2'873 2'749 2'667 2782 2'846
3. Agriculture 6'804 6'766 6'649 6'545 6'529 6'503 6'460 6275 6231 6'137
5. Waste 1139 1054 1'057 1'009 952 955 951 942 928 917
6. Other 12 12 13 13 13 13 13 14 14 14
Total (excluding LULUCF) 53'314 55'259 54'975 52'332 51'328 52'207 52'935 51'678 53279 53'037
4. Land use, land-use change and forestry -884 -4'049 -3781 -4'042 -2'220 -3'738 -5'207 -3'435 -2'124 -1'965
Total (including LULUCF) 52'430 51'211 51'194 48'290 49'108 48'469 47'728 48'243 51'155 51'071
Greenhouse Gas Source and 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Sink Categories CO, equivalent (kt)
1. Energy 42'139 43'549 41'933 43'157 43'501 43'996 43'602 41'567 42'926 41'819
2. Industrial processes and product use 3'099 3'199 3237 3328 3'621 3776 3757 3823 3'902 3797
3. Agriculture 6'123 6'187 6'153 6'077 6'056 6'098 6'133 6'191 6298 6219
5. Waste 939 954 977 957 976 968 968 952 936 917
6. Other 14 14 14 14 14 14 14 14 14 14
Total (excluding LULUCF) 52'314 53'903 52'315 53'533 54'168 54'852 54'475 52'548 54'076 52'767
4. Land use, land-use change and forestry 4'910 -624 -2'344 -1'977 -2'745 -2'349 -263 -1'096 -1'877 -2'470
Total (including LULUCF) 57'223 53278 49'971 51'556 51'423 52'503 54'211 51'451 52'199 50'297
Greenhouse Gas Source and 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 2014

vs. 1990
Sink Categories CO, equivalent (kt) %
1. Energy 43'191 39'147 40'539 41'473 37'467 -10.4%
2. Industrial processes and product use 4'011 4'046 4'050 4074 4'091 16.2%
3. Agriculture 6'241 6'185 6'152 6'083 6'174 -9.3%
5. Waste 906 893 871 864 860 -24.6%
6. Other 14 14 14 14 14 16.1%
Total (excluding LULUCF) 54'363 50'285 51'626 52'508 48'605 -8.8%
4. Land use, land-use change and forestry -2'097 -1'688 -2'001 -1'817 -949 7.4%
Total (including LULUCF) 52'266 48'597 49'625 50'691 47'656 -9.1%

It becomes apparent in Figure E- 2 that the GHG emission trend in the period 1990-2014 is
subject to fluctuations but with a decreasing trend starting in 2005. The fluctuations emerge
from the year-to-year variability of the energy sector emissions caused by changing winter
temperatures. In addition, since 2005 a growing decoupling of fuel combustion emissions
and winter temperature conditions is visible. That is, the emission reductions are not only
caused by weather conditions, but are also the result of emission reduction measures.
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Figure E- 2 Switzerland’s greenhouse gas emissions in COz equivalent (kt) by main source categories, 1990—
2014 (excluding LULUCF).

Table E- 6 gives a more detailed impression of individual sectors’ contributions to total
emissions for selected years (excluding LULUCF). In general, the relative contributions of the
different sectors have been rather stable between 1990 and 2014. When comparing the
contributions in 2014 to 1990, the following development can be observed:

e Smaller relative contributions in sectors 1 Energy, 3 Agriculture and 5 Waste.
e Larger relative contributions in sector 2 Industrial processes and product use.
e Almost equal relative contribution in sector 6 Other.

In 2014, the sector 4 LULUCF acted as a sink comprising ca. 2% of the total emissions
(including LULUCF). This contribution is slightly larger in comparison to 1990.
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Table E- 6 Switzerland’s total gross GHG emissions (excluding LULUCF) in COz2 equivalent (kt) and the
contribution of individual source categories, selected years.

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 41'837 78.5% 41'862 80.2% 42'139 80.6% 43'996 80.2% 43191 79.4%
1A1 Energy industries 2'521 4.7% 2'632 5.0% 3'149 6.0% 3817 7.0% 3'847 7.1%
1A2 Manufacturing industries and construction 6'457 12.1% 6'210 11.9% 5'932 11.3% 6'003 10.9% 5'829 10.7%
1A3 Transport 14'660 27.5% 14263 27.3% 15'924 30.4% 15'851 28.9% 16'323 30.0%
1A4 Other sectors 17'632 33.1% 18'170 34.8% 16'631 31.8% 17'879 32.6% 16777 30.9%
1A5 Other 220 0.4% 163 0.3% 151 0.3% 139 0.3% 138 0.3%
1B Fugitive emissions from fuels 346 0.6% 424 0.8% 352 0.7% 309 0.6% 277 0.5%

2. Industrial processes and product use 3'521 6.6% 2'873 5.5% 3'099 5.9% 3776 6.9% 4'011 7.4%

3. Agriculture 6'804 12.8% 6'503 12.5% 6'123 11.7% 6'098 11.1% 6241 11.5%

5. Waste 1'139 2.1% 955 1.8% 939 1.8% 968 1.8% 906 1.7%

6. Other 12 0.0% 13 0.0% 14 0.0% 14 0.0% 14 0.0%

Total (excluding LULUCF) 53'314 100.0% 52'207 100.0% 52'314 100.0% 54'852 100.0% 54'363 100.0%

Source and Sink Categories 2011 2012 2013 2014

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

1. Energy 39'147 77.8% 40'539 78.5% 41'473 79.0% 37'467 77.1%
1A1 Energy industries 3'600 7.2% 3'643 7.1% 3739 7.1% 3'602 7.4%
1A2 Manufacturing industries and construction 5'389 10.7% 5'397 10.5% 5'498 10.5% 5'117 10.5%
1A3 Transport 16'142 32.1% 16'259 31.5% 16'169 30.8% 16'062 33.0%
1A4 Other sectors 13'610 27.1% 14'850 28.8% 15'698 29.9% 12'317 25.3%
1A5 Other 125 0.2% 133 0.3% 134 0.3% 139 0.3%
1B Fugitive emissions from fuels 281 0.6% 258 0.5% 235 0.4% 230 0.5%

2. Industrial processes and product use 4'046 8.0% 4'050 7.8% 4'074 7.8% 4'091 8.4%

3. Agriculture 6'185 12.3% 6'152 11.9% 6'083 11.6% 6'174 12.7%

5. Waste 893 1.8% 871 1.7% 864 1.6% 860 1.8%

6. Other 14 0.0% 14 0.0% 14 0.0% 14 0.0%

Total (excluding LULUCF) 50'285 100.0% 51'626 100.0% 52'508 100.0% 48'605 100.0%

ES.3.2 KP-LULUCF activities

An overview of net CO; equivalent emissions and removals of activities under Article 3,
paragraph 3 and Forest management under paragraph 4 of the Kyoto Protocol is shown in
Table E- 7 and in Figure E- 3.

Detailed quantitative information of the years 1999-2014 is reported in chp. 11.4, chp. 11.5,
and displayed in Table 11-4. From this submission on, emissions and removals in the forest
sector are no longer averaged over three years; instead annual values are reported. Annual
changes in the emissions from Afforestation and Deforestation can directly be attributed to
the changes in the area of Deforestations. Fluctuations in the contribution of Forest
management can mainly be explained by differences in the losses of living (cut and mortality)
and dead biomass (dead wood and litter), whereas changes in the area of managed forest
are relatively small. The extraordinary high losses in 2000 are the result of the storm Lothar,
which caused large-scale damaged in Swiss forests in December 1999. Fluctuations in the
HWP pool can mainly be attributed to changes in the production of sawn wood (see chp.
6.11), which is strongly linked to the domestic harvesting rate in Swiss forests.
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Table E- 7 Emissions (positive sign) and removals (negative sign) in the carbon pools under Activities under
Article 3, paragraph 3 and paragraph 4 (Forest management and Havested wood products HWP) of the Kyoto
Protocol, kt CO2 eq., 1999-2014. Chwe: carbon in HWP.
Greenhouse gas source and sink 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
activities Net CO, equivalent emissions/removals (kt CO, eq)
A. Article 3.3 activities 105.17 110.70 106.92 105.69 107.93 106.92 94.85 82.46
A.1. Afforestation and Reforestation
incl. N,O -15.12 -15.72 -16.32 -16.92 -17.53 -18.13 -18.82 -19.62
A.2. Deforestation incl. HWP, N,O 120.29 126.42 123.24 122.62 125.45 125.05 113.67 102.08
B. Article 3.4 activities -3241.67 | 4451.74 | -1848.13 | -3224.34 | -3117.10 | -3003.30 | -3177.05 | -1528.84
B.1. Forest management incl. HWP,

CH,, N,O -3241.67 | 4451.74 | -1848.13 | -3224.34 | -3117.10 | -3003.30 | -3177.05 | -1528.84
gainCy a4 -9740.42 | -9747.46 | -9754.49 | -9761.52 | -9768.56 | -9775.59 | -9785.49 | -10049.09
gainCi ug -2765.70 | -2768.32 | -2770.94 | -2773.56 | -2776.19 | -2778.81 | -2782.44 | -2871.67
10SSC 44 7815.64 | 14015.30 | 8997.61 | 7417.71 | 8215.44 | 8209.85 | 8488.19 | 9288.21
10sSC by 2290.41 | 3907.48 | 2606.83 [ 2191.89 | 2419.70 | 2393.00 [ 2462.10 | 2666.49
changeCy -142.32 37.43 -171.30 216.95 -519.10 | -237.07 | -553.98 382.60
changeCy -258.02 | -196.76 | -216.36 | -118.56 | -295.48 | -214.39 | -278.15 | -356.45
changeCs -3.39 -3.53 -3.69 -3.76 -3.90 -4.60 -5.04 -5.20
changeCs , 36.40 36.43 36.46 36.50 36.53 36.56 36.61 36.66
CH, & N,O from biom. burning 0.23 0.98 0.27 8.53 10.89 0.51 0.81 2.30
N,O from drainage 5.01 5.01 5.02 5.02 5.02 5.03 5.03 5.04
HWP: changeCywep -479.50 | -834.82 | -577.53 | -443.52 | -441.45 | -637.80 | -764.70 | -627.73

Greenhouse gas source and sink 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
activities Net CO, equivalent emissions/removals (kt CO, eq)
A. Article 3.3 activities 67.19 96.54 48.14 108.44 111.56 112.07 111.75 116.64
A.1. Afforestation and Reforestation
incl. N,O -20.35 -20.99 -21.56 -20.40 -18.81 -18.48 -17.65 -15.61
A.2. Deforestation incl. HWP, N,O 87.54 117.53 69.70 128.85 130.37 130.55 129.40 132.25
B. Article 3.4 activities -1372.49 | -2459.63 | -3258.46 | -3322.59 | -1969.79 | -3231.24 | -3227.38 | -1843.58
B.1. Forest management incl. HWP,

CH,, N,O -1372.49 | -2459.63 | -3258.46 | -3322.59 | -1969.79 | -3231.24 | -3227.38 | -1843.58
gainC -10075.05 | -10088.18 | -10098.30 | -10101.28 | -10104.09 | -10106.92 | -10110.27 | -10113.74
gainC yg -2880.00 | -2884.67 | -2888.40 | -2889.97 | -2891.45 | -2892.94 | -2894.58 | -2896.27
10SSCi 54 9227.26 | 8574.61 | 8015.01 | 8428.31 | 8371.77 | 7713.73 | 7955.38 | 8170.06
e 2670.95 | 2503.81 | 2357.23 | 2492.75 | 2475.75 | 2287.08 | 2363.98 | 2427.43
changeC;, 601.02 205.83 6.76 -468.46 546.50 113.60 -151.73 654.82
changeCy -225.93 | -286.40 | -311.97 | -410.79 | -151.55 | -216.12 | -267.48 -18.44
changeCs -4.74 -4.29 -4.27 -4.63 -4.85 -4.46 -4.56 -4.42
changeC; , 36.71 36.70 36.74 36.74 36.75 36.76 36.77 36.79
CH, & N,O from biom. burning 4.86 0.77 1.00 0.53 3.46 0.48 0.50 0.89
N,O from drainage 5.05 5.05 5.05 5.05 5.05 5.06 5.06 5.06
HWP: changeCpwp -732.61 | -522.86 | -377.32 | -410.86 | -257.14 | -167.51 | -160.46 | -105.76
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Figure E- 3 CO2 eq emissions (positive sign) and removals (negative sign) from Afforestation (too small to be
distinguishable) and Deforestation under Article 3, paragraph 3 and Forest management and HWP under Article
3, paragraph 4, 1999-2014. Data in the forest sector were no longer averaged over three years; instead annual
values are reported. The reason for the positive value in 2000 (and the small removal in 2001) is the winter storm
“Lothar” in December 1999, which caused great damages in the forest stands and increased harvesting.

ES.3.3 GHG inventory (Kyoto Protocol)

Relevant emissions and removals under the Kyoto Protocol are shown in Table E- 8 and
Table E- 9 sorted by sectors and GHG respectively. The reported total emissions differ from
those reported under the UNFCCC, because sector 6 Other as well as LULUCF and
international bunkers are not accounted for under the Kyoto Protocol. On the other hand,
activities under article 3.3 (Afforestation, Reforestation and Deforestation) and 3.4 (Forest,
Cropland and Grazing Management and Revegetation) and the indirect CO, emissions are
included in the tables. Under the elective voluntary activities of Article 3, paragraph 4 of the
Kyoto Protocol, Switzerland only accounts for Forest management. Base year emissions (as
shown in Table E- 8 and Table E- 9), which are relevant for calculating the cap on activities
under Art. 3.4 (see decision 2/CMP.7, paragraph 13), will be reported in the Second Initial
Report (FOEN 2016c).
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Table E- 8 Summary of Switzerland’s GHG emissions in CO2 equivalent (kt), 1990-2014 excluding emissions
from sectors LULUCF, Other and International bunkers.

Executive summary

Base year
inital
§ Sector report 1990 1991 1992 1993 1994 1995 1996 1997 1998
5 CO, equivalent (kt)
E 1 Energy + indirect CO, from this sector 41'881 41'881 44'316 44'304 42'115 40'982 41'890 42'789 41'808 43'347
5| |2 Industrial processes and product use + 3893  3893| 3499| 3312| 2975| 3147 3118|  2974| 2874|2972
< indirect CO, from this sector
< 3 Agriculture 6'804 6'804 6'766 6'649 6'545 6'529 6'503 6'460 6'275 6'231
5 Waste + indirect CO, from this sector 1'142 1'142 1'056 1'059 1'011 954 957 952 943 930
Total (Annex A sources) 53'719 53'719 55'637 55'324 52'646 51'612 52'468 53'175 51'900 53'480
" Sector 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
‘é’ CO, equivalent (kt)
§ 1 Energy + indirect CO, from this sector 43'140 42'156 43'566 41'948 43'172 43'515 44'009 43'615 41'579 42'939
% i}:;iﬁlggzpfrgfgs;f:e”c(:oprmd”m use + 3026| 3260| 3359| 3384| 3463 3743 3892|  3870| 3932| 4012
§ 3 Agriculture 6'137 6'123 6'187 6'153 6'077 6'056 6'098 6'133 6'191 6'298
5 Waste + indirect CO, from this sector 918 940 955 979 958 977 969 969 954 937
Total (Annex A sources) 53'222| 52'488| 54'067| 52'465| 53'670| 54'291 54'969| 54'588| 52'657| 54'186
2 |Afforestation & reforestation -21
w §' Deforestation 118
S Forest management excl. HWP -1'937
§ < Cropland management NA
& g Grazing land management NA
Revegetation NA
Harvested wood products (HWP) -523
2014
" Sector 2009 2010 2011 2012 2013 2014  vs. 1990
8 CO;, equivalent (kt) %
§ 1 Energy + indirect CO, from this sector 41'831 43202 39'158 40'548 41'484 37'478 -11%
:(E ﬁ]g::’eﬁtgf)'zpfrs)cn‘:s;?: s?c(i oprmd”m use + 3907|  4122|  4157|  4160| 4182] 4198 8%
£ 3 Agriculture 6219 6'241 6'185 6'152 6'083 6'174 -9%
5 Waste + indirect CO, from this sector 919 908 894 872 865 861 -25%
Total (Annex A sources) 52'876 54'472 50'394 51'733 52'614 48'711 -9%
2 |Afforestation & reforestation -22 -20 -19 -18 -18 -16
w 5 Deforestation 70 129 130 131 129 132
8 Forest management excl. HWP -2'881 -2'912 -1'713 -3'064 -3'067 -1'738
é‘ < Cropland management NA NA NA NA NA NA
a | ¢ |Grazing land management NA NA NA NA NA NA
= Revegetation NA NA NA NA NA NA
Harvested wood products (HWP) -377 -411 -257 -168 -160 -106
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Table E- 9 Switzerland’s total GHG emissions (excluding LULUCF, Other and International bunkers) and the
contribution of individual gases in COz equivalent (kt), 1990-2014.

Base year
inital
GHG report 1990 1991 1992 1993 1994 1995 1996 1997 1998
@ CO; equivalent (kt)
= CO, + indirect CO, 44'521| 44'521| 46'524| 46'325| 43871 42'898 43'631| 44'330| 43194| 44724
] CH, 6'091 6'091 6'028 5'947 5'839 5788 5'780 5740 5'597 5'527
< N,O 2'853 2'853 2'846 2'814 2'747 2716 2'701 2'697 2'601 2'596
; HFCs 0 0 2 16 33 82 246 298 362 457
< PFCs 117 117 99 81 35 21 17 20 21 24
SF 137 137 139 141 121 107 93 90 124 153
NF, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total (Annex A sources) 53'719| 53'719| 55'637| 55'324| 52'646| 51'612 52'468| 53'175| 51'900| 53'480
GHG 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
CO; equivalent (kt)
§ CO, + indirect CO, 44'542| 43722| 45168 43525 44'726| 45273 45'896| 45'466| 43471 44'788
g CH, 5'425 5392 5'432 5398 5'320 5288 5'305 5319 5298 5377
< N,O 2'560 2'555 2'571 2'547 2'499 2'458 2'449 2'448 2'473 2'497
§ HFCs 530 626 724 803 898 1'021 1071 1118 1'194 1'243
& PFCs 26 50 28 33 62 65 44 52 49 58
SF 140 144 145 158 165 186 203 186 172 222
NF3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Total (Annex A sources) 53'222| 52'488| 54'067| 52'465| 53'670| 54'291 54'969| 54'588| 52'657| 54'186
« |0, 94
5| 2 |CH, 0
31 N0 2.1
21 [co, -2'465
12 len, 0.8
“INy0 5.0
2014
GHG 2009 2010 2011 2012 2013 2014 vs.1990
CO, equivalent (kt) %
§ CO, + indirect CO, 43'619| 45'138| 41'083| 42'350| 43289 39'372 -12%
E CH, 5293 5273 5208 5'166 5'096 5'096 -16%
< N,O 2'462 2'511 2'460 2'447 2'411 2'438 -15%
é HFCs 1'253 1'329 1'410 1'489 1513 1'501 NA
g PFCs 63 65 68 71 52 44 -62%
SFg 180 148 160 209 252 259 89%
NF4 5.1 8.5 6.2 0.4 0.1 0.4 NA
Total (Annex A sources) 52'876| 54'472| 50'394| 51'733| 52'614| 48711 -9%
« |CO2 46 106 109 110 110 115
& 2 [CHs 0 0 0 0 0 0
2| ¥ N0 2.2 2.1 2.1 2.1 2.1 2.1
3 < |CO2 -3265| -3'328| -1'978| -3237| -3233| -1'850
|2 cH, 1.0 05 35 05 05 0.9
“In0 5.1 5.1 5.1 5.1 5.1 5.1

ES.4. Other information

Emission trends for precursor gases show a very pronounced decline (see Table 2-6 and
Figure 2-9). A strict air pollution control policy led to strong decreases of slightly over 50%
(NOy) up to 80% (SO) in the period 1990-2014 in emissions of precursor gases and SO..
The main reduction measures were abatement of exhaust emissions from road vehicles and
stationary combustion equipment, taxation of solvents and sulphured fuels, and voluntary
agreements with industry sectors (FOEN 2010i, Swiss Confederation 1985, 1997).
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PART 1

1 Introduction

1.1 Background information on Swiss greenhouse gas
inventories, climate change and supplementary information
of the Kyoto Protocol (KP)

1.1.1 Information on climate change

The report of the Swiss Advisory Body on Climate Change (OcCC) provides an assessment
of the observed and expected impacts of climate change on Switzerland and the vulnerability
of various ecological and socio-economic systems (OcCC 2008). In the course of the 21st
century, Swiss climate is projected to depart significantly from present and past conditions
(CH2011 2011). Recent data confirms a warming trend with an observed increase in mean
annual temperature of 1.75°C between 1864 and 2012 (FOEN 2014d). Over the last 100
years, mean annual temperatures increased by 0.13-0.20°C per decade, with a substantially
accelerated warming in recent decades. According to the non-intervention scenarios (A2,
A1B), seasonal mean temperatures will rise by another 2.7-4.8 °C by the end of this century
compared to the period 1980-2009. Under the climate stabilization scenario (RCP3PD),
Swiss climate would still change over the next decades, but is projected to stabilize at a
mean warming of 1.2—1.8°C compared to the period 1980-2009 (FOEN 2014d).

The most visible change in the Alps resulting from global warming is the retreat of glaciers,
which showed a volume loss of 12% since 1999 (FOEN 2014d). The area covered by alpine
glaciers continuously diminishes. From about 2’900 km? of Alpine glacier area in the mid-
1970s, only 2’100 km? remained in 2003 and an estimated 1’900 km? in 2013. A dramatic
future loss in glacier covered area of 50-90% by 2100 has recently been modelled for a
temperature increase of 2—6°C for Switzerland (FOEN 2014d).

The observed trends in precipitation are less distinct than in temperature. Compared to the
last 30 years, and depending on the scenario considered, the best estimates of summer
mean precipitation for all Swiss regions is projected to decrease by 8-28% over the 21st
century. Uncertainties due to climate model imperfections and natural variability typically
amount to 15% in precipitation (CH2011 2011). The change in summer mean precipitation
will have a marked impact on the hydrological cycle: on the Central Plateau and in the very
south of Switzerland, small and medium watercourses will dry up more frequently and natural
replenishment of groundwater will decrease accordingly. Apart from changes to the mean
temperature and precipitation, the nature of extreme events is also expected to change
(CH2011 2011). More frequent, intense and longer-lasting summer warm spells and heat
waves are expected, while the number of cold winter days and nights decrease in the
projections for future climate in Switzerland. This is particularly relevant for alpine areas,
tourism and forestry due to the risk of more frequent floods, landslides and debris flows.

The warming trend and changing precipitation patterns are expected to have significant
effects on ecosystems. The Biodiversity Monitoring Switzerland reports that impacts of
climate change are already being observed. A report about climate change in Switzerland
summarizes several climate change affected indicators such as the phenological spring
phases, flowering indices and animal specific indices (FOEN 2014d). The indicators show
significant changes in a wide range of ecosystems during the last decades. The report also

emphasizes that typical alpine vascular plants have shifted uphill over the past century.
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Generally, climate change is expected to affect species composition, distribution, their
cycles, synchronicity, the overall genetic diversity and the provision of ecosystem services. It
will enhance the vulnerability of forests and impair their protective, productive and social
functions. For agriculture, a moderate warming of 2—3°C might increase productivity,
however, if temperatures rise beyond that level, the increase in heat waves and drought
periods would prove problematic for the cultivation of land and for livestock husbandry.

Various sectors of the Swiss economy are likely to be affected by progressing climate
change. In particular, the tourism industry will be hit, as the potentially beneficial effects for
summer tourism will not compensate for the loss of income in mountain resorts during winter
due to scarcity of snow. Cable car stations may lose their stability due to instabilities of
permafrost soils. Hydroelectric power stations may be affected by altered runoff and
sediment transport regimes, and insurance companies may face increased losses due to
winter storms and floods. Natural hazards and extreme weather events potentially pose a
growing risk to infrastructure and human health. Heat waves and elevated tropospheric
ozone levels are cause for serious concern, as evidenced by the impacts of the heat wave in
2003. Finally, it remains to be seen to what extent vector borne diseases spread due to
changing climatic conditions. Switzerland has recently analysed these challenges in detail
and developed an effective adaptation strategy in order to hedge against negative effects
resulting from climate change in Switzerland (FOEN 2012b).

1.1.2 Information on the greenhouse gas inventory

On 10 December 1993, Switzerland ratified the United Nations Framework Convention on
Climate Change (UNFCCC). Since 1996, the submission of its national greenhouse gas
inventory has been based on IPCC guidelines. From 1998 onwards, the inventories have
been submitted in the Common Reporting Format (CRF). In 2004, Switzerland started
submitting an annual National Inventory Report (NIR) under the UNFCCC.

On 9 July 2003, Switzerland ratified the Kyoto Protocol under the UNFCCC. In November
2006 Switzerland submitted its Initial Report under Article 7, paragraph 4 of the Kyoto
Protocol (FOEN 2006h). The Swiss National Inventory System (NIS) according to Article 5.1
of the Kyoto Protocol has been implemented in 2006 and is fully operational. On 6 December
2007, the NIS quality management system was certified to comply with ISO 9001:2000
requirements (SQS 2008); it has been audited and recertified several times with the latest
audit on 18" November 2015 (ISO 9001:2008, Swiss-TS 2013). The quality management
system includes the accounting and reporting of the National Registry as well. The April 2008
submission of the Swiss GHG inventory (FOEN 2008) has been Switzerland’s first
submission under both the UNFCCC and the Kyoto Protocol.

On 28 August 2015, Switzerland submitted its instrument of acceptance of the Doha
amendment to the Kyoto Protocol to the United Nations Framework Convention on Climate
Change. The Initial Report for the second commitment period (FOEN 2016c) is submitted
simultaneously with the current inventory 2016.

The 2015 inventory submission under the United Nations Framework Convention on Climate
Change and under the Kyoto Protocol was restructured in accordance with the Revision of
the UNFCCC reporting guidelines on annual inventories for Parties included in Annex | to the
Convention (UNFCCC 2014a) and the Guidance for reporting information on activities under
Article 3, paragraphs 3 and 4, of the Kyoto Protocol (UNFCCC 2014b). The submission could
not be completed in 2015 due to the problems with the UN software (CRF Reporter). The first
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part of the submission included the NIR sumitted on 27 April 2015 and the SEF tables (CP2
on 27 April 2015, CP1 on 27 May 2015). The second part consisting of the reporting tables
(CRF tables and Kyoto Protocol LULUCF tables) is submitted in April 2016.

The 2016 inventory submission under the United Nations Framework Convention on Climate
Change and under the Kyoto Protocol includes the NIR on hand, the Greenhouse gas
inventory 1990 to 2014, the Kyoto Protocol LULUCF tables 2008 to 2014 in the common
reporting format and the SEF tables as well as the standard independent assessment report
(SIAR) from the National Registry.

1.1.3 Supplementary information required under art. 7.1. KP
Information on KP-LULUCF is provided in chp. 11 of PART 2.

Switzerland only accounts for the mandatory activity Forest management under Article 3,
paragraph 4 of the Kyoto Protocol (FOEN 2016c). In accordance with Annex | to Decision
2/CMP.7 (Annex |, Para 13), credits from Forest management are capped in the second
commitment period. Thus for Switzerland the cap amounts to 3.5% of the 1990 emissions
(excluding LULUCF).

Switzerland has chosen to account over the entire commitment period for emissions and
removals from activities under Article 3, paragraphs 3 and 4, of the Kyoto Protocol (FOEN
2016c¢). In addition to the mandatory submission of the inventory years 2013 and 2014, data
for the years 1999-2012 are available and shown in Switzerland’s NIR.

1.2 National inventory arrangements

1.2.1 Institutional, legal and procedural arrangements

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 was formally set up in 2006 in compliance
with the requirements of the UNFCCC and the Kyoto Protocol (FOEN 2006h). In this context,
the FOEN established the process “Climate Reporting”, which covers maintaining the
National Inventory System and fulfilling all reporting obligations under the UNFCCC and the
Kyoto Protocol. The process, led and managed by the Climate division, is fully operational
ever since and ensures timely fulfilment of Switzerland’s reporting obligations.
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Figure 1-1 Institutional arrangements of the National Inventory System. Colours refer to divisions at FOEN.
yellow: Climate division, red: Air Pollution Control and Chemicals division, beige: Forest division.

Legal arrangements

The CO; act (Swiss Confederation 2011) and the CO; ordinance (Swiss Confederation 2012)
are the main legal instruments regarding climate policies. They also define the implementing
bodies and, for all measures that are regulated at the national level, sanctions for non-
compliance to climate policies and measures. The FOEN plays a central role in the
development, evaluation and implementation of policies and measures.

With regard to statistical investigations, the legal basis is laid down in the Federal Statistics
Act (Swiss Confederation 1992a) and the corresponding Ordinance on the Conduct of
Federal Statistical Surveys (Swiss Confederation 1993). The greenhouse gas inventory, the
institution responsible for it and the institutions contributing to it are explicitly listed in the
ordinance.

Institutional arrangements

There are well-established agreements and long-standing collaborations with institutions of
the federal administration and private entities (Table 1-1) that guarantee the continuity of the
National Inventory System (
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Figure 1-1). While agreements with institutions of the federal administration are normally
open-ended, several large contracts with private entities are on a four-year basis, with an
option for renewal for another four-year term. This enables continuous collaboration and

ensures the technical competence and experience of the staff involved.

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) in very 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 area survey data are provided by the
Swiss Federal Statistical Office (SFSO). Two consultancies (Sigmaplan/Meteotest) are
mandated to process the area survey data to derive land-use and land-use change data and
related emissions. The Swiss Federal Institute for Forest, Snow and Landscape Research
(WSL) is in charge of the national forest inventory and forestry-related modelling, providing
the relevant input for the Forest division of the FOEN, who is compiling forestry emissions
and removals. The LULUCF sector is coordinated by a member of the Climate division of the
FOEN. A collaboration between two consultancies (Infras/CSD) is mandated to update the
National Inventory Report (NIR).

Single national entity with overall responsibility for the inventory

Federal Office for the Environment (FOEN)

Climate Division, Climate Reporting and Adaptation Section

Dr. Paul Filliger, process manager (until 30 June 2016)

Dr. Regine Rdéthlisberger, process manager (from 1 July 2016)

CH-3003 Bern, Switzerland

+41 58 462 68 58 (until 30 June 2016), +41 58 462 92 59 (from 1 July 2016)
climate@bafu.admin.ch

www.climatereporting.ch

Table 1-1 Overview of the institutional arrangements

Institutions of the federal administration

FOEN Climate division Overall responsib_ility for the
greenhouse gas inventory

FOEN Air Pollution Control and Chemicals division |EMIS data base and data archiving

FOEN Forest division Forestry emissions and removals

Swiss Federal Office of Energy (SFOE) Energy statistics

Federal Office of Civil Aviation (FOCA) Aviation emissions

Swiss Federal Statistical Office (SFSO) Area surveys for (KP-) LULUCF

Swiss Federal Institute for Forest, Snow and National forest inventory, forestry

Landscape Research WSL related modelling

Agroscope Federal Research Institute Agriculture emissions and removals

Private entities

Carbotech Fluorinated gases emissions

Sigmaplan/Meteotest (KP-) LULUCF

Infras/CSD NIR editing, uncertainty analyses
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1.2.2 Overview of inventory planning, preparation and management

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). 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
guality management system and is the primary contact point during the UN review process.
The 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 NIR 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 2014a), 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.

Inventory planning, preparation, and management follow an annual cycle according to a
plan-do-check-act cycle (Table 1-2). Planning of the inventory cycle starts with the first
meeting of the GHG inventory core group in May, where work is scheduled, priorities with
regard to inventory development are set and decisions regarding planned improvements are
taken. Data compilation usually starts in June with the first data sets for the preceding year
becoming available. Quality control activities form part of the data acquisition process. They
are routinely carried out by the EMIS (Swiss Emission Information System) experts and the
sectoral experts. The UN review process in September provides further input to the inventory
development plan. Recommendations and suggestions are discussed in the core group and
future work is prioritized. The supervisory board (NISSB) is provided with the management
review in October and asked for formal approval of the planned way of proceeding. An
important stage in inventory preparation is the preparation and quality control of the reporting
tables (CRF) in December and January and the key-category and uncertainty analyses
towards end of January. The editing of the National Inventory Report (NIR) progresses
alongside data compilation, with a draft of the NIR going into internal review in March.
Suggestions from the internal review are dealt with before submission as far as possible. If
the internal review suggests large revisions, they are taken up in the inventory development
plan for future improvements. The inventory is presented to the NISSB for official
consideration and approval around end of March. Submission is coordinated by the process
manager and carried out by the national inventory compiler. Archiving of inventory material is
performed after submission by the EMIS and sectoral experts, by the contributing authors
and by the QA/QC officer.
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Table 1-2 Annual cycle of inventory planning, preparation and management

| May i Jun | Jul i Aug | Sep i Oct | Nov | Dec | Jan | Feb | Mar | Apr
____I?ataco_r_r_l_;_)_i_lﬁt_ionﬂ - { o :- i : o - _-
QC EMIS Expert§_
_QCsSectoralExperts ¢+ 444 E e
UNReview i -
__Inventory Development Plan N R e I T e e e e
CRF Tables B
QC CRF Tables
KCA / Uncertainties
NIR '

Internal review NIR and CRF Tables 1 ] |

Official consideration and approval

Submission | 5 | 3 | X
Archiving : | ; |
Meeting of Core Group Lox Pox Pox x

_Meeting of Working Group N R ‘ X &
Meeting of NIS Supervisory Board X X

1.2.3 Quality assurance, quality control and verification plan

The national inventory system has an established quality management system (QMS) that
complies with the requirements of ISO 9001:2008. Certification has been obtained in 2007
and is upheld since through annual audits (Swiss TS 2013). The QMS is designed to comply
with the UNFCCC reporting guidelines (UNFCCC 2014a) to ensure and continuously
improve transparency, consistency, comparability, completeness, accuracy, and confidence
in national GHG emission and removal estimates. The quality manual (FOEN, 2016a) — as
required by 1ISO 9001 — contains all relevant information regarding the QMS. It is updated
annually and available to all members of the GHG inventory core group.

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 1-2). 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.

Integrity of the database is ensured by creating a new database for every single submission
and comparing the results from the new database with those from the previous version.
Consistency of data between categories is to a large extent ensured by the design of the
database, where specific emission factors and activity data that apply to various categories
are used jointly by all categories to calculate emissions.

Checks regarding the correct aggregation are done on initial set-up of the various
aggregations. There are also automated checks implemented in the database in order to
identify incorrect internal aggregation processes. In preparation of the submission with the
revised reporting guidelines, the internal structure of the database had to be adjusted.
Therefore, a thorough comparison of aggregated data in the previous and the new structure
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has been carried out on an identical data set, allowing to identify and correct errors in the
category allocation and aggregation schemes implemented in the database. The database
structure will be maintained for the second commitment period, thus minimizing the risks for
structural errors in subsequent submissions.

Recalculations are compiled in a document and made available to the members of the GHG
inventory core group. The recalculations file is of great importance in the QC procedures
regarding the reporting tables (CRF) and in the preparation of the NIR. QC procedures
regarding the reporting tables (CRF) comprise a detailed comparison of the reporting tables
(CRF) of the previous submission with those of the current submission for the base year and
the latest common year. In addition, the time-series consistency is incrementally checked by
comparing the latest inventory year with the preceding year. Any exceptional deviations are
investigated by the sectoral or the EMIS database experts. These checks are performed in a
multi-step process, first by collaborators of the Climate division of FOEN and then, after the
required changes were implemented by the EMIS experts, by the NIR authors. However, due
to the delay of the CRF Reporter, these checks were made based on database exports
rather than on reporting tables (CRF). The reporting tables (CRF) were then compared to the
database exports.

The NIR 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. Archiving of the database and related internal
documentation is carried-out by the inventory compiler, while any other material is archived
on the internal data management system by the QA/QC officer. Publicly available material is
published after submission on the website owned by the FOEN (www.climatereporting.ch).

Category-specific QC procedures

Whenever new emission factors are considered, they are compared to the IPCC default
values and to the values used in previous years. If the values are based on better or more
appropriate data and compare reasonably well with the IPCC default values (or if differences
can be explained), the new values are presented to the core group for adoption in future
inventories. Similarly, if new activity data have become available for a particular category, a
comparison between existing and new activity data is made and if the new data provide a
more consistent or more reliable basis for the inventory, they are again presented to the core
group for inclusion in future inventories. 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. The core group decides on how
to best implement the results and documents the agreed procedure in the inventory
development plan. The general procedures regarding category-specific QC is also described
in the quality manual (FOEN 2016a), while specific activities are documented in the
corresponding sectoral chapters.

Quiality assurance procedures

As required by ISO 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.
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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. The most recent expert peer reviews covered the Industrial
Processes (CSD 2013), LULUCF (VTI 2011) and Waste sector (Rytec 2010).

Likewise, recommendations and encouragements from the UNFCCC expert review teams
are also added to the inventory development plan, discussed in the core group and
implementation in future submissions planned. 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 NIR and CRF table 1.A(b).

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 asl), 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 5.1.

Furthermore, a research project is developing an independent estimate of CH4 emissions in
Switzerland based on atmospheric CHs measurements and inverse modelling of atmospheric
transport. The initial research project showed very promising results leading to a follow-up
project which is currently on-going. The first results show a very good agreement between
modelled emissions and emission estimates according to the greenhouse gas inventory. A
summary is provided in Annex 5.2.

Treatment of Confidentiality Issues

Nearly all of the data necessary to compile the Swiss GHG inventory are publicly available.
There are, however, a few exceptions:

. (i) Emission data that refers to a single enterprise is in general confidential.

. (i) The reporting of disaggregated emissions from F-gases is confidential (not
confidential as aggregated data).

o (iii) In the civil aviation sub-sector one data source (FOCA 1991) has been marked
confidential by the Federal Office of Civil Aviation (FOCA).

o (iv) Unpublished AREA land use statistics raw data have been temporarily classified
confidential by the Swiss Federal Statistical Office (SFSO).

The FOEN collects the data needed for calculating emissions of HFCs, PFCs, NF3 and SFe
from private companies or industry associations. In the National Inventory Report, the activity
data underlying emission estimates of HFCs, PFCs, NF; and SF¢ are only partly presented at
the most disaggregated level for reasons of confidentiality. However, complete emissions are
reported in aggregated tables.
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Confidential data will be made available by the FOEN in line with the procedures agreed
under the UNFCCC for the technical review of GHG inventories (UNFCCC 2015).

Public access to the Swiss Greenhouse Gas Inventory

FOEN operates a website (www.climatereporting.ch) where the Swiss GHG inventories (NIR,
CRF-tables, UNFCCC review reports), the Swiss national communications and other reports
submitted to the UNFCCC and the Kyoto Protocol may be downloaded. On this website,
most papers, internal 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 Changes in the national inventory arrangements since previous
submission

Changes to institutional, legal and procedural arrangements (24/CP.19, 22. (a)):

There are no changes to arrangements with other institutions of the federal administration.
The agreements regarding responsibilities and deliverables are maintained.

For the second commitment period, the contracts with private companies were put out for
tender. The tenders were won by the contractors that have already collaborated in inventory
preparation during the first commitment period, except for the editing of the NIR, where the
previous contractor teamed up with a new partner (see Table 1-1). The contracts are running
for four years with an option to extend by another four years in order to guarantee continuity
in inventory preparation. The contractor responsible for the fluorinated gases emissions is
now also a member of the greenhouse gas inventory core group.

Furthermore, the National Inventory System Supervisory Board (NISSB), which originally not
only covered the National Inventory System but also the National Registry, has been formally
split in two separate boards with separate mandates and responsibilities in 2014. The NISSB
is now overseeing all aspects related to reporting obligations under the UNFCCC (including
reporting of the National Registry in the NIR). The Emission Registry Supervisory Board
ERSB on the other hand deals with management issues related to the National Registry.

Changes in staff and capacity (24/CP.19, 22. (b)):

As described above under institutional arrangements, editing of the NIR is partly handed over
to a contractor. Two collaborators of the contractor were replaced over the past year. Apart
from that, no other personnel changes occurred.

Changes to national entity with overall responsibility for the inventory (24/CP.19, 22. (c)):

No changes.

Changes to the process of inventory planning (24/CP.19, 22.(d,e)/23./24.):

No changes.
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Changes to the process of inventory preparation (24/CP.19, 25./26.):

Due to the new reporting guidelines and the new CRF Reporter, changes in the EMIS
database and its export functionality were required since the 2014 submission. As the CRF
Reporter lacked crucial functionality, there was no possibility to thoroughly test the interface
between the EMIS database and the CRF Reporter in due time. In order to carry on with
inventory preparation in the regular annual cycle, handling of the CRF Reporter had to be
postponed. Recurrent problems with accessibility of the CRF Reporter delayed the work of
the inventory compiler significantly, so that the normal QA/QC procedures were severly
hampered. There still seem to be errors in the CRF Reporter (version v5.12.5.). In Annex 6, a
list of problems identified during spot checks of the reporting tables (CRF) is provided. There
are instances where the data could not be entered into the appropriate cells of the reporting
tables (CRF), or where the numerical output in the reporting tables (CRF) was incorrect.

Changes to the process of inventory management (24/CP.19, 27.):

No changes.

1.3 Inventory preparation and data collection, processing, and
storage

An overview over the inventory preparation is given above and is schematically shown in

Figure 1-1. Each sector has an assigned sectoral expert who is responsible for conformity
with the relevant reporting guidelines, selection of appropriate methods and data sources,
and collection, processing and updating of data (Figure 1-2).

For the sectors Energy, IPPU (excl. fluorinated gases) and Waste, data collection and
processing is done by the Air Pollution Control and Chemicals division of the FOEN.
Emissions of road and non-road transportation are provided by INFRAS, a consultancy
mandated by Traffic Section of FOEN. The use of fluorinated gases and related emissions in
the corresponding source categories of the IPPU sector are provided by Carbotech, a
consultancy mandated by FOEN to collect and process relevant data. For Agriculture, data
collection and processing is provided by Agroscope, the federal research institute for
agriculture. Land-use and land use change data from the Swiss Federal Statistical Office is
compiled by Meteotest/Sigmaplan, in close collaboration with the Forest division of the
FOEN. The Swiss Federal Institute for Forest, Snow and Landscape Research WSL provides
further input, which is processed by the Forest Division. Emission and removal estimates
from forest land are calculated by the Forest division of the FOEN.

All people responsible for data collection and processing in a particular sector are preparing
their data for import into the National Air Pollution Database EMIS, which compiles all
inventory data, including activity data and emission factors. EMIS was originally established
in the late 1980s in order to record and monitor emissions of air pollutants, but it has since
been extended to cover greenhouse gases and additional emission sources. The original
EMIS database underwent a full redesign and a migration to a new software platform in
2005/2006. In preparation for the submission in 2015, all processes relevant to the GHG
inventory have been restructured according to the 2006 IPCC Guidelines and the revised
reporting tables (CRF).
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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 2016/(NFR-Code)” in this report.

Data provider Sector experts EMIS database EMIS export tables Final reports
SFOE »{ Air Pollution Energy
Control and IPPU
| Infras transport model }V Chemicals Waste CRF exporter UNFCCC
division > > CRF reporter
FOCA, DDPS >
| FOEN Waste division l—» v
CRF tables
Industry associations
SBV » Agroscope »| Agriculture f
v
SFSO »| Forest division NIR tables NIR
Meteotest / »| LULUCF > >
WSL > Sigmaplan
o _ — Data flow
Industry associations Carbotech »| F-gases -5 Control

Figure 1-2 Schematic overview: Data collection and processing, compilation in EMIS database, export to CRF
Reporter and National Inventory Report (NIR). Abbreviations: see glossary.

1.4 Methodologies and data sources

According to the revised reporting guidelines under the UNFCCC (UNFCCC 2014a) and the
Kyoto Protocol (UNFCCC 2014b), emissions are calculated based on standard methods and
procedures provided in the 2006 IPCC Guidelines for National Greenhouse Gas Inventories
(IPCC 2006), 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 NIR and compiled in the CRF reporting table Summary 3.

Various data suppliers contribute to the greenhouse gas inventory (Table 1-3). 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 NIR.

1 Introduction: 1.4 Methodologies and data sources



National Inventory Report of Switzerland 2016 39

Table 1-3 Primary data providers for the various inventory categories. Generally, statistics are updated annually.
However, the on-road and off-road emission models of Infras, the complete area survey by the SFSO as well as
the national forest inventory by the WSL require large efforts and are therefore updated every couple of years.
Coloured boxes mark those sectors to which each data provider contributes. Abbreviations: see glossary,

Inventory category

Institution Subject (numbering according to reporting tables)

FOEN, Air Pollution Control

and Chemicals division EMIS database

monitring data due to
FOEN, Climate division ordinance of reduction of
CO2 (Confederation 2012)

FOEN, Waste division Waste statistics

INFRAS Road transportation emission
model

INFRAS Non-road emission model

SFOE Swiss overall energy statistics

SFOE SWISS- statistics of renewable .
energies

SFOE Swiss wood energy statistics
Energy consumption in

SFOE industry (helbling statistics)

FOCA Civil aviation

Swiss Air Force Military aviation

Administration (DDPS) Y

SGWA Gas distribution losses
F-gases,

Carbotech post-combustion of NMVOC

Swissmem National SF4 balance

SFSO Agriculture, LULUCF

Agroscope Agriculture, LULUCF

SBV Agriculture

FOEN, Forest division Forest statistics

WSL National Forest Inventory

Sigmaplan, Meteotest LULUCF
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1.5 Description of key categories
1.5.1 GHG inventory

1.5.1.1 Methodology

The key category analysis is performed according to the 2006 IPCC Guidelines (IPCC 2006,
chp. 4) and Decision 24/CP.19 (UNFCCC 2014a, Annex 1, Para. 39) for 1990 and the latest
reported year (2014) including all GHG (CO., CHa, N20O, HFCs, PFCs, SFs and NF3). A total
of 157 categories are used to disaggregate Switzerland’s total GHG emissions for the
purpose of this key category analysis. 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. Uncertainty data for key category analysis Approach
2 stems from the uncertainty analysis Approach 1 (see chp. 1.6.1.2) and therefore does not
incorporate correlations.

Both, Approach 1 (with a proposed threshold of 95%) and Approach 2 (with a proposed
threshold of 90%) level and trend assessments are applied, including emissions from sector
4 LULUCF. Indirect CO2 and N,O emissions are not considered for the key category
analysis.

For the full key category analysis including all 157 categories, see Annex 1.

1.5.1.2 KCA (including LULUCF categories)

A complete overview of the key category analysis for the inventory 1990-2014, also including
all categories which are not key, is given in Annex 1, Table A — 1. In the following, the results
for Approach 1 and Approach 2 are presented, focussing on key categories only.

Approach 1

For 2014, among the total of 157 categories, 30 are identified as level key categories under
Approach 1 (Table 1-4).

Half of the key categories belong to sector 1 Energy, accounting for the largest share of CO-
equivalent emissions in 2014. The other key categories are more or less equally distributed
between sectors 2 Industrial processes and product use, 3 Agriculture, 4 LULUCF and 5
Waste.

There are three major key sources each contributing more than 10% to the level
assessment, all being part of sector 1 Energy:

o 1A3b Fuel Combustion, Road Transportation, Gasoline, CO;
o 1A3b Fuel Combustion, Road Transportation, Diesel, CO>
o 1A4b Fuel Combustion, Other Sectors, Residential, Liquid Fuels, CO-

Within the ten most relevant key categories (level contribution), only 3A Enteric fermentation
and 2A1 Cement production are not part of sector 1 Energy.
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Table 1-4 Switzerland’s Approach 1 level key categories for the year 2014 including LULUCF categories, sorted
by emission contribution to the national total.

Approach 1 key category analysis - Level Assessment for the year 2014
Year 2014
estimate Level Cumulative
No. |IPCC source categories and fuels if applicable GHG total of level
assessment
[Gg CO2 eq] assessment
1 |1A3b |1. Energy A. Fuel combustion activities 3. Transport; Road transportation Gasoline Cc0o2 8276.97 15.8% 15.8%
2 |1A3b |1. Energy A. Fuel combustion activities 3. Transport; Road transportation Diesel co2 7297.02 14.0% 29.8%
3 |1A4b |1. Energy A. Fuel combustion activities 4. Other sectors; Residential Liquid Fuels CO2 5549.06 10.6% 40.4%
4 |3A 3. Agriculture A. Enteric fermentation CH4 3365.33 6.4% 46.9%
5 |1Ada |1. Energy A. Fuel combustion activities 4. Other sectors; Commercial/institutional Liquid Fuels co2 2538.93 4.9% 51.7%
6 |1A4b |1. Energy A. Fuel combustion activities 4. Other sectors; Residential Gaseous Fuels Cc0o2 2402.23 4.6% 56.3%
7 |1A1 |1. Energy A. Fuel combustion activities 1. Energy industries Other Fuels CO2 2318.49 4.4% 60.8%
8 |1A2 |1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction Gaseous Fuels CO2 2278.18 4.4% 65.1%
9 |1A2 |1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction Liquid Fuels co2 1912.91 3.7% 68.8%
10 |2A1 |2. Industrial processes A. Mineral industry 1. Cement production co2 1858.10 3.6% 72.4%
and product use
11 |4A1 |4. LULUCF A. Forest land 1. Forest land remaining forest land CO2 -1674.57 3.2% 75.6%
12 |2F1 |2. Industrial processes F. Product uses as substitutes for ODS 1. Refrigeration and air conditioning HFC 1398.55 2.7% 78.3%
and product use
13 |1A4a |1. Energy A. Fuel combustion activities 4. Other sectors; Commercial/institutional Gaseous Fuels co2 1244.62 2.4% 80.6%
14 |3Da |3. Agriculture D. Agricultural soils; Direct emissions N20 1111.39 2.1% 82.8%
from managed soils
15|1A1 |1. Energy A. Fuel combustion activities 1. Energy industries Liquid Fuels CO2 965.17 .8% 84.6%
16 (3B 3. Agriculture B. Manure management CH4 782.15 1.5% 86.1%
17 |1A2 |1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction Solid Fuels CO2 521.18 1.0% 87.1%
18 |[4A2 |4. LULUCF A. Forest land 2. Land converted to forest land Co2 -503.37 1.0% 88.1%
19 |3Db |3. Agriculture D. Agricultural soils; Indirect emissions N20 499.67 1.0% 89.0%
from managed soils
20 |1A4c |1. Energy A. Fuel combustion activities 4. Other sectors; Agriculture/forestry/fishing Liquid Fuels co2 410.12 0.8% 89.8%
21 |5A 5. Waste A. Solid waste disposal CH4 367.74 0.7% 90.5%
22 |1A2 |1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction Other Fuels co2 366.03 0.7% 91.2%
23|4B1 |4. LULUCF B. Cropland 1. Cropland remaining cropland CO2 332.11 0.6% 91.9%
24 |4E2 |4. LULUCF E. Settlements 2. Land converted to its Co2 318.25 0.6% 92.5%
25|1A1 |1. Energy A. Fuel combustion activities 1. Energy industries Gaseous Fuels CO2 288.18 0.6% 93.0%
26 [3B5 |3. Agriculture B. Manure management 5. Indirect N20 emissions N20 283.54 0.5% 93.6%
272G 2. Industrial processes G. Other product manufacture and use SF6 204.26 0.4% 93.9%
and product use
28 |1B2 |1. Energy B. Fugitive emissions from fuels 2. Oil and natural gas and other emissions from CH4 196.87 0.4% 94.3%
energy production
29 |4C2 |4. LULUCF C. Grassland 2. Land converted to grassland CO2 183.10 0.4% 94.7%
30 [5D 5. Waste D. Wastewater treatment and discharge CH4 174.59 0.3% 95.0%

For the base year 1990, 31 categories are identified as level key categories under Approach
1 (Table 1-5). The following categories are key according to level in 1990, but not in 2014

1A3a Domestic aviation CO;

1A5 Other, Liquid fuels, CO-

2A4 Other process uses of carbonates, CO;

2C3 Aluminium production, CO;

4G Harvested wood products, CO;

On the other hand, the following categories are key according to level in 2014, but not in
1990:

2F1 Refrigeration and air conditioning, HFC

2G Other product manufacture and use, SFs

4C2 Land converted to grassland, CO;

5D Wastewater treatment and discharge, CHa
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Table 1-5 Switzerland’s Approach 1 level key categories for the base year 1990 including LULUCF categories,
sorted by emission contribution to the national total.
Approach 1 key category analysis - Level Assessment for the base year 1990
Year 1990 .
X Cumulative
No. |[IPCC source categories and fuels if applicable GHG estimate Level total of level
assessment
[Gg CO2 eq] assessment
1 |1A3b 1. Energy A. Fuel combustion activities 3. Transport; Road transportation Gasoline CO2 11334.49 20.0% 20.0%
2 |1A4b |1. Energy A. Fuel combustion activities 4. Other sectors; Residential Liquid Fuels CO2 10098.96 17.8% 37.7%
3 |1A4a |1. Energy A. Fuel combustion activities 4. Other sectors; Commercial/institutional Liquid Fuels CO2 4259.54 7.5% 45.3%
4 |1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction  |Liquid Fuels Cco2 3890.57 6.9% 52.1%
5 |3A 3. Agriculture A. Enteric fermentation CH4 3584.87 6.3% 58.4%
6 |1A3b 1. Energy A. Fuel combustion activities 3. Transport; Road transportation Diesel Cco2 2632.66 4.6% 63.1%
7 |2A1 2. Industrial processes  |A. Mineral industry 1. Cement production co2 2524.45 4.4% 67.5%
and product use
8 |1A1 1. Energy A. Fuel combustion acti 1. Energy industries Other Fuels Cco2 1491.86 2.6% 70.1%
9 |1A4b |1. Energy A. Fuel combustion acti 4. Other sectors; Residential Gaseous Fuels | CO2 1451.63 2.6% 72.7%
10 [1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction |Solid Fuels Cco2 1274.70 2.2% 74.9%
11 (3Da 3. Agriculture D. Agricultural soils; Direct N20 1239.22 2.2% 77.1%
emissions from managed soils
12 |4G 4. LULUCF G. Harvested wood products Cco2 -1231.92 2.2% 79.3%
13 |1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction |Gaseous Fuels | CO2 1059.63 1.9% 81.1%
14 |1Ada |1. Energy A. Fuel combustion activities 4. Other sectors; Commercial/institutional Gaseous Fuels | CO2 981.49 1.7% 82.9%
15 (3B 3. Agriculture B. Manure management CH4 923.97 1.6% 84.5%
16 |5A 5. Waste A. Solid waste disposal CH4 763.39 1.3% 85.8%
17 |1A1 1. Energy A. Fuel combustion activities 1. Energy industries Liquid Fuels CO2 687.24 1.2% 87.1%
18 (3Db 3. Agriculture D. Agricultural soils; Indirect N20 658.57 1.2% 88.2%
emissions from managed soils
19 |4A2 4. LULUCF A. Forest land 2. Land converted to forest land C0o2 -570.45 1.0% 89.2%
20 [1A4c 1. Energy A. Fuel combustion activities 4. Other sectors; Agriculture/forestry/fishing Liquid Fuels CO2 485.09 0.9% 90.1%
21 |4E2 4. LULUCF E. Settlements 2. Land converted to settlements Co2 394.54 0.7% 90.8%
22 |4A1 4. LULUCF A. Forest land 1. Forest land remaining forest land CO2 -369.23 0.7% 91.4%
23 |4B1 4. LULUCF B. Cropland 1. Cropland remaining cropland Cco2 364.91 0.6% 92.1%
24 |1B2 1. Energy B. Fugitive emissions from fuels 2. Oil and natural gas and other emissions CH4 319.77 0.6% 92.6%
from energy production
25 |1A3a |1. Energy A. Fuel combustion activities 3. Transport; Domestic aviation Kerosene Cco2 252.55 0.4% 93.1%
26 |1A1 1. Energy A. Fuel combustion activities 1. Energy industries Gaseous Fuels | CO2 243.40 0.4% 93.5%
27 |3B5 3. Agriculture B. Manure management 5. Indirect N20 emissions N20 242.32 0.4% 93.9%
28 |1A5 1. Energy A. Fuel combustion activities 5. Other Liquid Fuels CO2 217.65 0.4% 94.3%
29 |1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction |Other Fuels Cco2 196.02 0.3% 94.7%
30 [2A4 2. Industrial processes  |A. Mineral industry 4. Other process uses of carbonates co2 156.11 0.3% 94.9%
and product use
31 |2Cc3 2. Industrial processes  |C. Metal industry 3. Aluminium production Cco2 139.26 0.2% 95.2%

and product use

Regarding the trend assessment between the base year 1990 and the most recent year
2014, 33 categories are identified as trend key categories under Approach 1 (Table 1-6).
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Table 1-6 Switzerland’s Approach 1 trend key categories between 1990 and 2014 including LULUCF categories,
sorted by contribution to the trend assessment.

Approach 1 key category analysis - Trend Assessment

Base year 1990 Year 2014 Cumulative
estimate estimate Trend Contribution to total of
No. |IPCC source categories and fuels if applicable GHG assessment trend [%] contribution to
[Gg CO2 eq] [Gg CO2 eq] trend
1 |1A3b 1. Energy A. Fuel combustion activities 3. Transport; Road transportation Diesel Cco2 2632.66 7297.02 0.08637 19.0% 19.0%
2 |1A4b 1. Energy A. Fuel activities 4. Other sectors; Resil Liquid Fuels Cco2 10098.96 5549.06 0.06395 14.1% 33.1%
3 |1A3b 1. Energy A. Fuel activities 3. Transport; Road transportation Gasoline CcOo2 11334.49 8276.97 0.03568 7.9% 41.0%
4 |1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and Liquid Fuels co2 3890.57 1912.91 0.02860 6.3% 47.3%
construction
5 |2F1 2. Industrial processes F. Product uses as substitutes for |1. i 1 and air HFC 0.02 1398.55 0.02463 5.4% 52.7%
and product use
6 |1Ada 1. Energy A. Fuel combustion activities 4. Other sectors; Liquid Fuels co2 4259.54 2538.93 0.02348 5.2% 57.9%
[¢
7 |1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and Gaseous Fuels | CO2 1059.63 2278.18 0.02316 5.1% 63.0%
construction
8 |4A1 4. LULUCF A. Forest land 1. Forest land remaining forest land CcOo2 -369.23 -1674.57 0.02240 4.9% 67.9%
9 4G 4. LULUCF G. Harvested wood products Cco2 -1231.92 -105.80 0.02181 4.8% 72.7%
10 [1A4b  |1. Energy A. Fuel activities 4. Other sectors; Gaseous Fuels | CO2 1451.63 2402.23 0.01907 4.2% 76.9%
11 [1A1 1. Energy A. Fuel combustion activities 1. Energy industries Other Fuels Cc0o2 1491.86 2318.49 0.01695 3.7% 80.6%
12 |1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and Solid Fuels co2 1274.70 521.18 0.01123 2.5% 83.1%
construction
13 |2A1 2. Industrial processes A. Mineral industry 1. Cement production co2 2524.45 1858.10 0.00769 1.7% 84.8%
and product use
14 |1Ada (1. Energy A. Fuel combustion activities 4. Other sectors; Gaseous Fuels | CO2 981.49 1244.62 0.00621 1.4% 86.2%
Col i
15 |1A1 1. Energy A. Fuel combustion activities 1. Energy industries Liquid Fuels Cco2 687.24 965.17 0.00600 1.3% 87.5%
16 [5A 5. Waste A. Solid waste disposal CH4 763.39 367.74 0.00574 1.3% 88.8%
17 |1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and Other Fuels co2 196.02 366.03 0.00331 0.7% 89.5%
construction
18 [2C3 2. Industrial processes C. Metal industry 3. Aluminium production co2 139.26 0.00 0.00223 0.5% 90.0%
and product use
19 |4A2 4. LULUCF A. Forest land 2. Land converted to forest land Cco2 -570.45 -503.37 0.00210 0.5% 90.4%
20 [3A 3. Agriculture A. Enteric fermentation CH4 3584.87 3365.33 0.00188 0.4% 90.8%
21 |2C3 2. Industrial processes C. Metal industry 3. Aluminium production PFC 116.46 0.00 0.00186 0.4% 91.3%
and product use
22 |1A3b 1. Energy A. Fuel activities 3. Transport; Road transportation Gasoline N20 136.88 19.81 0.00184 0.4% 91.7%
23 |4C2 4. LULUCF C. Grassland 2. Land converted to grassland Cc0o2 91.50 183.10 0.00176 0.4% 92.1%
24 |3Db 3. Agriculture D. Agricultural soils; Indirect N20 658.57 499.67 0.00174 0.4% 92.4%
emissions from managed soils
25 (1B2 1. Energy B. Fugitive emissions from fuels 2. Oil and natural gas and other CH4 319.77 196.87 0.00165 0.4% 92.8%
emissions from energy production
26 [1A3a 1. Energy A. Fuel activities 3. Transport; Domestic aviation Kerosene coz 252.55 139.83 0.00158 0.3% 93.1%
27 |1A3b 1. Energy A. Fuel activities 3. Transport; Road transportation Gasoline CH4 116.04 19.86 0.00151 0.3% 93.5%
28 |2G 2. Industrial processes G. Other product manufacture and SF6 137.01 204.26 0.00140 0.3% 93.8%
and product use use
29 |5B 5. Waste B. Biological treatment of solid CH4 35.64 107.96 0.00133 0.3% 94.1%
waste
30 |1A4b |1. Energy A. Fuel activities 4. Other sectors; Biomass CH4 109.97 24.66 0.00133 0.3% 94.4%
31 |1A3b  |1. Energy A. Fuel activities 3. Transport; Road tran: Diesel N20 5.61 73.08 0.00120 0.3% 94.6%
32 |1A1 1. Energy A. Fuel combustion activities 1. Energy industries Gaseous Fuels | CO2 243.40 288.18 0.00118 0.3% 94.9%
33 |3B5 3. Agriculture B. Manure 5. Indirect N20 emissions N20 242.32 283.54 0.00111 0.2% 95.1%

Approach 2

Given that the threshold is set at 90%, the number of key categories is smaller under
Approach 2 compared to Approach 1. 26 out of 157 categories are identified as key
categories for both, 1990 and 2014 (Table 1-7, Table 1-8).

The most relevant sources in 2014 contributing more than 10% to the level assessment are
the following:

3Da Direct emissions from managed soils, N.O

4C1 Grassland remaining grassland, CO;

3Db Indirect emissions from managed soils, N.O

Several categories being key categories in Approach 1 are not key anymore when assessed
with Approach 2. Nevertheless, there are seven categories only being key under Approach 2
(year 2014):

4C1 Grassland remaining grassland, CO;

5D Wastewater treatment and discharge, N>O

4D1 Wetlands remaining wetlands, CO»

4 111 N mineralization, N.O

3B1-3B4 Manure management N.O
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o 4G Harvested wood products, CO;
e 4F2 Land converted to other land, CO.
. ’ . . . .
Table 1-7 Switzerland’s Approach 2 level key categories for the year 2014 including LULUCF categories, sorted
by emission contribution to the national total. Categories in grey are key under Approach 1 as well.
Key categories resulting from Approach 2 key category analysis - Level Assessment for the year 2014 (categories which are already KCs under Approach 1 are shown in grey)
Year 2014
estimate Combined Level Cumulative
No. |IPCC source categories and fuels if applicable GHG . total of level
Uncertainty | assessment assessment
[Gg CO2 eq]
2 |4C1 4. LULUCF C. Grassland 1. Grassland remaining grassland co2 115.70 839.4% 11.3% 25.1%
10 |5D 5. Waste D. Wastewater treatment and N20 144.47 150.0% 2.5% 72.9%
discharge
18 |4D1 4. LULUCF D. Wetlands 1. Wetlands remaining wetlands Co2 70.77 104.4% 0.9% 84.6%
19 (411 4. LULUCF N mineralization N20 52.01 135.1% 0.8% 85.4%
22 |3B1-3B4 |3. Agriculture B. Manure management 1. Cattle, 2. Sheep, 3. Swine, 4. Other N20 86.09 72.2% 0.7% 87.6%
livestock
23 |4G 4. LULUCF G. Harvested wood products CO2 -105.80 57.1% 0.7% 88.3%
25 |4F2 4. LULUCF F. Other land 2. Land converted to other land Cco2 117.35 50.2% 0.7% 89.7%
. s . . . .
Table 1-8 Switzerland’s Approach 2 level key categories for the base year 1990 including LULUCF categories,
sorted by emission contribution to the national total. Categories in grey are key under Approach 1 as well.
Key categories resulting from Approach 2 key category analysis - Level Assessment for the base year 1990 (categories which are already KCs under Approach 1 are shown in grey)
Year 1990
timate Combined Level Cumulative
No. |[IPCC source categories and fuels if applicable GHG es total of level
Uncertainty | assessment | oo o
[Gg CO2 eq]
4 |4C1 4. LULUCF C. Grassland 1. Grassland remaining grassland CO2 79.05 839.4% 7.6% 44.2%
11 |5D 5. Waste D. Wastewater treatment and discharge N20 118.27 150.0% 2.0% 74.5%
17 |2G 2. Industrial processes G. Other product manufacture and use N20 105.87 80.0% 1.0% 83.0%
and product use
18 |41 4. LULUCF N mineralization N20 58.71 135.1% 0.9% 83.9%
20 |3B1-3B4 |3. Agriculture B. Manure management 1. Cattle, 2. Sheep, 3. Swine, 4. Other N20 105.65 72.2% 0.9% 85.7%
livestock
23 |4D1 4. LULUCF D. Wetlands 1. Wetlands wetlands CO2 67.56 104.4% 0.8% 88.2%
25 |1A3b 1. Energy A. Fuel combustion activities 3. Transport; Road transportation Gasoline N20 136.88 50.0% 0.8% 89.8%
26 |5D 5. Waste D. Wastewater treatment and discharge CH4 130.92 48.2% 0.7% 90.5%
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Regarding the trend assessment between the base year 1990 and the most recent year
2014, 31 categories are identified as trend key categories under Approach 2 (Table 1-9).

Table 1-9 Switzerland’s Approach 2 trend key categories between 1990 and 2014 including LULUCF categories,
sorted by contribution to the trend assessment. Categories in grey are key under Approach 1 as well.

Approach 2 key category analysis - Trend Assessment (categories which are already KCs under Approach 1 are shown in grey)
Base year 1990 Year 2014 Cumulative
estimate estimate Combined Trend Contribution to total of
. |[IPCC (e d fuels if licabl:
No source categories and fuels It applicable GHG Uncertainty | assessment trend (%] | contribution to
[Gg CO2 eq] [Gg CO2 eq] trend
3 [4C1  [4.LULUCF C. Grassland 1. Grassland remaining grassland co2 79.05 115.70 839.4% 0.64819 10.4% 47.7%
12 |sD 5. Waste D. Wastewater treatment and N20 118.27 144.47 150.0% 0.09764 1.6% 75.2%
discharge
16 [2G 2. Industrial processes and|G. Other product manufacture and N20 105.87 43.93 80.0% 0.07371 1.2% 80.4%
product use use
18 (3B 3. Agriculture B. Manure CH4 923.97 782.15 54.4% 0.05533 0.9% 82.2%
22 |sD 5. Waste D. Wastewater treatment and CH4 130.92 174.59 48.2% 0.04715 0.8% 85.4%
discharge
25 |4E2 4. LULUCF E. 2. Land converted to co2 394.54 318.25 50.2% 0.03574 0.6% 87.3%
27 |4E1 4. LULUCF E. 1. remaining co2 17.27 54.32 50.2% 0.03417 0.5% 88.5%
31 [3Da 3. Agriculture D. Agricultural soils; Direct N20 1239.22 1111.39 106.3% 0.02817 0.5% 90.4%
emissions from managed soils
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1.5.1.3 Summary of combined KCA including LULUCF categories
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A summary of the key category analysis for 2014 is shown in Table 1-10, considering level
and trend assessments for both, Approach 1 and Approach 2.

Table 1-10 Summary of Switzerland’s combined KCA Approach for 2014 including LULUCF categories. The
abbreviations used in the last column indicate whether a certain category is identified as key because of the level
assessment (L1 = level according to Approach 1, L2 = level according to Approach 2) or the trend assessment
(T1 = trend according to Approach 1, T2 = trend according to Approach 2).

Summary of key category analysis for Switzerland
Quantitative method used: Approach 1 and Approach 2, Level and Trend, 2014
. . . Identification
No. |IPCC source categories and fuels if applicable GHG B
criteria
1 |1A1 1. Energy A. Fuel combustion activities 1. Energy industries Gaseous Fuels CcOo2 L1, T1
2 |1A1 1. Energy A. Fuel combustion activities 1. Energy industries Liquid Fuels CcOo2 L1, T1
3 |1A1 1. Energy A. Fuel combustion activities 1. Energy industries Other Fuels Cco2 L1,L2,T1, T2
4 |1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction Gaseous Fuels CO2 L1,L2,T1,T2
5 [1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction Liquid Fuels CcOo2 L1, T1
6 |1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction Other Fuels Cco2 L1, T1, T2
7 |1A2 1. Energy A. Fuel combustion activities 2. Manufacturing industries and construction Solid Fuels Cc0o2 L1, T1, T2
8 |[1A3a |1. Energy A. Fuel combustion activities 3. Transport; Domestic aviation Kerosene CcOo2 T1
9 |[1A3b 1. Energy A. Fuel combustion activities 3. Transport; Road transportation Gasoline CH4 T1, T2
10 |1A3b |1. Energy A. Fuel combustion activities 3. Transport; Road transportation Diesel Cco2 L1,L2,T1, T2
11 |1A3b 1. Energy A. Fuel combustion activities 3. Transport; Road transportation Gasoline Cc0o2 L1, L2, T1
12 |1A3b 1. Energy A. Fuel combustion activities 3. Transport; Road transportation Diesel N20 T1
13 |1A3b 1. Energy A. Fuel combustion activities 3. Transport; Road transportation Gasoline N20 T1, T2
14 |1Ada 1. Energy A. Fuel combustion activities 4. Other sectors; Commercial/institutional Gaseous Fuels CO2 L1,L2,T1,T2
15 |1Ada |1. Energy A. Fuel combustion activities 4. Other sectors; Commercial/institutional Liquid Fuels Cc0o2 L1, T1
16 |1A4b 1. Energy A. Fuel combustion activities 4. Other sectors; Residential Biomass CH4 T1, T2
17 |1A4b 1. Energy A. Fuel combustion activities 4, Other sectors; Residential Gaseous Fuels CO2 L1,L2,T1, T2
18 |1A4b 1. Energy A. Fuel combustion activities 4. Other sectors; Residential Liquid Fuels CO2 L1, T1, T2
19 |1A4c  |1. Energy A. Fuel combustion activities 4. Other sectors; Agriculture/forestry/fishing Liquid Fuels Cco2 L1
20 |1B2 1. Energy B. Fugitive emissions from fuels 2. Oil and natural gas and other emissions from CH4 L1,L2,T1, T2
energy production
21 |2A1 2. Industrial processes |A. Mineral industry 1. Cement production Cco2 L1, T1
and product use
22 |2C3 2. Industrial processes |C. Metal industry 3. Aluminium production Cco2 T1
and product use
23 |2C3 2. Industrial processes |C. Metal industry 3. Aluminium production PFC T1
and product use
24 |2F1 2. Industrial processes |F. Product uses as substitutes for ODS | 1. Refrigeration and air conditioning HFC L1, L2, T1, T2
and product use
25 |2G 2. Industrial processes |G. Other product manufacture and use SF6 L1, T1, T2
and product use
26 [2G 2. Industrial processes |G. Other product manufacture and use N20 T2
and product use
27 |3A 3. Agriculture A. Enteric fermentation CH4 L1,L2,T1, T2
28 |3B 3. Agriculture B. Manure management CH4 L1, L2, T2
29 |3B1- 3. Agriculture B. Manure management 1. Cattle, 2. Sheep, 3. Swine, 4. Other livestock N20 L2
3B4
30 |3B5 3. Agriculture B. Manure management 5. Indirect N20O emissions N20 L1, L2, T1, T2
31 |3Da 3. Agriculture D. Agricultural soils; Direct emissions N20 L1, L2, T2
from managed soils
32 |3Db 3. Agriculture D. Agricultural soils; Indirect emissions N20 L1,L2,T1, T2
from managed soils
33 |41l 4. LULUCF N mineralization N20 L2
34 |4A1 4, LULUCF A. Forest land 1. Forest land remaining forest land CO2 L1,L2,T1, T2
35 |4A2 4, LULUCF A. Forest land 2. Land converted to forest land CO2 L1,L2,T1,T2
36 |4B1 4. LULUCF B. Cropland 1. Cropland remaining cropland CO2 L1, L2
37 |4C1 4. LULUCF C. Grassland 1. Grassland remaining grassland CcOo2 L2, T2
38 |4C2 4, LULUCF C. Grassland 2. Land converted to grassland CO2 L1,T1, T2
39 |4D1 4, LULUCF D. Wetlands 1. Wetlands remaining wetlands Cco2 L2
40 |4E1 4. LULUCF E. Settlements 1. Settlements remaining settlements CcOo2 T2
41 |4E2 4. LULUCF E. Settlements 2. Land converted to settlements CO02 L1, L2, T2
42 |4F2 4. LULUCF F. Other land 2. Land converted to other land [0 L2
43 |4G 4, LULUCF G. Harvested wood products CO2 L2, T1, T2
44 |5A 5. Waste A. Solid waste disposal CH4 L1, L2, T1, T2
45 |5B 5. Waste B. Biological treatment of solid waste CH4 T1, T2
46 |5D 5. Waste D. Wastewater treatment and discharge CH4 L1, L2, T2
47 |5D 5. Waste D. Wastewater treatment and discharge N20 L2, T2
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1.5.2 KP-LULUCF inventory

Switzerland identified four key categories for activities under Article 3, paragraphs 3 and 4, of
the Kyoto Protocol (Forest management, Afforestation and Reforestation, Deforestation,
Harvested Wood Products). The approach relies on full inventory KCA (with LULUCF), KP-
CRF association and qualitative assessment. A detailed description is presented in chp.
11.6.1.

1.6  General uncertainty evaluation
1.6.1 GHG inventory

1.6.1.1 Approach 1 and Approach 2 analysis

This chapter presents the main results of the uncertainty evaluation Approach 1 and
Approach 2 in accordance with the IPCC 2006 Guidelines (IPCC 2006).

. Approach 1: Propagation of error
e  Approach 2: Monte Carlo simulation

All uncertainties are given as half of the 95% confidence interval divided by the mean and
expressed as a percentage (approximately two standard deviations) as suggested by the
IPCC Guidelines (IPCC 2006).

The uncertainty analyses Approach 1 and Approach 2 are updated on a yearly basis.

The following chapters present the overall results of the uncertainty evaluation. Specific
information about the uncertainty estimation for activity data, emission factors or emissions of
each source category is included in the respective sectoral chapters (3-9) below. Detailed
results of both approaches as well as further methodological information concerning
Approach 2 are presented in Annex A2.

1.6.1.2 Data used

The evaluation includes uncertainties regarding activity data, emission factors and — in a few
cases — emissions. Uncertainties in the GWP values are not taken into account.

Uncertainty distributions are assumed to be symmetric for Approach 1. For the Monte Carlo
simulation, some asymmetric distributions (triangular) were adopted.

For categories with quantitative uncertainty data available, the input information from studies
or from the data suppliers is used for the uncertainty evaluation. This is mainly the case for
key categories. However, no explicit information on uncertainties is available for a few key
categories. For these cases, authors of the NIR chapters, FOEN experts involved and
several data suppliers derived estimates of uncertainties based on the IPCC 2006 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
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uncertainty estimates for their data. The data sources can be found in the relevant sub-
sections on “Uncertainties and time-series consistency” in each of the sectoral chapters (3—
9) below.

For categories with no quantitative uncertainty data available, the NIR 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-quantitative 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 1-11). 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 2nd Internat. Workshop on Uncertainty in Greenhouse Gas Inventories (Vienna 27-28
September 2007), and by expert judgement.

Table 1-11 Semi-quantitative (combined) uncertainties (U) for the emission of categories with no quantitative
uncertainty data available. Note that there is no source of 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%
N,O medium 80%
high 150%
HFC medium 20%
PFC medium 20%
SFs medium 20%

The uncertainties of sector 1 Energy were broadly updated for the current submission. They
are described in detail in chp. 3.2.4.7. Main result of the new evaluation is the lowering of the
uncertainty of CO..

Despite the investigation carried out for the current uncertainty analyses it will be necessary
to further motivate institutions to supply not only average data but also estimates of
associated uncertainties.

1.6.1.3 Results of Approach 1 uncertainty evaluation

Level and trend uncertainty analyses are carried out excluding and including the LULUCF
sector. Table 1-12 gives a summary for the Approach 1 uncertainties for the national total
emissions and removals.
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Table 1-12 Switzerland’s relative uncertainties for national total GHG emission excluding and including the
LULUCF sector — Approach 1: Level uncertainties 2014 and trend uncertainties 1990-2014.

Approach 1 Uncertainty Analysis
Inventory Level uncertainty Trend uncertainty
2014 1990-2014
excl. LULUCF 3.81% 1.44%
incl. LULUCF 4.76% 2.31%

Uncertainty analysis results for the Switzerland’'s GHG inventory 2014 with Approach 1:

e The level uncertainty 2014 is 3.81% excluding LULUCF and 4.76% including
LULUCF. Explanations are given below in the chapter on Approach 2 results.

e The trend uncertainty 1990-2014 is 1.44% excluding LULUCF and 2.31% including
LULUCF.

Compared to the results of the previous inventory 2013 (FOEN 2015):

e In 2013, level uncertainty was 3.69% excl. LULUCF and 7.08% incl. LULUCF

e Inthe period 1990-2013, trend uncertainty was 1.95% excl. LULUCF and 2.99% incl.
LULUCF.

The level uncertainty excluding LULUCF slightly increased (from 3.69% to 3.81%) compared
to the previous uncertainty analysis although uncertainty values in sector 1 Energy have
been reduced. But a higher weight of absolute uncertainties in sector 3 Agriculture, due to an
increase of emissions in this sector whilst emissions in sector 1 Energy are decreasing, is
cancelling out this effect. The level uncertainty when including LULUCF, however, has clearly
decreased in 2014 compared to 2013 (from 7.08% to 4.76%). This is mainly a result of
improving the uncertainty value in category 4C1 Grassland remaining grassland (see
sectoral chapters on uncertainties). Trend uncertainties, excluding and including LULUCF,
decreased for the current submission, which can be explained by the combined effect of
lower uncertainties in the energy sector and the general decrease of the national total in
2014 compared to 2013.

Detailed results of the Approach 1 uncertainty analysis for GHG emissions 2014 per category
are shown in Table A — 2. Details of the uncertainty estimates for specific source categories
are provided in the sub-sections on “Uncertainties and time-series consistency” in each of
the chapters on source categories below.

It should be noted that the results of the Approach 1 uncertainty analysis for GHG emissions
do not, or not fully, take into account the following factors that may further increase
uncertainties:

e correlations between source categories that are not considered by Approach 1 (e.g.
production data used for industry emissions in both categories 1A2 Manufacturing
industries and 2 Industrial processes and product use, or cattle numbers used for
emissions related to enteric fermentation and animal manure production);
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e errors due to the assumption of constant parameters;

e errors due to non-normal, asymmetric distribution of the uncertainties;

¢ errors due to methodological shortcomings;

e errors due to sources not reported (these are assumed to be very small).

On the other hand, the Approach 2 uncertainty evaluation described below explicitly takes
into account correlations between sources and asymmetric distributions.

1.6.1.4 Results of Approach 2 uncertainty evaluation (Monte Carlo)

Approach 2 requires Monte Carlo analysis (IPCC 2006, UNFCCC 2014a). The principle of
Monte Carlo analysis is to select random values for emission factor and activity data from
within their individual probability distributions, and to calculate the corresponding emission
values. This procedure is repeated until an adequately stable result has been found. The
results of all iterations yield the overall emission probability distribution.

In the present analysis, Monte Carlo simulations were performed to estimate uncertainties
both in emissions 2014 and in emission trends 1990-2014, at the source category level as
well as for the inventory as a whole (excluding and including LULUCF). The simulations were
run with the commercial software package Crystal Ball (® Decisioneering). This tool
generates random numbers within user defined probability ranges and probability
distributions. As a result, selected statistics are produced for the forecast variables.

Assumptions for the Monte Carlo simulations are given in Annex 2. In this chapter, only the
main results of the simulations for level and trend analyses are presented.

Table 1-13 Switzerland’s relative uncertainties for national total GHG emission excluding and including the
LULUCF sector — Approach 2: Level uncertainties 2014 and trend uncertainties 1990-2014. The emission trend
1990-2014 is -8.83% excl. LULUCF and -9.10% incl. LULUCF.

Approach 2 (Monte Carlo) Uncertainty Analysis
Version Level uncertainty 2014 Trend uncertainty 1990-2014
2.5 percentile | 97.5 percentile mean 2.5 percentile | 97.5 percentile mean
excl. LULUCF -3.38% 3.79% 3.58% -11.50% -6.28% 2.61%
incl. LULUCF -4.40% 4.64% 4.52% -13.22% -5.04% 4.09%

Approach 2 uncertainties excluding LULUCF:

e The total uncertainty level of Switzerland's 2014 national total GHG emissions
excluding LULUCEF is 3.58% with a slightly asymmetric 95% confidence interval
between 96.62% and 103.79%.

e The trend in national total emissions excluding LULUCF between 1990 and 2014
is -8.83%. With a probability of 95% the trend lies within the range of -11.50%
to -6.28%, which corresponds to a mean trend uncertainty of 2.61%.
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Approach 2 uncertainties including LULUCF:

e The total uncertainty level of Switzerland's 2014 national total GHG emissions
including LULUCF is 4.52% with a slightly asymmetric 95% confidence interval
between 95.60% and 104.64%.

e The trend in national total emissions including LULUCF between 1990 and 2014
is -9.10%. With a probability of 95%, the trend lies within the range of -13.22%
to -5.04%, which corresponds to a mean trend uncertainty of 4.09%.

That means that level and trend uncertainty are considerably higher if LULUCF categories
are included in the uncertainty analysis, which is caused by large contributions, large
uncertainties and strong trends of several LULUCF categories.
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Figure 1-3 Probability distributions of the simulated total emissions excluding LULUCF for the base year 1990 (in
orange) and year 2014 (in green). The vertical lines show simulated mean and percentile values (black for 2014,
red for 1990). The number of Monte Carlo runs is 100°000. X-axis: total emissions (excl. LULUCF) [kt CO2 eq]. Y-
axis: Probability (left) and Frequency (right). The simulated values deviate from the reported inventory values (see
Table A — 8 for detailed deviations: E.g. the simulated value 2014 is 49936 kt CO:2 eq, whereas the reported
value is 48’612 kt CO2 eq, 2.7% lower than the simulated value).

In the course of Monte Carlo simulation, the uncertainties are also evaluated by gas (see
Table 1-14). As expected, CO emissions have the highest precision or the lowest
uncertainties among the Kyoto gases.
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Table 1-14 Approach 2 level uncertainties by gas for the total national emissions 2014 excluding LULUCF.
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Gas Emission 2014 Lower boupd Upper boun.d Mean abs.olute Mean relgtive
(excl. LULUCF) 2.5 percentile 97.5 percentile uncertainty uncertainty
kt CO, eq kt CO, eq kt CO, eq kt CO, eq %
CO, 39272 38'989 39'560 285 0.73%
CH, 5'097 4'182 6'018 918 18.0%
N,O 2'439 1'564 3'493 964 39.5%
HFC 1'501 1'293 1711 209 13.9%
PFC 44 38 50 6 13.0%
SF¢ 259 215 303 44 16.9%
NF4 0.40 -0.36 1.17 0.76 189%
Total 48'612 46'969 50453 1'742 3.58%

Detailed results per category of the Monte Carlo simulation are presented in Table A -7,
inputs on probability distributions and correlation coefficients in Tables Table A — 4 to Table

A—-6.

The following chart — called Tornado plot — shows the results of a sensitivity analysis,
depicting the most important uncertainties. These can either be emission factors, activity
data or emissions. The bars depict the amount of uncertainty introduced compared to total
emissions (on x-axis). On the left-hand side, the variable is indicated containing the
information of type (EM emission, EF emission factor, AD activity data), NFR number and
gas. The letter “t” refers to year 2014.

Categories 3Da Direct N2O emissions from managed soils, 4C1 Grassland remaining

grassland (CO,) and 4A1 Forest land remaining forest land (CO-) are the most important
contributors to level uncertainty. The fact that two out of the three most important contributors
stem from the LULUCF sector explains the result given above that the level uncertainty
including LULUCF is higher than without LULUCF.
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Figure 1-4 Tornado plot of the uncertainties by category. Abbrev.: “t” refers to 2014, “EF” emission factor, “AD”
activity data, “EM” emissions. X-axis: Simulated national total of CO2 eq emissions (in kt) including LULUCF in
2014 (the simulated value deviate from the reported inventory values, see Table A — 8 for details). The width of
the bar shows the combined uncertainty introduced by the corresponding uncertainty.

Further results of the Monte Carlo simulations are shown in Annex 2.2.

1.6.1.5 Comparison of Approach 1 and Approach 2

In the GHG inventory, the variability of the uncertainties is high, their statistical distribution
may clearly deviate from normal distributions and they can be correlated. Approach 1 is
based on simple error propagation, which assumes only small, normally distributed and
uncorrelated uncertainties. The application of the Approach 1 is therefore not the optimal
method for determining the uncertainties of a GHG inventory. The more appropriate choice,
which is recommended by the IPCC 2006 Guidelines (IPCC 2006), is the Monte Carlo
simulation (Approach 2), which is designed for uncertainties of any extent, any statistical
distribution and any correlated parameters. The results of the Monte Carlo simulation are
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therefore considered to provide a more realistic picture of the uncertainties than the results of

Approach 1.
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Level uncertainty

Approach 2 excl. LULUCF leads to an overall level uncertainty of 3.58%, which is lower than
the result of Approach 1 (3.81%). The correct treatment of large uncertainties, asymmetric
distributions for agricultural sources and accounting for relevant correlations lead all together
to a slight decrease in the level uncertainty.

The same holds for the level uncertainty incl. LULUCF. With Approach 2, an overall level
uncertainty of 4.52% is computed, which is also slightly lower than the result of Approach 1
(4.76%).

Trend uncertainty

In terms of trend uncertainty, the results of Approach 2 show considerably higher
uncertainties than the results of Approach 1. If LULUCF categories are excluded, Approach 2
leads to an uncertainty of 2.61% and Approach 1 to 1.44%, whereas when LULUCF
categories are included, the numbers are 4.09% and 2.31%, respectively. Positive
correlations for activity data and emission factors between the base year and 2014 tend to
increase trend uncertainty. This effect is enforced for the analysis including LULUCF due to
the high uncertainty values in this sector.

1.6.2 KP-LULUCF inventory
Uncertainty estimates for KP-LULUCF activities are presented in chp. 11.3.1.5.

1.7 General assessment of completeness

1.7.1 GHG inventory

Source and sink categories that are not estimated or included elsewhere are listed in CRF
Table 9. The only categories for which notation key “not estimated” is used are CH4
emissions from drained soils (CRF Table4(ll)) and CH4 and N>O emissions from biomass
burning in settlements (CRF Table4(V)). Notation key “included elsewhere” is used in 1A2c
and 2B1 for reasons of confidentiality, and in 1A3a / aviation gasoline, 3G2 / Dolomite, 4(1)E,
4(1V), 4(V), 5C1 and 5D1 because data for further disaggregation are not available.

1.7.2 KP-LULUCF inventory

For all known sources and sinks, complete estimates are accomplished for the current
submission. Notation keys for the activity coverage and the reported pools are displayed in
CRF NIR-1 (Table 11-1). A detailed justification for the reported method is given in chapter
11.3.1.2.

1 Introduction: 1.7 General assessment of completeness
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2 Trends in greenhouse gas emissions and removals

This chapter provides an overview of Switzerland’s GHG emissions and removals in 2014 as
well as trends for the period 1990-2014. Numbers in chp. 2.1-2.4 are relevant for reporting
under the UNFCCC, whereas numbers in chp. 2.5 refer to accounting under the Kyoto
Protocol.

2.1 Aggregated greenhouse gas emissions 2014 (UNFCCC)

Table 2-1 shows the aggregated emissions of all GHG 2014 for each sector 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 greenhouse
gas emissions followed by CH4, N2O and the F-gases. Sector 1 Energy is the main source
concerning climate-related emissions followed by sectors 3 Agriculture, 2 IPPU and 5 Waste.
In contrast, sector 4 LULUCF is a net sink regarding GHG emissions in 2014.

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 are given in chp. 2.2 to 2.5.

Table 2-1 Switzerland’s GHG emissions in CO2 equivalent (kt) by gas and sector in 2014.

Emissions 2014 co, [ cH, | NoO | HFCs | PFCs | SFs | NFy [ Total Share
CO, equivalent (kt)
1 Energy 36'960 289 217 37'467 77.1%
2 Industrial processes and product use 2'236 2 48 1'501 44 259 0 4'091 8.4%
3 Agriculture 46 4'147 1'981 6'174 12.7%
5 Waste 10 658 192 860 1.8%
6 Other 13 1 1 14 0.0%
Total (excluding LULUCF) 39'265 5'097 2'439 1'501 44 259 0 48'605 100.0%
4 Land use, land-use change and forestry -1'029 11 69 -949 -2.0%
Total (including LULUCF) 38'236 5'108 2'508 1'501 44 259 0 47'656 98.0%
International aviation bunkers 4732 2 45 4779
International marine bunkers 23 0.00 0.22 23

2 Trends in greenhouse gas emissions and removals: 2.1 Aggregated greenhouse gas emissions 2014 (UNFCCC)
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Emissions 2014: 100% = 48'605 CO2 eq (kt)
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Figure 2-1 Contribution of individual gases to Switzerland’s GHG emissions (excluding LULUCF) in 2014.
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Figure 2-2 Relative contributions of the individual sectors (excluding LULUCF) to GHG emissions in 2014.

2 Trends in greenhouse gas emissions and removals: 2.1 Aggregated greenhouse gas emissions 2014 (UNFCCC)
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A clear dominance of CO; emissions in 2014 is related to source category 1A Fuel
combustion within sector 1 Energy. CHs and N2O emissions mainly originate from agriculture,
while F-gas emissions by definition only stem from industrial processes.

2.2 Emission trends by gas

Emission trends by gas for the period 1990-2014 are summarized in Table 2-2.

Table 2-2 Switzerland’s GHG emissions in CO2 equivalent (kt) by gas; 1990-2014. The column below on the far
right (digits in italic) indicates the percentage change in emissions in 2014 as compared to the base year 1990.
HFCs increased by 6'056'832% when compared to 1990 levels (1990 = 0.025 kt CO2 equivalent).

Greenhouse Gas Emissions 1990 ‘ 1995 ‘ 2000
CO, equivalent (kt)
CO, emissions including net CO2 from LULUCF 43122 39'535 48'368
CO, emissions excluding net CO, from LULUCF 44'116 43'368 43'546
CH, emissions including CH, from LULUCF 6'116 5'796 5'404
CH, emissions excluding CH, from LULUCF 6'091 5'780 5'392
N,O emissions including N,O from LULUCF 2'939 2'781 2'632
N,O emissions excluding N,O from LULUCF 2'854 2'702 2'556
HFCs 0 246 626
PFCs 117 17 50
SFe 137 93 144
NF 0 0 0
Total (including LULUCF) 52'430 48'469 57'223
Total (excluding LULUCF) 53'314 52'207 52'314
Greenhouse Gas Emissions 2005 ‘ 2006 ‘ 2007 ‘ 2008 ‘ 2009 | 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 | Change
baseyear to

CO, equivalent (kt) 2014 (%)
CO, emissions including net CO2 from LULUCF 43'342 44'997 42'173 42'716 40'957 42'849 39201 40'160 41'284 38'236 -11.3%
CO, emissions excluding net CO, from LULUCF 45'778 45'351 43'360 44'677 43'509 45'027 40'973 42'242 43'182 39265 -11.0%
CH,4 emissions including CH, from LULUCF 5'317 5'332 5313 5'389 5'305 5'285 5221 5'178 5'108 5'108 -16.5%
CH, emissions excluding CH, from LULUCF 5'306 5'320 5299 5'378 5294 5274 5208 5'167 5'097 5'097 -16.3%
N,O emissions including N,O from LULUCF 2'525 2'527 2'551 2'571 2'534 2'582 2'531 2'517 2'481 2'508 -14.7%
N,O emissions excluding N,O from LULUCF 2'450 2'449 2'474 2'498 2'463 2'512 2'460 2'448 2'412 2'439 -14.5%
HFCs 1071 1'118 1'194 1'243 1'253 1'329 1'410 1'489 1'513 1'501 | see caption
PFCs 44 52 49 58 63 65 68 71 52 44 -62.3%
SFg 203 186 172 222 180 148 160 209 252 259 88.9%
NF3 0 0 0 0 5 8 6 0.4 0.1 0.4 -
Total (including LULUCF) 52'503 54'211 51'451 52'199 50'297 52'266 48'597 49'625 50'691 47'656 -9.1%
Total (excluding LULUCF) 54'852 54'475 52'548 54'076 52'767 54'363 50'285 51'626 52'508 48'605 -8.8%

As shown in Table 2-2, Table 2-3, and Figure 2-3, total emissions excluding LULUCF reach a
minimum in 2014, being clearly below base year emissions. There is no discernible trend in
the period 1990-2005. Only from 2005 onwards, a decreasing trend starts to develop. The
emission maximum occurred in 1991. The decrease to a minimum of total emissions in 2014
compared to the base year 1990 is also visible when including LULUCF, although the net
CO; sink generated by LULUCF categories was generally smaller after 1997.

There is a strong correlation between CO; emissions and winter climatic conditions (number
of heating degree days, see footnote 1, page 63) in the period 1990-2014 (see Figure 2-7).
A significantly lower number of heating degree days in 2014 compared to 2013 is an
important driver for the CO» emission reduction in fuel combustion. However, the relative
development of heating degree days and CO, emissions is clearly drifting apart in the years
since 2003, which indicates that also other effects and measures than winter climatic
conditions are contributing to emission reductions (Figure 2-7).

2 Trends in greenhouse gas emissions and removals: 2.2 Emission trends by gas
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Between 1990 and 2014, CH4 (excluding LULUCF) decreased mainly due to a reduction of
livestock that led to a reduction of emissions from enteric fermentation. Moreover, from 2000
onwards, a change in waste legislation banning the disposal of municipal solid waste in
landfills contributed to this trend.

As a consequence of the declining livestock population and reduced input of synthetic
fertilizers, N2O emissions mainly stemming from manure management and agricultural soils
decrease between 1990 und 2014 as well.

HFC emissions increased significantly due to their application as substitutes for CFCs, while
PFC emissions declined. SFs emissions show relatively large fluctuations between 1990 and

2014. This is the effect of annual fluctuations of the market volumes in the production of
electrical equipment and on the other hand the effect of changes in other applications. The
increase of SFs emissions in recent years is due the disposal of sound proof windows. NF3
has been used only short-term in the photovoltaic industry.

Table 2-3 Switzerland’s total GHG emissions (excluding LULUCF) in CO: equivalent (kt), selected years.

Figure 2-3 shows Switzerland’s relative GHG emission trends by gas

set to 100%.

2 Trends in greenhouse gas emissions and removals: 2.2 Emission trends by gas

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, 44'116 82.7% 43'368 83.1% 43'546 83.2% 45'778 83.5% 45'027 82.8%
CH, 6'091 11.4% 5'780 11.1%) 5'392 10.3% 5'306 9.7% 5274 9.7%
N,O 2'854 5.4% 2'702 5.2% 2'556 4.9% 2'450 4.5% 2'512 4.6%
HFCs 0 0.0% 246 0.5% 626 1.2% 1'071 2.0% 1'329 2.4%
PFCs 117 0.2% 17 0.0% 50 0.1% 44 0.1% 65 0.1%
SFg 137 0.3% 93 0.2% 144 0.3% 203 0.4% 148 0.3%
NF3 0 0.0% 0 0.0% 0 0.0% 0 0.0% 8 0.0%
Total (excluding LULUCF) 53'314 100% 52'207 100% 52'314 100% 54'852 100% 54'363 100%
Greenhouse Gas Emissions 2011 2012 2013 2014

(excluding LULUCF) kt CO, eq % kt CO, eq % kt CO; eq % kt CO, eq %

CO, 40973 81.5% 42'242 81.8% 43'182 82.2% 39265 80.8%

CH, 5'208 10.4% 5'167 10.0% 5'097 9.7% 5'097 10.5%

N,O 2'460 4.9% 2'448 4.7% 2'412 4.6% 2'439 5.0%

HFCs 1'410 2.8% 1'489 2.9% 1'513 2.9% 1'501 3.1%

PFCs 68 0.1% 71 0.1% 52 0.1% 44 0.1%

SFg 160 0.3% 209 0.4% 252 0.5% 259 0.5%

NF3 6 0.0% 0 0.0% 0 0.0% 0 0.0%

Total (excluding LULUCF) 50'285 100% 51'626 100% 52'508 100% 48'605 100%

. The base year 1990 is
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Figure 2-3 Relative trend of Switzerland’s main GHG emissions by gas (excluding LULUCF), 1990-2014 (base
year 1990 = 100%). F-gases are not illustrated (see Figure 4-3).

2.3 Emission trends by sources and sinks

Table 2-4 shows the emission trends for all major sources 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.

2.3.1 Overview

In order to understand trends within the sector 1 Energy, the individual source categories are
considered separately. See “Emission trends in sector 1 Energy” and Figure 2-6 below.

In line with economic development, overall emissions in sector 2 Industrial processes and
other producte use (IPPU) show a decreasing trend in the early 90s and a gradual increase
between 1998 and 2014, except for the economically difficult year 2009. Since 2005, the
Ordinance on Chemical Risk Reduction (Swiss Confederation 2005) is in place and regulates
the use of F-gases. The dominant source category of sector 2 is 2A Mineral industry
although the emissions decreased by approximately 1/3 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 ODS, the second most important source in sector 2
increased by some orders of magnitude since 1990 due to the replacement of CFCs by
HFCs. Source category 2G Other product manufacture and use with SFs and PFC emissions
from electrical equipment and other product use, as well as N2O emissions from the
application in households and hospitals has increased by approximately factor 2 since 1990.

2 Trends in greenhouse gas emissions and removals: 2.3 Emission trends by sources and sinks
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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
fertilizer use. Both factors have been declining, thus leading to a decrease in CHs and N.O
emissions until 2004. Subsequently emissions increased slightly until 2008 and decreased
again afterwards mainly due to the evolution of the cattle population.

Total emissions from the source category 5 Waste continuously decrease between 1990 and
2014, with a short increasing phase from 2000 until 2003. The main driver of the decreasing
trend is the emission reduction in solid waste disposal, 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.
Altogether, “waste-related” emissions (including emissions from all waste management
activities reported in 1 Energy, 3 Agriculture, and 5 Waste) are increasing since 1990 and
show a stagnation since 2006 (see Figure 7-3 in chp. 7.1.1).

The total emissions from sector 6 Other (fire damages) increased throughout the period
1990-2000. Since 2000 the emissions are stable. Emissions from sector 6 Other are not
accounted for under the Kyoto Protocol and are of minor importance only.

Table 2-4 Switzerland’s GHG emissions in CO2 equivalent (kt) by sources and sinks, 1990-2014. The column
below on the far right (digits in italic) indicates the percentage change in emissions in 2014 as compared to the
base year 1990.

Source and Sink Categories 1000 | 1995 | 2000
CO, equivalent (kt)
1. Energy 41'837 41'862 42'139
1A1 Energy industries 2'521 2'632 3'149
1A2 Manufacturing industries and construction 6'457 6'210 5'932
1A3 Transport 14'660 14'263 15'924
1A4 Other sectors 17'632 18'170 16'631
1A5 Other 220 163 151
1B Fugitive emissions from fuels 346 424 352
2. Industrial processes and product use 3'521 2'873 3'099
3. Agriculture 6'804 6'503 6'123
5. Waste 1'139 955 939
6. Other 12 13 14
Total (excluding LULUCF) 53'314 52'207 52'314
4. Land use, land-use change and forestry -884 -3'738 4'910
Total (including LULUCF) 52'430 48'469 57'223
Source and Sink Categories 2005 2006 2007 2008 2009 ‘ 2010 ‘ 2011 2012 2013 2014 |2014 vs. 1990
CO, equivalent (kt) %
1. Energy 43'996 43'602 41'567 42'926 41'819 43191 39'147 40'539 41'473 37'467 -10.4%
1A1 Energy industries 3'817 4'032 3720 3'837 3'674 3'847 3'600 3'643 3739 3'602 42.9%
1A2 Manufacturing industries and construction 6'003 6'172 5'983 6'025 5714 5'829 5'389 5'397 5'498 5'117 -20.8%
1A3 Transport 15'851 15'966 16'289 16'639 16'434 16'323 16'142 16259 16'169 16'062 9.6%
1A4 Other sectors 17'879 17'001 15'163 16'021 15'600 16777 13'610 14'850 15'698 12'317 -30.1%
1A5 Other 139 143 136 131 133 138 125 133 134 139 -36.8%
1B Fugitive emissions from fuels 309 288 276 272 266 277 281 258 235 230 -33.5%
2. Industrial processes and product use 3776 3757 3'823 3'902 3797 4'011 4'046 4'050 4074 4'091 16.2%
3. Agriculture 6'098 6'133 6'191 6'298 6219 6'241 6'185 6'152 6'083 6'174 -9.3%
5. Waste 968 968 952 936 917 906 893 871 864 860 -24.6%
6. Other 14 14 14 14 14 14 14 14 14 14 16.1%
Total (excluding LULUCF) 54'852 54'475 52'548 54'076 52'767 54'363 50'285 51'626 52'508 48'605 -8.8%
4. Land use, land-use change and forestry -2'349 -263 -1'096 -1'877 -2'470 -2'097 -1'688 -2'001 -1'817 -949 7.4%
Total (including LULUCF) 52'503 54211 51'451 52'199 50297 52'266 48'597 49'625 50'691 47'656 -9.1%

2 Trends in greenhouse gas emissions and removals: 2.3 Emission trends by sources and sinks
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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.

61

Table 2-5 Switzerland’s total GHG emissions (excluding LULUCF) in CO: equivalent (kt) and the contribution of
individual source categories for selected years.
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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 41'837 78.5% 41'862 80.2% 42'139 80.6% 43'996 80.2% 43'191 79.4%
1A1 Energy industries 2'521 4.7% 2'632 5.0% 3'149 6.0% 3817 7.0% 3'847 7.1%
1A2 Manufacturing industries and construction 6'457 12.1% 6'210 11.9% 5'932 11.3% 6'003 10.9% 5'829 10.7%
1A3 Transport 14'660 27.5% 14'263 27.3% 15'924 30.4% 15'851 28.9% 16'323 30.0%
1A4 Other sectors 17'632 33.1% 18170 34.8% 16'631 31.8% 17'879 32.6% 16777 30.9%
1A5 Other 220 0.4% 163 0.3% 151 0.3% 139 0.3% 138 0.3%
1B Fugitive emissions from fuels 346 0.6% 424 0.8% 352 0.7% 309 0.6% 277 0.5%

2. Industrial processes and product use 3'521 6.6% 2'873 5.5% 3'099 5.9% 3776 6.9% 4'011 7.4%

3. Agriculture 6'804 12.8% 6'503 12.5% 6'123 11.7% 6'098 11.1% 6'241 11.5%

5. Waste 1'139 2.1% 955 1.8% 939 1.8% 968 1.8% 906 1.7%

6. Other 12 0.0% 13 0.0% 14 0.0% 14 0.0% 14 0.0%

Total (excluding LULUCF) 53'314 100.0% 52'207 100.0% 52'314 100.0% 54'852 100.0% 54'363 100.0%

Source and Sink Categories 2011 2012 2013 2014

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

1. Energy 39'147 77.8% 40'539 78.5% 41'473 79.0% 37467 77.1%
1A1 Energy industries 3'600 7.2% 3'643 7.1% 3739 7.1% 3'602 7.4%
1A2 Manufacturing industries and construction 5'389 10.7% 5'397 10.5% 5'498 10.5% 5'117 10.5%
1A3 Transport 16'142 32.1% 16'259 31.5% 16'169 30.8% 16'062 33.0%
1A4 Other sectors 13'610 27.1% 14'850 28.8% 15'698 29.9% 12'317 25.3%
1A5 Other 125 0.2% 133 0.3% 134 0.3% 139 0.3%
1B Fugitive emissions from fuels 281 0.6% 258 0.5% 235 0.4% 230 0.5%

2. Industrial processes and product use 4'046 8.0% 4'050 7.8% 4'074 7.8% 4'091 8.4%

3. Agriculture 6'185 12.3% 6'152 11.9% 6'083 11.6% 6'174 12.7%

5. Waste 893 1.8% 871 1.7% 864 1.6% 860 1.8%

6. Other 14 0.0% 14 0.0% 14 0.0% 14 0.0%

Total (excluding LULUCF) 50'285 100.0% 51'626 100.0% 52'508 100.0% 48'605 100.0%

Figure 2-4 Switzerland’s GHG emissions in COz equivalent (kt) by sectors, 1990-2014 (excluding LULUCF).

2 Trends in greenhouse gas emissions and removals: 2.3 Emission trends by sources and sinks
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Figure 2-5 Relative emission trends (COz eq.) by main source categories (base year 1990 = 100%).

2.3.2 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. Values are given in Table 2-5.

It is noteworthy that due to Switzerland’s electricity production structure (the most of it is
generated by hydroelectric and nuclear power plants in 2014; see SFOE 2015: 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 following
emission trends emerge within the sector 1 Energy:

° 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 1990-2005. From 2005-2014 the combination of effective reduction
measures and warm winters (see Figure 2-7) led to decreasing emissions (see details
below under 1A4 Other sectors).

. Overall emissions 2014 from source category 1A1 Energy industry are higher than in
1990. The time series shows an increase until 2006 and a slight decrease from then
on, fluctuations being caused by varying combustion activities in the petroleum
refinery industry, waste incineration, new installations of district heating and weather
related forcing of heating activities (see Figure 2-6 and values in Table 2-5Table 2-5).
Only a minor part of the total sector 1 Energy emissions stem from 1A1.

o The trend for category 1A3 Transport is quite stable with minor fluctuations. These
fluctuations are representing the overall economic development in Switzerland fairly
well (gross domestic product) (SFSO 2009a, SFSO 2015f). Since 2008 transport

2 Trends in greenhouse gas emissions and removals: 2.3 Emission trends by sources and sinks
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emissions show a slight decrease which points to a relative decoupling from overall
economic development (see alsoTable 2-5).

The trend for source category 1A4 Other sectors reflects the impact of climatic
variations on energy demand for heating. The strong correlation with the number of
“heating degree days™ — used as an index of cold weather conditions — is apparent
from Figure 2-7, which shows CO; emissions from source category 1A4 Fuel
combustion — Other sectors (only stationary sources) and the number of heating
degree days. The number of heating degree days in 2014 decreased compared to
2013.CO; emissions caused by fuel combustion in source category 1A4 Other sectors
— stationary sources decreased simultaneously (see Figure 2-7). In the period 1990—
2014, the number of buildings and apartments increased, as well as the average floor
space per person and workplace. Both phenomena resulted in an increase in the total
area heated by more than one third. 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.
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Figure 2-6 Emission trends (COz 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 dots. Not shown in the figure is the trend for 1B Fugitive
emissions, which decreased from 100% in 1990 to 67.6% in 2014.

1 Heating degree days: 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: 2.3 Emission trends by sources and sinks
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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.

2.3.3 Emission trends in sector 4 LULUCF

Figure 2-8 illustrates the net emissions and removals of sector 4 LULUCF in Switzerland.
Specific values are given in Table 2-4. LULUCF emissions are dominated by biomass
dynamics in forests. Except for the year 2000, the removals in sector 4 LULUCF were higher
than the emissions throughout the period 1990-2014. A strong year to year variation is
evident over the whole period. The reasons for the positive values for LULUCF exluding
HWP in 1990 and in 2000 (and the very small removal in 2001) are the storms Vivian
(February 1990) and Lothar (December 1999), respectively, which caused great damages in
the forest stands and increased harvesting. Harvesting rates in Swiss forests tended to
increase since 1991 with maxima in 2006 and 2007 resulting in a net emission from LULUCF
excluding HWP in 2006. Because harvesting rates started to decline in 2008 due to the
international and domestic economic framework conditions, removals from LULUCF
excluding HWP increased again. The annual contributions of CHs and N2O emissions from
LULUCEF in the period 1990-2014 are relatively small compared to the CO, emissions and
removals.

2 Trends in greenhouse gas emissions and removals: 2.3 Emission trends by sources and sinks
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Figure 2-8 Switzerland’s net GHG emissions and removals of sector 4 Land use, land-use change and forestry
(LULUCEF), Harvested Wood Products (HWP) are highlighted, 1990-2014 (in kt CO2 eq). Positive values refer to
emissions, negative values refer to removals.

2.4  Emission trends for precursor gases and SO>

Emission trends for precursor gases show a very pronounced decline (see Table 2-6 and
Figure 2-9). A strict air pollution control policy and the implementation of a large number of
emission reduction measures led to a decrease between 50% and 80% in emissions of
precursor gases and SO- over the period 1990-2014. The main reduction measures were
abatement of exhaust emissions from road vehicles and stationary combustion equipment,
taxation of solvents and sulphured fuels, and voluntary agreements with the industry (FOEN
2010i, Swiss Confederation 1985, 1997).

Table 2-6 Switzerland’s precursor gases and SOz emissions (kt), 1990-2014 (without NMVOC from LULUCF).

Precursor gases 1990\ 1995\ 2000

and SO, kt

NO, 143 118 107

CO 799 534 427

NMVOC 297 196 141

SO, 40 26 15

Precursor gases 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
and SO, kt

NO, 93 90 86 85 79 77 72 72 71 67
CO 332 307 288 277 260 249 228 221 213 196
NMVOC 101 97 94 92 90 88 85 83 82 80
SO, 15 14 12 12 10 10 9 9 9 8

2 Trends in greenhouse gas emissions and removals: 2.4 Emission trends for precursor gases and SO2
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Figure 2-9 Relative trends for precursor and SOz emissions (without NMVOC from LULUCF), 1990-2014 (base
year 1990 = 100%).

The 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 2 Industrial processes and product use
is the dominant source (also see Figure 2-10). The total shown in Table 2-7 includes
NMVOC emissions from LULUCF, which are estimated at 95.5 kt per year according to
SAEFL (1996a).

Table 2-7 Precursor and SO2 emissions (kt) by source, 2014. The total NMVOC emissions including NMVOC from
LULUCF.

Sectors NO, co NMVOC SO,
kt % kt % kt % kt %

1 Energy 63.25 94.1% 186.67 95.4% 24.65 14.1% 6.93 88.3%
2 IPPU 0.33 0.5% 5.60 2.9% 48.73 27.8% 0.81 10.3%
3 Agriculture 3.16 4.7% NO NO 3.91 2.2% NO NO
4 LULUCF IE, NE IE, NE IE, NE IE, NE 95.55 0.54 NE NE
5 Waste 0.39 0.6% 2.58 1.3% 2.36 1.3% 0.10 1.2%
6 Other sources 0.09 0.1% 0.80 0.4% 0.13 0.1% 0.01 0.1%
Total 67.22 100.0% 195.65 100.0% 175.33 100.0% 7.84 100.0%

2 Trends in greenhouse gas emissions and removals: 2.4 Emission trends for precursor gases and SO2



National Inventory Report of Switzerland 2016 67

Figure 2-10 shows the relative contributions of the various sectors for each individual gas
excluding LULUCF (data from Table 2-7).
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Figure 2-10 Relative contributions of individual sectors to precursor and SOz emissions in 2014 (without NMVOC
from LULUCF).

2 Trends in greenhouse gas emissions and removals: 2.4 Emission trends for precursor gases and SO2
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2.5 Emission trends (Kyoto Protocol)

Relevant emission and removals under the Kyoto Protocol are shown in Table 2-8 and Table
2-9, sorted by sectors and gases, respectively. Base year emissions for the second
commitment period are reported in the second Initial Report (FOEN 2016c).

The reported total emissions differ from those reported under the UNFCCC, as sector 6
Other — in addition to LULUCF and international bunkers — is not accounted for under the
Kyoto Protocol. On the other hand, activities under Article 3.3 (afforestation, reforestation
and deforestation) and Art. 3.4 (forest-, cropland- and grazing management and
revegetation) are taken into account. Under the elective voluntary activities of Article 3,
paragraph 4 of the Kyoto Protocol, Switzerland only accounts for Forest management.

Table 2-8 Summary of Switzerland’s GHG emissions in CO2 equivalent (kt), 1990-2014 by sectors, excluding
emissions from sectors 4 LULUCF, 6 Other and International bunkers.

Base year
inital
3 Sector report 1990 1991 1992 1993 1994 1995 1996 1997 1998
% CO, equivalent (kt)
2 1 Energy + indirect CO, from this sector 41'881 41'881 44'316 44'304 42'115 40'982 41'890 42'789 41'808 43'347
g ﬁ]:ﬂiﬁtgﬂffrsfnﬁs;?: :erg oprmd”m use * 3893|  3893| 3499| 3312| 2975 3147 3118| 2974|2874 2972
< 3 Agriculture 6'804 6'804 6'766 6'649 6'545 6'529 6'503 6'460 6'275 6231
5 Waste + indirect CO, from this sector 1'142 1'142 1'056 1'059 1'011 954 957 952 943 930
Total (Annex A sources) 53'719 53'719 55'637 55'324 52'646 51'612 52'468 53'175 51'900 53'480
0 Sector 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
§ CO, equivalent (kt)
§7 1 Energy + indirect CO, from this sector 43'140 42'156 43'566 41'948 43'172 43'515 44'009 43615 41'579 42'939
:é ﬁ};?i“;‘gi;ﬂﬁfﬁﬁ::el‘io':’r“’d”m use 3026| 3269| 3359  3384| 3463 3743 3892|  3870| 3932| 4012
£ 3 Agriculture 6'137 6'123 6'187 6'153 6'077 6'056 6'098 6'133 6'191 6'298
5 Waste + indirect CO, from this sector 918 940 955 979 958 977 969 969 954 937
Total (Annex A sources) 53222 52'488 54'067 52'465 53'670 54'291 54'969 54'588 52'657 54'186
> |Afforestation & reforestation -21
" 5 Deforestation 118
8 Forest management excl. HWP -1'937
5' - [Cropland management NA
E ‘; Grazing land management NA
<1 Revegetation NA
Harvested wood products (HWP) -523
2014
" Sector 2009 2010 2011 2012 2013 2014 vs. 1990
] CO, equivalent (kt) %
§ 1 Energy + indirect CO, from this sector 41'831 43202 39'158 40'548 41'484 37'478 -11%
% i;?feﬁlggzpfﬁcnfst‘:’f::enc(:oprrod”m use + 3907|  4122|  4157|  4160| 4182| 4198 8%
5: 3 Agriculture 6'219 6'241 6'185 6'152 6'083 6'174 -9%
5 Waste + indirect CO, from this sector 919 908 894 872 865 861 -25%
Total (Annex A sources) 52'876 54'472 50'394 51'733 52'614 48'711 -9%
& |Afforestation & reforestation -22 -20 -19 -18 -18 -16
w % |Deforestation 70 129 130 131 129 132
g Forest management excl. HWP -2'881 -2'912 -1'713 -3'064 -3'067 -1'738
3| , |cropland management NA NA NA NA NA NA
z 2 Grazing land management NA NA NA NA NA NA
x[< Revegetation NA NA NA NA NA NA
Harvested wood products (HWP) -377 -411 -257 -168 -160 -106

2 Trends in greenhouse gas emissions and removals: 2.5 Emission trends (Kyoto Protocol)
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Table 2-9 Switzerland’s total GHG emissions (excluding 4 LULUCF, 6 Other and International bunkers) and the
contribution of individual gases in CO2 equivalent (kt), 1990-2014.

2 Trends in greenhouse gas emissions and removals: 2.5 Emission trends (Kyoto Protocol)

Base year
inital
GHG report 1990 1991 1992 1993 1994 1995 1996 1997 1998
n CO, equivalent (kt)
g CO, + indirect CO, 44'521| 44'521| 46'524| 46'325| 43'871| 42'898|  43'631| 44'330| 43194 44'724
? CH, 6'091 6'091 6'028 5'947 5'839 5'788 5'780 5'740 5'597 5'527
< N,O 2'853 2'853 2'846 2'814 2'747 2'716 2'701 2'697 2'601 2'596
§ HFCs 0 0 2 16 33 82 246 298 362 457
< PFCs 117 117 99 81 35 21 17 20 21 24
SF, 137 137 139 141 121 107 93 90 124 153
NFs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total (Annex A sources) 53'719| 53'719| 55'637| 55'324| 52'646| b51'612| 52'468| 53'175| 51'900| 53'480
GHG 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
CO, equivalent (kt)
8 CO, + indirect CO, 44'542| 43722| 45168 43525 44'726| 45273|  45'896| 45'466| 43471 44'788
3 CH, 5'425 5'392 5432 5'398 5'320 5'288 5'305 5'319 5'298 5'377
p N,O 2'560 2'555 2'571 2'547 2'499 2'458 2'449 2'448 2'473 2'497
o) HFCs 530 626 724 803 898 1'021 1'071 1'118 1'194 1'243
& PFCs 26 50 28 33 62 65 44 52 49 58
SF, 140 144 145 158 165 186 203 186 172 222
NFs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Total (Annex A sources) 53'222| 52'488| 54'067| 52'465| 53'670| 54'291| 54'969| 54'588| 52'657| 54'186
- [co. 94
| 2 |CH, 0
3% N0 21
21 [co: -2'465
|2 |[cn, 058
< In,0 5.0
2014
GHG 2009 2010 2011 2012 2013 2014|  vs.1990
CO; equivalent (kt) %
8 CO, + indirect CO, 43619 45138| 41'083| 42'350| 43289 39'372 -12%
g CH, 5'293 5273 5'208 5'166 5'096 5'096 -16%
< N,O 2'462 2'511 2'460 2'447 2'411 2'438 -15%
§ HFCs 1'253 1'329 1'410 1'489 1'513 1'501 NA
& PFCs 63 65 68 71 52 a4 -62%
SFq 180 148 160 209 252 259 89%
NFs 5.1 8.5 6.2 0.4 0.1 0.4 NA
Total (Annex A sources) 52'876 54'472 50'394 51'733 52'614 48'711 -9%
 |co, 46 106 109 110 110 115
5 :(g CH, 0 0 0 0 0 0
3 N,O 2.2 21 2.1 2.1 2.1 2.1
2 - [co. 3265 -3'328| -1'978| -3237| -3233| -1'850
gl cH, 1.0 05 35 05 05 0.9
<In,0 51 5.1 5.1 5.1 5.1 5.1
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3 Energy

The generation of the reporting tables with the CRF web application poses a challenge, as
there are still several instances where data are not displayed the way they were imported
originally. A non-exhaustive list of issues and errors identified so far is provided in Annex 6
and should be taken into consideration when comparing information in the NIR with the
reporting tables (CRF).

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:

o 1A Fuel combustion
o 1B Fugitive emissions from fuels

In Switzerland, the sector 1 Energy is the most relevant source of greenhouse gases. The
emissions of the period 1990-2014 are depicted in Figure 3-1 and Table 3-1.

45'000 - =
40'000 - HEa/ AR HEHEE B EEEERERE 7 -
35'000 + 8 55 B 5 B O B O O B 1 R 1 R 1 1 B 0 B 1 o 0 R 0 B o) B 0 B 1 B 1 5 1
£ 30000 | R L R R R N e -
IS
2 25'000 + g R 1 R 10 R R 1 B 2 B R R R R — I — B — B — I — I — i — | 1 —
I
=2
2 20000 - B B B B B B B B B B B B B B B B B B B 1=
(]
o' 15'000
O
10000 + A B E B BE E O B B B B 0 i K B K K 1 K
(] L 1 | 1 | | | | | | | | | | | | | | |
|| | || || || | | | || | | | | | | | | | | | | | | | 1 1 1
5'000 - I.I I.\ I.I I.\ I. I. I. I. I. - I. - - I. I. I. LB | | I. LR | Il | II
[ L L rl 1 ) v . - -
0 -
P N DV D M*H® O RN PO DL O A PO O N O N
D DD DT D DD R D DO OO O QOO NN QTN N
FFEEFEFEEITET T T T TS T TS S
®1A1 Energy industries @1A2 Manufacturing industries and construction
81A3 Transport B 1A4 Other sectors
O1A5 Other (Military) 0O1B Fugitive emissions from fuels

Figure 3-1 Switzerland’s GHG emissions of sector 1 Energy 1990-2014 in CO2 equivalent (kt).

Considering total emissions of sector 1 Energy, fluctuations are observed in the period 1990—
2014 but there is no trend between 1990 and 2006. After 2006, a decreasing trend can be
identified. 2014 shows the lowest value of the entire period 1990-2014. Four source

categories dominate the emissions:

. 1A3 Transport and 1A4 Other sectors are the main sources of the sector 1 Energy.

3 Energy: 3.1 Overview
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1A1 Energy industries and 1A2 Manufacturing industries and construction are less
important.

1A5 Other (Military) and 1B Fugitive emissions play only a minor role.

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

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).

The decreasing trend of CH. emissions since 1990 is the result of improved gas
transmission 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 also contribute to the
decreasing trend.

The changes in NoO emissions can mainly be explained by changes in the emission of
road transportation due to changes in EFs for diesel and gasoline combustion. The
first generation of catalytic converters generated N2O as an unintended by-product in
the exhaust gases, leading to an increase in N.O emissions until 2000. With new
converter materials being used, the emission factors are decreasing since 2001. For
further details see chp. 3.2.9.2.2.

Table 3-1 GHG emissions of source category 1 Energy by gas in CO2 equivalent (kt)

Gas 1990| 1995|2000
CO, equivalent (kt)
CO, 40'907| 40910, 41'312
CH, 636 636 508
N,O 294 317 319
Sum 41'837| 41'862) 42'139
2013 to 1990 to
Gas 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2014 2014
CO, equivalent (kt) %
CO, 43'357| 42'989| 40986| 42'342| 41'249| 42'603| 38601| 39994, 40'933| 36'960 -10% -10%
CH, 416 396 371 365 352 362 334 322 309 289 -6% -55%
N,O 224 217 211 219 219 225 212 223 231 217 -6% -26%
Sum 43'996| 43602 41567 42'926| 41'819| 43191]| 39'147| 40'539| 41'473| 37467 -10% -10%

3 Energy: 3.1 Overview
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Figure 3-2 Relative trends of the greenhouse gases of sector 1 Energy in the period 1990-2014. The base year
1990 represents 100%.

The following table summarises the emissions of sector 1 Energy in 2014. The table also
includes emissions from international bunkers (aviation and marine) as well as CO»
emissions from biomass burning, which both are not accounted for under the Kyoto Protocol
but are included in the reporting tables.

Table 3-2 Summary of sector 1 Energy, emissions in 2014 in kt CO2 equivalent (Total: rounded values). For full

biomass CO2 emissions see Table 3-20.

Emissions CO, CH, | NoO Total
CO, equivalent (kt)

1 Energy 36'960 289.1 217.4 37'467
1A Fuel combustion 36'927 92.3 217.1 37'237
1A1 Energy industries 3'572 1.0 28.9 3'602
1A2 Manufacturing industries and construction 5'078 5.1 33.8 5117
1A3 Transport 15'943 21.2 97.9 16'062
1A4 Other sectors 12'197 64.7 55.2 12'317
1A5b Other (mobile) 138 0.2 1.4 139
1B Fugitive emissions from fuels 33 196.9 0.3 230
International bunkers 4'755 1.7 45.3 4'802
CO, emissions from biomass 6'658 - - 6'658

In 2014, 47 key source categories are identified in the Swiss greenhouse gas inventory
according to level or trend (Table 1-10). Amongst these, 20 belong to the sector 1 Energy.
The key categories (according to level and trend) from sector 1 Energy are depicted in Figure
3-3 (Approach 1) and Figure 3-4 (Approach 2). Most dominant are the CO; emissions from
1A3b Transport (gasoline, CO), 1A3b Transport (diesel oil, CO,) and 1A4b Other sectors
(liquid fuels, CO,).

3 Energy: 3.1 Overview
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Figure 3-3 Key categories in the Swiss GHG inventory from the sector 1 Energy determined by Approach 1 (I =

key category according to level in 2014; t = key category according to trend in 2014).
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Figure 3-4 Key categories in the Swiss GHG inventory from the energy sector determined by Approach 2 (I = key
category according to level in 2014; t = key category according to trend in 2014).
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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 and the Kyoto Protocol the Sectoral Approach is used. The Reference
Approach is only used for verification purposes (quality control activity).

Figure 3-5 depicts the two approaches, showing the input data used and the disaggregation
of fuel types that ultimately allows for comparing the two approaches.
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Fuel use
Ol 44 ¢(eeesEEEEEEEEES  Bitumen - E g
[ Fuel import [og
EI Fuel deductions: export, stock change, bunker, etc « — Lubricants -+ % § E!n
[ Fuel totals sectoral approach (energy consumption) ~ g’ gj
EI Fuel totals reference approach (apparent energy consumption) - ' Other Non-En. [~ =2
I:l Output data sectoral approach
= (e Crude Oil - >
* Road Transportation %
> Diesel ‘ ‘ — ::;ml. T;un'sm . « - _ . @« Diesel « e’%
Gasoline . R:j‘lnga on € Gasoline g
g = -
* Non-road 2 : a
# E £
Givil Domestic Aviati E = B z & % g
*Lr omestc Aviatuon = =
I S EA -]
Kerosene » B s —) « Miltary Aviation B z E - gﬁ 3 4= Kerosene -« 2
g = 2 5 @ & 3 B
= 3 = = £ g = 3
E B = + Motors @ 2 2 g = Gas oil "}2
|, Gasoil » s % * Gas Tutbines » - g# é @ e -« o
LPG s * Boilers 2 % 3 Z =
g z g * Power Plants = o H] 5 —
) E N d = E E =)
[ Residual Fuel Oil i i *
esidual Fue -m g | - E‘h Eﬂ ﬁ Residual Fuel O 4 &),
= (=} . v 15}
> Petroleum Coke i) = ) IREE S -zl % petoenm core ¢ O
N i ¢ : 3
l,. Other bitumi- E = ) » o = @ Z E Other bitumi- -«
nous coal 2 w! ’ ] * Boilers & tami@m h nous coal
& H = « Power Plants ‘ = = E E
. 2 . = =
Srfas > Lignite ﬁ CemenBhnls g S 4m 5‘— Lignite |  Swiss
Overall E E_ Overall
Energy 2 . a a Energy
B — * Boilers = 2 B
Statistics  {y. \aural Gas —) + Gas Turbines =< { EEE——— Natura] Gas | Statistics
* Power Plants a a
] =
-
— * Waste Incineration Plants e g
> Waste « Cement Plants =» = Z ¢ WS &
8 [
I i

Figure 3-5 Calculation of Reference and Sectoral Approach. The input data for both approaches stem from the
Swiss overall energy statistics (SFOE 2015). While the Reference Approach considers the net import/export
balance, the Sectoral Approach considers the fuel consumption. The dark grey arrows depict fuel deductions
where occurring.

The Sectoral Approach is based on sectoral energy consumption data from the Swiss overall
energy statistics (SFOE 2015) 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.

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

3 Energy: 3.2 Source category 1A — Fuel combustion activities
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Swiss overall energy statistics (SFOE 2015). 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 single value for carbon content
and net calorific value is applied, 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 3-9 Table 3-10, Table
3-12 and Table 3-13in chp. 3.2.4.2). After the exclusion of feedstocks and non-energy use of
fuels (see chp. 3.2.3), the net carbon emissions and the effective CO2 emissions are
calculated for the Reference Approach as shown in the reporting tables 1A(b)-1A(d). The
oxidation factor is set to 1 (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 (EV 2015).

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:

° For the 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 3-9 . In contrast, marine
bunkers consist of diesel oil only and are reported using the country-specific NCV of
43.0 TJ/kt.

° Liechtenstein’s liquid fossil fuel consumption is subtracted from the input figures in
SFOE (2015), as the Swiss overall energy statistics includes Liechtenstein’s liquid fuel
consumption (see also chp. 3.2.4).

For the previous submission (April 2015), the Reference Approach was revised and the
calculation of individual fuels for the entire time series was improved. The differences in
energy consumption and CO; emissions between Reference and Sectoral Approach are
calculated within the EMIS database. Differences for the entire period are below 1% as
shown in Table 3-3 and in Figure 3-6. The difference in total energy consumption of Table
3-3 and Figure 3-6 deviate from the numbers given in the reporting tables 1A(c). This is due
to the fact that the reporting tables 1A(c) comprise incorrect data for the apparent energy
consumption (excluding non-energy use, reductants and feedstocks) of the Reference
Approach for liquid, solid and other fossil fuels yielding thus wrong numbers for the
differences in energy consumption.

The difference between Reference and Sectoral Approach is influenced by various effects.
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 Swiss 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 4.2.

2 Coking coal is included under other bituminous coal.

3 Energy: 3.2 Source category 1A — Fuel combustion activities
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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
%

Energy consumption 0.6 0.8 0.4

CO, emissions 0.6 0.8 0.5

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
%

Energy consumption 0.5 0.6 0.4 0.4 0.5 0.5 0.4 0.4 0.4 0.3

CO, emissions 0.6 0.8 0.6 0.6 0.9 0.8 0.8 0.6 0.7 0.7

Difference Reference and Sectoral Approach
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Figure 3-6 Time series for the differences between Reference and Sectoral Approach. Numbers are taken from
Table 3-3. See caption there for further information.

3.2.2 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).

3 Energy: 3.2 Source category 1A — Fuel combustion activities
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Table 3-4 Source category description of International bunkers.

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

International navigation (marine  |Marine bunkers of the Rhine river and crossborder

1b2 bunkers) navigation on Lake Geneva and 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 Aviaton (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 bunker is summarised in Table 3-5 (see also Table 3-68). 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 2015). 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 1990, the bunker fuel consumption and the
emissions had to be expanded by the factor 1.045. For 2014, the correction factor is 0.96
(FOCA 2014). For the more recent years, the modelled and actual total fuel sales are listed
in Table 3-5. Table 3-6 provides an overview of total fuel consumption of international
aviation (bunker).

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

Modelled and actual fuel sales 2005] 2006] 2007] 2008] 2009] 2010] 2011] 2012] 2013] 2014]
Fuel consumption in t
Modelled domestic fuel sales 38754 38’550 43968 37627 39'626 39252 42047 43414 42064 44462
Modelled international fuel sales 1152614] 1'196731) 1287062 1'391'656| 1'345'919| 1'395'428| 1'511'279| 1'527'522| 1'528'863| 1'561'678
Total modelled fuel sales (FOCA) 1191'368| 1'235281| 1'331'030| 1'429'283| 1'385'545| 1'434'680| 1'553'326| 1'570'936| 1'570'927| 1'606'140
Actual fuel sales (GEST) 1148'131| 1'203'868| 1289152 1'382'835| 1'324'224) 1'390'824| 1'488'805| 1'523'116] 1'539'963| 1'549'228
Difference between FOCA and GEST 3.8% 2.6% 3.2% 3.4% 4.6% 3.2% 4.3% 3.1% 2.0% 3.7%
Correction factor 0.962 0.974 0.968 0.966 0.954 0.969 0.957 0.969 0.980 0.963
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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
Fuel consumption in TJ
Total international aviation (1D1) 41'884 49'918 63'687
1990 = 100% 100% 119% 152%
1D1 International aviation 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Fuel consumption in TJ
1D1 International aviation 47'671 50'109 53543 57'844 55238 58'118 62'211 63'627 64'709 65'006
1990 = 100% 114% 120% 128% 138% 132% 139% 149% 152% 154% 155%

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 CO2 (with country-specific carbon contents) and with a
Tier 1 approach for CH4 and N2O using IPCC default emission factors. On the river Rhine
and on the lakes of Geneva and Konstanz, 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 oils is reported as a memo item “International
bunker / navigation”.

. 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 1997-2014 (FCA
2015a).

° 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 navtigation
companies concerned as documented in INFRAS 2011a. For older data, proxies such
as passenger data on a national basis had to be consulted. As marine lake bunkers
provide only a minor share of the total international navigation (between 6% for the
year 1990 and 23% for 2014) this approach is justified. The emission factor for CO; is
country-specific and in accordance with Table 3-12.

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

1D2 International navigation 1990‘ 1995‘ 2000
Fuel consumption in TJ
1D2 International navigation 812 755 525
1990 = 100% 100% 93% 65%
1D2 International navigation 2005 2006 2007 2008 2009‘ 2010 2011 2012 2013 2014
Fuel consumption in TJ
1D2 International navigation 499 461 475 458 433 470 419 377 354 309
1990 = 100% 61% 57% 59% 56% 53% 58% 52% 46% 44% 38%

3.2.2.3 Uncertainties and time-series consistency for 1D

International aviation: see general remarks in chp. 3.2.4.7.

Consistency: Time series of 1D are all considered consistent.
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3.2.2.4 Category-specific QA/QC and verification for 1D

The general QA/QC procedures are described in section 1.2.3. Furthermore QA/QC
procedures conducted for all 1A source categories are listed in 3.2.4.8.

3.2.2.5 Category-specific recalculations for 1D
No category-specific recalculations were carried out in 2015 and 2016.

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 2015) 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 the Swiss petroleum association (EV 2015). To complement this source,
bottom-up information from surveys of individual companies is used to provide a detailed
breakdown into specific petroleum products and coal type. For submission 2015, a new and
more differentiated breakdown of feedstocks and non-energy use of fuels was developed.
The reassessment of feedstocks and other non-energy use of fuels is documented 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:

o Liquefied 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). Accordingly, activity data for liquefied
petroleum gas and naphtha are confidential and included in fuel type Other oil in
reporting table 1.A(d). For the expert review team, there is a confidential version of
this subchapter available which includes all relevant data and information.

. 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).

o Lubricants are used in a variety of processes, including the blending with motorcycle
fuel. Use of lubricants is considered partly emissive (see source category 2D1 under
4.5.2.1). According to the 2006 IPCC guidelines (IPCC 2006), 20% of lubricants are
oxidized during use (ODU).

o Petroleum coke is used as a feedstock by two consumers only, i.e. for the production
of silicium carbide and graphite as well as primary aluminium (up to 2006) in source
categories 2B5 and 2C3, respectively. Apart from bottom-up information from these
two consumers, top-down information is provided by the Swiss petroleum association
(EV 2015). Accordingly, activity data are confidential and included in fuel type Other oil
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in reporting table 1.A(d). For the expert review team, there is a confidential version of
this subchapter available, which includes all relevant data and information.

. Paraffin waxes for non-energy use are reported under Other oil, since there is no
separate category for paraffin waxes in reporting 1.A(d). The information used comes
from the statistics of the Swiss petroleum association (EV 2015). Use of paraffin
waxes is considered partly emissive (see source category 2D2 under 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.

o Other bituminous coal is used for the production of silicium carbide and graphite in
source category 2B5. As only one company is concerned, activity data are confidential
and included in fuel type Other oil in reporting table 1.A(d). For the expert review
team, there is a confidential version of this subchapter available which includes all
relevant data and information.

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.

Category-specific recalculations

Recalculations reported in submission 2015

o For the first time the following use of feedstocks and non-energy use of fuel is
considered in more detail for this submission and differentiated according to the use of
Petroleum coke, Paraffin waxes and Other bituminous coal.

° Use of lubricants and Paraffin waxes are newly considered partly emissive according
to IPCC Guidelines 2006, as reported in 2D1 and 2D2.

Recalculations reported in submission 2016

° No category-specific recalculations were carried out in 2016.

3.2.4 Country-specific issues of 1A Fuel combustion

3.2.4.1 System boundaries: Differences between UNFCCC and CLRTAP reporting

Switzerland reports its greenhouse gas emissions according to the requirements of the
UNFCCC as well as other air pollutants according to the requirements of the CLRTAP. The
nomenclature for both reportings 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. Thus,
fuel sold in Switzerland but consumed abroad (“fuel tourism”) is accounted for in
Switzerland’s GHG inventory, but not in the reporting under the CLRTAP. The difference
between the two approaches amounts to several percent, with considerable variation from
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year to year due to fluctuating fuel price differences between Switzerland and its
neighbouring countries.

Also emissions from civil aviation are differentiated under the UNFCCC and the CLRTAP:
Only emissions from domestic flights are accounted for in the GHG inventory, while
emissions from international flights are reported as memo items. For the reporting under the
CLRTAP, landing and takeoff (LTO) emissions of domestic and international flights are
accounted for, while emissions of international and domestic cruise flights are reported under
memo items only (see Figure 3-7).

CLRTAP / NFR-Templates UNFCCC / CRF-Tables

Differences between reporting under CLRTAP and UNFCCC
concerning the accounting to the national total

accounted to

National total

National total
for compliance

Memo item

National total

Bunker
1D

Fuel used

Yes

Yes

Yes

Yes

1A3bi-vii

Fuelsoldin1A3b

1A3b

Fuel tourism and statistical |Yes Yes
difference

1A 3 bviii

Landing and Take-Off
(LTO)

Cruise

Landing and Take-Off
(LTO)

Cruise

Road transportation

Yes Yes Yes

Civil/Domestic aviation

Aviation
1A3a

Yes
International aviation

Yes Yes

Figure 3-7 Accounting rules for emissions from 1A3a Civil aviation and 1A3b Road transportation for CLRTAP
and UNFCCC

3.2.4.2 Net calorific values (NCV)

Table 3-9 summarizes the net calorific values (NCV) which are used in order to convert from
energy amounts in tonnes into energy quantities in gigajoules (GJ). For gasoline, jet
kerosene, diesel oil and gas oil, values for 1998 and 2013 are based on measurements.
Constant values are used for the period 1990 to 1998 and from 2013 onwards. For residual
fuel oil measurements for 1998 are available. For liquefied petroleum gas, petroleum coke,
other bituminous coal, lignite and wood, NCVs are given by Swiss Federal Office for Energy
(SFOE 2015, 2015b) and partly by measurements from the cement industry (Cemsuisse
2010a). NCV of natural gas is annually reported by the Swiss Gas and Water Industry
Association (SGWA), see Table 3-10. More detailed explanations including information about
the origin of the NCV for individual energy sources are given below.
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Table 3-9 Net calorific values of fuels (NCV) 1990-1998 and from 2013 onwards. For years between 1998 and
2013, the NCVs are linearly interpolated. Natural gas see Table 3-10. Data source SGWA stands for annually
updated reports of the Swiss Gas and Water Industry Association, latest report is SGWA (2015).

Net calorific values (NCV) 1990-1998 | 22013
Fuel Data Sources NCV [GJ/1]
Gasoline EMPA (1999), SFOE/FOEN (2014) 42.5 42.6
Jet kerosene EMPA (1999), SFOE/FOEN (2014) 43.0 43.2
Diesel ol EMPA (1999), SFOE/FOEN (2014) 42.8 43.0
Gas oil EMPA (1999), SFOE/FOEN (2014) 42.6 42.9
Residual fuel oil EMPA (1999) 41.2 41.2
Liquefied petroleum gas SFOE (2015) 46.0 46.0
Petroleum coke SFOE (2015), Cemsuisse (2010a) 35.0 31.8
Other bituminous coal SFOE (2015), Cemsuisse (2010a) 28.1 25.5
Lignite SFOE (2015), Cemsuisse (2010a) 20.1 23.6
Natural gas SGWA see table below
Biofuel Data Sources NCV [GJ/t]
Biodiesel assumed equal to diesel oil 42.8 43.0
Bioethanol assumed equal to gasoline 42.5 42.6
Biogas assumed equal to natural gas see table below
Wood SFOE (2015b) 9.4-104 | 9.4-104

Gasoline, jet kerosene, diesel oil and gas oil

The net calorific values for gasoline, jet kerosene, diesel oil and gas oil are provided by a
national measurement campaign. The campaign was realized by the EMPA (Swiss Federal
Laboratories for Materials Science and Technology) in 1998 for the first time (EMPA 1999).
Previous data are not available. The values for 1990-1998 are therefore assumed to be
constant at the 1998 levels. An updated study, commissioned by the Federal Office for the
Environment (FOEN) and the Federal Office for Energy (SFOE) was conducted in 2013
(SFOE/FOEN 2014). The study is based on a representative sample covering summer and
winter fuel qualities from the main import streams. The sampling started in July 2013 for a
duration of six months. Samples were taken fortnightly from nine different sites (large-scale
storage facilities and the two Swiss refineries) and analysed for carbon content and calorific
value amongst other. These updated values are used from 2013 onwards, while the NCVs
1999 — 2012 are linearly interpolated between the measured values of 1998 and 2013.

Residual fuel ol

Residual fuel oil plays only a minor role in energy supply. Therefore, this fuel type was not

analysed in the most recent measurement campaign in 2013. Thus, respective NCVs refer to
the measurement campaign by EMPA (1999) in 1998. The NCV for residual fuel oil is
assumed to be constant for the entire time series. The same approach is applied for the CO
emission factor (see Table 3-12).
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Liquefied petroleum gas

The net calorific value (NCV) attributed to liquefied petroleum gas is taken from the Swiss
overall energy statistics (SFOE 2015)3.

Petroleum coke, other bituminous coal, lignite

NCVs of petroleum coke, other bituminous coal and lignite are based on data from the SFOE
and on measurements of samples taken from Switzerland’s cement plants. Cement plants
are the largest consumers of these fuels in Switzerland. The samples from the individual
plants were compiled over nine months in 2009 and analysed for calorific value by an
independent analytical laboratory. The original data is collected in an internal documentation
provided by the Swiss Association of the Swiss Cement Industry — Cemsuisse (Cemsuisse
2010a). For each fuel type, the measurements from the individual plants were weighted
according to the relative consumption of each plant. Between 1999 and 2010 the values are
linearly interpolated (see SFOE 2015, p. 63). This approach is also used in order to derive
CO. emission factors for the three fuels (see chp. 3.2.4.3.3).

Natural gas

The net calorific value of natural gas (and also the CO; emission factor of natural gas, see
Table 3-13) is calculated based on measurements of gas properties and corresponding
import shares of individual gas import stations. Measurements of gas properties are available
on an annual basis since 2009 and for selected years before. Import shares are available for
2003, 2006, 2009 and from 2011 onwards on an annual basis. Estimated import shares for
years before 2011 are taken from Quantis (2014). This study focused on gas imports of the
Swiss gas grid for the years 1991, 1995 and 2000. Missing values for the years in between
are interpolated. The calculation procedure is documented in FOEN (2015h).

8 It is assumed that LPG consists of 50% propane and 50% butane.
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Table 3-10 Net calorific values of natural gas for selected years. Years in-between are linearly interpolated. Data
source annual reports of the Swiss Gas and Water Industry Association SGWA.

Net calorific value of natural gas
Year NCV [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

Wood

The net calorific value of wood depends on the wood product used as fuel (for e.g. log wood,
wood chips, pellets) and are based on the Swiss wood energy statistics (SFOE 2015b).
Table 3-9 illustrates the range of the NCV for all wood types.

Biofuels

Regarding the small amount of biofuels used in Switzerland, the NCVs are assumed to be
equal to the corresponding values of the fossil fuels substituted (i.e. biodiesel — diesel ail,
bioethanol — gasoline, biogas — natural gas).

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 2015). 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 2015), 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.

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
2015). The energy statistics are updated annually and contain all relevant information about
primary and final energy consumption. This includes annual aggregated consumption data
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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:

. The Swiss organisation for the compulsory stockpiling of oil products - Carbura
(Carbura 2015) and the Swiss petroleum association (EV) for data on import, export,
sales, stocks of oil products and for processing of crude oil in refineries (EV 2015).

° Annual import data for natural gas from the Swiss gas industry association (VSG
2015).

° Annual import data for petroleum products and coal from the Federal Customs
Administration (FCA).

. Data provided by industry associations (GVS, SGWA, Cemsuisse, VSG, VSTB).
° Annual wood energy statistics (SFOE 2015b).
° Swiss renewable energy statistics (SFOE 2015a).

° Swiss statistics on combined heat and power generation (SFOE 2015c)

As can be seen in Figure 3-8, fossil fuels amount to slightly more than half of primary energy
consumption. 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 4.

Wood and charcoal

Other renewable 3.4%

energy
2.1%

Water power
12.5%

Nuclear fuel

25.5% \

Waste
5.0%

Coal
0.5%

Natural gas
9.9%

Crude oil and
petroleum products
41.0%

Figure 3-8 Switzerland’s primary energy consumption in 2014 by fuels (see corresponding data in SFOE 2015).
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Table 3-11 shows primary energy consumption but without nuclear fuel and water power.
Liquid fossil fuel consumption changed only little since 1990. This is the combined effect of a
marked increase of the consumption in the transport sector and a substantial decrease of
gas oil use in the residential and industry sector. Natural gas consumption increased since
1990, compensating to some extent the decreasing use of gas oil.

Table 3-11 Switzerland’s energy consumption in 1990-2014 by fuel type. Only those fuels are shown that are
implemented in the EMIS database (no water or nuclear power), The numbers are based on the fuels sold
principle, thus they include consumption from fuel tourism, all fuels sold for domestic and international aviation
and liquid fuels consumed in Liechtenstein.

Year | Gaso- | Kero- | Diesel | Gas oil | Resi- | Refi-nery | Petro- | Solid | Natural | Other Bio Total
line sene dual |gas & LPG| leum fuels gas fuels | fuels
fuel oil coke
TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ TJ
1990| 155'785| 48'067| 47'557| 218'510| 23'360 8'890| 1'400| 14'901| 68'599| 19'160| 46'687| 652'917

1991| 1627225| 46'562| 48154| 238602 23%608 12'437|  980| 12'662| 76'902| 18'596| 48'682| 689409
1992| 168'100| 49'099| 46706| 236'809| 24'184 11'492|  315| 8758| 80'808] 19'009| 47'570| 692'850
1993| 155'897| 50'776] 44'978| 225920 17180 12'388] 1'120] 7'342] 84'758| 19'158| 47'849] 667'365
1994| 156'087| 52'109| 47748| 207141 17881 13455 1470| 7432 83587 19'154| 45822 651'886
1995| 151'200| 54'947| 48'604| 217'523| 17304 12'756] 1260 7'962| 92123 19'687| 47'846| 671303
1996| 155209| 56753 45%597| 226289| 15'120 13939| 1015| 5956 99'710| 20'584| 51'332| 691'503
1997| 161171] 58774| 47385| 212'223] 12607 14'236] 280 4'590 96'260| 21'655| 48261] 677442
1998| 162'477] 61268 49209| 222'407| 15903 15259 455 3'810] 99065 23803| 49743 703398
1999| 168'025| 65224| 52184| 212'349| 11083 15805| 521 3875| 102'588| 24'403| 50471 706529
2000| 168'165] 68'019| 55677| 196137 7'952 13649| 551 5970 101'970| 26'536| 50'117| 694742
2001| 163'543] 64'150] 56'709] 213089] 9970 14'069]  410] 6'073] 106'132] 27'068| 53429| 714'644
2002| 160:375] 59'335| 58721| 196'655| 6468 15584] 679 5325| 104'170| 27'877| 53'036] 688226
2003| 159'636] 53358| 627251] 208040 7086 13642] 202| 5713| 110116] 27'643] 55491] 703179
2004| 156'812] 50'350| 66'893| 203'370| 7581 16429 1'819] 5420| 113615 28845 56'406| 707'540
2005| 152'062] 50'994| 73065| 205729 5'809 16'432| 2'906| 6040 116'646| 297236| 58'463| 717382
2006| 147'436] 53443] 79063| 195926| 6427 18578 3324 6'517| 113412] 31'233| 61'404| 716764
2007| 146'012] 57010| 84'885| 171'356] 5150 15587 2'830] 7'296] 110'395| 30'015| 60'262| 690'800
2008| 142'801] 60'967| 93143| 178833 4614 16288] 3516] 6562 117'589] 30'854| 63880 719046
2009| 138'968] 58471| 94'569| 173219 3584 16'301| 3254| 6'193| 112'807| 29'811| 63'860| 701036
2010| 134043] 61'397| 987247| 182'305| 3042 15463| 3498 6'208] 126'013| 31'185| 68288 729'690
2011| 128'856] 65438 100'876| 143760 2'311 14856 2'957| 5842| 111774 30'882| 64724 672277
2012| 124'301] 67'021| 106'996| 154'448| 2'804 12'247| 3148 5260| 122'521| 31'145| 70'668| 700’569
2013| 118'634] 68068 111'824| 162532 1978 15053| 2'720] 5667| 129027| 30'025| 74'249| 720'676
2014| 113'876] 68541] 114'688] 122'704] 1730 14473] 3163| 5908| 111770 31'320| 70014 658187

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 2015). Activity data in sector 1 Energy are therefore
calculated and disaggregated by the Swiss energy model, which is an intergral 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
2015), the energy consumption statistics in the industry and services sectors (SFOE 2014d)
as well as additional information from the industry and the Swiss wood energy statistics
(SFOE 2015b).

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
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given by the Swiss overall energy statistics has to be equal to the sum of the disaggregated
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 3-9, 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 corresponding source category chapter 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.

Energy model —

NFR-Code: Disaggregation of Swiss energy consumption

1A1 1A2 1A4
Fugitive emissions

1A3, 1A5, 1D "
— Information from Industry

Use for energy Boiler district heating
conversion

Information from Industry Electricity production

Use in residential, commercial, Boiler not further defined
agriculture and other sectors

Non-road model Model specific processes
Model of stationary engines

Information from industry

Transportation Fuel tourism and
statistical difference

Civil aviation model Model specific processes
Road transportation model
Non-road model

Pipeline transport

Industry Model Boiler not further defined

Information Use for specified bottom-
from Industry up processes

Figure 3-9 Overview of Switzerland’s energy model. In the abbreviation SFOE 201X the “X” refers to the latest
edition of the Swiss overall energy statistics.

Industry model (Details are given in chp. 3.2.6.2.2)

In order to produce consistent time-series, the industry model is a composite of the energy
consumption statistics in the industry and services sectors (SFOE 2014d), which is based on
a comprehensive annual survey, and a bottom-up industry model (Prognos 2013), which is
periodically calibrated to the Swiss overall energy statistics. The resulting industry model
provides a split of energy consumption by source category and fuel type. Further
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disaggregation is then achieved by using plant-level industry data for specific processes, as
far as available.

Civil aviation model (Details are given in chp. 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 models combined) is
reported under fuel tourism and statistical difference.

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 aviation, which is considered
separately (see chp. 3.2.11.2.1). The model combines vehicle numbers, their operation
hours, engine power, and load factors to derive specific fuel consumption, ermission factors
and resulting emissions. Data stem from surveys among producers, various user
associations, and the national database of non-road vehicles run by FEDRO.

Energy model for wood combustion (Details are given in chp. 3.2.4.5.2)

Based on the Swiss wood energy statistics (SFOE 2015b), 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 2015) into the relevant source categories 1A1-

1A5. For each fuel type, the disaggregation process of the energy model as shown
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schematically in Figure 3-9, the interaction between the different sub-models and additional
data sources are visualized separately in Figure 3-11 to Figure 3-19.
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Figure 3-10: Switzerland’s energy consumption 1990-2014 by source categories 1A1-1A5 as based on the Swiss
energy model. In the same period population increased by about 20%, industrial production by almost 70% and
the motor vehicle fleet by 50% (SFOE 2015, table 43a).

Starting from the total energy consumption from the Swiss 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.

Within 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 2015c). The residual energy is then assigned to boilers which are not further
specified.

For source category 1A4c Other sectors — Agriculture/forestry/fishing, specific bottom-up
industry information is available for grass drying. Its fuel consumption is determined by the
Swiss association of grass drying plants (VSTB) and is subtracted from the total fuel
consumption of 1A2.

In order to report all energy consumption, the statistical differences as reported in the Swiss
overall energy statistics are allocated to source category 1A4a Other sectors —
Commercial/institutional (stationary combustion) and 1A3b viii Fuel tourism and statistical
differences.
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Figure 3-11: Schematic disaggregation of 1A 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 on memo items)
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CR = Cruise

Model of civil aircraft
(FOCA 201X)

LTO domestic 1A3a
CR domestic 1A3a

Bunker

LTO international 1D1
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Figure 3-12: Schematic disaggregation of 1A Fuel consumption for kerosene. Fuel consumption for military
aircraft is provided by the Federal Departement 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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Figure 3-13: Schematic disaggregation of 1A Fuel consumption for gas oil. The Swiss overall energy statistics
provide 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 1Ala i Electricity generation and 1Ala iii Heat plants. According to the non-
road model, a small amount of gas oil is consumed in source category 1A3d navigation (steam-powered vessels).
This amount is subtracted from the final consumption of gas oil provided by the Swiss overall energy statistics.
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Figure 3-14: Schematic disaggregation of 1A Fuel consumption for residual fuel oil. The Swiss energy statistics
report 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 splitinto 1Ala i Electricity generation, 1Ala iii Heat

plants and 1A1b Petroleum refining.
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Figure 3-15 Schematic disaggregation of 1A Fuel consumption for liquefied petroleum gas (LPG).
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Figure 3-16: Schematic disaggregation of 1A Fuel consumption for petroleum coke.
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Figure 3-17: Schematic disaggregation of 1A Fuel consumption for lignite and bituminous coal. The Swiss overall
energy statistics provide 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 1Ala i Electricity
generation and 1Ala iii Heat plants up to 1995. Coal consumption for Public electricity or heat production ceased
thereafter.
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Figure 3-18: Schematic disaggregation of 1A Fuel consumption for natural gas. The Swiss overall energy
statistics (SFOE 2015) provide gas use in the transformation sector (energy conversion and distribution losses).
Distribution losses as estimated by the Swiss Gas and Water Industry Association SVGW are subtracted and
reported under source category 1B2 Fugitive emissions from fuels. The remaining fuel consumption for natural
gas is reported under 1Ala Public electricity and heat production.
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Figure 3-19: Schematic disaggregation of 1A Fuel consumption for wood. For a detailed description of the energy
model for wood combustion see chp. 3.2.4.5.2.

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 com-
bustion 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 2006 IPCC Guidelines 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 CO and
NMVOC are implicitly reported as direct CO, emissions in sector 1A Energy and no indirect
emissions are reported for sector 1A 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 1990-2014 are given in Table 3-12.
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.
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Table 3-12 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.

CO, emission factors 1990-1998 | 22013
Fossil fuel CS/D Data sources tCO,/TJ
Gasoline Cs EMPA (1999), SFOE/FOEN (2014) 73.9 73.8
Jet kerosene Cs EMPA (1999), SFOE/FOEN (2014) 73.2 72.8
Diesel oil Cs EMPA (1999), SFOE/FOEN (2014) 73.6 73.3
Gas oil CS EMPA (1999), SFOE/FOEN (2014) 73.7 73.7
Residual fuel ail Cs EMPA (1999) 77.0 77.0
Liquefied petroleum gas [CS FOEN (2015d) 65.5 65.5
Petroleum coke CSs Cemsuisse (2010a) 91.4 91.4
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 tCO,/TJ
Biodiesel CSs assumed equal to diesel oil 73.6 73.3
Bioethanol CSs assumed equal to gasoline 73.9 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

Table 3-13 Time series of CO2 emission factors of natural gas. SGWA refers to annual updates of properties of
natural gas that are provided by the Swiss Gas and Water Industry Association.

CO, emission factors 1990\ 1995\ 2000

Fuel CS/D [Data sources tCO,/TJ

Natural gas/Biogas Cs SGWA 56.1 | 55.7 | 56.2

CO, emission factors 2005] 2006] 2007] 2008] 2009] 2010] 2011] 2012] 2013] 2014
Fuel CS/D |Data sources tCO,/TJ

Natural gas/Biogas CS  [SGWA 56.4 | 56.5 | 56.5 | 56.5 | 56.4 | 56.4 | 56.6 | 56.5 | 56.4 | 56.7

CO: emission factors for wood

The CO; emission factor for wood combustion activities is taken from Cemsuisse (2010a).

3.2.4.4.3 CH4 Emission factors for 1A Fuel combustion
General CH4 emission factors

An overview of the general CH, emission factors is given in Table 3-14. 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. For wood, country-specific factors are
used. Details are given below in Table 3-15. CH4 emission factors related to transport
activities (aviation, road and non-road transportation) are category specific and given in the
corresponding chapters.
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Table 3-14 CH4 emission factors for stationary combustion for the whole time period.

CH, emission factors 1990-2014
Fuel CS/D Data sources gCH,/GJ
Gas oll D IPCC (2006) 3
Residual fuel olil D IPCC (2006) 3
Liquefied petroleum gas |D IPCC (2006) 3
Petroleum coke D IPCC (2006) 1
Other bituminous coal D IPCC (2006) 1
Lignite D IPCC (2006) 10
Natural gas D IPCC (2006) 10
Biofuel CS/D Data Sources

Biogas D IPCC (2006) 1
Wood CS Nussbaumer and Halg (2015) 1.3 - 240

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 3-15.

The CH4 emission factor for each combustion type is modelled based on VOC
measurements at wood combustion installations (Nussbaumer and Halg 2015), assuming a
CHas to VOC ratio of 0.4.

The EF for the different combustion installations varies between 1.8 and 240 g CH./GJ
depending on the year, rated thermal input and technology used. The EF value 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 3-15 CH4 emission factors for wood combustion installations.
1A Wood combustion Unit CH,

1990| 1995, 2000
Open fireplaces g/GJ 160 149 138
Closed fireplaces, log wood stoves g/GJ 160 149 138
Pellet stoves g/GJ 16.0 14.9 13.8
Log wood hearths g/GJ 240 229 218
Log wood boilers g/GJ 200 161 122
Log wood dual chamber boilers g/GJ 240 229 218
Automatic chip boilers <50 kW g/GJ 20.0 16.7 13.3
Automatic pellet boilers < 50 kW g/GJ 6.7 5.6 4.5
Automatic chip boilers 50-500 kW w/o wood proc. companies 9/GJ 20.0 16.3 12.6
Automatic pellet boilers 50-500 kW g/GJ 6.7 54 4.1
Automatic chip boilers 50-500 kW within wood proc. companies  |g/GJ 20.0 16.3 12.6
Automatic chip boilers > 500 kW w/o wood proc. companies g/GJ 13.3 10.7 8.1
Automatic pellet boilers > 500 kW g/GJ 6.7 5.4 4.1
Automatic chip boilers > 500 kW within wood proc. companies g/GJ 13.3 10.7 8.1
Combined chip heat and power plants g/GJ 13.3 10.7 8.1
Plants for renewable waste from wood products g/GJ 13.3 10.7 8.1
1A Wood combustion Unit CH,

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Open fireplaces g/GJ 127 124 122 120 120 120 120 120 120 120
Closed fireplaces, log wood stoves g/GJ 127 124 122 120 117 113 110 107 103 100
Pellet stoves 9/GJ 12.7 12.4 12.2 12.0 12.0 12.0 12.0 12.0 12.0 12.0
Log wood hearths g/GJ 207 204 202 200 193 187 180 173 167 160
Log wood boilers g/GJ 83 76 68 60 58 57 55 53 52 50
Log wood dual chamber boilers g/GJ 207 204 202 200 193 187 180 173 167 160
Automatic chip boilers < 50 kW g/GJ 10.0 9.3 8.7 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Automatic pellet boilers < 50 kW g/GJ 34 3.1 2.9 2.7 2.7 2.7 2.7 2.7 2.7 2.7
Automatic chip boilers 50-500 kW w/o wood proc. companies g/GJ 8.9 8.2 7.4 6.7 6.7 6.7 6.7 6.7 6.7 6.7
Automatic pellet boilers 50-500 kW 9/GJ 2.8 25 23 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Automatic chip boilers 50-500 kW within wood proc. companies  |g/GJ 8.9 8.2 7.4 6.7 6.7 6.7 6.7 6.7 6.7 6.7
Automatic chip boilers > 500 kW w/o wood proc. companies g/GJ 5.6 5.0 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Automatic pellet boilers > 500 kW g/GJ 2.8 25 23 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Automatic chip boilers > 500 kW within wood proc. companies g/GJ 5.6 5.0 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Combined chip heat and power plants g/GJ 5.6 5.0 4.5 4.0 3.6 3.1 2.7 2.2 1.8 1.3
Plants for renewable waste from wood products 9/GJ 5.6 5.0 4.5 4.0 3.6 3.1 2.7 2.2 1.8 1.3

3.2.4.4.4 N,O Emission factors for 1A Fuel combustion

Table 3-16 shows the N>O emission factors in source category 1A. Most N.O emission
factors are kept constant over the whole period, with the exception for 1Ala Waste

incineration (see Table 3-30). N.O emission factors related to transport activities (aviation,

road and non-road transportation) are category specific and given in the corresponding

chapters.

Table 3-16 N20 emission factors. Default emission factors are used for all fuels for the whole time period.

N,O emission factors

Fuel CS/D Data sources gN,O/GJ
Gas ol 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) 15
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
3.2.4.5.1 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
Fig. 3.3.1 in chp. 3. Mobile Combustion in IPCC (2006), complemented with

e Tier 2 for railways CO, Fig. 3.4.1 in IPCC (2006)
e Tier 3 for railways CH4, N2O and precursors / SO, 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 and SO,. Emission factors and
activity data were updated and additional machinery types included, e.g. power generators in
all industry branches (not only construction sites), airside vehicles and machinery at
international airports (reported under industrial vehicles), freight ships on the river Rhine
(reported under domestic navigation). Results are documented in FOEN (2015j). The non-
road categories considered are listed in Table 3-17. All of them include several technologies
(diesel ail, 2- or 4-stroke gasoline, natural gas, gas oil), and emission standards according to
the classification shown in Figure 3-20.

Table 3-17 Non-road categories as specified in FOEN (2015j) and the corresponding nomenclature in the 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 Residental, Off-road vehicles and other machinery

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

Machine type i
Engine type

Engine-power class

Figure 3-20: Each non-road vehicle is classified by its engine-power class, engine type, machine type and
machine category (INFRAS 2015a).

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):

Em=N-H-P-1-¢-CF,-CF,-CF; -

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)
CF = correction factor for the effective load (--)
CF, = correction factor for dynamical engine use (--)
CFs = degradation factor due to aging (--)

With this equation, the emissions of the following gases are calculated:
. GHG: CH4, N2O
o precursor gases: NOy, CO
. air pollutant: VOC

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

o For other gases, the following method is applied:

. COg; is calculated as product of fuel consumption and CO; emission factors (Table
3-12)

° SO is calculated as product of fuel consumption and SO, emission factors (Table A —
18)
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. NMVOC is calculated as the difference between VOC and CHg4

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

Emissions are only calculated in steps of 5 years 1980, 1985, 1990, ... 2050. Emissions for
years in-between (1981, 1982 etc.) 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 various sources based on measurement, modelling and
literature.

. CO; and SO, emission factors are country-specific, see Table 3-12 and Table A — 18

o For other gases, the main data sources are EPA (2010), IFEU (2010), EMEP/EEA
(2013) 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 database of non-
road vehicles (MOFIS) run by the the Federal Roads Office (FEDRO 2014). In addition,
several publications serve as further data sources:

° SBV (2013) for agricultural machinery

° SFSO (2013a) for agricultural machinery

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

. The national statistics on imports/exports of non-road vehicles was assessed by EZV
(2015a)

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

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

4 http://www.bafu.admin.ch/luft/00596/06906/offroad-daten/index.html?lang=en
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From these data sources, all necessary information was developed like size distributions,
modelling of the fleets, annual operating hours (age-dependent), load factors, year of placing
on the market and age distribution. Details are documented in FOEN (2015j). All activity data
(vehicle stocks, operating hours, consumption factors) can be downloaded by query from the
public part of the non-road database INFRAS (2015a), which is the data pool of FOEN
(2015j). They can be queried by vehicle type, fuel type, power class and emission standard
either at aggregated or disaggregated levels.

3.2.4.5.2 Energy model for wood combustion

Choice of method

The emissions from wood combustion in 1A Fuel cocmbustion activities 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 2015b) provides both the annual wood
consumption for specified categories of combustion installations (table K, categories 1-19),
see Table 3-18 below, and the allocations of the combustion categories 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 2016/1A Holzfeuerungen).

Table 3-18 Categories of wood combustion installations based on SFOE 2015b.

1A Wood combustion, categories

Open fireplaces

Closed fireplaces, log wood stoves

Pellet stoves

Log wood hearths

Log wood boilers

Log wood dual chamber boilers

Automatic chip boilers < 50 kW

Automatic pellet boilers < 50 kW

Automatic chip boilers 50-500 kW w/o wood processing companies
Automatic pellet boilers 50-500 kW

Automatic chip boilers 50-500 kW within wood processing companies
Automatic chip boilers > 500 kW w/o wood processing companies
Automatic pellet boilers > 500 kW

Automatic chip boilers > 500 kW within wood processing companies
Combined chip heat and power plants

Plants for renewable waste from wood products
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Emission Factors

Emission factors are described in chp. 3.2.4.4.2 for CO,, 3.2.4.4.3 for CHa4, and 3.2.4.4.4 for
N-O.

Activity Data

Total activity data are based on the Swiss wood energy statistics (SFOE 2015b). As
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 3-19 and EMIS 2015/1A Holzfeuerungen):

. Wood energy consumption in source categories 1A2f Brick and tile production, 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.

° Since 2013, also the wood energy consumption in 1A4ci Grass drying is available and
has heen subtracted from the activity data in 1A4ci Automatic chip boiler >500 kW
without wood processing companies.

Table 3-19 Wood energy consumption in 1A Fuel combustion.

1A Wood combustion Unit| 1990 | 1995 | 2000

Total TJ |28'168| 29'454| 27'070

Open fireplaces TJ 227 271 196

Closed fireplaces, log wood stoves TJ | 7'275| 7'178| 6'493

Pellet stoves TJ 0 0 7

Log wood hearths TJ | 8524| 7'030| 4'744

Log wood boilers TJ | 5308| 5571| 5'109

Log wood dual chamber boilers TJ | 1'964| 1779 978

Automatic chip boilers < 50 kW TJ 239| 434 550

Automatic pellet boilers < 50 kW TJ 0 0 56

Automatic chip boilers 50-500 kW w/o wood proc. companies TJ 690| 1'327| 1'786

Automatic pellet boilers 50-500 kW TJ 0 0 2

Automatic chip boilers 50-500 kW within wood proc. companies TJ | 1'286| 1'725| 1'760

Automatic chip boilers > 500 kW w/o wood proc. companies TJ 324| 1'021| 1'626

Automatic pellet boilers > 500 kW TJ 0 0 0

Automatic chip boilers > 500 kW within wood proc. companies TJ | 1'352| 2'054| 2'233

Combined chip heat and power plants TJ 0 3 186

Plants for renewable waste from wood products TJ 979| 1'060| 1'345

1A Wood combustion Unit| 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Total TJ |30'832|31'185| 29'808| 33'780| 35'130| 37'401| 33'130| 37'487| 41'257| 35'391
Open fireplaces TJ 181 171 150 150] 137, 123 87 84 83 62
Closed fireplaces, log wood stoves TJ | 7047| 6'939| 6'282| 6'827| 7'011| 7'913| 6'632| 7'570| 8'499| 6'915
Pellet stoves TJ 48 65 72 93 109 140 129 161 192 166
Log wood hearths TJ | 4029 3'604| 2'914| 2'839| 2'491| 2'268| 1'576| 1'485| 1'351| 900
Log wood boilers TJ | 5366| 5162 4'586) 4'892| 4'751| 4'905| 3'691| 3'826| 3'884| 2'822
Log wood dual chamber boilers TJ 481 423 348 338 289 272 195 190 181 125
Automatic chip boilers < 50 kW TJ 754| 775| 727| 833] 861| 1'008] 801| 867 943| 740
Automatic pellet boilers < 50 kW TJ 805| 1'193| 1'248| 1'562| 1'731| 2'104| 1'814| 2'153| 2'499| 2'102
Automatic chip boilers 50-500 kW w/o wood proc. companies TJ | 2'689| 2'889| 2'808| 3'202| 3267| 3'751| 3'237| 3'816| 4'318| 3'558
Automatic pellet boilers 50-500 kW TJ 97| 176| 251 353| 422) 521 500/ 606 704 675
Automatic chip boilers 50-500 kW within wood proc. companies TJ | 1'920| 1'884| 1'751| 1'871| 1'871| 2'009| 1'742| 1'882| 2'023| 1'677
Automatic chip boilers > 500 kW w/o wood proc. companies TJ | 2'304| 2'496| 2'525| 3'124| 3'369| 3'985| 3'647| 4'360| 5'011| 4'434
Automatic pellet boilers > 500 kW TJ 9 44 61 85 89 98 139 161 186 186
Automatic chip boilers > 500 kW within wood proc. companies TJ | 2'537| 2'465| 2'287| 2'377| 2'377| 2'479| 2'164| 2'311| 2'471| 2'078
Combined chip heat and power plants TJ 127 242| 1'058| 2'467| 3'423| 2'756| 3'900| 5'010| 5'446| 5'306
Plants for renewable waste from wood products TJ | 2'438| 2'657| 2'740| 2'764| 2'933| 3'071| 2'877| 3'005| 3'465| 3'646
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3.2.4.6 Emissions from Biomass (memo item)

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 in-
complete as the following CO emissions are not foreseen for reporting in the reporting
tables: 2G4 Use of tobacco, 2H2 Food and beverages, 5A Solid waste disposal, 5B
Biological treatment of solid waste and 5D Wastewater treatment and discharge.

Table 3-20 provides an overview of effective CO, emissions from biomass in 2014 and their
reporting in the reporting tables (without land-use, land-use change and forestry). For further
information on the biomass CO. emissions refer to the respective source category chapters.

Table 3-20 Effective biomass CO2 emissions in 2014 and their representation in the reporting tables.

Biomass CO, emissions Unit 2014| Note
1A1 Energy industries (without MSW incineration) kt 597| Included in CRF
1A1 Energy generation from MSW Incineration kt 2'136| Included in CRF
1A2 Manufacturing industry and construction kt 1'327| Included in CRF
thereof use of waste derived fuels in cement production kt 56
thereof use of bio fuels (1A2gvii) kt 6
1A3 Transport kt 80| Included in CRF
1A4 Other sectors (Commercial/institutional, residential) kt 2'518| Included in CRF
1A5 Other kt 0.18| Included in CRF
2H2 Food and beverages industry kt 14| Notincluded in CRF
2G Other product use (Consumption of tabacco) kt 11| Notincluded in CRF
5A Solid waste disposal on land kt 48| Notincluded in CRF
5B Biological treatment of waste (composting and anaerobic digestion) kt 370 Notincluded in CRF
5C Waste incineration (without MSW incineration) kt 157| Included in CRF
5D Wastewater handling kt 133| Notincluded in CRF
Total biomass combustion CO, emissions included in CRF kt 6'814
Total energy related biomass combustion CO, emissions included in CRF 1A kt 6'658| See table "Summary 2" in CRF
Total biomass CO, emissions in Switzerland in 2014 kt 7'391

3.2.4.7 Uncertainty and time series consistency for source category 1A
Basic uncertainties (AD, EF CO,) by fuel type

Table 3-21 Uncertainties of activity data and CO2 emission factors for 1A Fuel combustion.

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 0.07 0.88
liquid fuels 0.69 0.08 0.69
solid fuels 5.00 5.06 7.12
gaseous fuels 5.00 1.10 5.12
other fuels 5.00 9.22 10.5
biomass 10.0 - -
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Liquid fuels

Uncertainty of the CO; emission factors: In 2013, a large measurement campaign was
carried out to determine the CO; emission factors of the dominant liquid fuels (SFOE/FOEN
2014). From the standard deviation presented in this study, the 95% uncertainties are
derived and are shown in Table 3-22 as lower and upper values as well as relative
uncertainties.

Compared to formerly used uncertainties, the new values are smaller. The former values
were also based on measurements carried out in 1998 (EMPA 1999), but with a smaller
number of samples (between 10 and 30 samples per fuel type). The former uncertainties
were then 1.16% for kerosene, 1.36% for gasoline and 0.47% for diesel oil and 0.61% for
gas oil.

For mobile combustion, the 2006 IPCC Guidelines provide default uncertainties for the CO
emission factor of kerosene as 2%, gasoline 4% and diesel oil 1% (IPCC 20086, vol. 2,
TABLE 3.2.1). Switzerland’s 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 stationary combustion 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 3-22 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 EF(CO;) | no. samples
mean lower upper absolute relative
t/TJ t/TJ tTJ t/TJ
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 oil 73.67 73.61 73.73 0.06 0.08% 138

Uncertainties of activity data: The values shown in Table 3-23 are based on a written
message of SFOE to FOEN (SFOE 2012a). It lists two kinds of relevant errors: errors of
measurements and errors of the conversion from mass to energy units. For gasoline and
diesel oil, a third source of errors stems from the transformation of products. These errors
are multiplicative, therefore the relative uncertainties have to be summed up.

For the previous submissions, a single expert estimate has been used, being the same for all
liquid fuels (1%). The updated and more sophisticated uncertainties are equal (kerosene) or
slightly lower.
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Table 3-23 Sources of errors 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 0.00% 0.00% 0.20% 0.00%

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 the
factor 1.96 to extend the standard deviation to 95% uncertainty interval. This calculation has
been carried out for 13 years within the period 1990 and 2014. The uncertainties fluctuate
between 0.72% and 1.48% with a mean of 1.1%, which is used as the uncertainty of the CO,
emission factor for gaseous fuels.

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

Solid fuels

Uncertainty of the CO 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 (medium 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 2006 IPCC Guidelines (IPCC 2006, vol. 2, TABLE 2.15,
which give a range of 2%-5% for industrial combustion and 3%-5% for commercial,
institutional and residential combustion. For Switzerland, an overall value of 5% is used (like
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 (1A1): the carbon content of waste
and the fossil carbon fraction of the carbon content.

. The carbon content is determined in a study by Fellner et al. (2007). A relation
between the calorific value of waste and the carbon content is derived therein, which
provides upper and lower limits. The relation is tested by measurements. The
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difference between upper and lower limits (5.9%) is interpreted as 95% confidence
interval for the carbon content.

. The fossil fraction of the carbon content is determined in another study by Mohn et al.
(2008). A field application of the radio carbon (**C) method was developed to calculate
the ratio of biogenic versus fossil CO; emissions from three waste-to-energy plants.
Gas samples for *CO; analysis were taken at three plants during one month each.
Results were compared to an alternative approach based on mass and energy
balances. The 95% confidence interval of the three measurement campaigns result in
a biogenic fraction of 52.0% + 3.7%, which corresponds to an uncertainty of 7.1%.

° The fossil-CO; emission factor results from a multiplication of the carbon content and
the fossil fraction. The uncertainty of the CO, emission factor is thus the addition of the
corresponding uncertainties by error propagation: [(5.9%)? + (7.1%)?]°® = 9.2%. (For
the previous submission an expert estimate of 30% had been applied).

Uncertainty of activity data: There is no country-specific estimate of the uncertainty for the
consumption of waste. It is taken from 2006 IPCC Guidelines (IPCC 2006, vol. 2, p. 2.40),
which states: “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. (In the previous submissions an
expert estimate of 10% had been assumed).

Biomass

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) .About 80% of the CO, emissions from biomass burning stem from industrial,
institutional and residential combustion and 20% from small residential installations with less
developed statistical systems (see Table 3-19). An average uncertainty of 10% is applied for
biomass burning in all source categories.

Uncertainty of CH4 and N2O emission factors

Since the CO; emissions vastly dominate the GHG emissions of source category 1A (almost
99%), the uncertainty evaluation of the non-CO, emissions is carried out on a semi-
guantitative level (see Table 3-24).

Only for 1A3b Road transportation a quantitative analysis has been performed. Following a
study for the road transportation in Germany (IFEU/INFRAS 2009), where the same
handbook of emission factors is used as in Switzerland (INFRAS 2010), the uncertainties for
the CH4 and N.O emission factors have been determined (see lines 1A3b gasoline and
diesel oil in Table 3-24). The uncertainties of CHs and N2O emissions of CNG (1A3b), which
were not investigated in IFEU/INFRAS (2009), have been estimated qualitatively as
“medium” according to Table 1-11, except for N.O /diesel oil (“high”).
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Summary

Table 3-24 below provides a summary of the uncertainties of 1A Fuel combustion as derived
in the preceeding sections. The uncertaintiy of the CO» emissions (“combined uncertainty”)
are calculated from the uncertainties of the activity data and the emission factors by
Approach 1 error propagation.

Table 3-24 Uncertainties of 1A Fuel combustion categories for activity data, emission factors and combined
uncertainties. The latter are calculated by Approach 1. (For 1A2/Other Fuels a mean uncertainty is assumed
based on semi-quantitative estimations from Table 1-11. The emission factor uncertainty is calculated
“backward”® from the combined and the activity data uncertainty). CHs and N2O: semi-quantitave uncertainties
(see Table 1-11).

1A Fuel Combustion Categories Fuel type Uncertainties
Activity data | CO, em. factors | CO, emissions | CH, emissions | N,O emissions
% % % - -

1. Energy industries liquid fuels 0.7 0.1 0.7 medium medium
1. Energy industries solid fuels 5.0 5.1 7.1 medium medium
1. Energy industries gaseous fuels 5.0 1.1 5.1 medium medium
1. Energy industries other fuels 5.0 9.2 105 medium medium
2. Manufacturing industries and construction [liquid fuels 0.7 0.1 0.7 medium medium
2. Manufacturing industries and construction |solid fuels 5.0 51 7.1 medium medium
2. Manufacturing industries and construction |gaseous fuels 5.0 11 5.1 medium medium
2. Manufacturing industries and construction |other fuels 5.0 9.2 105 medium medium
3a. Transport; Domestic aviation kerosene 1.0 0.2 1.0 high high
3b. Transport; Road transportation gasoline 0.7 0.1 0.7 37.0 50.0
3b. Transport; Road transportation diesel oil 0.9 0.1 0.9 20.0 22.0
3b. Transport; Road transportation gaseous fuels 5.0 11 5.1 medium medium
3c. Transport; Railways diesel oil 0.9 0.1 0.9 medium high
3d. Transport; Domestic navigation liquid fuels 0.7 0.1 0.7 medium high
3e. Transport; Other transportation gaseous fuels 5.0 11 5.1 medium medium
4a. Other sectors; Commercial/institutional liquid fuels 0.7 0.1 0.7 medium medium
4a. Other sectors; Commercial/institutional gaseous fuels 5.0 11 5.1 medium medium
4b. Other sectors; Residential liquid fuels 0.7 0.1 0.7 medium medium
4b. Other sectors; Residential solid fuels 5.0 51 7.1 medium medium
4b. Other sectors; Residential gaseous fuels 5.0 11 5.1 medium medium
4c. Other sectors; Agriculture/forestry/fishing |liquid fuels 0.7 0.1 0.7 medium medium
4c. Other sectors; Agriculture/forestry/fishing [gaseous fuels 5.0 1.1 5.1 medium medium
5. Other liquid fuels 0.7 0.1 0.7 medium high
1A Stationary sources biomass 10.0 -- - medium medium
1A Mobile sources biomass 10.0 -- - high high

Time series consistency 1A

Time series for 1A Fuel combustion are all considered consistent.

5 U(EF) = JU(EM)? — U(AD)?
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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 again in the chapters dealing with 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
2015). 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
2015) 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 Federal Office for the Environment (FOEN) and the Swiss Federal Office for
Energy (SFOE) launched an in-depth investigation into the NCV and CO, emission factors of
gas oil, diesel ail, gasoline, and kerosene (SFOE/FOEN 2014), see description under 3.2.4.2
Net calorific values (NCV). The values differ only marginally from previously used values.
The CO; emission factors compare well with the IPCC default values (see Table 3-25).

Table 3-25: Comparison of default CO2 emission factors from IPCC 2006 with country-specific values for selected
fuels in 2013.

CO2 Emission Factors IPCC 2006 Switzerland
Lower Upper Default Cs
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 ail 72.6 74.8 74.1 73.7
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The CO; emission factor for gasoline is higher than the IPCC range. However, as the value
from earlier measurements was confirmed and the new value is based on more than 100 fuel
samples taken from July to December 2013, the value is considered to correctly represent
national circumstances.

For natural gas, the CO; emission factor has been reassessed for submission 2015. A
country-specific CO emission factor, based on measurements of gas properties and
corresponding import shares of individual gas import stations is calculated (see also chp.
3.2.4.2). The resulting values are largely consistent with the CO, EF used by the countries
from which gas is imported (Germany (IEF: 55.5-56.0 t CO2/TJ), the Netherlands (IEF: 56.5—
56.8 t CO2/TJ), Norway (IEF: 56.1 t CO2/TJ), France (IEF: 56.0-57.0 t CO/TJ), ltaly (IEF:
55.3t0 56.9 t CO,/TJ) and Denmark (IEF: 56.9-57.5 t CO>/TJ). It lies within the range given
by the IPCC (lower 54.3 t CO./TJ, upper 58.3 t CO,/TJ, compared to the country-specific
value of 56.4 t CO,/TJ for 2013).

The CH4 EF from combustion of wood has been scrutinized and is revised based on
Nussbaumer and Halg (2015). The range of country-specific values is not entirely consistent
with the upper and lower IPCC default values (Table 3-26). However, as the country-specific
emission factor is based on an extensive measurement campaign, it is considered
representative for Swiss circumstances.

Table 3-26: Comparison of default CH4 emission factors from 2006 IPCC guidelines (IPCC 2006) with country-
specific values

CH, Emisson factors IPCC 2006 Switzerland
Lower | Upper | Default Cs
kg CH,/TJ
Wood 10 | 100 | 30 1.3-240

Expert review

As described in chp. 1.2.3, data from source category 1A and the initial draft of the NIR were
scrutinized in an external review involving national experts and stakeholders in the different
fields related to emissions from stationary sources.

3.2.4.9 Category-specific recalculations for source category 1A in general

Recalculations reported in submission 2015

. No general recalculations for source category 1A.

Recalculations reported in submission 2016

. The net calorific value of bituminous coal was adapted to the one used in the Swiss
overall energy statistics (SFOE 2015). For 1990-1998 a value of 28.1 GJ/t is used and
interpolated to the value of 25.5 GJ/t in 2010. In previous submissions it was constant
25.46 GJIt.
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° The net calorific value of lignite was adapted to the one used in the Swiss overall
energy statistics (SFOE 2015). For 1990-1998 a value of 20.097 GJ/t is used and
interpolated to the value of 23.6 GJ/t in 2010. In previous submissions it was constant
23.56 GJIt.

° The net calorific value of petroleum coke was adapted to the one used in the Swiss
overall energy statistics (SFOE 2015). For 1990-1998 a value of 35.0 GJ/t is used and
interpolated to the value of 31.8 GJ/t in 2010. In previous submissions it was constant
31.78 GJIt.

. Changes in the consumption of other bitumionous coal, lignite and natural gas in the
end consumption (1A2-1A4) 2008-2013 (SFOE 2015).

. Changes in the consumption of diesel oil and gasoline 2008—2013 (SFOE 2015).
. Changes in the consumption of gas oil 2002 / 2007 / 2010 / 2013 (SFOE 2015).

. Changed CH4 emission factors for gas oil, residual fuel oil, petroleum coke, natural
gas and biogas to IPCC 2006 default values:

o gas oil: from 1 g/GJ to 3 g/GJ

o residual oil: from 4 g/GJ to 3 g/GJ

o petroleum coke: from 10 g/GJ to 3 g/GJ

o natural gas/biogas: from 6 g/GJ to 1 g/GJ

° Changed N»O emission factors for residual fuel oil, liquefied petroleum gas, Other
bituminous coal and lignite to IPCC 2006 default values:

o residual oil: from 0.8 g/GJ to 0.6 g/GJ
o Liguefied petroleum gas: from 0.6 g/GJ to 0.1 g/GJ
o other bituminous coal and lignite: from 1.6 g/GJ to 1.5 g/GJ

° Recalculations in the Swiss wood energy statistics resulted in revised AD in 1Ala,
1A2gviii, 1A4ai, 1A4bi and 1A4ci Wood combustion for 1990-2013.

. For 1Ala, 1A2gviii, 1A4ai, 1A4bi and 1A4ci Wood combustion the EF of SO have
been revised for the entire time series.

° Recalculation in natural gas consumption reported by Swiss overall energy statistics
(SFOE 2015) for 2012—-2013.

o Recalculation in wood consumption reported by Swiss overall energy statistics (SFOE
2015) for the entire time series.

o Recalculations in energy statistics of Liechtenstein lead to small changes in totals of
Swiss energy consumption (years 1995-2013 for gasoline, 1991-2013 for diesel oil,
1990-2013 for gas oil, 2013 for liquefied petroleum gas).

. The CO; emission factor for the use of wood was set to the emission factor of 99.9
kg/GJ (Cemsuisse 2010a) instead of the old one of 92 kg/GJ (SAEFL 2000).
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3.2.4.10 Planned improvements for source category 1A in general

No improvements for 1A general are planned. (See planned improvements for 1A3b in chp.
3.2.9.6).

3.2.5 Source category 1Al - Energy industries (stationary)
3.2.5.1 Source category description for 1A1 (stationary)

Approach 1 key categories 1A1

CO; from the combustion of Liquid Fuels (level and trend)
CO; from the combustion of Gaseous Fuels (level and trend)
CO; from the combustion of Other Fuels (level and trend)

Approach 2 key categories 1A1

CO; from the combustion of Other Fuels (level and trend)

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 is 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 2015). Emissions from
industries producing heat and/or electricity (CHP) for their own use are included in category
1A2 Manufacturing Industries and Construction.

Table 3-27 Specification of source category 1A1 Energy Industries.

1A1 Source 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
energy industries

Charcoal production

3.2.5.2 Methodological issues for 1Al (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 3-28 and Table 3-31). Energy recovery from municipal
solid waste and special waste incineration is mandatory in Switzerland 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.
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Table 3-28 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 and boilers at fermentation plants digestion gas (biogas)

Engines on landfill sites landfill gas (biogas)

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

Methodology (1Ala)

For Public electricity and heat production (1Ala) a country-specific approach, as explained in
chp. 3.2.4.5 is used combining Tier 2 and Tier 3 methods (IPCC 2006, Volume 2 Energy,
chp. 2 Stationary Combustion, Figure 2.1).

Emission factors (1Ala)

The following table presents the emission factors used in 1Ala. Emission factors for gas oll,
residual fuel oil and natural gas are further explained in section 3.2.4.4

Table 3-29 Emission Factors for 1Ala Public Electricity and Heat Production in 2014.

1Ala Public electricity and heat CO, CO, bio. CH, N,O NO, NMVOC SO, CO
production

T T kg/TJ kg/TJ kg/TJ kg/TJ kg/TJ kg/TJ
Gas oil 73.7 NA 3 0.6 34 2.0 19 7
Residual fuel oil 77.0 NA 3 0.6 125 4.0 291 11
Petroleum coke NO NO NO NO NO NO NO NO
Natural gas 56.7 NA 1 0.1 18 2.0 0.5 10
Other (waste-to-energy), fossil 88.9 NA NA 1.6 a3 24 4 s
Other (waste-to-energy), biogenic NA 92.4 NA 1.4
Biomass (wood, renewable waste) NA 99.9 1.3 4.0 118 2.0 11 100
Biogas (co-generation from landfills,
fermentation engines) NA 100.2 2 0.1 48 3.0 15 65

Emission factors for waste incineration and biogas use

Specific emission factors within 1Ala Public electricity and heat production apply for
municipal solid waste incineration, special waste incineration and for biogas use (landfill gas
and fermentation gas). The emission factors for CO2, CH4, N2O, NO,, CO, NMVOC and SO
emissions per tonne of waste incinerated are country-specific and based on measurements
and expert estimates, as documented in EMIS 2016/1Ala Kehrichtverbrennungsanlagen,
EMIS 2016/1A1a Sondermullverbrennungsanlagen, EMIS 1Ala Vergarung IG, EMIS
2016/1A1a Vergéarung LW und 1Ala Kehrichtdeponien.

3 Energy: 3.2 Source category 1A — Fuel combustion activities




National Inventory Report of Switzerland 2016 114

Source-specific CO2 emission factors for municipal solid waste incineration plants

C-content of waste is calculated based on the net calorific value (NCV), which is deduced by
a standard method and published on a yearly basis since 2009 by SFOE for each MSWIP
and as a Swiss average (FOEN/SFOE/VBSA, 2015). In deviation from the general de-
scription of oxidation factors in 3.2.4.4.1 an oxidation factor of 0.99 is assumed here.

The fossil fraction of waste incinerated in MSWIP 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 20140) and measurements of the 14C in
the flue gas for calibration (Mohn 2011). The CO; emission factor in MSWIPs fluctuates over
the reporting period because of gradual changes in the net calorific values of the waste.

Source-specific COz emission factors for carbonate use in municipal solid waste incineration
plants

The data for EF CO; geogenic are based on the stoichiometric composition. A conversion
factor of 100% is assumed for both sodium bicarbonate and calcium carbonate. During the
time period 1990-2006 only calcium carbonate is applied in flue gas treatment of MSWIP.
Therefore the emission factor of 0.43971 t CO,/ t calcium carbonate according to 2006 IPCC
Guidelines is applied (IPCC 2006). Between 2007-2012 carbonate in flue gas treatment of
MSWIP was not applied. In 2013 and 2014 a MSWIP used bicarbonate in the flue gas
treatment. Therefore the emission factor of 0.523880 t CO./ t sodium bicarbonate is derived
from the stoichiometry of sodium bicarbonate (EMIS 2016/1Ala
Kehrichtverbrennungsanlagen).

Source-specific CO, 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 2016/1A1a
Sondermiillverbrennungsanlagen.

Source-specific CH4 emission factors in municipal and special waste incineration plants

Emissions of CH4 are not occurring because of the high combustion temperatures in waste
incineration plants as confirmed by Mohn (2013). The same fact applies for special waste
incineration.

3 Energy: 3.2 Source category 1A — Fuel combustion activities



National Inventory Report of Switzerland 2016 115

Source-specific NoO 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 and 2012, 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 factor was linearly interpolated. It is
planned to calculate a new value every four years, i.e. in submission 2018 based on the
amounts of waste burnt in 2016. See documentation in EMIS 2016/1Ala Kehricht- und
Sondermiliverbrennungsanlagen. The emission factor is 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 (6.1g/GJ) due to the installation
of Denox-equipment and thereafter declines as a result of optimized installations.

Table 3-30 N20 emission factors of 1Ala Municipal solid and special waste incineration and CO2 emission factors
for carbonate use.

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

N,O (MSWIP) g/GJ 5.26 2.96 2.06

N,O (SWIP) g/GJ 3.06 4.23 5.41

CO, (carbonate use in MSWIP) |g/t 439710 439'710 439'710

1Ala Public electricity and heat|Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
production, Other fossil fuels

N,O (MSWIP) g/GJ 1.44 141 1.40 1.38 1.41 1.40 1.40 1.43 1.44 1.42
N,O (SWIP) g/GJ 5.48 5.16 4.84 4.53 4.21 3.89 3.57 3.25 2.94 2.62
CO, (carbonate use in MSWIP) g/t 439'710 439'710 NO NO NO NO NO NO 523'880 523'880

Activity data (1Ala)

Activity data for liquid, gaseous, solid fuels and wood are based on the Swiss overall energy
statistics (SFOE 2015) and additional data sources as described in 3.2.4.3. Activity data for
Other fuels are based on the amount of waste incinerated in MSWIPs and SWIPs (FOEN
2015k, see Table 3-32). Activity data for combined heat and power generation in landfills and
in biogas facilities are taken from the Swiss renewable energy statistics (SFOE 2015a).
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Table 3-31 Activity data in 1Ala Public Electricity and Heat Production.

1Ala Public electricity and heat Unit 1990 1995 2000
production
Total fuel consumption TJ 40'433| 39'242| 50'047
Gas oil TJ 980 554 790
Residual fuel oil TJ 3'232 1'839 368
Petroleum coke TJ NO NO NO
Other bituminous coal TJ 530 46 NO
Lignite TJ NO NO NO
Natural gas TJ 4'339 5'422 8'292
Other (waste-to-energy), fossil TJ 16'605| 16'870| 22'482
Other (waste-to-energy), biogenic TJ 14'163| 13'394| 16'889
Biomass (wood, renewable waste) TJ 301 466 547
Biogas (co-generation from landfills,
fermentation engines) TJ 282 651 679
1Ala Public electricity and heat Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
production
Total fuel consumption TJ 57'235| 60'582| 587234 59'496| 58527 62'653| 60'856| 64'752| 64'898| 61'020
Gas oil TJ 1'300 1'280 843 490 540 500 400 800 670 780
Residual fuel oil TJ 294 309 191 189 139 55 29 24 19 30
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 9'827 8'663 7'910 8'468 8'073 9'926 7'512 8'213 8'459 5'082
Other (waste-to-energy), fossil TJ 24'711| 26'940| 25'791| 25'880| 24'853| 26'002] 25'575| 26'262| 25'738| 26'049
Other (waste-to-energy), biogenic TJ 19'797| 21'940| 21'415| 21'464| 21'249| 22'275| 22'272| 23'051| 22'489| 23'112
Biomass (wood, renewable waste) TJ 844 939 1'458 2'311 2'877 2'958 3'982 5'032 5'966 4'310
Biogas (co-generation from landfills,
fermentation engines) TJ 462 511 625 695 796 937 1'086 1'370 1'556 1'657

In Table 3-31, activity data for biomass as reported in the reporting tables (CRF) are further
differentiated into Other (waste-to-energy), biogenic, Biomass (wood, renewable waste), and
Biogas (co-generation from landfills, fermentation engines).

Since 1990 the use of waste-derived fuels increased considerably. This is due to the fact that
since 1st of January 2000, disposal of combustible wastes in landfill sites is prohibited by law
(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
fossil fuel power station (Vouvry) in the 1990ies.

Municipal solid waste incineration

Figure 7-4 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 reported in Table 3-32 is the total amount of waste burned (it
includes fossil and biogenic shares).

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.

The activity data for carbonate-based flue gas treatment are based on the quantities of
carbonate applied annually in MSWIP (INFRAS 2015). Between 1990 and 2006 there was
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only one installation with flue gas treatment based on calcium carbonate. The application of
calcium carbonate stopped in 2006. In 2013 one and in 2014 two MSWIP applied sodium
bicarbonate in its flue gas treatment.

Table 3-32 Activity data for 1Ala Other fuels: municipal solid waste and special waste incinerated with heat
and/or power generation 1990 to 2014. The amount of municipal solid waste is the total amount of waste burned.

1Ala Public electricity and heat|Unit] 1990, 1995 2000
production, Other fossil fuels

Total Other fossil fuels in 1Ala kt 2'603| 2'433| 3'040

Municipal solid waste kt 2'470| 2'270| 2'801
Special waste kt 133 163 239
Carbonate use in MSWIP kt 0.71) 0.76/ 0.82

1Ala Public electricity and heat| Unit] 2005| 2006, 2007| 2008/ 2009| 2010{ 2011| 2012, 2013| 2014
production, Other fossil fuels

Total Other fossil fuels in 1Ala kt 3'527| 3'896| 3'816] 3'865| 3'827| 3'968| 3'924| 4'104| 4'035| 4'066

Municipal solid waste kt 3'297| 3'646| 3'580| 3610 3597 3'717| 3'676| 3841 3'773| 3'817
Special waste kt 230 250 236 255 230 252 247 263 262 249
Carbonate use in MSWIP kt 0.61 0.10 NO NO NO NO NO NO 2.72 2.76

3.2.5.2.2 Petroleum refining (1A1b)

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. Data are available to
reviewers on request. Based on the generalised decision tree Fig. 2.1 for stationary
combustion (IPCC Guidelines 2006, vol.2, chp. 2), a model Tier 3 method is used. The
calculations are based on measurements and data from the refining industry as documented
in the EMIS database (EMIS 2016/1A1b Heizkessel Raffinerien).

Emission factors (1A1lb)

Emission factors of residual fuel oil, petroleum coke and refinery gas are estimated based on
measurements from the two refineries for the years 2005 — 2011 and 2013 — 2014 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 — 2014). 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 several
years the annual emission factor is derived from annual monitoring reports (since 2013) and
the allocation report (2005—2011), which provide plant-specific data.

The resulting CO, emission factors are all within the given ranges in IPCC (2006). For
emission factors of N.O and CH4 default values according to IPCC 2006 are used.
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Table 3-33 Emission factors for 1A1lb Petroleum refining in 2014.

118

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

tTI kg/TJ kg/TJ kg/TJ kg/TJd kg/TJ kg/TJ
Residual fuel oil C C C C C C C
Refinery gas C C C C C C C
Petroleum coke C C C C C C C

Activity data (1A1lb)

Activity data on fuel combustion for petroleum refining (1Alb) is provided by the Swiss
overall energy statistics (SFOE 2015) 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 2015).

Refinery gas is the most important fuel used in source category 1Alb. 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 month due to insolvency and
the search for a new buyer (EV 2014).

Table 3-34 Activity data for 1A1b Petroleum refining.

1A1b Petroleum refining Unit| 1990| 1995| 2000
Total fuel consumption TJ | 5'629| 9'836| 9'636
Residual fuel oil TJ | 1'259| 1'786| 1'908
Refinery gas TJ | 4'370| 8'050| 7'728
Petroleum coke TJ NO NO NO
1A1b Petroleum refining Unit| 2005/ 2006/ 2007| 2008| 2009, 2010/ 2011| 2012 2013| 2014
Total fuel consumption TJ |14'548|16'013|13'774|15'118|14'473|14'176| 13'169| 11'242|13'834| 14'173
Residual fuel oil TJ 902 692| 1'182 692 733 891 764| 1'212| 1'094 C
Refinery gas TJ |11'833|13'508(11'033|11'978| 11'706|11'282| 10'720| 8'249|11'055 C
Petroleum coke TJ | 1'813] 1'813| 1'558| 2'449| 2'035| 2'003| 1'685| 1'781| 1'685 C

3.2.5.2.3 Manufacture of solid fuels and other energy industries (1Alc)

Methodology (1Alc)

In source category 1Al1c 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

Guidelines 2006, vol.2, chp. 2), emissions are estimated using a Tier 2 approach.

Emission factors (1Alc)

The CO; emission factor is based on literature (USEPA 1995) and CH., NOy, CO and
NMVOC emission factors are taken from the revised 1996 IPCC Guidelines (EMIS

2016/1A1c).
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Table 3-35 Emission factors for 1Alc Manufacture of Solid Fuels and other energy industries in 2014. The CO2
emission factor refers to CO2 of biogenic origin.

1Alc Charcoal Unit CO,; biog. CH, NO, NMVOC SO, CO
Charcoal production kg/TJ 16'900 1'000 10 1'700 NE 7'000

Activity data (1Alc)

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
quantities are produced at individual traditional local trade shows (Karthause lttingen,
Freilichtmuseum Ballenberg), as documented in EMIS 2016/1A1c. 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 no more used in industry but mainly for barbecues. Production has increased
between 1990 and 2014 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 3-36 Activity data for 1A1c Manufacture of Solid Fuels and other energy industries.

1A1c Charcoal Unit 1990 1995 2000
Charcoal production |TJ 1.25 1.43 2.20
1Al1c Charcoal Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Charcoal production |TJ 3.37 3.33 3.48 3.52 3.48 3.19 3.30 3.62 2.82 3.82

3.2.5.3 Uncertainties and time-series consistency for 1Al (stationary)

The uncertainty of CO, emission factors is described in section 1.6.1.2 and 3.2.4.7. The
uncertainty in emissions of non-CO- gases are estimated to be medium, i.e. 30% for CH, and
80% for N,O (see also chp. 1.6, Table 1-11).

Consistency: Time series for 1A1 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 section 1.2.3. Furthermore QA/QC
procedures conducted for all 1A source categories are listed in 3.2.4.8.

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

Recalculations reported in submission 2015

1A: The entire emission factor model for 1Ala, 1A2f, 1A2qviii, 1Adai, 1A4bi and 1A4ci
Wood combustion has been revised for 1990-2012 resulting in revised values for CHa,
CO and NMVOC.

1A: For wood combustion, the previously used country-specific value of the N.O EF
(1.6 9/GJ) has been replaced by the default value of the 2006 IPCC Guidlines (4.0
g/GJ) for the entire time series, based on a recommendation from the ERT (UNFCCC
2014c).

1A: In 1Ala, 1A2f, 1A2qviii, 1A4dai, 1A4bi and 1A4ci Wood combustion the AD (wood)
of automatic boilers (>50 kW) have been revised for 1990-2012 due to recalculations
in the Swiss wood energy statistics.

1A: Revised activity data for 1A1-1A5 for all years from 1990-2013 and all fuels due
to a large-scale revision of the Swiss overall energy statistics.

1A: The default CO, emission factor for natural gas was replaced by a country-specific
emission factor for the entire time period from 1990-2013.

1A: In earlier submissions, petroleum coke was reported together with coal, therefore,
the N2O emission factor for petroleum coke used was equal to the default emission
factor for coal (1.6 g/GJ). As petroleum coke is reported separately, default emission
factor for petroleum coke from the IPCC Guidelines 2006 is used (0.6 g/GJ).

1Ala: Municipal waste incineration: Carbon content of waste is now based on annual
data of net calorific value. Previously, the carbon content was based on expert
judgements. The revised carbon content is lower than before, consequently also the
CO:; EF is lower. In addition, the share of fossil carbon in waste has been reassessed
in order to derive a consistent time series.

1Ala: Municipal waste incineration: an error in the calculation of the weighted
averages (waste amounts) of the EF for N2O has been corrected. This leads to
different EF for all years except 1990.

1Ala: Values of the amounts of biogas used and fed into the gas system have
changed for the years 2011 and 2012 in the Swiss renewable energy statistics. This
leads to changes in activity data of industrial biogas facilities.

1Ala: The amount of digestate used by agricultural biogas facilities has been
corrected due to a plausibility check based on detailed data provided by Okostrom
Switzerland and FOEN monitoring reports for CO, compensation projects. This leads
to lower amounts of digestate.

1Ala: In source category 1Ala iv Municipal solid waste incineration plants, the CO»
emissions from carbonate use for sulphur oxide removal are newly reported in the
inventory for the years 1990-2006. There was only one plant using limestone for
sulphur oxide removal.

Recalculations reported in submission 2016

1Ala: The emissions of carbonate used in the municipal waste incineration (1Ala)
were not taken into account due to a mistake in calculations in the last submission.
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° 1Ala: Activity data for Municipal solid waste incineration plants has been corrected in
waste statistics and value for 2013 is slightly larger.

° 1Ala: Changed amount of used other bituminous coal in boilers for electricity
generation (1990-1995) (SFOE 2015).

o 1Ala: Changed amount of used other bituminous coal in boilers for heat production
(1992-1995) (SFOE 2015).

. 1Ala: Changed emission factor CH, for boilers in district heating from 6 to 1 g/GJ.

. 1A1b: Introduction of new bottom-up Information out of the Swiss Emissions Trading
Scheme for the entire time series. New EF CO: as average from the past years from
bottom-up information.

° 1A1b: N2O and CH4 changed to IPCC 2006 default.

3.2.5.6 Category-specific planned improvements for 1Al (stationary)
No category-specific improvements are planned.

3.2.6 Source category 1A2 - Manufacturing industry and construction
(stationary without 1A2g vii)

3.2.6.1 Source category description for 1A2 (stationary)

Approach 1 key categories 1A2

CO, from the combustion of Liquid Fuels (level and trend)
CO; from the combustion of Solid Fuels (level and trend)
CO; from the combustion of Gaseous Fuels (level and trend)
CO; from the combustion of Other Fuels (level and trend)

Approach 2 key categories 1A2

CO. from the combustion of Solid Fuels (trend)
CO; from the combustion of Gaseous Fuels (level and trend)
CO, from the combustion of Other Fuels (trend)

[Source category 1A2 contains the sum of emissions of stationary and mobile sources — the
statement on key categories holds for the aggregated emission only. However, the CO;
emissions of 1A2 from Liquid Fuels are dominated by the stationary sources, 88%, which
means that the emissions of 1A2g vii only play a minor role within category 1A2.]

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-
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energy use of fuels as for example bitumen and lubricants are reported in CRF-table 1.A(d)

and described in section 3.2.3.

Table 3-37 Specification of source category 1A2 Manufacturing industries and construction in Switzerland.

1A2 Source Specification

1A2a Iron and steel Iron and steel industry: boilers, cupola furnaces in iron foundries 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, nitric
acid, ethylene, acetic acid and sulphuric acid as well as silicon carbide
(amongst others)

1A2d Pulp, paper and print Pulp, paper and print industry, geogenic emissions from carbonate use
for fluegas purification in cellulose production

1A2e Food processing, beverages and tobacco |Food processing, beverages and tobacco industry: meat 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)

For fuel combustion in source category 1A2 Manufacturing industries and construction, 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).

3.2.6.2.2 Industry model

Overview

The industry model is one sub-model of the Swiss energy model (see chp. 3.2.4.3). The
industry model disaggregates the stationary fuel consumption into the source categories and
processes under 1A2 Manufacturing industries and construction. The following figure

visualizes the disaggregation process.
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| 1A2a - Iron and Steel

Fuel consumption —
industry | 1A2b - Non Ferrous Metals

1A2c - Chemicals

| 1A2e - Food Processing, Beverages and Tobacco

|
|
|
1A2d - Pulp, Paper and Print I
|

| 1A2f - Non Metallic Minerals

1A2g - Other

1A2g viii - Other Boilers and Engines Industry

Fuel sales of natural gas, 1A2g vii — mobile machinery in industry and construction
gasoline, diesel oil

Figure 3-21 Schematic presentation of the data sources used for the industrial sectors 1A2a — 1A2g. The
reference SFOE 201X refers to SFOE 2015. For each fuel type, the Swiss overall energy statistics provide the
total consumption for industry. The total consumption is then distributed to the different source categories based
on the energy consumption statistics in the industry and services sectors (SFOE 2014d) and the Prognos industry
model (Prognos 2013). The grey boxes on the right show the specific bottom-up industry information and statistics
from SFOE additionally considered in respective source categories. The signification 201Xa-Xc refers to
respective year of the most recent statistics.

The total fuel consumption regarding each fuel type in the industry sector is provided by the
Swiss overall energy statistics (see description of the Swiss overall energy statistics in chp.
3.2.4.3). The energy disaggregation into the source categories 1A2a to 1A2g is carried out
for each fuel type individually based on the energy consumption statistics in the industry and
services sectors (SFOE 2014d). These statistics are available since 1999 for gas oil and
natural gas. For all the other fossil fuels (i.e. residual fuel oil, liquefied petroleum gas,
petroleum coke, other bituminous and lignite) data are available since 2002. In order to
generate a consistent time series since 1990, additional data from an industry model is
applied (Prognos 2013) as described in the following subsection.

In addition, 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 2015c).

Energy consumption statistics in the industry and services sectors

The energy consumption statistics in the industry and services sectors (SFOE 2014d) refers
to robust surveys with members of respective industry associations 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 survey represents a census covering all fuel consumed. The surveys are
available for all years since 1999 or 2002, depending on the fuel type.
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Since the energy consumption statistics in the industry and services sectors for 2014 was not
available in time, the fuel consumption in different sectors for 2014 is derived based on the
total fuel consumption in the industry and services sectors from the Swiss overall energy
statistics (SFOE 2015) by applying the same shares as in 2013 based on SFOE (2014d).

Modelling of industry categories

The energy consumption statistics in the industry and services sectors (SFOE 2014d) is
complemented by a bottom-up industry model (Prognos 2013). 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 as the product of the process activity
data and the process specific fuel consumption factor.

It 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 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-1A2gviii for each fuel type. For this purpose, the
approach to “generate consistent time series from overlapping time series” is used according
to the 2006 IPCC Guidelines, Volume 1, chp. 5, consistent overlap (IPCC 2006). To illustrate
the approach, an example for gas oil attributed to source category 1A2c is provided in the
following figure. A detailed description for all fuel types and source categories (1A2a-1A29),
including further assumptions, is provided in the underlying documentation of the EMIS
database (EMIS 2016/1A2_Sektorgliederung Industrie).
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Figure 3-22 lllustrative example for combining time series with consistent overlap according to 2006 IPCC
Guidelines (IPCC 2006). The y-axis indicates the share of source category 1A2c of total gas oil consumption in
the industry sector. The green line, which is based on the combination of the shares from the energy consumption
statistics in the industry and services sectors (SFOE 2014d, red line from 1999 to 2014) and the bottom-up
industry model (Prognos 2013, blue line from 1990 to 2012), corresponds to the share finally used to calculate the
fuel consumption in 1A2c. Similar calculations are performed for each source category and fuel type, see also
EMIS database documentation (EMIS 2016/1 A 2_Sektorgliederung Industrie).

Bottom-up industry data

Grey colored 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 disaggregate the fuel
consumption within a particular source category. These data consist of partly 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 3.2.6.2.3 to 3.2.6.2.9.

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 as documented in the energy
consumption statistics in the industry and services sectors (SFOE 2014d).

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.

Further specific statistical data

Fuel consumption of wood, wood waste, biogas and sewage gas in manufacturing industries
is based on the Swiss wood energy statistics (SFOE 2015b) as well as on data from the
Swiss renewable energy statistics (SFOE 2015a) and the Statistics on combined heat and
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power generation in Switzerland (SFOE 2015c), 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 industry and construction (see also chp. 3.2.4.4).

Table 3-38 Emission factors for 1A2 Manufacturing industries and construction in 2014. Values that are not
shaded in grey are implied emission factors.

1A2 Emission factors for GHG CO, fossil | CO, bio. CH, N,O

t/TJ t/TJ kg/TJ kg/TJ
Gas oil 73.7 3 0.6
Residual fuel all 77.0 25 0.6
Liquefied petroleum gas 65.5 1 0.1
Petroleum coke 91.4 0.007 0.6
Other bituminous coal 92.7 3.7 15
Lignite 96.1 0.6 15
Natural gas 56.7 1 0.1
Other fossil fuels 69.3 5.3 35
Biomass 90.7 5.4 3.2

Other fossil fuels comprise various fossil waste derived fuels used in 1A2f Cement
production as well as cracker by-products, i.e. gasolio and heating gas used for steam
production in a chemical plant in source category 1A2c. The emission factors of CO2, CH4
and N0 are implied emission factors based on the fossil waste fuel mix in cement
production plants. 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 2015/1A2fi Zementwerke_Feuerung) based on industry
data and emission declarations according to the Ordinance on Air Pollution Control. 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 section 3.2.4.4.3 (see detailed description below in chapter Cement (1A2f i)).

The emission factors of the precursors NOy, CO, NMVOC and SO; for all fuels in source
category 1A2 are provided in Annex A3.1.1. The emission factors for NOx 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 NOx decreased
significantly. NMVOC and SO. emission factors are country-specific and documented in
SAEFL (2000).
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Emission factors for fuel combustion in bottom-up industry processes are other than
combustion in boilers, bottom-up industry data are used to derive production weighted
emission factors based on various air pollution control measurements under the Ordinance
on Air Pollution Control (Swiss Confederation 1985).

Activity data (1A2)

The following table 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.
Since 1990, the use of residual fuel oil and other bituminous coal has decreased. In the
same period, natural gas consumption has more than doubled. Regarding the fuels used
within Swiss industry in 2014, natural gas consumption accounts for the largest share
followed by biomass and gas oil.

Source category 1A2gviii Other comprising emissions from boilers and engines is the most
important category within source category 1A2 Manufacturing Industries and construction in
2014. 1A2f Non-metallic minerals and 1A2c Chemicals are the second and third most
important fuel consumers.

Table 3-39 Activity data fuel consumption in 1A2 Manufacturing industries and construction..

Source Unit 1990| 1995, 2000

1A2 Manufacturing industries and constr. TJ 88'205| 89'184| 87'878

(stationary sources)

Gas oil TJ 21'773| 23542 25'155

Residual fuel oil TJ 18'870| 13'678| 5'675

Liquefied petroleum gas TJ 4'520| 4'706| 5'921

Petroleum coke TJ 1'400| 1'260 551

Other bituminous coal TJ 13'476| 7'303| 5'716

Lignite TJ 265 153 124

Natural gas TJ 18'721| 27'898| 31'383

Other fossil fuels TJ 2'555| 2'817| 4'054

Biomass TJ 6'625| 7'825| 9'298

Source Unit 2005/ 2006| 2007| 2008| 2009| 2010| 2011, 2012 2013 2014
1A2 Manufacturing industries and constr. TJ 91'697| 94'270| 92'327| 93'476| 87'878| 90'542| 84'138| 85'395| 87'369| 82'144
(stationary sources)

Gas oil TJ 24'719| 23547| 21'610| 21'393| 21'011| 20'693| 16'776| 17'163| 17'902| 12'340
Residual fuel oil TJ 4'613| 5'427| 3776| 3734 2713] 2096 1518 1'568 848 351
Liguefied petroleum gas TJ 4'509| 5'070| 4'554| 4'310| 4'595| 4'181| 4'136] 3998 3'998 3'538
Petroleum coke TJ 1'093| 1'512] 1'271| 1'067| 1'219| 1'495| 1272| 1'367| 1034 1'255
Other bituminous coal TJ 4'899| 4'186| 4'959| 4'445| 4263| 4'348| 3818 3694 3910 2'407
Lignite TJ 742| 1'931| 1'937| 1'717| 1'531] 1'460| 1'624| 1'175| 1'357 3'102
Natural gas TJ 34'372| 35'840| 36'910| 38'719| 35126 38'042| 36'903| 38'013| 39'400| 39'946
Other fossil fuels TJ 4'525| 4'293| 4'224| 4'975| 4'958| 5'183| 5'307| 4883 5'186 5'270
Biomass TJ 12'136] 12'463| 13'084| 13'117| 12'464| 13'045| 12'784| 13'534| 13'734| 13'935

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 2015/1A2a-g).
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3.2.6.2.3 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. Part of the other bituminous coal is also used to increase the carbon content
of the raw material steel scrap to produce iron alloys with higher carbon content. 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. Therefore, only 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 and small amounts of gas oil and other bituminous coal are used.

Table 3-40 Activity data fuel consumption in 1A2a Iron and steel.

Source Unit 1990 1995 2000
1A2a Iron and steel TJ 3310 2'570] 3351
Gas oil TJ 480 262 338
Residual fuel oil TJ 346 131 20
Liquefied petroleum gas TJ 408 193 286
Petroleum coke TJ NO NO NO
Other bituminous coal TJ 433 289 266
Lignite TJ NO NO NO
Natural gas TJ 1'643| 1'695| 2'440
Source Unit 2005| 2006/ 2007| 2008| 2009| 2010] 2011 2012 2013 2014
1A2a Iron and steel TJ 3'389| 4'208| 4'415| 4'156| 3'190| 3'773| 3'805| 3'634| 3487 3'431
Gas oil TJ 401 311 326 307 279 315 271 172 148 102
Residual fuel oil TJ 39 52 36 51 39 51 2 NO NO NO
Liquefied petroleum gas TJ 217 313 295 246 214 219 226 438 438 388
Petroleum coke TJ NO NO NO NO NO NO NO NO NO NO
Other bituminous coal TJ 154 150 160 177 70 64 73 55 55 52
Lignite TJ NO NO NO NO NO NO NO NO NO NO
Natural gas TJ 2'578| 3'382| 3'598| 3'374| 2'588| 3'125| 3233 2'969 2'847 2'889
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3.2.6.2.4 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. Its last 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 in 2014. Fuels consumed in 2014 are mainly natural
gas as well as gas oil and small amounts of residual fuel oil and 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 3-41 Activity data fuel consumption in 1A2b Non-ferrous metals.

Source Unit 1990 1995/ 2000
1A2b Non-ferrous metals TJ 2'379] 1'969| 1'560
Gas oil TJ 587 347 236
Residual fuel oil TJ NO NO NO
Liquefied petroleum gas TJ 27 17 15
Petroleum coke TJ NO NO NO
Other bituminous coal TJ NO NO NO
Lignite TJ NO NO NO
Natural gas TJ 1765 1'605/ 1'309
Source Unit 2005/ 2006| 2007 2008| 2009 2010/ 2011 2012] 2013 2014
1A2b Non-ferrous metals TJ 977| 1'162| 1'022| 1'042| 1'006| 1'218| 1'177| 1'746| 1'619 1'593
Gas oil TJ 125 72 94 112 167 112 76 153 127 88
Residual fuel oil TJ NO NO NO 0 0 0 0 1 23 16
Liquefied petroleum gas TJ 7 10 8 7 7 8 8 11 11 10
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 845/ 1'080 920 924 833] 1'098) 1'093| 1581 1457 1'479

3.2.6.2.5 Chemicals (1A2c)

In Switzerland, there are more than thirty chemical companies mainly producing fine che-
micals and pharmaceuticals. Fossil fuels are mostly used for steam production and process
heat. The process emissions from the production of chemicals such as ammonia, nitric acid,
ethylene, acetic acid and sulphuric acid as well as silicon carbide are reported in source
category 2B, see Section 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. For
reasons of confidentiality, fuel consumption and emissions of these by-products are included
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in Other fossil fuels of 1A2f in the reporting tables. The CO; emission factors of gasolio and
heating gas are plant specific based on monitoring reports of the Swiss ETS. 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 are assumed for CHs and N2O (see
Table 3-38 and Table 3-14 (CH4 EF of residual fuel oil)).

The fuels consumed in 2014 include mainly natural gas as well as gas oil. Fuel consumption
in this source category has slightly decreased between 1990 and 2014. Consumption of gas
oil and residual fuel oil have decreased in that period, while natural gas consumption has
increased.

Table 3-42 Activity data fuel consumption in 1A2c Chemicals.

Source Unit 1990 1995 2000
1A2c Chemicals TJ 14'436| 15'158| 13'500
Gas oil TJ 3'942| 3'313| 3215
Residual fuel oil TJ 1'434 693 252
Liquefied petroleum gas TJ 15 13 12
Petroleum coke TJ NO NO NO
Other bituminous coal TJ NO NO NO
Lignite TJ NO NO NO
Natural gas TJ 9'044| 11'138| 10'020
Other fossil fuels TJ IE IE IE
Source Unit 2005/ 2006| 2007| 2008| 2009| 2010| 2011 2012 2013 2014
1A2c Chemicals TJ 15'477| 14'995| 14'810| 14'610| 12'611| 11'814| 12'167| 13'909| 13'859| 13'536
Gas oil TJ 3'345| 3'210] 2'556| 2'261| 2'498| 2'103] 1'847| 2'055| 1745 1'206
Residual fuel oil TJ 36 71 6 79 91 66 0.2 0.2 1 39
Liquefied petroleum gas TJ 10 11 10 9 9 8 7 10 10 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 12'086| 11'704| 12'239| 12'261| 10'014| 9'637| 10'312| 11'845| 12'102| 12'283
Other fossil fuels TJ IE IE IE IE IE IE IE IE IE IE

3.2.6.2.6 Pulp, paper and print (1A2d)

Around half a dozen 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. Furthermore,
geogenic CO; emissions that resulted from carbonate use in cellulose production for flue gas
treatment of sulphur oxide removal are reported in this source category.

Fuel consumption in 1A2d consists both of fuels used in boilers and specific industrial
production processes. In this source category only biomass from cellulose production (until
2008) is included, based on data from the only production site. Biomass used in paper
production is reported in source category 1A2gviii, because no comprehensive information
exists to distribute biomass consumption to the specific industry sectors within 1A2 as
explained in chapter 3.2.4.6. Data on limestone use in flue gas treatment and its CO
emission factor are based on expert estimates on the specific consumption of limestone per
tonne of cellulose and on default emission factor for limestone of IPCC (2006) (vol. 3, chp.
2.1) as documented in the EMIS database (EMIS 2016/1 A 2 d Zellulose Produktion).

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 2014 are mainly natural gas as
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well as gas oil. Since 1990 residual fuel oil and gas oil have decreased, while natural gas
consumption increased.

Table 3-43 Activity data of fuel consumption in 1A2d Pulp, paper and print.

Source Unit 1990 1995 2000
1A2d Pulp, paper and print TJ 11'762| 13'700] 11'580
Gas oil TJ 1'188 1'751 1'403
Residual fuel oil TJ 5250 3061 1417
Liquefied petroleum gas TJ 86 141 148
Petroleum coke TJ NO NO NO
Other bituminous coal TJ NO NO NO
Lignite TJ NO NO NO
Natural gas TJ 3'153| 7'389| 6'918
Biomass TJ 2'085| 1'358| 1'694
Source Unit 2005/ 2006/ 2007| 2008| 2009| 2010] 2011 2012 2013 2014
1A2d Pulp, paper and print TJ 11'379| 11'493| 10'236| 9'455| 6'124| 6'773| 6'051| 5'374| 5'567 5'427
Gas oil TJ 1'456| 1'291| 1'096| 1'019 948 852 561 623 714 493
Residual fuel oil TJ 2'092| 3'305| 1'885| 1'887| 1'084 279 4 3 0 17
Liquefied petroleum gas TJ 100 79 71 60 62 61 62 67 67 60
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 5'678| 4'742| 5'085| 5'164| 4'030| 5581| 5'424| 4'681| 4786 4'857
Biomass TJ 2'053| 2'076] 2'099| 1'324 NO NO NO NO NO NO

Table 3-44 Activity data of limestone use in 1A2d Pulp, paper and print.

1A2d Pulp, paper and print  |Unit 1990 1995 2000
Limestone use kt 8'500 9'400 9'300
1A2d Pulp, paper and print __ |Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Limestone use kt 8'300 8'000 7'800 6'500 NO NO NO NO NO NO

3.2.6.2.7 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 2014d) and Prognos (2013).

In 2014, the fuels used in this category were mainly natural gas as well as gas oil and small
amounts of liquefied petroleum gas. There was an increase in fuel consumption between
1990 and 2014. This is due to the increased production in this sector. The consumption of
residual fuel oil and gas oil ceased and has decreased, respectively, whereas natural gas
and liquefied petroleum gas consumption has increased significantly.
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Table 3-45 Activity data fuel consumption in 1A2e Food processing, beverages and tobacco.
Source Unit 1990 1995 2000
1A2e Food processing, beverages and tobacco TJ 9'859| 8'784| 10'439
Gas oil TJ 7'410| 5'511| 5515
Residual fuel oil TJ 1'160 466 137
Liquefied petroleum gas TJ 204 308 535
Petroleum coke TJ NO NO NO
Other bituminous coal TJ NO NO NO
Lignite TJ NO NO NO
Natural gas TJ 1'085| 2'500] 4'251
Source Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
1A2e Food processing, beverages and tobacco TJ 10'239| 11'519| 11'221| 10'975| 12'558| 13'161| 11'374| 11'310| 12'564| 11'481
Gas oil T 4'070| 3'811| 3'500| 3'376| 3'687| 3778 3197| 3237| 3548| 2'452
Residual fuel oil TJ NO NO NO NO NO NO NO NO NO NO
Liquefied petroleum gas TJ 534 678 596 535 736 659 675 935 935 828
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 5635 7'031| 7'126| 7'064| 8135/ 8'723] 7'502| 7'138] 8'081 8'201

3.2.6.2.8 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). Fuel consumption in
2014 comprises mainly other fossil fuels, natural gas, lignite, biomass and other bituminous

coal.

Between 1990 and 2014 there has been a switch in fuel consumption from other bituminous

coal and residual fuel oil to other fossil fuels, natural gas, lignite and biomass. 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 the following table.
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Table 3-46 Activity data fuel consumption in 1A2f Non-metallic minerals.

Source Unit 1990 1995 2000

1A2f Non-metallic minerals TJ 25'590| 19'883| 18'055

Gas oil TJ 1'871| 1'629| 1'642

Residual fuel oil TJ 5'382| 5'578| 3'649

Liquefied petroleum gas TJ 523 498 468

Petroleum coke TJ 774 300 480

Other bituminous coal TJ 12'418| 6'758| 5'415

Lignite TJ 265 153 124

Natural gas TJ 1'769| 1'566| 1'496

Other fossil fuels TJ 2'555| 2'817| 4'054

Biomass TJ 33 585 728

Source Unit 2005| 2006 2007| 2008| 2009 2010| 2011] 2012] 2013 2014
1A2f Non-metallic minerals TJ 17'832| 17'769| 18'035| 17'901| 17'102| 18'196| 17'801| 16'956| 17'119| 17'642
Gas oil TJ 1'388| 1'482] 1'343] 1'298| 1'260] 1'269| 1238 1'097| 1174 1'182
Residual fuel oil TJ 2'420| 1'704| 1'744| 1'598| 1'374| 1'519| 1'403| 1'456 801 209
Liquefied petroleum gas TJ 324 227 181 160 95 102 127 108 113 45
Petroleum coke TJ 638 903 912| 1'036 994| 1'130/ 1'081 920 815 1'252
Other bituminous coal TJ 4'364| 3'661| 4'348| 3'912| 3'940| 3'992| 3'474| 3403 3478 1772
Lignite TJ 737| 1'834| 1'790| 1'596| 1'379| 1'348| 1'493| 1'081| 1'283 2'912
Natural gas TJ 1'861| 2'057| 2'017| 1'919| 1'731] 2'048| 1'938| 2'085| 2'506 3'098
Other fossil fuels TJ 4'525| 4'293| 4'224| 4'975| 4'958| 5'183| 5'307| 4'883| 5'186 5270
Biomass TJ 1'575 1'609 1'476 1'406 1'371 1'604 1'739 1'923 1'764 1'901
Cement

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 stem from
incineration of a wide variety of fossil and waste derived fuels used to generate high
temperatures needed for the calcination process.

Cement: Emission factors

The CH4 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 CRF-tables.

Table 3-47 Emission factors for cement industry in 2014. Emission factors for CO2 and N20 are fuel-specific (see
Table 3-39).

Cement industry (part of 1A2f) co, | NoO CH, | No, [ Nmvoc | so, | «co
tTJ g/t clinker
Cement fuel specific 6] 930] 59] 270] 1'900

The NCVs and CO, emission factors for waste oil, solvents and residues from destillation,
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). The values for waste
tyres are taken from Hackl and Mauschitz (2003). The biogenic fraction of waste tyres is also
based on an Austrian study and published by the German Ministry of Environment (UBA
2006). The emission factor of N.O for all waste derived fuels is the same and is taken from
IPCC 2006 guidelines (IPPC 2006, vol 2, chp.2 table 2.3 industrial wastes).
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Table 3-48 NCV, CO2 and N20 emission factors as well as biomass fraction of waste derived fuels (Other fossil
fuels and Biomass) used in the cement industry in 2014.

Cement industry (part of 1A2f) NCV EF CO, Tot. EF N,O Fraction
Waste derived fuel biomass-C
MJ/kg kg CO,/GJ 0/GJ %

Waste oll 32.48 74.35 4.0 0
Waste coke from coke filters 23.70 97.00 4.0 0
Mixed industrial waste 18.34 74.00 4.0 0
Other fossil waste fuels 20.85 97.00 4.0 0
Solvents and residues from distillation 23.63 73.99 4.0 0.9
Waste tyres and rubber 26.40 84.00 4.0 27
Plastics 25.24 84.66 4.0 27.7
Mix of special waste with saw dust (CSS) 9.22 102.40 4.0 78.5
Sewage sludge (dried) 9.39 94.52 4.0 100
Wood waste 16.26 99.90 4.0 100
Animal meal 16.81 86.66 4.0 100
Sawdust 16.26 99.90 4.0 100
Agricultural waste / other biomass 12.72 110.00 4.0 100

Cement: 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 (EMIS2016/1A2f
Zementwerke Feuerung).

In 2014, the Swiss cement industry used about similar amounts of fossil and waste derived
fuels. Fossil fuels used in cement industry are mainly lignite, other bituminous coal and
petroleum coke. In addition, also fossil and biogenic waste derived fuels are used. Fossil
wastes comprise plastics, solvents and residues from distillation, waste tyres and rubbers,
and waste oil whereas biogenic wastes contain mainly wood waste, animal residues and
sewage sludge. The main fossil fuels used in 1990 were other bituminous coal, residual fuel
oil and other fossil fuels.

Fuel consumption in cement plants has decreased between 1990 and 2014. 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 fossil fuels to the above mentioned
mix of fuels, including biogenic fractions of waste derived fuels.

All fossil waste derived fuels in the reporting tables are reported under fuel type Other fossil
fuels, whereas the biogenic waste derived fuels are reported in fuel type Biomass.

3 Energy: 3.2 Source category 1A — Fuel combustion activities



National Inventory Report of Switzerland 2016 135

Table 3-49 Activity data: Overview on fuel use in 1A2f cement industry.

Cement industry (part of 1A2f) Unit | 1990/ 1995/ 2000
Cement industry
Cement, total incl. waste TJ [17'193|12'772|11'018
Cement fossil without waste TJ [15'319| 9'993| 7'332
Gas ol TJ 0 0 0
Residual fuel oil TJ 1'907| 2'825| 1'530
Petroleum coke TJ 550 300 480
Other bituminous coal TJ |12'235| 6'547| 5'176
Lignite TJ 265 153 124
Gas TJ 362 168 22
Cement, waste derived fuel TJ 1'874| 2'780| 3'686
Other fossil fuels TJ 1'841| 2'195| 2'998
Waste oil TJ 1'169| 1'485| 1'519
Waste coke from coke filters TJ 59 59 59
Mixed industrial waste TJ 0 0 0
Other fossil waste fuels TJ 0 0 0
Solvents and residues from distillation TJ 284 181 427
Waste tyres and rubber TJ 330] 415 421
Plastics TJ 0 55 572
Biomass TJ 33 585 688
Mix of special waste with saw dust (CSS) TJ 23 136 158
Sewage sludge (dried) TJ 9 128 332
Wood waste TJ 0 321 0
Animal meal TJ 0 0 198
Sawdust TJ 0 0 0
Agricultural waste / other biomass TJ 0 0 0
Cement industry (part of 1A2f) Unit | 2005| 2006/ 2007, 2008, 2009, 2010| 2011 2012] 2013 2014
Cement industry
Cement, total incl. waste TJ |11'623|11'719/12'022|11'954|11'816|12'388|12'187|11'462|11'866| 12'339
Cement fossil without waste TJ 6'208| 6'401| 6'914| 6'389| 6'127| 6'278| 5'859| 5'406| 5'512| 5'847
Gas oil TJ 72 57 NO NO NO 5 1 0 88 75
Residual fuel oil TJ 637 220 175 135 100 112 101 297 86 58
Petroleum coke TJ 638 903 912| 1'036 994| 1'130| 1'081 920 815| 1'252
Other bituminous coal TJ | 4'120| 3'383| 4'033| 3'618| 3'650| 3'662| 3'167| 3'097| 3'203| 1'512
Lignite TJ 737| 1'834| 1'790| 1'596| 1'379| 1'348| 1'493| 1'081| 1'283| 2'912
Gas TJ 4 4 4 4 4 21 16 11 38 37
Cement, waste derived fuel TJ 5'415| 5'319| 5'108| 5'565| 5'689| 6'109| 6'329| 6'056| 6'354| 6'492
Other fossil fuels TJ 3'931| 3'814| 3'727| 4'237| 4'394| 4'580| 4'685| 4'225| 4'599| 4'596
Waste oil TJ 1'411| 1'279 844| 866| 1'278| 1'253| 1'170 839 876 923
Waste coke from coke filters TJ 58 60 NO NO NO NO NO NO NO NO
Mixed industrial waste TJ NO NO 2 1 1 NO NO NO NO NO
Other fossil waste fuels TJ NO NO 48 105 137 45 55 36 25 19
Solvents and residues from distillation TJ 976 981| 1'295| 1'476| 1'032| 1'189| 1'264| 1'294| 1'414| 1'273
Waste tyres and rubber TJ 645 568 525 794 828 842| 1'033 964 985| 1'021
Plastics TJ 841 926/ 1'013 995| 1'119| 1'252| 1'163| 1'092| 1'299| 1'360
Biomass TJ 1'484| 1'504| 1'381| 1'328| 1'295| 1'530| 1'644| 1'831| 1'756| 1'896
Mix of special waste with saw dust (CSS) TJ 133 146 164 157 131 123 96 100 96 103
Sewage sludge (dried) TJ 494 560 549 511 475 477 483 527 418 428
Wood waste TJ NO NO NO NO 61 292 409 586 732 886
Animal meal TJ 856 799 664 658 621 624| 614 572| 479| 457
Sawdust TJ NO NO NO NO NO 6 24 17 32 21
Agricultural waste / other biomass TJ NO NO 5 2 7 7 18 28 NO NO
Lime

In Switzerland there is only one plant producing lime. Fossil fuels are used for the burning
process (calcination) of limestone. Between 1994 and 2012 fuel consumption in lime
production was dominated by residual fuel oil. However in 2013, the main kiln has been
switched to natural gas. Since 1995, no petroleum coke is used anymore as it was replaced
by residual fuel oil.
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Glass

In Switzerland, glass production includes three types of glass: container glass, tableware
glass and glass wool. Today, there exist only one production plant for container glass and
one for tableware glass. Glass wool is produced in two plants.

In 2014, fuel consumption for container glass production includes only natural gas. Since
1990, fuel consumption for container glass has drastically decreased due to reduction in
production. Until 2003 only residual fuel oil was used in container glass production. Since
2004 the share of natural gas has increased to reach a stable share between 2006 and
2012. The large increase in natural gas share between 2012 and 2013 is due to the fact that
the plant has switched its glass kiln completely to natural gas in autumn 2013.

Fuel consumption for tableware glass currently includes only liquefied petroleum gas as
residual fuel oil was eliminated in 1995. Since 1990, fuel consumption for tableware glass
strongly decreased because of the closure of one production plant in 2006.

Currently, fuel consumption for glass wool production includes only natural gas. Production
of glass wool has increased since 1990, but the natural gas consumption decreased. This
can be explained by an increase in energy efficiency in the production process between 1990
and 2014.

Fine ceramics

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.

Since 2010, fuel consumption within fine ceramics production is natural gas only. In 2001 the
fuel mix consisted of natural gas and gas oil. Since then, it has continuously shifted to natural
gas. 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 has increased since 1990. This results in a lower reduction of fuel consumption
compared to the reduction in production between 1990 and 2014.

Brick and tile

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.

Brick and tile: Emission factors

The CO; emission factors for wood and animal grease are based on a study of Cemsuisse
(Cemsuisse 2010a), see Table 3-48, 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 2016/1A2f Ziegeleien).
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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 and N2O emission factors according to the energy model for wood
combustion (automatic chip boiler >500 kW, w/o wood processing companies), see chp.
3.2.4.5.2, are taken.

Brick and tile: Activity data

Since 2013, plant-specific activity data are available from monitoring reports of the Swiss
ETS. Fuels used in the brick and tile production in 2014 are mainly natural gas but also
residual fuel oil and 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 minor shift
from liquefied petroleum gas and gas oil to natural gas from 2004 onwards. Small amounts of
paper production residues, wood and animal grease are used since 2000.

Rock wool

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

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 in 2014 are gas oil and natural gas. Since 1990, there has been a fuel
switch from gas oil to natural gas.

3.2.6.2.9 Other (1A2g stationary)

Methodology (1A2g stationary)

Source category 1A2giv Wood and wood products includes fuel consumption of fibreboard
production. Fibreboards are produced in two companies in Switzerland, where thermal
energy is used for heating and drying processes.

Source category 1A2gviii Other covers fossil fuel combustion in boilers of manufacturing
industries and construction mainly within non-metallic mineral industries as well as
combustion of wood, wood waste, biogas and sewage gas in all manufacturing industries.
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This source category accounts for about one third of the overall fuel consumption in 2014 of
1A2 Manufacturing industries and construction.

Methodologically, the fossil fuel consumption in boilers of 1A2gviii comprises also all the
residual entities of the industry installations that could not be allocated to any other source
categories 1A2a-f.

Emission factors (1A2g stationary)

The CO; emission factors for wood waste and animal grease in 1A2giv Fibreboard
production are based on a study of Cemsuisse (Cemsuisse 2010a), see Table 3-48. For
wood waste the respective CH, and N.O emission factors of the energy model for wood
combustion, see chp. 3.2.4.5.2, 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 Fibreboard production: Activity data

In source category fibreboard production the main fuels currently used are wood waste and
natural gas. Since 1990, the production of fibreboard and thus the fuel consumption have
increased significantly. The fuel mix has strongly shifted between 1990 and 2014 from fossil
fuels to biomass (wood waste). Between 2001 and 2013, also animal grease was used for
fibre board production. Since 2004, data on annual fuel consumption is taken from
monitoring reports of the industry as documented in the EMIS database (EMIS 2016/1A2g
iv).

1A2g viii Other boilers and engines industry: Activity data

Activity data for wood combustion is based on wood statistics (SFOE 2015b) whereas
sewage and biogas consumption is based on data from the Swiss renewable energy
statistics (SFOE 2015a) and the Statistics on combined heat and power generation in
Switzerland (SFOE 2015c). Further information on wood energy consumption is provided in
chapter 3.2.4.5.2.

Since 1990, the consumption of residual fuel oil and liquefied petroleum gas decreased.
Solid fossil fuel consumption also decreased, whereas biomass and natural gas consumption
increased.
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Table 3-50 Activity data fuel consumption in 1A2giv Wood and wood products and 1A2gviii Other (stationary).

Source Unit 1990 1995 2000
1A2g iv: Wood and wood products, , . |
1A2g viii: Other (stationary) iE 20%870) 27120| 29'394

Gas oil TJ 6'295| 10'730| 12'807
Residual fuel oil TJ 5'298| 3749 199
Liquefied petroleum gas TJ 3'256| 3'536| 4'457
Petroleum coke TJ 626 960 71
Other bituminous coal TJ 624 256 34
Lignite TJ 0 0 0
Natural gas TJ 262| 2'005| 4'948
Other fossil fuels TJ 0 0 0
Biomass TJ 4'507| 5'883| 6'876
Source Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
1A2g iv: Wood and wood products, T3 | 32405| 33122 32'587| 35337| 35'286| 35'607| 31'763| 32'464| 33'154| 29'034
1A2g viii: Other (stationary)
Gas oil TJ 13'934| 13'370| 12'696| 13'019| 12'173| 12'263| 9'586| 9'826| 10'445 6'817
Residual fuel oil TJ 26 295 105 119 124 182 109 109 22 69
Liquefied petroleum gas TJ 3'407| 3'753| 3'392| 3293| 3'473| 3'124| 3'031| 2'428| 2'424 2'199
Petroleum coke TJ 456 609 360 31 224 365 191 447 219 3
Other bituminous coal TJ 380 375 452 355 252 293 270 236 376 582
Lignite TJ 5 97 147 121 152 111 131 95 75 189
Natural gas TJ 5'689| 5'845| 5'926| 8012 7'796| 7'828| 7'400| 7'713| 7'622 7'139
Other fossil fuels TJ 0 0 0 0 0 0 0 0 0 0
Biomass TJ 8'508 8'778 9'510| 10'387| 11'092| 11'441| 11'045| 11'611] 11'970| 12'034

3.2.6.3 Uncertainties and time-series consistency for 1A2 (stationary)

The uncertainty of CO, emissions from fuel combustion is described in the uncertainty
analysis of source category 1A Fuel combustion in chp. 3.2.4.7. Uncertainty in emissions of
other non-CO; gases is estimated to be medium, i.e. 30% for CH4 and 80% for N.O (see
Table 1-11).

Consistency: 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 section 1.2.3. Furthermore QA/QC
procedures conducted for all 1A source categories are listed in 3.2.4.8.

3.2.6.5 Category-specific recalculations for 1A2 (stationary)
Recalculations reported in submission 2015

. 1A: The entire emission factor model for 1Ala, 1A2f, 1A2gviii, 1A4ai, 1A4bi and 1A4ci
Wood combustion has been revised for 1990-2012 resulting in revised values for CHa,
CO and NMVOC.

. 1A: For wood combustion, the previously used country-specific value of the N.O EF
(1.6 9/GJ) has been replaced by the default value of the 2006 IPCC Guidelines (4.0
g/GJ) for the entire time series, based on a recommendation from the ERT (UNFCCC
2014c).

. 1A: In 1Ala, 1A2f, 1A2qviii, 1A4ai, 1A4bi and 1A4ci Wood combustion the AD (wood)
of automatic boilers (>50 kW) have been revised for 1990-2012 due to recalculations
in the Swiss wood energy statistics.
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° 1A: Revised activity data for LA1-1A5 for all years from 1990-2013 and all fuels due
to a large-scale revision of the Swiss overall energy statistics (SFOE 2015).

° 1A: The default CO; emission factor for natural gas was replaced by a country-specific
emission factor for the entire time period from 1990-2013.

. 1A: In earlier submissions, petroleum coke was reported together with coal, therefore,
the N>O emission factor for petroleum coke used was equal to the default emission
factor for coal (1.6 g/GJ). As petroleum coke is reported separately, default emission
factor for petroleum coke from the IPCC Guidelines 2006 is used (0.6 g/GJ).

° 1A2c: In 1A2c Steam production cracker by-products the fuels liquefied petroleum gas
and gas oil have been changed to so-called heating gas and gasolio, respectively, for
the entire time series according to information from the plant. For the years 1990-
2012 the CO; emission factors have been revised to plant-specific values whereas for
CHsand N2O emission factors default values according to 2006 IPCC Guidelines have
been assumed.

. 1A2d: In source category 1A2d Cellulose production the CO, emissions from
carbonate use for sulphur oxide removal are newly reported in the inventory of the
years 1990-2008.

° 1A2f: AD and EF for Cement production (furnaces) are now related to tonnes of
clinker, and not to tonnes of cement anymore. Therefore all data have been converted
to this unit for the years 1990-2012.

o 1A2f: Cement industry; values for shares of fossil C in the alternative fuels solvents,
plastics and special waste/sawdust mixes that have previously been rounded are now
not being rounded anymore in the calculation for the EF CO.. This leads to slightly
different EF for these fuels.

° 1A2f: the activity data (tiles) of 1A2f Brick and tile production for 2012 have been
corrected due to a data mistake in last year's submission.

o 1A2f: the AD of animal grease have been corrected in 1A2f Brick and tile production
for 2000—2012 due to a mistake in last year's submission.

o 1A2f: the AD (gas oll, liquefied petroleum gas) of 1A2f Rockwool production have
been revised for 1990-2000 based on a correction in the split between the two fuels in
1990. This results in revised interpolated values for 1991 to 2000 as well.

° 1A2f: the AD of animal grease have been corrected in 1A2f Brick and tile production
for 2000-2012 due to a mistake in last year's submission.

. 1A2f: the AD of gas oil consumption have been revised in 1A2f Fine ceramics
production for 2003-2012 based on new available data from industry.

. 1A2f: the EF of CO and NOxfrom 1A2f Container glass production have been revised
for 2006—2012 based on new data from air pollution control measurements.

o 1A2f: the SOxEF from 1A2f Container glass production has been revised for 2011—
2012 based on new data from air pollution control measurements.

. 1A2f: the EF of NOyand NMVOC from 1A2f Lime production have been revised for
1990-2012 based on new data from air pollution control measurements.

. 1A2f: the EF of SOxfrom 1A2f Lime production has been revised for 1994-2012 based
on recent data from air pollution control measurements.
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1A2f: the EF of NOy from 1A2f Mineral wool production has been revised for 2000—
2012 based on air pollution control measurements

Recalculations reported in submission 2016

1A2: AD for natural gas has changed for sector industry in SFOE 2015 (2013).

1A2a: For 1A2a Steel production, reheating furnaces the EF of NOx and CO have
been revised from 1995 onwards based on air pollution control measurements (1995—
2013,2012-2015).

1A2d: The emissions of carbonate used in 1A2d Cellulose production were not taken
into account due to a mistake in calculations in the last submission.

1A2f: The emission factor for the use of natural gas in the production of glass was set
to the emission factor of gas oil 73.7 kg/GJ. This is now corrected to the one of natural
gas 56.1 kg/GJ for the year 1990, etc.

1A2f. The AD (residual fuel oil, liquefied petroleum gas) of 1A2f Glass production
(speciality tableware) have been revised based on new industry data for 1990-1999
and 1990-2006, respectively.

1A2f: The EF of NOy from 1A2f Glass production (speciality tableware) have been
revised from 1996 onwards based on air pollution control measurements.

1A2f: The AD (natural gas) from 1A2f Container glass production has been revised for
2013 based on corrected industry data.

1A2f: The EF of CH4 and N»O for use of paper production residues in 1A2f Brick and
tile production have been revised according to default values of 2006 IPCC
Guidelines.

1A2f: For 1A2f Fine ceramics production the EF of NOy, CO, NMVOC and SO, have
been revised from 1991 onwards based on air pollution control measurements.

1A2f: For 1A2f Brick and tile production erroneous CH4 EF of wood use have been
corrected for 2000-2007 and 2009-2012.

1A2f: For 1A2f Brick and tile production the EF of NOy, CO, NMVOC and SO; have
been revised from 1990 onwards based on air pollution control measurements.

1A2f: Changed amount of used other bituminous coal and lignite in cement production
(1990-2004) in 1A2f based on bottom-up industry data.

1A2f: CH4 emissions for cement production (furnace) are assumed to be approx. 10%
of NMVOC emissions. An error has been corrected in the EF for NMVOC for 2008 and
the CH, values have been recalculated accordingly. Besides that the EF for CH4 has
been recalculated with the percentage referring to g NMVOC!/t clinker and not to g
NMVOCI/t cement as it was the case until submission 2014.

1A2g: Recalculation in Swiss renewable energy statistics (SFOE 2015a) concerning
use of sewage gas (2000, 2005, 2012, 2013) in 1A2gVviii.

1A2g: Recalculation in Swiss renewable energy statistics (SFOE 2015a) concerning
use of biogas (2010-2013) in 1A2gviii.

1A2g: CH4 emission factor from sewage gas in 1A2gviii was changed to the one from
biogas and natural gas of 1g/GJ.
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° 1A2g: CO; biog. emission factor from sewage gas was changed to the one from
biogas and natural gas in 1A2guviii.

3.2.6.6 Category-specific planned improvements for 1A2 (stationary)
No category-specific improvements are planned.

3.2.7 Source category 1A4 — Other sectors (stationary 1A4 ai/bi/ci)
3.2.7.1 Source category description for 1A4 (stationary)

Approach 1 key categories 1A4

CO; from the combustion of Liquid Fuels in 1A4a Commercial/Institutional (level and trend)
CO. from the combustion of Gaseous Fuels in 1A4a Commercial/Institutional (level and
trend)

CO. from the combustion of Gaseous Fuels in the 1A4b Residential (level and trend)

CO. from the combustion of Liquid Fuels in1A4b Residential (level and trend)

CHs from the combustion of biomass in 1A4b Residential (trend)

Approach 2 key categories 1A4

CO; from the combustion of Gaseous Fuels in the Commercial/Institutional (level and trend)
CO. from the combustion of Gaseous Fuels in 1A4b Residential (level and trend)

CO. from the combustion of Liquid Fuels in 1A4b Residential (trend)

CHs from the combustion of biomass in 1A4b Residential (trend)

[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 1Ada 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 1 A4b. For 1A4c, however, the
emissions of 1A4cii are dominating those of 1A4ci.]

Table 3-51 Specification of source category 1A4 Other sectors.

1A4 Source Specification

Emissions from stationary combustion in commercial and
institutional buildings.

1A4ai |Commercial/institutional

1A4bi |Residential Emissions from stationary fuel combustion in households.

Emissions from stationary fuel combustion of agriculture

1A4ci |Agriculture/forerstry/fishing and grass drying
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3.2.7.2 Methodological issues for 1A4 (stationary)

Methodology (1A4 stationary)

Emissions from stationary combustion in source categories 1A4ai, 1A4bi and 1A4ci are
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estimated using a Tier 2 approach according to the decision tree for stationary combustion of
the 2006 IPCC guidelines (IPCC 2006, Volume 2 Energy, chp. 2 Stationary Combustion,

Figure 2.1). Direct emission measurements are not available. 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 originate from fuel combustion for grass drying and wood combustion
for heating in agriculture and forestry. For grass drying, information is provided by the grass

drying association.

Emission factors (1A4 stationary)

Table 3-52 Emission factors for stationary combustion in 1A4ai Other sectors commercial/institutional in 2014.

Source/fuel CO, [CO, biog.| CH, | N,O NO, | CO |NMVOC]| SO,
T kg/TJ

1A4a Other sectors:

Commerciall/institutional

Gas oil (weighted average) 73.7 10 0.6 34.4 6.7 6 19.2
Gas oil (heat only boilers) 73.7 10 0.6 34.4 6.6 6 19.2
Gas oil (engines) 73.7 0.6 0.6 40 30 8 18.1

Natural gas (weighted average) 56.7 2.2 0.1 23.6 13.3 1.9 0.5
NG (heat only boilers) 56.7 1 0.1 17.8 10.2 2 0.5
NG (turbines) 56.7 2 0.1 60 15 0.1 0.5
NG (engines) 56.7 20 0.1 106 57.5 1 0.5

Other bituminous coal NO NO NO NO NO NO NO

Lignite NO NO NO NO NO NO NO

Biomass (weighted average) 86.5 20.8 3.1 94.5 660 31 7.8
Biomass (wood) 92.2 24.6 3.7 109 785 37 9.2
Biomass (biogas) 56.7 1 0.1 17.8 10.2 2 0.5

Table 3-53 Emission factors for stationary combustion in 1A4bi Other sectors residential in 2014.

Source/fuel CO, [CO, biog.| CH, | NO | NO, | cO [NMvOC| sO,

t/TJ kg/TJ

1A4b Other sectors: Residential

Gas oil (weighted average) 73.7 10 0.6 36 12.2 6 19.2
Gas oil (heat only boilers) 73.7 10 0.6 36 12.2 6 19.2
Gas oil (engines) 73.7 2 0.6 40 30 8 18.1

Natural gas (weighted average) 56.7 1.2 0.1 17 13.6 4 0.5
NG (heat only boilers) 56.7 1 0.1 16.8 13.2 4 0.5
NG (turbines) 56.7 2 0.1 60 15 0.1 0.5
NG (engines) 56.7 20 0.1 35 57.5 1 0.5

Other bituminous coal 92.7 300 1.5 65 2000 100 350

Lignite NO NO NO NO NO NO NO

Biomass 94.8 52.2 3.8 88.4 1395 78.3 9.5
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Table 3-54 Emission factors for stationary combustion in 1A4ci Agriculture/forestry/fishing in 2014.
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1A4c Agriculture/forestry/fishing Unit | CO, fossil | CO, biog. CH, N,O
Drying of grass (fossil, biogenic) kg/TJ 62'288 95'001 7.3 1.0
Biomass kg/TJ NA 119'791 20 4.8

Charcoal and bonfires

Emission factors concerning CO., CH4 and N2O emissions of charcoal use in the residential
source categories (1A4bi) are taken from the 2006 IPCC guidelines (IPCC 2006). Default
emission factors according to the guidelines are also applied for CH4 and N>O emissions
resulting from bonfires. The CO; emission factor for bonfires in the residential category
(1A4bi) is based on literature (SAEFL 2000). Regarding precursors the values are taken from
the EMEP/EEA Guidebook (2013).

Table 3-55 Emission factors for use of charcoal and bonfires in 1A4bi Other sectors residential in 2014.

1A4bi Other sectors: Unit | CO, biog. CH, N,O NOy NMVOC SO, CcoO
residential stationary

combustion

Use of charcoal kg/TJ 112'000 200 1 50 600 11 6'000
Bonfires kg/TJ 99'900 300 4 50 600 11 6'000

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 3.2.4.3 for futher information). For other energy
sources such as other bituminous coal, activity data is provided directly by the Swiss overall
energy statistics (SFOE 2015). 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 2016/ 1A4ci Grastrocknung). Since submission
2015, the actual fuel consumption for grass drying is available and used for emission
calculations.
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Table 3-56 Activity data in 1A4a Commercial/Institutional.

Source/Fuel Unit 1990 1995 2000
1A4a Other sectors: TJ 78'060| 85'341| 81'622
Commercial/institutional
Gas oil TJ 57'605| 58'799| 53'004
Gas oil heat only boilers TJ 57'581| 58623| 52'653
Gas oil engines TJ 24 175 351
Natural gas TJ 17'495| 22'715| 24234
NG heat only boilers TJ 17'219| 21'544| 22'498
NG turbines TJ 85 78 NO
NG engines TJ 192 1'093 1737
Other bituminous coal TJ NO NO NO
Lignite TJ NO NO NO
Biomass (total) TJ 2'960 3'828 4'383
Biomass (wood) TJ 2'936 3'794 4'325
Biomass (biogas) TJ 24 34 58
Source/Fuel Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
1A4a Other sectors: TJ 87'766| 82'581| 74'751| 78'979| 76'966| 83'324| 69'052| 75'923| 80'784| 64'465
Commercial/institutional
Gas oil TJ 54'930| 51'647| 45'443| 47579 45'693| 48772| 38895 41'809| 44'328| 34191
Gas oil heat only boilers TJ 54'612| 51'253| 45'262| 47'410) 45'539| 48653| 38791 41'715| 44'242| 34109
Gas oil engines TJ 318 293 181 169 154 119 105 94 86 82
Natural gas TJ 27'440| 25'034| 23'511| 24'987| 24'496| 27'207| 23'805| 26'783| 28211 21'951
NG heat only boilers TJ 25'407| 23'082| 21'685| 23'130| 22'683| 25'503| 22'224| 25231 26'714| 20515
NG turbines TJ 28 23 28 29 26 23 17 5 7 7
NG engines TJ 2'004 1'929 1'898 1'829 1'787 1'681 1'564 1'548 1'490 1'429
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
Biomass (total) TJ 5'396 6'000 5'797 6'412 6'777 7'344 6'352 7'331 8245 8'323
Biomass (wood) TJ 5'250 5784 5'484 5'982 6'278 6'700 5'620 6'504 7'194 6'981
Biomass (biogas) TJ 146 216 313 431 499 644 732 827 1'050 1'341

Table 3-57 Activity data in 1A4b Residential.

Source/Fuel Unit 1990 1995 2000
1A4b Other sectors: Residential TJ 185'318| 189'265| 170'432
Gas oil TJ 136'886| 133'547| 116'294
Gas oil heat only boilers TJ 136'885| 133'543| 116'241
Gas oil engines TJ 1 4 53
Natural gas TJ 25'876| 34'087| 36270
NG heat only boilers TJ 25'816| 33'829| 35831
NG turbines TJ NO NO NO
NG engines TJ 60 258 439
Other bituminous coal TJ 630 460 130
Lignite TJ NO NO NO
Biomass TJ 21'926| 21'171] 17'738
Source/Fuel Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
1A4b Other sectors: Residential TJ 185'940| 178'775| 159'077| 170'182| 166'791| 180'864| 145'339| 160'393| 171'470| 134'522
Gas oil TJ 124'023| 118'885| 102'728| 108'715| 105'295| 111'731| 86'988| 94'103| 99'373| 75136
Gas oil heat only boilers TJ 123'960| 118'822| 102'663| 108'663| 105'254| 111'695| 86'955| 94'071| 99'344| 75109
Gas oil engines TJ 63 63 65 52 42 36 34 32 29 27
Natural gas TJ 42'632| 40'922| 39'159| 42'388| 42'468| 48232| 40913| 47'041| 50'957| 42'367
NG heat only boilers TJ 42'102| 40'380| 38'614| 41'847| 41'931| 47'726] 40'443| 46'576| 50'509| 41'938
NG turbines TJ NO NO 3 3 NO NO NO NO NO NO
NG engines TJ 530 542 542 537 538 506 470 466 448 430
Other bituminous coal TJ 400 400 400 400 400 400 400 400 400 400
Lignite TJ NO NO NO NO NO NO NO NO NO NO
Biomass TJ 18'885| 18'568) 16'790| 18'679| 18'627| 20501 17'038] 18849 20740 16'618
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Table 3-58 Activity data in 1A4ci Agriculture/forestry/fishing.

Source/Fuel Unit 1990| 1995/ 2000
1A4c Agriculture/forestry/fishing TJ 2'323| 2'032| 1'703
Drying of grass (fossil, biogenic) TJ 1'895| 1'544| 1'223
Biomass TJ 428 488 479
1990=100% 100% 87% 73%
Source/Fuel Unit 2005| 2006/ 2007| 2008| 2009| 2010{ 2011, 2012| 2013 2014
1A4c Agriculture/forestry/fishing TJ 1'646| 1'439| 1'507| 1'445| 1'485| 1'436| 1'461| 1'399| 1'037| 1'151
Drying of grass (fossil, biogenic) TJ 994 845 948 822 856 739 891 685 458 524
Biomass TJ 652 594 558 622 628 697 570 713 579 627
1990=100% 71% 62% 65% 62% 64% 62% 63% 60%| 45% 50%

Charcoal and bonfires

Besides the main energy sources, also charcoal use and bonfires are accounted for in
source category 1A4bi. The energy source charcoal is only used for charcoal grills. The total
charcoal consumption under 1A4bi is very small compared to other fuels used for heating
purposes. The activity data are the sum of charcoal production under 1A1c and net imports
provided by the Swiss overall energy statistics (SFOE 2015).

The total wood demand for bonfires is assumed to be constant over time. Per capita wood
demand is decreasing since 1990 due to an increasing number of inhabitants (for further
details see documentation in EMIS 2015/1A4bi Lagerfeuer).

Table 3-59 Activity data in 1A4bi Charcoal and bonfires.

1A4bi Other sectors: Unit 1990 1995 2000

residential stationary

combustion

Use of charcoal TJ 311 291 292

Bonfires TJ 160 160 160

1A4bi Other sectors: Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
residential stationary

combustion

Use of charcoal TJ 313 303 313 354 343 343 343 344 343 354
Bonfires TJ 160 160 160 160 160 160 160 160 160 160

3.2.7.3 Uncertainties and time-series consistency for 1A4 (stationary)

The uncertainty of CO, emissions from fuel combustions is described in the uncertainty
analysis in chp. 3.2.4.7 . Uncertainty in emissions of other non-CO- gases is estimated to be
medium: 30% for CH, and 80% for N,O (see Table 1-11).

Consistency: 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)

The general QA/QC procedures are described in section 1.2.3. Furthermore QA/QC
procedures conducted for all 1A source categories are listed in 3.2.4.8.

3 Energy: 3.2 Source category 1A — Fuel combustion activities



National Inventory Report of Switzerland 2016 147

3.2.7.5 Category-specific recalculations for 1A4 (stationary)
Recalculations reported in submission 2015

° 1A4: the AD (gas oil, natural gas) of 1A4ci Grass drying have been revised for 2012
based on updated data for 2013.

° 1A4: in the past consumption of biogas did not include statistical difference to the
Swiss overall energy statistic. This difference is now included in the activity data for
boilers in 1A4c.

Recalculations reported in submission 2016

o 1A4: Recalculation in energy use in residential and commercial engines and gas
turbines in 1A4 (2010-2013) based on (SFOE 2015c).

° 1A4a: Changed activity data (statistical difference) of use of biogas in Boilers due to
recalculation of biogas use in 1Ala municipal waste disposal sites.

° 1A4bi: The emission factor for NoO from charcoal use was changed to the value of 1
0/GJ instead of 4 g/GJ because due to a mistake last year it was changed to the one
of wood (4g9/GJ).

. 1A4bi: The AD of 1A4bi Charcoal use have been revised based on additional data
from 2001 onwards.

. 1A4bi: The EF of NMVOC, SO, and CO of 1A4bi Charcoal use and 1A4bi Bonfires
have been revised for the entire time series according to Tier 2 EF of the EMEP/EEA
guidebook — 2013 (chap. 1A4, tab. 3-14 ,open fireplaces burning biomass®).

° 1A4ci: The AD (gas oil and natural gas) of 1A4ci Grass drying have been corrected for
2013 since they were mixed up in last year's submission.

3.2.7.6 Category-specific planned improvements for 1A4 (stationary)

No category-specific improvements are planned.

3.2.8 Source category 1A2 — Manufacturing industry and construction
(mobile 1A2g vii)

3.2.8.1 Source category description for 1A2 Manufacturing industry and construction
(mobile 1A2g vii)

Approach 1 key categories 1A2

CO, from the combustion of Liquid Fuels (level and trend)
[Source category 1A2 contains the sum of emissions of stationary and mobile sources — the
statement on key categories holds for the aggregated emission only. However, the CO;

emissions of 1A2 from Liquid Fuels are dominated by the stationary sources, 88%, which
means that the emissions of 1A2g vii only play a minor role within category 1A2].
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Table 3-60 Specification of source category 1A2 Manufacturing industries and construction (mobile).

Source

Specification

Mobile Combustion in manufacturing
industries and construction

industry sector: forklifts and snow groomers etc.
construction machines: excavators, loaders, dump trucks, mobile
compressors etc.

3.2.8.2 Methodological issues for 1A2 Manufacturing industry and construction

Metho

Based

(mobile 1A2g vii)

dology (1A2g vii)
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.

Emiss

ion factors (1A2g vii)

The CO; emission factors applied for the time series 1990-2014 for diesel oil, gasoline
and compressed natural gas are country-specific and are given in Table 3-12.

The CH4 and N>O emission factors are country-specific and are shown in Table 3-61
to Table 3-63 for diesel oil, gasoline and CNG engines for all emission standards.

For SO, the emission factors are country-specific. The implied emission factor 2014 is
shown in Table 3-64. See also Table A — 18 in Annex 3.1.5 for diesel oil, gasoline, gas
oil.

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.

All emission factors (GHG, precursos, SO2) 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.

6 http://www.bafu.admin.ch/luft/00596/06906/offroad-daten/index.html?lang=en
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Table 3-61 Emission factors CH4 and N20 for industry and construction vehicles with diesel engines by emission
standards including the year of inforcement.

Gas Power class PreEU-A PreEU-B EU-I EU-II EU-IIIA EU-11IB 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 3-62 Emission factors CH4 and N20 for industry and construction vehicles with gasoline engines by
emission standards including the year of inforcement.
Gas Power class PreEU-A PreEU-B PreEU-C EU-I EU-II
<1996 1996 2000 2004 2005/09
ccm g/kWh
CH, <66 2,04 2,04 2,04 1,394 1,394
CH, 66—100 1,36 1,36 1,36 1,088 1,088
CH, 100-225 0,68 0,68 0,68 0,408 0,408
CH, >225 0,68 0,68 0,68 0,34 0,306
N,O 0-3000 0,03 0,03 0,03 0,03 0,03
Table 3-63 Emission factors CH4 and N20 for industry and construction vehicles with CNG engines.
Gas without catalyst with catalyst
g/kWh
CH, 0,552 0,035
N,O 0,05 0,05
Table 3-64 Implied emission factors for industry and construction vehicles in 2014.
1A2gvii Non-road vehicles CO, CH, N,O NO, NMVOC SO, CO
and other machinery
tTJ kg/TJ kg/TJ kg/TJ kg/TJ kg/TJ kg/TJ

Gasoline 73.8 46.5 1.1 107 870 2.0 19532
Diesel oil 73.3 0.9 3.3 413 36 0.5 177
Natural gas 56.7 NA NA NA NA NA NA

Activity data (1A2g vii)

Activity data for non-road (1A2gvii) 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 3-65 and in Annex
A3.1.4. Detailed data can be downloaded from the online database of INFRAS (2015a).
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Table 3-65 Activity data for industry and construction vehicles.
Source/Fuel Unit 1990 1995 2000
1A2gvii Non-road vehicles
and other machinery TJ 5'722| 6'861| 7'644
Gasoline TJ 196 224 227
Diesel oll TJ 5'359 6'380 7'108
Natural gas TJ 167 257 301
Biodiesel TJ NO NO 8
Bioethanol TJ NO NO NO
Source/Fuel Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
1A2gvii Non-road vehicles
and other machinery TJ 8'170 8'292 8'414 8'536 8'657 8'779 8'810 8'841 8'873 8'904
Gasoline TJ 225 224 223 222 221 220 212 205 197 189
Diesel oil TJ 7'629| T7'755| 7'881| 8'007| 8133| 8259| 8295/ 8331 8367 8403
Natural gas TJ 292 288 283 279 274 270 261 252 243 234
Biodiesel TJ 24 25 27 28 29 31 42 53 63 74
Bioethanol TJ 0.02 0.03 0.04 0.05 0.07 0.08 0.72 1.36 2.00 2.64

Underlying activity data (vehicle stock, operating hours) of mobile non-road sources can also
be downloaded by query from the public part of the non-road database INFRAS (2015a), see
footnote 6. They can be queried by vehicle type, fuel type, power class and emission

standard either at aggregated or disaggregated levels.

3.2.8.3 Uncertainties and time-series consistency for 1A2g vii (mobile)

Uncertainties by fuel type are given in Table 3-24.

3.2.8.4 Category-specific QA/QC and verification for 1A2g vii (mobile)

The general QA/QC procedures are described in section 1.2.3. Furthermore, QA/QC
procedures conducted for all 1A source categories are listed in 3.2.4.8.

3.2.8.,5 Category-specific recalculations for 1A2g vii (mobile)

Recalculations reported in submission 2015

e 1A: New calorific values for gasoline, diesel, gas oil based on new measurements for
the year 2013. Therefore new CO; emission factor time series were generated.

e 1A: The default CO2 emission factor for natural gas was replaced by a country-

specific emission factor for the entire time period from 1990-2013.

Recalculations reported in submission 2016

e The non-road model was fully updated in 2014/2015. All time series have been
recalculated including those of 1A2g vii, industry and construction vehicles (FOEN

2015j).
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3.2.8.6 Category-specific planned improvements for 1A2g vii (mobile)
No category-specific improvements are planned.

3.2.9 Source category 1A3 - Transport

3.2.9.1 Source category description for 1A3
Key Categories in source category 1A3 Transport:

Approach 1 key categories 1A3a

CO. from the combustion of fuel (kerosene) in Domestic aviation (trend)

Approach 2 key categories 1A3a

There are no Approach 2 Key categories in 1A3a

Approach 1 key categories 1A3b

CO. from the combustion of gasoline in Road transportation (level and trend)
CO; from the combustion of diesel oil in Road transportation (level and trend)
CHa4 from the combustion of gasoline in Road transportation (trend)
N2O from the combustion of gasoline in Road transportation (trend)
N2O from the combustion of diesel oil in Road transportation (trend)

Approach 2 key categories 1A3b

CO; from the combustion of diesel oil in Road transportation (level and trend)
CO. from the combustion of gasoline in Road transportation (level)
CH4 from the combustion of gasoline in Road transportation (trend)
N2O from the combustion of gasoline in Road transportation (trend)

Table 3-66 Specification of source category 1A3 Transport.

151

1A3 Source Specification

1A3a Domestic aviation Large (jet, turboprop) and small (piston) aircrafts, helicopters

1A3b i Passenger cars

1A3b i Light duty trucks

1A3b iii Road Transportation Heavy duty trucks and buses

1A3b iv Motorcycles

1A3b v Other

1A3c Railways Diesel locomotives

1A3d Domestic navigation Passenger ships, motor and sailing boats on the Swiss lakes and the
river Rhine

1A3e CO;rr;]e;rterggsrpsortatlon - Pipeline Compressor station in Ruswil, Lucerne

For information on international bunker fuel emissions from international aviation and

navigation, see chp. 3.2.2.

3 Energy: 3.2 Source category 1A — Fuel combustion activities



National Inventory Report of Switzerland 2016 152

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
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 (CAEP WG3) and in the
modelling and database group (CAEP MDG) of the International Civil Aviation Organisation
(ICAOQ). 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 (Committee on Aviation Environmental Protection)). 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 on the level of single 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 600 individual engine types with different power
settings. Emissions in the landing and take-off cycle (LTO) are calculated with aircraft
category dependent flight times and corresponding power settings. Cruise emissions are
calculated based on the individual aircraft type 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).

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/CORINAIR databases (EMEP/EEA 2013), 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 emissions
factors are adjusted to cruise conditions by using the Boeing Fuel Flow Method 2. For N0,
the IPCC default emission factor is used. For the methane split of unburned hydrocarbons,
the 10% methane share given in IPCC 2006 is used. Activity data are derived from a detailed
movement statistics.
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Activity Data and Aircraft Basic Data
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Figure 3-23 Modelling scheme (activity data, emission factors, emissions) for domestic aviation.
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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—-2014. The results of
the emission modelling have been transmitted from FOCA to FOEN in an aggregated form.
FOEN calculated the implied emission factors 1990, 1995, 2000, 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 A3.1.2, more detailed descriptions of the emission
modelling may be found in FOCA (2006).

Emission factors (1A3a)

LTO

The FOCA engine emissions database consists of more than 600 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 EMEP/CORINAIR (EMEP/EEA 2013) 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).
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Kyoto gases

° COg: the emission factor of 72.8 t/TJ in 2014 is country-specific and is based on
measurements and analyses of fuel samples (see Table 3-12 and Table 3-67)

° CHa4, NMVOC (country-specific; CORINAIR): VOC emissions (see Precursors below)
are split into CHs and NMVOC by a constant share of 0.1 (CH4) and 0.9 (NMVOC)’.
The implied emission factor for CH,4 is shown in Table 3-67.

o The N2O emission factor regarding jet kerosene is default given by the 2006 IPCC
guidelines (IPCC 2006). It is assumed that the emission factor for international cruise
is sufficient for all kind of flight periods (LTO and cruise) and remains stable over the
entire time period 1990-2014 (see Table 3-67).

Precursors

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.

° Assignment of emission factors for the year 2000, 2002 and 2004 to 2013: 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 A 3.1.2 Table A — 12 Aircraft Engine
Combinations).

FOCA determines the emission factors of different gases as follows given in Table 3-67.

Table 3-67 Implied emission factors of 1A3a in 2014.

1A3a Aviation Unit | CO, fossil CH, N,O NOy NMVOC SO, CO

Kerosene, domestic, LTO kg/TJ 72'800 9.2 2.3 157 83.2 21.3 2'301
Kerosene, domestic, CR kg/TJ 72'800 4.7 2.3 322 41.9 20.7 923
Kerosene, international, LTO kg/TJ 72'800 3.4 2.3 288 31.0 23.2 306
Kerosene, international, CR kg/TJ 72'800 0.8 2.3 299 7.4 23.1 44

7 The share of 0.1 for methane is maintained until general acceptance of necessary corrections is
reached. Studies indicate that during cruise, Methane exhaust concentrations are lower than Methane
ambient concentrations, see Wiesen et al. (1994), Spicer et al. (1994) and Knighton et al. (2009).
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Activity data (1A3a)

Scheduled and charter aviation

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 is the movement statistics, which records 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 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 454’837 aircraft movements in the total of
scheduled and charter traffic in 2014 as provided by FOCA 2015).

Non-scheduled, non-charter and general aviation (including Helicopters)

° Airports and most of the airfields report individual aircraft data (aircraft registration).
FOCA may therefore compute the inventory for small aircraft with 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).

° 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. Although these helicopter movements only
account for 0.1% of the total domestic aviation emissions, 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).

. Since 2007, the data of the statistics of the Swiss Helicopter Association 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 helicopter a fix split of 87% for single engine helicopters and 13% for
twin engine helicopters is applied for the entire commitment period based on
investigations in 2004 (FOCA 2004). All emissions from helicopter flights without using
an official airport or an official airfield are considered as domestic emissions.

Fuel consumption: Table 3-68 summarises the activity data for domestic aviation (1A3a). It
also includes international aviation, which belongs to the memo items, international
bunkers/aviation (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
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domestic and international flights together. For 2014, the modelled total fuel consumption in
Switzerland was 3.6% higher than the fuel sold value, so the model showed a slight
overestimation. The total fuel sold as reported in the Swiss overall energy statistics is
considered the most robust value for reporting, so the modelled total fuel consumption is
scaled downwards such that the sum of domestic and international fuel consumption
becomes identical with the fuel sold. The scaling is only done on the international fuel for the
following reasons: Eurocontrol calculations for Switzerland’s international flights fuel
consumption are usually a few percent lower than the FOCA result. For domestic flights, the
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 (conservative estimation), 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.

Table 3-68 Fuel consumption of civil aviation in TJ for 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 (FOCA 2007, 2007a, 2008—2014).

1A3a/1D1 Civil aviation 1990] 1995] 2000
Fuel consumption in TJ

Kerosene, domestic, LTO 1'050 935 772

Kerosene, domestic, CR 2'401 2'139 1767

Kerosene, |nte_mat|ona|, LTO 4277 5097 6503

(not part of national total)

Kerosene, |nte_mat|ona|, CR 37'608 24821 57'184

(not part of national total)

Sum 45'334 52'993 66'225

1990 = 100% 100% 117% 146%

1A3a/1D1 Civil aviation 2005] 2006] 2007] 2008] 2009] 2010] 2011] 2012] 2013] 2014

Fuel consumption in TJ

Kerosene, domestic, LTO 517 506 544 512 497 463 507 502 494 525
Kerosene, domestic, CR 1'182 1'152 1'347 1'106 1'207 1'225 1'301 1'365 1'323 1'396
Kerosene, intemational, LTO 4868 5095 5401 5737 5449 5%622 6017 6199 6208 6142
(not part of national total)

Kerosene, intermational, CR 42'804 45013|  48'142| 52'107| 49789| 52496 56194 57428| 58501 58864
(not part of national total)

Sum 49'370 51'766 55'434 59'462 56'942 59'805 64'019 65'494 66'526 66'927
1990 = 100% 109% 114% 122% 131% 126% 132% 141% 144% 147% 148%

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 2D3d as
recommended in the reporting table’s footnotes.
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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 road transportation (LA3b, INFRAS 2010 / FOEN 2010i; for details refer to Annex
A3.1.3) and a model for non-road transportation (mobile sources in 1A2g vii, 1A3c, 1A3d,
1A4aii, 1A4bii, 1A4cii, 1A5b (excl. military avaiation; (FOEN 2015j, see also “non-road
transportation model” in chp. 3.2.4.5.1).

Due to fuel price differences in the vicinity of the national borders, gasoline stations sell
relevant amounts of fuels to foreign car owners. This amount of fuel is mainly consumed
abroad, called fuel tourism, is not captured by the territorial road model, but has to be
included in the GHG inventory for the UNFCCC reporting. No fuel tourism is assumed for the
non-road model.

The Swiss overall energy statistics provide information on the amounts of fuel sold, which
contains territorial consumption and fuel tourism. From the amounts of fuel sold, the
consumptions modelled by the territorial road and non-road models —i.e. fuel used — are
subtracted. The resulting differences to the amount of fuels sold represent the amount of fuel
tourism and statistical differences. 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:

° CO; emissions are calculated by using fuel sales and country-specific CO; emission
factors.

o CHs and N2O emissions are calculated in three steps:

¢ From fuel used and country-specific CH4 and N>O 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 N>O emission factors, which are deduced from the
road transportation, to form the CH4 and N>O emissions resulting from fuel tourism
(and statistical differences).

e CHjs and N20O emissions from the territorial model plus CH4 and N2O from fuel tourism
are added to the total CH4 and N>O emissions reported to the UNFCCC.

8 The amount of fuel tourism has been estimated by SFOE (2010d). The result shows 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 errors. The difference is therefore indicated in the NIR as “fuel tourism
and statistical differences”.
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Data sources Fuel (AD) Emission Emissions
factors (EF)
; o EF(CO2)
Swiss overall energy statistics Fuel sold
SFOE (2015) SFOE/FOEN (2014) > COs

Non-road model Fuel EF(CHa, N20)

FOEN (2015)) used IFEY (2010). ESA (2010)
Road model Fuel used EF(CH4, N2O)

INFRAS (2010), TUG (2009),

FOEN (2010)
— CHa, N2O

» IEF(CHs, N20)

Residual: Fuel tourism and
statistical difference

v

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 a statistical difference. 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.

Methodology of the territorial road transportation model
The emission computation is based on two sets of data (FOEN 2010i):
. Emission factors: specific emissions in grams per activity data unit.

. Traffic activity data: vehicle kilometres travelled (hot emissions), number of
starts/stops and vehicle stock (cold start, evaporation emissions and running losses)
or fuel consumption per vehicle category.

Emission modelling consists of three parts:

hot emissions: Enot = VKT - EFyot

start emissions: Estart = Nstart " EFstart
evaporative emissions: Eevap,i = Nevap,i * EFevap,is
with

. EFnot, EFstat, EFevap: Emission factors for ordinary driving conditions (hot motor), cold
start and evaporative (VOC) emissions (after stops, running losses, diurnal losses)

. VKT: Vehicle km travelled
. Nstart: Number of starts

. i runs over three evaporiation categories: stops, running losses, diurnal losses
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° Nevap,i: Number of stops (i= "after stops”) or number of vehicles (i = "running losses”
and “diurnal losses”)

Emission factors (1A3b)
CO;

° The country-specific CO, emission factors are described in chp.3.2.4.4.2. Values are
shown inTable 3-12 (gasoline, diesel oil) and in Table 3-13 (natural gas). The values
in 2014 are also shown in Table 3-69.

. The same emission factors are also applied for the calculation of the emissions
resulting from fuel tourism.

CHa

° Country-specific emission factors are applied. Details see below (“Country-specific
emission factors’).

. CH4 emissions from fuel tourism: From the territorial model, implied emission factors
for CH,4 are derived per vehicle category and per fuel type corresponding to mean
emission factors for Switzerland (see Figure 3-24). These factors are then applied to
calculate the emissions resulting from fuel tourism. To verify this approach, a
comparison of these emission factors with implied emission factors of the
neighbouring countries have been carried out. The differences are small between
Switzerland, Austria, and Germany because all three countries use the same emission
factors (INFRAS 2010, TUG 2009), whereas there are some differences compared to
France and Italy that use other emission factors (COPERT). Nevertheless, the use of
the mean Swiss emission factors seems to be the consistent approach.

. For biofuels, no country-specific EFs for CH4 are available. Therefore, emissions have
been estimated using the EFs for alternative fuel vehicles provided in table 3.2.4 on
page 3.23 of Volume 2 of the 2006 IPCC Guidelines (IPCC 2006).

N.O

. Country-specific emission factors are applied. Details see below (“Country-specific
emission factors”).

. N2O emissions from fuel tourism: The same approach as for CH, is applied (see
paragraph above)

. For biofuels no country-specific EFs for N,O are available. Therefore, emissions have
been estimated using the EFs for alternative fuel vehicles provided in table 3.2.4 on
page 3.23 of Volume 2 of the 2006 IPCC Guidelines (IPCC 2006). The value of 101
mg/km from the 2006 IPCC Guidelines was used for urban buses running on CNG
only. For the bi-fuel passenger cars, it is assumed that they use gasoline mainly
during the start but otherwise run on CNG,; therefore the respective CNG emission
factor for light duty vehicles of 27 mg/km from the same source was applied.
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Country-specific emission factors

Emission factors for other gases are country-specific derived from “emission functions” which
are determined from a compilation of measurements from various European countries with
programs using similar driving cycles (legislative as well as standardized real-world cycles,
like “Common Artemis Driving Cycle” (CADC). The method has been developed in 1990—
1995 and has been extended and updated in 2000, 2004 and 2010. These emission factors
are compiled in a “Handbook of Emission Factors for Road Transport” (seer INFRAS 2010,
TUG 2009). Version 3.1 is presented and documented on the website http://www.hbefa.net/.
The general emission factor methodology is documented in TUG (2009). The resulting
emission factors are published on CD ROM (“Handbook of emission factors for Road
Transport”, INFRAS 2010). They refer to the so-called “traffic situations”, which represents
characteristic patterns of driving behaviour and which serve as a key to the disaggregation of
the activity data. The underlying database contains a dynamic fleet compositions model
simulating the release of new exhaust technologies and the fading out of old technologies.
Corrective factors are provided to account for future technologies. Further details are shown
in Annex A3.1.3.

Implied emission factors for GHG, precursors and SO-

The following Table 3-69 presents mean emission factors for the GHG, the precursors and
SO; in 2014. More or less pronounced decreases of the emission factors have occured in the
last years due to new emission regulations and subsequent new exhaust technologies
(mandatory use of catalytic converters for gasoline cars and lower limits for sulphur content
in diesel fuels). Early models of catalytic converters have been substantial sources of N0,
leading to an emission increase until 1998. Recent converter technologies have overcome
this problem resulting in a decrease of the (mean) emission factor.
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Table 3-69 Mean emission factors in 2014 for road transportation. For more details see Annex A3.1.3.

1A3b Road Transportation CO, CH, N,O NOy NMVOC SO, Cco
Gasoline / Bioethanol kg/TJ

Passenger cars 73'800 5.1 0.5 59 85 0.36 661
Light duty vehicles 73'800 10.7 2.3 169 168 0.38 2287
Heavy duty vehicles NO NO NO NO NO NO NO
Motorcycles 73'800 65.8 14 139 520 0.38 4631
Fuel tourism and

statistical differnces 73'800 7.1 0.6 63 107 0.36 812
1A3b Road Transportation CO, CH, N,O NOy NMVOC SO, CcO
Diesel / Biodiesel kg/TJ

Passenger cars 73'300 0.29 2.1 230 12 0.44 59
Light duty vehicles 73'300 0.27 15 333 11 0.48 66
Heavy duty vehicles 73'300 0.21 3.3 368 8 0.47 122
Motorcycles NO NO NO NO NO NO NO
Fuel tourism and

statistical differnces 73'300 0.26 2.5 293 10 0.46 83
1A3b Road Transportation CO, CH, N,O NOy NMVOC SO, CcoO
Gas / Biogas kg/TJ

Passenger cars 56'700 7.5 2.5 31.6 0.65 0.02 221
Light duty vehicles 56'700 0.1 0.0 0.0 0.01 0.00 0.6
Heavy duty vehicles 55'708 2.3 6.9 167.8 0.20 0.01 107
Motorcycles NO NO NO NO NO NO NO
Fuel tourism and

statistical differnces 56'700 2.8 3.9 187 0.25 0.01 126

Activity data (1A3b)

Energy-related activity data (basis for modelling the CO, emissions)

The amount of gasoline and diesel fuel sold in Switzerland serves as the activity data for the
calculation of the CO; emissions. The Swiss overall energy statistics provides the amount of
gasoline and diesel oil sold in Switzerland and the Principality of Liechtenstein (SFOE 2015).
From these numbers, Liechtenstein’s sales, the non-road consumption, the bunker fuels and
the fugitive emissions from transmission, storage and fuelling of gasoline (reported under
1B2av Distribution of oil products) are subtracted. The result gives the inventory-relevant
consumption for estimating the CO, emissions. It contains the fuel consumption of the traffic
model plus the amount of fuel tourism and statistical differences.

The consumption of biofuels is based on the Swiss overall energy statistics (SFOE 2015),
the Swiss renewable energy statistics (SFOE 2015a) and the Federal Customs
Administrations (FCA 2015).

Table 3-70 shows the split of fuel sales into territorial road transportation model, the territorial
non-road transportation model and fuel tourism (incl. statistical differences).

. The relevant numbers for road transportation are given as two different contributions
in the rows “on road fuel consumption (model)” and “fuel tourism and statistical
differences”.
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° The emissions from natural gas combustion for road transportation originate from
activity data of two vehicle categories: biofuel CNG/petrol passenger cars and urban
buses running purely on CNG. Data source is FCA (2014).

. Consumption of biofuels for road transportation (biodiesel, bioethanol and biogas)
starts in Switzerland in 1997.
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Table 3-70 Split of fuel sales between territorial “on-road consumption (model)”, “non-road consumption (models)”
and “fuel tourism and statistical differences” (residual value to sales amounts) for gasoline, diesel oil, natural gas
(CNG) 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 fossil fuels Source category 1990‘ 1995‘ 2000

on-road and non-road categories PJ

Gasoline

on-road consumption (model) 1A3b 135.6| 140.8| 146.9

fuel tourism and statistical differences 1A3b 17.8 8.1 19.0

non-road consumption (models) 1A2gvii; 1A3dii; 1A4aii,bii,cii; 1A5b 2.4 2.4 2.3

Gasoline sold in Switzerland 155.8| 151.3] 168.2

Diesel oil

on-road consumption (model) 1A3b 36.5 39.8 44.9

fuel tourism and statistical differences 1A3b -0.7 -4.4 -3.2

non-road consumption (models) 1A2gvii; 1A3c,dii; 1A4cii; 1A5b 11.0 124 13.5

Diesel oil sold in Switzerland 46.7 47.8 55.2

Natural gas

on-road consumption (model) 1A3b NO NO NO

fuel tourism and statistical differences 1A3b NO NO NO

non-road consumption (models) 1A2gvii 0.2 0.3 0.3

Natural gas sold in on- and non-road 02 03 03

categories

Biodiesel

on-road consumption (model) 1A3b NO NO 0.1

non-road consumption (models) 1A2gvii; 1A3c,dii; 1A4cii; 1A5b NO NO 0.0

Biodiesel sold in Switzerland NO NO 0.1

Bioethanol

on-road consumption (model) 1A3b NO NO NO

non-road consumption (models) 1A2gvii; 1A3dii; 1A4bii; cii; 1A5b NO NO NO

Bioethanol sold in Switzerland NO NO NO

Biogas

on-road consumption (model) 1A3b NO NO NO

non-road consumption (models) NO NO NO

Biogas sold in Switzerland NO NO NO

Activity data Source category 2005] 2006] 2007] 2008] 2009] 2010] 2011] 2012[ 2013] 2014
on-road and non-road categories PJ

Gasoline

on-road consumption (model) 1A3b 136.1] 132.1) 129.1| 126.4| 122.8| 119.3] 116.0| 112.7| 109.4| 106.1
fuel tourism and statistical differences 1A3b 13.9 13.2 14.9 14.4 14.2 12.9 11.0 9.8 75 6.1
non-road consumption (models) 1A2gvii; 1A3dii; 1A4aii,bii,cii; 1A5b 2.1 2.1 2.0 2.0 1.9 1.9 1.9 1.8 1.8 1.7
Gasoline sold in Switzerland 152.1| 147.4| 146.0] 142.8| 139.0f 134.0] 128.9| 124.3| 118.6/ 113.9
Diesel oil

on-road consumption (model) 1A3b 57.4 61.1 65.3 68.2 70.8 73.9 75.1 76.3 775 78.8
fuel tourism and statistical differences 1A3b 1.2 3.4 4.9 10.1 8.7 9.1 10.6 155 19.1 20.8
non-road consumption (models) 1A2gvii; 1A3c,dii; 1A4cii; 1A5b 13.9 14.1 14.3 14.4 14.6 14.8 14.8 14.8 14.8 14.8
Diesel oil sold in Switzerland 72.6 78.6 84.4 92.7 94.1 97.8| 100.5| 106.6/ 111.5| 114.4
Natural gas

on-road consumption (model) 1A3b NO NO 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.3
fuel tourism and statistical differences 1A3b 0.1 0.1 0.2 0.3 0.5 0.5 0.5 0.4 0.4 0.3
non-road consumption (models) 1A2gvii 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2
Natural gas sold in on- and non-road

categories 0.4 0.4 0.6 0.7 0.9 1.0 1.0 0.9 0.9 0.9
Biodiesel

on-road consumption (model) 1A3b 0.2 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.7
non-road consumption (models) 1A2gvii; 1A3c,dii; 1A4cii; 1A5b 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Biodiesel sold in Switzerland 0.3 0.4 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.8
Bioethanol

on-road consumption (model) 1A3b 0.0 0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.2
non-road consumption (models) 1A2gvii; 1A3dii; 1A4bii; cii; 1A5b 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bioethanol sold in Switzerland 0.0 0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.2
Biogas

on-road consumption (model) 1A3b NO NO 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.3
non-road consumption (models) NO NO NO NO NO NO NO NO NO NO
Biogas sold in Switzerland 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2 0.3

3 Energy: 3.2 Source category 1A — Fuel combustion activities



National Inventory Report of Switzerland 2016 164

Mileage-related activity data (basis for modelling of the non-CO; emissions by means of a
traffic model)

The activity data is derived from different data sources:

. Vehicle stock: The federal vehicle registration database MOFIS (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 is not public, but the ordinary vehicle
stock numbers are published by the Swiss Federal Statistical Office (SFSO 2015). The
stock numbers from MOFIS are used for 1990-2010, whereas for 2011-2014
numbers are provided from a vehicle fleet projection by Prognos (2012a). With the
help of a fleet turnover model the vehicle categories are 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”], see also
INFRAS 2010, TUG 2009).

. The transport performance, i.e. the mileage is calculated from the specific mileage per
vehicle category (based on surveys/Mikrozensus ARE/SFSO 2005) times the number
of vehicles. This figure is calibrated to the official statistics of traffic performance
(SFSO 2009c and SFSO 2010c)°.

° Numbers of starts/stops: Derived from vehicles stock, with data on trip length
distributions and parking time distributions (ARE/SFSO 2005).

The transport performance is attributed to “traffic situations” (characteristic patterns of driving
behaviour) which serve as a key to select the appropriate emission factor which are also
available per traffic situation. The relative shares of the traffic situations are derived from a
national road traffic model (operated by the Federal Office of Spatial Development, see ARE
2010). 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 (395
stations all over Switzerland, FEDRO 2010), and top-down by the total of the mileage per
vehicle category. Furthermore, it supplies all the attributes needed for assigning a “traffic
situation” to each road segment. 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 3-71 shows the time series of the mileage per vehicle category. The total mileage has
constantly been growing by about 1 per cent per year. The major part of vehicle kilometres
was driven by passenger cars over the whole period. In the same period, on-road fuel

9 As reported in the NIR of submission 2015 (FOEN 2015), a recalibration of the mileage per vehicle
category has been performed based on the latest figures on population growth and economy (Prognos
2012a, ARE 2012). As a result vehicle kilometres from 1993 onwards were slightly lower in total; fleet
compositions have changed, with slight impacts on implied emission factors; also fuel consumption in
fuel tourism was slightly reduced; the modelled share of biofuels has been reduced to be consistent
with real-world developments. However the overall impacts of these revisions on emissions have been
minor.
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consumption increased less strongly indicating improved fuel efficiency. This effect is also
reflected in Table 3-72 that depicts the specific fuel consumption per vehicle-km. For most
vehicle categories, the specific consumption has decreased in the period 1990-2014.

Table 3-71 Mileages in millions of vehicle kilometres. PC: passenger cars, LDV: light duty vehicles, HDV: heavy

duty vehicles).

Veh. category 1990 1995 2000
million vehicle-km
PC 42'650| 43'824| 48'063
LDV 2'758 2'746 2'978
HDV 1'992 2'107 2'273
Coaches 108 110 99
Urban Bus 174 192 200
2-Wheelers 2'025 1744 1'999
Sum 49'707 50'724 55'612
(1990=100%) 100% 102% 112%
Veh. category 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
million vehicle-km
PC 50'465| 50'812| 51'208| 51'949| 52'852 53'341| 54'000| 54'730| 55424 56'085
LDV 3'300 3'374 3'473 3'529 3'584 3'621 3'663 3701 3735 3'765
HDV 2'127 2'189 2'203 2'223 2'172 2'210 2'250 2'290 2'329 2'369
Coaches 106 118 120 114 119 119 119 118 118 118
Urban Bus 229 233 240 245 249 251 254 257 261 264
2-Wheelers 2'204 2'262 2'300 2'366 2'385 2'407 2'436 2'465 2'494 2'523
Sum 58'432] 58989| 59544 60426 61'361( 61'950| 62'722| 63562| 64'362] 65123
(1990=100%) 118% 119% 120% 122% 123% 125% 126% 128% 129% 131%

Table 3-72 Specific fuel consumption of road transport, not including fuel tourism and statistical differences (PC:
passenger cars, LDV: light duty vehicles, HDV: heavy duty vehicles).

Veh. cat. Fuel 1990 1995\ 2000
specific fuel cons. (MJ/veh-km)
PC Gasoline 3.18 3.23 3.14
Diesel 291 2.90 2.80
CNG 0.00 0.00 0.00
LDV Gasoline 3.17 3.18 3.18
Diesel 3.86 3.86 3.75
HDV Diesel 10.91 10.85 10.33
Coach Diesel 11.84 11.69 11.33
Urban Bus |Diesel 16.22 16.29 15.80
CNG 0.00 0.00 0.00
2-Wheeler |Gasoline 1.11 1.22 1.25
Average 3.46 3.54 3.42
100% 102% 99%
Veh. cat. Fuel 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
MJ/veh-km
PC Gasoline 3.04 2.99 297 2.93 2.90 2.86 2.81 2.77 2.71 2.66
Diesel 2.46 2.41 2.40 2.35 2.33 2.30 2.28 2.24 2.21 2.17
CNG 0.00 0.00 291 2.88 2.85 2.83 2.53 251 2.49 2.46
LDV Gasoline 3.19 3.21 3.21 3.20 3.19 3.18 3.17 3.15 3.13 3.10
Diesel 3.42 3.37 3.34 3.32 3.31 3.31 3.30 3.29 3.26 3.22
HDV Diesel 10.77 10.71 10.73 10.65 10.59 10.55 10.50 10.46 10.41 10.37
Coach Diesel 11.22 11.23 11.22 11.18 11.16 11.16 11.15 11.14 11.12 11.11
Urban Bus  |Diesel 15.37 15.24 15.23 15.05 14.94 14.81 14.76 14.72 14.68 14.64
CNG 0.00 0.00 20.34 20.32 20.36 20.58 20.52 20.46 20.38 20.31
2-Wheeler |Gasoline 1.28 1.29 1.31 1.33 1.35 1.34 1.34 1.34 1.34 1.33
Average 3.24 3.20 3.17 3.12 3.07 3.03 2.99 2.94 2.89 2.85
94% 92% 91% 90% 89% 87% 86% 85% 84% 82%
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For modelling of cold start and evaporative emissions of passenger cars and light duty
vehicles, also vehicle stock and start numbers are used for activity data. The corresponding
numbers are summarised in Table 3-73. Vehicle stock figures correspond to registration
data. The starts per vehicle are based on specific surveys (ARE/SFSO 2005).

Table 3-73 Vehicle stock numbers and average number of starts per vehicle per day (PC: passenger cars, LDV:
light duty vehicles).

Veh. Category 1990]  1995] 2000
stock in 1000 vehicles
PC 2'985 3229 3'545
LDV 221 238 260
2-Wheelers 764 704 732
starts per vehicle per day
PC 2.61 2.53 2.46
LDV 1.97 1.97 1.96
2-Wheelers 1.59 1.54 1.50
Veh. Category 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
stock in 1000 vehicles
PC 3'862 3'894 3'956 3'990 4'010 4'076 4'195 4'302 4'396 4'477
LDV 291 298 307 312 317 326 328 331 334 337
2-Wheelers 770 784 789 804 807 816 815 815 816 818
starts per vehicle per day
PC 2.40 2.39 2.38 2.37 2.35 2.34 2.34 2.33 2.33 2.32
LDV 1.96 1.96 1.96 1.96 1.96 1.96 1.96 1.96 1.96 1.96
2-Wheelers 1.54 1.54 1.55 1.56 1.56 1.57 1.57 1.57 1.58 1.58

Further details are given in Annex A3.1.3.

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, using approach at

. Tier 2 for CO, (based on decision tree Fig. 3.4.1 in IPCC 2006)

. Tier 3 for CHa4, N2O and precursors/SO. (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 2015 based on fuel
used. For the years in-between, the emissions are interpolated linearly.
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Emission factors (1A3c)

Only diesel oil is being used as fuel, therefore all emission factors refer to diesel oil.

o The CO2 emission factor applied for the time series 1990-2014 for diesel oil is
country-specific and is given in Table 3-12.

. The CH4 and N>O emission factors of diesel locomotives are shown in Table 3-74.

. For SO, the emission factors are country-specific. The implied emission factor 2014 is
shown in Table 3-75. See also Table A — 18 (row diesel oil).

° 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 are shown in Table 3-75.

All emission factors (GHG, precursos, SO») 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
footnote 6).

Table 3-74 CH4 and N2O emission factors for rail vehicles

Gas Power class Rail vehicles with diesel oil engines
PreEU uiC1 uic2 EU3a EU3b
<2000 2000 2003 2006 2012
kw g/kwWh
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 3-75 Implied emission factors 2014 for rail vehicles

1A3c Railways Unit CO, fossil |CO, biogen CH, N,O NOx NMVOC SO, coO
Diesel oil kg/TJ 73'300 NA 1.3 3.6 1'023 118 0.47 536
Biodiesel kg/TJ NA 73'312 1.1 3.1 887 102 0.40 466

Activity data (1A3c)

Activity data for non-road (1A3c) 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 3-76 and in Annex
A3.1.4.
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Table 3-76 Activity data (diesel oil consumption) for railways.

1A3c Railways Unit 1990 1995 2000
Diesel ol TJ 390 441 455
Biodiesel TJ NO NO 1
1990=100% 100%| 113%| 117%
1A3c Railways Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Diesel ol TJ 472 476 480 484 488 492 472 452 432 412
Biodiesel TJ 1 2 2 2 2 2 2 3 3 4
1990=100% 121%| 123%| 124%| 125%| 126%| 127%| 122%| 117%| 112%| 107%

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 footnote 6).

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 3 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 2015 based on fuel used. For the years in-between, the emissions are linearly
interpolated.

On the river Rhine as well as on the lakes of Geneva and of 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, section 3.2.2.)

Emission factors (1A3d)

. The CO; emission factor applied for the time series 1990-2014 for diesel oil, gasoline
and gas oil are country-specific and are given in Table 3-12.

. The CH4 and N>O emission factors are country-specific and are shown below in the
Table 3-77 to Table 3-79 for all fuel types and emission standards.

. For SO, the emission factors are country-specific. The implied emission factor 2014 is
shown in Table 3-80. See also Table A — 18 in Annex A3.1.5 rows diesel oil, gasoline,
gas olil.

° The emission factors for precursors are country-specific and are given in FOEN
(2015j).
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° NMVOC is not modelled bottom-up. The NMVOC emissions are calculated as the
difference between VOC and CH4 emissions.

The implied emission factors are shown in Table 3-80.

All emission factors (GHG, precursos, SO,) 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
footnote 6).

Table 3-77 CHa4 and N20 emission factors for ships with diesel engines.

Gas Power class Ships with diesel oil engines
PreSAV SAV EU-I EU-II EU-IIIA
(<1995) 1995 2003 2008 2009
kw g/kWh
CH, <18 0.0547 0.0547 0.0384 0.024 0.0142
CH, 18-37 0.0578 0.0578 0.0221 0.0134 0.0089
CH, 37-56 0.0319 0.0319 0.0156 0.011 0.0079
CH, 56-75 0.0319 0.0319 0.0156 0.011 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

Table 3-78 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
PreSAV SAV SAV/EU PreSAV SAV EU
<1995 1995 2007 <1995 1995 2007

kw g/kWh

CH, <4.4 18.2 1.54 1.75 1.25 1.10 1.25
CH, 4.4-7.4 18.2 0.84 0.91 1.00 0.60 0.65
CH, 7.4-37 18.2 0.42 0.56 1.00 0.30 0.40
CH, 37-74 18.2 0.42 0.56 1.00 0.20 0.30
CH, 74-100 18.2 0.42 0.56 1.00 0.17 0.25
CH, >100 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 3-79 CHa4 and N20 emission factors for steamboats by the year of enforcement.

Gas steamboats
<2000 2000-2004 >2004
g/kWh
CH, 0.0218 0.0103 0.0072
N,O 0.035 0.035 0.035
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Table 3-80 Implied emission factors 2014 for navigation

1A3d Navigation Unit CO, fossil |CO, biog. CH, N,O NOy NMVOC SO, CO
Gasoline kg/TJ 73'800 NA 19.1 1.9 540 352 0.7 6'997
Diesel ol kg/TJ 73'300 NA 1.9 34 963 311 0.5 540
Gas oil kg/TJ 73700 NA 0.2 0.7 26 1.6 14 6.9
Biodiesel kg/TJ NA 73312 1.7 3.0 837 270 0.4 469
Bioethanol kg/TJ NA 73'804 11.1 1.2 342 211 0.2 4'326
Activity data (1A3d)

Activity data for navigation (1A3d) are described in chp. 3.2.4.5.1 (non-road transportation
model). Values are taken from FOEN (2015j). Data on biofuels is provided by the statistics of

renewable energies (SFOE 2015a). Activity data are shown in Table 3-81 and in Annex

A3.1.4.

Table 3-81 Fuel consumption of (domestic) navigation.

1A3d Navigation | Unit 1990 1995 2000
Gasoline TJ 701 654 616
Diesel oil TJ 738 724 792
Gas ol TJ 110 139 147
Biodiesel TJ NO NO 1
Bioethanol TJ NO NO NO
Sum TJ 1'550 1517 1'556
1990 = 100% 100% 98% 100%
1A3d Navigation | Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Gasoline TJ 800 814 827 841 855 868 871 874 877 879
Diesel oil TJ 565 559 553 547 541 534 529 524 518 513
Gas oil TJ 150 152 154 155 157 159 157 156 154 153
Biodiesel TJ 2 3 3 3 3 3 4 5 7 8
Bioethanol TJ 0 0 0 0 0 0 2 4 6 8
Sum TJ 1'518 1'6527 1'537 1'546 1'556 1'565 1'564 1'563 1'562 1'561
1990 = 100% 98% 99% 99% 100% 100% 101% 101% 101% 101% 101%

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 footnote 6).

3.2.9.2.5 Other transportation (1A3e)

Methodology (1A3e i)

The emissions are calculated with a Tier 2 method (the 2006 IPCC Guidelines (IPCC 2006)
do not contain a decision tree to determine theTier level specifically).

Source 1A3e includes only pipeline transportation (1A3e i) from a compressor station located
in Ruswil. Emissions of CO;, CHa, 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).
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Emission factors (1A3e)

The CO; emission factor applied for the time series 1990-2014 for natural gas is
country-specific and is given in Table 3-12.

The CH4emission factor corresponds to the one used for gas turbines in Switzerland
(SAEFL 2000) as suggested by expert judgement. The CH4 EF 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 CH,4 emissions of the gas turbine. For the value 2014 see Table 3-82.

For N>O emission factors the IPCC 2006 default value is used as displayed in Table
3-82.

For SO, the emission factors are country-specific. The implied emission factor 2014 is
shown in Table 3-82. See also See also Table A — 18 in Annex A3.1.5 row natural
gas.

The emission factors for precursors are country-specific and are given in SAEFL
(2000); see also EMIS 2015/1A3e “Gasturbinen; Erdgas”.

Table 3-82 Emission factors of 1A3e i Pipeline transportation / compressor station located in Ruswil in 2014

1A3e Other transportation  |Unit CO, fossil CH, N,O NOy NMVOC SO, CO

Gas

ka/TJd 56'700 2 0.1 60 0.1 0.5 15

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 2015; Table 17).

Table 3-83 Activity data of 1A3e.

1A3ei Pipeline transport Unit 1990 1995 2000

Natural gas TJ 560 310 340
1990=100% 100% 55% 61%
1A3ei Pipeline transport | Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013, 2014
Natural gas TJ 1'070| 1'700] 1'430| 1'460 950 830 840 810 410 830
1990=100% 191% 304%| 255%| 261%| 170%| 148%| 150% 145% 73%| 148%

3.2.9.3 Uncertainties and time-series consistency for 1A3

For a general description of the uncertainty analysis and time series consistency of the
Energy sector see chp. 3.2.4.7 where uncertainties of activity data and emission factors of
fuels are shown (Table 3-24) and explained in detail.

Consistency: Time series for 1A3 Transport are all considered consistent.
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3.2.9.4 Category-specific QA/QC and verification for 1A3

General

The general QA/QC measures are described in section 1.2.3 and partly also 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.

Emission factors

° From total fuel burnt, total distance, number of passenger (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/100 passenger km is in line with expectations
for 1990 passenger fleets.

° The implied emission factors were calculated for 2014 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 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 VFR
(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
percents.

. Real-world fuel consumption was compared with modelled consumption for selected
aircrafts of four Swiss airlines. The difference between the two methods was smaller
than 1%.
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Specific: Road transportation (1A3b)

Comparison between 2006 IPCC Guidelines default and Switzerland’s emission factors

. CO; (see also Table 3-25): IPCC default value for gasoline is 69.3 t/TJ and for diesel
oil 74.1 t/TJ (IPCC 2006, Table 3.2.1). Switzerland’s emission factors vary between
73.7 and 73.9 t/TJ for gasoline — 6% higher than IPCC — and between 73.3 and 73.4
t/TJ for diesel oil — about 1% below IPCC default value.

. CHas: 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 dropped from 26.6 kg/TJ
(1990) to 5.1 kg/TJ (2014) and is therefore in the lower part of IPCC’s uncertainty
range. For diesel oil the IPCC default emission factors lies in the range of 1.6-9.5
kg/TJ, whereas Switzerland’s range is lower 0.3-1.5 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 dropped from 3.1 kg/TJ (1990) to 0.5
kg/TJ (2014) and is therefore in the lower part of and below IPCC’s uncertainty range.
For diesel oil the IPCC default emission factors lies in the range of 1.3-12 kg/TJ,
whereas Switzerland’s range is lower 0.2-2.5 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 been carried out between 2008 and 2010, several experts from the federal
administration have conducted the project. The results have undergone extensive plausibility
checks and comparisons with earlier estimates.

The emission factors CH4 and N2O used for the modelling of 1A3b Road Transportation are
taken from the handbook of emission factors (INFRAS 2010), which is also applied in
Germany, Austria, Netherlands, and Sweden. The Swiss emission factors for CH, and N.O
used in 1A3b were additionally compared with those depicted in the CRF from Germany and
a good match was found. Possible small differences might result from a varying fleet
composition.

For gasoline, the activity data is easily verified due to the fact, that 93% of the gasoline sold
2014 in Switzerland is consumed by 1A3b Road Transportation itself. Therefore, the amount
of gasoline reported in the Swiss overall energy statistics is a strong control and verification
parameter for the activity data of 1A3b.

3.2.9.5 Category-specific recalculations for 1A3
Recalculations reported in submission 2015
o 1A3: New calorific values for gasoline, diesel, gas oil and kerosene based on new

measurements for the year 2013. Therefore new CO; emission factor time series were
generated.
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° 1A3b: For source category Fuel tourism and statistical differences, the emission
factors of all GHG have been recalculated due to the model revision for the entire time
series 1990-2013.

o 1A3b: Since a small change occurred in the gasoline consumption in Liechtenstein for
2001-2011, small changes in the activity data for Fuel tourism and statistical
differences resulted in Switzerland.

Recalculations reported in submission 2016

° The non-road model was fully updated in 2014/2015. All time series have been
recalculated including those of 1A3c Railways and 1A3d Navigation.

° Recalculation in Swiss energy statistics of renewable energy concerning use of biogas
results in a recalculation of the AD of 1A3b in 2013.

3.2.9.6 Category-specific planned improvements for 1A3

1A3a Civil aviation: No category-specific improvements are planned.

1A3b Road Transportation: Recently, activity data and emission factors of territorial road
transportation were updated. The new data will be implemented in the EMIS database,
thereby leading to a recalculation of the GHG emissions of all time series 1A3b 1990-2014.

1A3c, 1A3d, 1A3e: No category-specific improvements are planned.

3.2.10 Source category 1A4 — Other sectors (mobile)
3.2.10.1 Source category description for 1A4 Other sectors (mobile)

Approach 1 key categories 1A4

See key categories mentioned in chp. 3.2.7.1, which are vastly dominated by the emissions
of the stationary sources with one exception:

CO; from the combustion of Liquid Fuels in 1A4c Agriculture/Forestry/Fishing (level).

Table 3-84 Specification of source category 1A4 Other sectors (mobile 1A4 aii/bii/cii).

1A4 Source Specification

Emission from non-road vehicles (professional gardening) and

1A4aii Commercial/ institutional . .
motorised equipment

Emissions from mobile machinery (hobby, gardening) and motorised

1A4bii Residential .
equipment

Emisions from non-road vehicles and machinery in agriculture and

1AA4c ii Agriculture/forestry forestry
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3.2.10.2 Methodological issues for 1A4 Other sectors (mobile)

Methodology (1A4 Other sectors, mobile)

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.

Emission factors (1A4 Other sectors, mobile)

In the categories 1A4a ii and 1A4b ii only gasoline is being used as fuel. In category 1A4c i
mainly diesel oil is consumed, but there is also a certain amount of gasoline consumed (e.g.
chainsaws), which can not be neglected.

° The CO; emission factors applied for the time series 1990-2014 are country-specific
and are given in Table 3-12.

° The CH4 and N2O emission factors are country-specific and are shown in Table 3-61
and Table 3-62 for diesel oil and gasoline engines for all emission standards.

° For SO, the emission factors are country-specific. The implied emission factor 2014 is
shown in Table 3-85.See also Table A — 18 in Annex A3.1.5 for diesel oil, gasoline,
gas oil.

. 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 are shown in Table 3-85.

All emission factors (GHG, precursors, SO,) 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
footnote 6).

Table 3-85 Implied emission factors 2014 for 1A4 Other sectors (1A4a ii — 1A4c ii mobile).

1A4 Non-road machinery Unit | CO, fossil CH, N,O NO, NMVOC SO, CO

1A4a ii Gardening professional, gasoline kg/TJ 73'800 109 1 178 1'704 6 25'909
1A4b ii Gardening, gasoline kg/TJ 73'800 56 1 158 1'119 2 24'847
1A4c ii Forestry and agriculture, gasoline kg/TJ 73'800 96 1 169 1'665 4 23'633
1A4c ii Forestry and agriculture, diesel oil kg/TJ 73'300 2 3 553 66 0 334

Activity data (1A4 Other sectors, mobile)

Activity data are described in chp. 3.2.4.5.1 (non-road transportation model) and are shown
in Table 3-86 and in Annex A3.1.4.
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Table 3-86 Activity data for non-road vehicles and machinery in 1A4 Other sectors (mobile).

1A4 Non-road machinery Unit 1990 1995 2000
1A4a i Gardening professional, gasoline TJ 191 245 295
1A4b ii Gardening, gasoline TJ 142 155 165
1A4c ii Forestry and agriculture, gasoline TJ 1'160 1'070 963
1A4c ii Forestry and agriculture, diesel oil TJ 4'269 4'604 4'921
Sum TJ 5761 6'073 6'343
1990=100% 100% 105% 110%
1A4 Non-road machinery Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
1A4a ii Gardening professional, gasoline TJ 295 293 292 290 288 287 280 272 265 258
1A4b ii Gardening, gasoline TJ 165 165 164 164 163 163 161 160 158 156
1A4c ii Forestry and agriculture, gasoline TJ 823 797 770 743 716 689 664 638 613 588
1A4c ii Forestry and agriculture, diesel oil TJ 4'804 4'820 4'836 4'852 4'868 4'884 4'883 4'881 4'880 4'878
Sum TJ 6'088 6'075 6'062 6'049 6'036 6'023 5'987 5'952 5'916 5'880
1990=100% 106% 105% 105% 105% 105% 105% 104% 103% 103% 102%

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 footnote 6).

3.2.10.3 Uncertainties and time-series consistency for 1A4 Other sectors, mobile

Uncertainties by fuel type are given in Table 3-24.

3.2.10.4 Category-specific QA/QC and verification for 1A4 Other sectors, mobile

The general QA/QC procedures are described in section 1.2.3. Furthermore QA/QC
procedures conducted for all 1A source categories are listed in 3.2.4.8.

3.2.10.5 Category-specific recalculations for 1A4 Other sectors, mobile

Recalculations reported in submission 2015

o New calorific values for gasoline, diesel, gas oil and kerosene based on new
measurements for the year 2013. Therefore new CO; emission factor time series were
generated.

Recalculations reported in submission 2016

. The non-road model was fully updated in 2014/2015. All time series have been
recalculated including those of 1A4aii, 1A4bii, 1A4cii (FOEN 2015j).

3.2.10.6 Category-specific planned improvements for 1A4 Other sectors, mobile

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)

Approach 1 and 2 key categories 1A5

Source category 1A5b — Other (mobile) is not a key source category.

All of the Swiss source categories of 1A5 refer to mobile sources of military activities (1A5b).
Stationary activities are not occurring.

Table 3-87 Specification of Swiss source category 1A5 Other.

1A5 Source Specification
1A5bi Military aviation Emissions from military aircrafts
1A5bii Military non-road vehicles and machines E(;r;tssszgs from machines like power generators, tanks, bulldozers,

3.2.11.2 Methodological issues for 1A5b Other (mobile)
3.2.11.2.1 Military aviation (1A5b i)

Methodology (1A5b i Other, military aviation)

To calculate the emissions from military aviation, a Tier 2 method is used.

Emission factors (1A5b i Other, military aviation)

Emissions of NO,, CO and VOC have been modelled in detail by the Federal Office for
Military Aviation (Bundesamt fir Betriebe der Luftwaffe) for 1990 and 1995. From these
inputs, FOEN determined average emission factors 1990 and 1995. For 1991-1994 the
emission factors are linearly interpolated. For 1996-2014, the factors for 1995 are used. The
emissions are then calculated yearly based on average emission factors.

The extension of the emission modelling to CO», CH4, NoO, NMVOC and SO is also
accomplished by FOEN.

o The CO; emission factor applied for the time series 1990-2014 for kerosene is
country-specific and is given in Table 3-12.

o CHa4: The division of VOC into CH4 and NMVOC is carried out by a constant split of
10% CH., and 90% NMVOC like in 1A3a civil aviation (see also footnote 7). VOC: see
below.

. N2O: The emission factor is set equal to the emission factor of 1A3a Civil aviation
(FOCA 2015).

o NOy, VOC, CO: Engine producer information is used (CORINAIR, for details see
SAEFL 1996: p. 202) for calculation of the emission factors in 1990 and 2000. For
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1991-1999 the values are linearly interpolated between 1990 and 2000. For 2001
2014, the values 2000 are used.

o SO:2: The emission factor is taken from the EMEP/EEA Guidebook (EMEP/EEA 2013)
and is assumed to be constant over the period 1990-2014.

Table 3-88 Implied emission factors 1A5b i military aviation in 2014.

1A5bi Military aviation Unit | CO, fossil CH, N,O NOy NMVOC SO, co
Jet kerosene kg/TJ 72'800 3.6 2.3 133 32 23 672

Activity data (1A5b i Other, military aviation)

The fuel consumption 1990-2014 is known on an annual basis (DDPS 2014). A very small
fraction of fuel is consumed for training abroad and might be allocated under “International
aviation” (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 IPCC Guidelines (2006,
chp. 3.6.1.4).

Table 3-89 Activity data (fuel consumption) for military aviation.

1A5 Other 1990| 1995 2000
TJ

Military aviation

Jet kerosene 2'733| 1'955| 1'794

1A5 Other 2005| 2006| 2007| 2008] 2009 2010] 2011] 2012| 2013] 2014

TJ
Military aviation
Jet kerosene 1'624| 1'676| 1'577| 1'505) 1'529| 1'592| 1'420| 1527 15542 1615

3.2.11.2.2 Military non-road vehicles (1A5b ii Other, military machinery)

Methodology (1A5b ii 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 the decision tree Fig. 3.3.1 in chp. 3. Mobile
Combustion in IPCC (2006).

Emission factors (1A5b ii Other, military machinery)

. The CO; emission factors applied for the time series 1990-2014 for diesel oil, gasoline
and compressed natural gas are country-specific as shown in Table 3-12.
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° The CH4 and N2O emission factors are country-specific and are shown in Table 3-61
to Table 3-63 for diesel oil and gasoline engines for all emission standards.

° For SO, the emission factors are country-specific. Implied emission factors 2014 are
shown in Table 3-90. See also Table A — 18 in Annex A3.1.5, rows diesel oil, gasoline.

. The emission factors for precursors are country-specific and are given in FOEN
(2015)).

o NMVOC is not modelled bottom-up. The NMVOC emissions are calculated as the
difference between VOC and CH4 emissions.

Implied emission factors are shown in Table 3-90.

All emission factors (GHG, precursors) 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
footnote 6).

Table 3-90 Implied emission factors 1A5b ii military non-road vehicles 2014.

1A5bii Military non-road |Unit CO, fossil | CO, biog. CH, N,O NOy NMVOC SO, CO

Gasoline kg/TJ 73'800 NA 50.4 15 134 911 21 23838
Diesel kg/TJ 73'300 NA 1 3 503 41 0.5 215
Biodiesel kg/TJ NA 73'300 0.9 2.6 438 36 0.4 187
Bioethanol kg/TJ NA 73'800 11.8 1 74 330 0.2 14934

Activity data (1A5b ii Other, military machinery)

Activity data for military non-road vehicles (1A5b ii) 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 3-91
and in Annex A3.1.4.

Table 3-91 Activity data (fuel consumption) for military non-road vehicles.

1A5bii Military non-road | 1990, 1995/ 2000
TJ

Military non-road 239 248 252

Gasoline 19 19 19

Diesel 220 228 233

Biodiesel NO NO 0.3

Bioethanol NO NO NO

1A5bii Military non-road 2005| 2006 2007| 2008] 2009 2010/ 2011] 2012] 2013] 2014

TJ
Military non-road 257 261 265 268 272 275 275 275 275 275
Gasoline 19 19 19 18 18 18 18 17 17 17
Diesel 238 241 245 249 253 256 256 256 256 255
Biodiesel 0.7 0.8 0.8 0.9 0.9 1.0 13 1.6 1.9 2.3
Bioethanol 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2
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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 footnote 6).

3.2.11.3 Uncertainties and time-series consistency for 1A5b Other (mobile)

For a general description of the uncertainty analysis and time series consistency of the
Energy sector see chp. 3.2.4.7 where uncertainties of activity data and emission factors of
fuels are shown (Table 3-24) and explained in detail.

Consistency: Time series for 1A5b Other are all considered consistent.

3.2.11.4 Category-specific QA/QC and verification for 1A5b Other (mobile)

The general QA/QC measures are described in section 1.2.3 and partly also 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
emission data base of civil aviation, they are sent to the FOCA (office of the Federal
Department of the Environment, Transport, Energy and Communications).

Recalculations reported in submission 2015

. New calorific values for gasoline, diesel, gas oil and kerosene based on new
measurements for the year 2013. Therefore new CO; emission factor time series were
generated.

Recalculations reported in submission 2016

o The non-road model was fully updated in 2014/2015. All time series have been
recalculated including those of 1A5b ii, military non-road vehicles.

3.2.11.5 Category-specific planned improvements for 1A5b Other (mobile)

No category-specific improvements are planned.

3 Energy: 3.2 Source category 1A — Fuel combustion activities



National Inventory Report of Switzerland 2016 181

3.3  Source category 1B - Fugitive emissions from fuels

3.3.1 Source category description for 1B

Approach 1 key categories 1B2

CHa4 from fugitive emissions of Oil and Natural gas (level and trend)

Approach 2 key categories 1B2

CHa4 from fugitive emissions of Oil and Natural gas (level and trend)

The only relevant source categories of fugitive emissions in Switzerland are:
e Oil (1B2a)
° 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 3-92 Specification of source category fugitive emissions from 1B2a Oil in Switzerland.

1B2 |Source Specification
1B2a |Fugitive emissions Emissions from refining/storage of oil and the
attributed to oil distribution of oil products: transport of crude oil
in pipelines.
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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 2 approach (IPCC 2006, Volume
2 Energy, chp. 4 Fugitive Emissions, Figure 4.2.3). For emission calculations plant-specific
emission factors as well as activity data are available.

For source 1B2a fugitive emissions from olil, fugitive emissions of CH4 are reported, which
occur only in 1B2a iii Transport and 1B2a iv Refining/storage. Indirect CO, emissions
resulting from NMVOC emissions in this source category are reported in chp. 9.

Emission factors (1B2a)

For oil transport (1B2a iii), the default emission factors from the 2006 IPCC guidelines for
pipeline transportation are used to calculate emissions. Values provided in Table 3-93 are
converted using a crude oil density of 0.82 t/m3.

For oil refining and storage (1B2a iv), plant-specific emission factors for CH4, and NMVOC
are used. The emission factors for CH, are delineated from an emission estimation project in
one of the refineries in 1992 called CRISTAL. The estimation 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 2016 1B2a iv).

For oil distribution from storage tanks and gasoline stations (1B2a v), the NMVOC emission
factor for oil distribution from tanks and gasoline stations is country-specific, based on a
model which takes annual gasoline sales and technical equipment of gasoline stations and
storage tanks into account (see internal database documentation in EMIS 2016/1B2a v
Benzinumschlag Tanklager and EMIS 2016/1B2a v Benzinumschlag Tankstellen). An expert
team (Weyer and Partner AG) is in charge of providing annual updates of the modelled
NMVOC emissions based on their own database of Swiss storage tanks and gasoline vapour
recovery systems. The model is calibrated with spot checks of the gas recovery systems of
gas stations.

Table 3-93 Emission factors for fugitive emissions of source category 1B2a Oil in 2014.

Source/fuel CO, CH, N,O NO, NMVOC SO, CO
g/t g/t kg/TJ kg/TJ g/t kg/TJ kg/TJ
1B2a Oil
Exploration NO NO NO NO NO NO NO
Production NO NO NO NO NO NO NO
Transport NA 6.59 NA NA 65.9 NA NA
Refining/Storage NA 45 NA NA 430 NA NA
Distribution of oil products:
Gasoline storage tank NA NA NA NA 293 NA NA
Distribution of oil products:
Gasoline station NA NA NA NA 394 NA NA
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Activity data (1B2a)

For oil transport (1B2a iii) and oil refining and storage (1B2a iv), activity data (crude oil use in
the two refineries) are based on annual statistics of the Swiss petroleum association (EV
2015).

For oil distribution from storage tanks and gasoline stations (1B2a v), gasoline sales based
on the Swiss overall energy statistics (SFOE 2015), corrected for consumption of
Liechtenstein, are used as activity data.

In analogy to Figure 3-11 to Figure 3-19, Figure 3-25 shows how the energy model (chp.
3.2.4.3.3) attributes imported crude oil (as provided by the Swiss overall energy statistics,
SFOE 2015), losses of gasoline and of natural gas to source category 1B.

[ Processesin Swiss Emission Fugitive emissions LEGEND: SD = Statistical difference
- Information System (EMIS) SGWA = Swiss Gas and Water Industry
NFR-Codo: R in the energy sector
Crude oil transportation in pipelines
1B2a3
Information of totalamounton | _ L s sannnnn 500000300003900090 L... -------------- TTILL Leakage from refining and storage
imported crude oil in Switzerland 1B2a4
I Flaring and H2 production 1B2¢c
Gasoline
Fidlellms ol T : T » |nformation of totalamounton _ EasmsEEEEEEEEEEEEEEEEs ooy Fugitive e.mi.ssiol?sdustugasoline
*  sold gasoline in Switzerland distribution 1B2a5
. TTTTTTTT Fugitive emissions from natural gas
1B2b

Figure 3-25: Attribution of fugitive emissions to source categories of 1B Fugitive emissions from fuels.

Table 3-94 Activity data for fugitive emissions from 1B2a Qil.

1B2a Qil products Unit 1990 1995 2000
Crude oil t | 3'127'000| 4'657'000| 4'649'000
Gasoline transport t | 3'682'727| 3'568'755| 3'958'535

1990 to
1B2a Oil products Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2014 (%)
Crude oil t | 4'877'000| 5'563'000| 4'720'000| 5'133'000| 4'833'000| 4'546'000| 4'452'000| 3'455'000| 4'935'000| 4'975'000 59%
Gasoline transport t [ 3'575'651] 3'466'316| 3'432'228| 3'356'124| 3'265'563| 3'149'168| 3'026'898| 2'919'440| 2'785'960| 2'672'960 -27%

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 1B2 results in medium confidence in the emissions estimate (see Table 1-11).

Consistency: Time series for 1B2a Oil are all considered consistent.
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3.3.3.4 Category-specific QA/QC and verification for 1B2a

The general QA/QC measures are described in section 1.2.3 and partly also in 3.2.4.8. No
further source specific activities undertaken for fugitive emissions from oil (1B2a).

3.3.3.5 Category-specific recalculations for 1B2a

Recalculations reported in submission 2015

¢ No category-specific recalculations were carried out.

Recalculations reported in submission 2016

e Changes in the consumption of residual fuel oil in refineries due to adaptation to
rounded values used in the Swiss overall energy statistic concerning (SFOE 2015).

¢ Recalculation in the Swiss overall energy statistic concerning (SFOE 2015) use of
crude oil.

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 (1B2b ii) are only occurring for the years of operation
of the single production plant in Switzerland from 1985-1994. Other emissions in this sector
occur from natural gas transmission (1B2b iv) and distribution (1B2b v). Emissions from
transmission include leakages from gas pipelines, small-scale damages, revision processes
of the pipeline network and leakage of network components. Emissions from accidents in the
gas pipeline system are reported under source category (1B2b vi).

Table 3-95 Specification of source category fugitive emissions from 1B2b Natural gas in Switzerland.

1B2 |Source Specification

1B2b |Fugitive emissions Emissions from gas network
attributed to natural gas

3.3.4.2 Methodological issues for 1B2b

Methodology (1B2b)

According to the decision tree for natural gas systems, Switzerland follows a Tier 2 approach
for emissions attributed to 1B2b iv Transmission and storage as well as 1B2b v and a Tier 1
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approach for emissions concerning 1B2b ii Production in order to estimate fugitive emissions
under 1B2b fugitive emissions from natural gas (IPCC 2006, Volume 2 Energy, chp. 4
Fugitive Emissions, Figure 4.2.1). For emission calculations country-specific emission factors
(partly) as well as activity data are available for source category 1B2b. Emissions from
source category 1B2 are key, however, the contribution from 1B2b ii is small and therefore
the use of a Tier 1 method for this source category is justified.

For source category 1B2b ii, emissions are calculated based on annual production data and
default emission factors (IPCC Tier 1 approach). Production data under 1B2b ii are only
available for the years 1990-1994 because the single production site was closed in 1994.

Emissions from gas transmission and distribution are calculated with a country-specific
method, based on length, type and pressure of the gas pipelines, supplemented by estimates
of fugitive emissions from distribution network components (regulators, shut off fittings and
gas meters). Losses from end-users’ appliances (household or industry) are reported in the
corresponding source category in sector 1A.

Emission factors (1B2b)

CO2, CHs and NMVOC default emission factors for natural gas production are taken from the
2006 IPCC Guidelines (IPCC 2006) as documented in the internal emission database
documentation (EMIS 2015/1B2b Gasproduktion).

Emission factors for gas transport and distribution losses (source 1B2b iv and 1B2b v) have
been reassessed in a recent study by Quantis (2014). Due to insufficient data regarding
distribution network components (regulators, shut-off fittings and gas meters) and
appropriate emission factors, emissions are estimated as a fixed percentage of the network
losses.

Table 3-96 Emission factors for fugitive emissions of source category 1B2b Natural gas in 2014.

Source/fuel CO, CH, N,O NO, NMVOC SO, Cco
g/GJ g/GJ 9/GJ g/GJ g/GJ g/GJ g/GJ
1B2b Natural gas
Production NO NO NO NO NO NO NO
Transmission 312 17'888 NA NA 1'427 NA NA
Distribution 312 17'888 NA NA 1'427 NA NA

Emission factors for gas distribution losses due to accidents in the gas pipeline system are
also based on the same study by Quantis (2014) and reported under 1B2b vi Other leakage.

Table 3-97 Emission factors for 1B2b vi Other leakage in 2014.

Sourcelfuel co, CH, N,O NO, NMVOC S0, co
9/GJ 9/GJ g/GJ 9/GJ 9/GJ g/GJ 9/GJ
1B2b vi Other Leakage 312 17'388 NA NA 1427 NA NA
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Activity data (1B2b)

Activity data for fugitive emissions from gas production (1B2b ii) are the actual gas pro-
duction data for the years 1990-1994 (SFOE 2015). For gas transmission (1B2b iv),
distribution (1B2v), and other (1B2b vi), activity data shown in Table 3-98 and Table 3-99
represent the actual amount of gas lost.

For source categories 1B2b iv and 1B2b v, information regarding the gas transport and
distribution network from the Swiss Gas and Water Industry Association (SGWA 2015) is
used as activity data (see Quantis 2014).

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 3-98 Activity data for fugitive emissions from 1B2b

1B2b Natural Gas / 1B2d Other Unit 1990 1995 2000
1B2b Natural gas GJ 832'181| 832'934| 671'875
Production GJ 130'000 NO NO
Transmission GJ 26'135 29'189 30923
Distribution GJ 676'046] 803'745| 640'952
1B2b Natural Gas / 1B2d Other Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
1B2b Natural Gas 535'013| 515'652| 511'645| 497'610| 485'484| 472'966| 465'376| 461'196| 425'593| 425'593
Production GJ NO NO NO NO NO NO NO NO NO NO
Transmission GJ 31'813 31'902 32'786 32'864 32'887 32'699 32'678 32'682 33'309 33'309
Distribution GJ 503'200| 483'750| 478'859| 464'746| 452'597| 440'267| 432'698| 428'514| 392'284| 392284

Concerning isolated events in source category Other (1B2b vi), there were two accidents
reported by the transit pipeline operator, one in 2010 and 2011. These events have also
been taken into account in the recent reassessment of fugitive emissions from the gas
industry (Quantis 2014).

Table 3-99 Activity data for 1B2b Other leakage.

1B2b Natural Gas / 1B2d Other JUnit] 1990] 1995] 2000]
1B2b vi Other Leakage [ GJ] NOJ NOJ NO|
1B2b Natural Gas / 1B2d Other [Unit] 2005] 2006] 2007] 2008] 2009] 2010] 2011] 2012] 2013] 2014]
1B2b vi Other Leakage [Ga] NOJ NOJ NOJ NOJ NO[  35225[  27'940] NOJ NOJ NO|

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 1-11).

Consistency: Time series for 1B2b Natural gas are all considered consistent.
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3.3.4.4 Category-specific QA/QC and verification for 1B2b
The general QA/QC measures are described in section 1.2.3.

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 (Quantis 2014).

3.3.4.5 Category-specific recalculations for 1B2b

Recalculations reported in submission 2015
¢ No category-specific recalculations were carried out.
Recalculations reported in submission 2016

¢ No category-specific recalculations were carried out.

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 and natural gas production is not occurring. Emissions from flaring result
from the torches, which were operational at the two refineries (1B2c i Flaring). Since 2015,
there is only one refinery in operation. In addition, CO, emissions from H; production are also
reported under 1B2c.

Table 3-100 Specification of source category 1B2c Venting and flaring in Switzerland.

1B2 |Source Specification

1B2 ¢ |Fugitive emissions The combustion of excess gas at the oil
attributed to venting and refinery (flaring) only.
flaring. Emissions from H2 production

3.3.5.2 Methodological issues for 1B2c

Methodology (1B2c)

According to the decision tree for crude oil transport, refining and upgrading, Switzerland
follows a Tier 2 method for emissions attributed to 1B2c i Flaring of gas 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 emission calculations plant-
specific emission factors and activity data are available from the refining industry.

For source category 1B2c i Flaring, emissions of CO, as well as CHa4, N>O, NOy, CO and
NMVOC are considered. Since the CO; emission factor assumes oxidation of 100%, no
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indirect emissions need to be accounted for. Therefore, from this sources category no
indirect emissions are reported in chp. 9.

One of the refining plants produces H: from butane leading to process emissions of CO..
Emissions are estimated based on plant-specific data.

Emission factors (1B2c)

Emission factors are based on data from the refining industry as documented in the internal
emission database documentation (EMIS 2016/1B2c Raffinerie Abfackelung). Since 2005
(with the exception of 2012), the refining industry provides annual data on the 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
(CHg4, N2O, NOy, CO and NMVOC) is assumed to vary proportionally to the CO2 emission
factor. Emission factors are considered confidential and are available to reviewers on
request.

The CO; emission factor of Hz production from butane, which is produced in one of the
refineries since the end of 2004, is equal to the stoichiometric emission factor.

Table 3-101 Emission factors for 1B2c Venting and flaring in 2014.

Sourceffuel CO, CH, N,O NO, NMVOC SO, CO

g/t g/t g/t g/t g/t g/t g/t
1B2c Venting and flaring C C C C C C C
Other: H2 production
refinery (butane) C NA NA NA NA NA NA

Activity data (1B2c)

Before 2005, the amount of flared gas is assumed to be proportional to the amount of crude
oil processed in the refineries. The Swiss petroleum association provides data on the use of
crude oil on an annual basis (EV 2015). 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 H, production in one of the refining plants, annual data on butane consumption are

provided by the industry since 2005. Data are confidential and they are available to reviewers

on request.

Table 3-102 Activity data for 1B2c Venting/flaring.

1B2c Venting and flaring

Unit

1990

1995

2000

Crude oil used

t | 3'127'000

4'657'000

4'649'000

Other: H2 production refinery (butane)

GJ

NO

NO

NO

1B2c Venting and flaring

Unit

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

Crude oil used

t | 4877'000

5'563'000

4'720'000

5'133'000

4'833'000

4'546'000

4'452'000

3'455'000

4'935'000

4'975'000

Other: H2 production refinery (butane)

GJ

C

C

C

C

C

C

C

C

C

C
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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 1-11).

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 section 1.2.3. No category-specific QA/QC
activities were undertaken.

3.3.5.5 Category-specific recalculations for 1B2c
Recalculations reported in submission 2015

. No category-specific recalculations were carried out.

Recalculations reported in submission 2016

. 1B2: Recalculation in the Swiss overall energy statistics (SFOE 2015) concerning use
of crude oil for 1996 and 2003.

. 1B2c: Based on detailed information from the refineries, emissions from flaring were
reassessed. From 2005, activity data and emissions factors for flaring were adjusted
according to the reports of the refineries.

° 1B2c: During the reassessment of refinery emissions, it emerged that one refinery
operates a H2-production unit since 2005. The resulting CO; emissions are now also
reported in the inventory.

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 CO, storage is not occurring in Switzerland.
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4 Industrial processes and product use

The generation of the reporting tables with the CRF web application poses a challenge, as
there are still several instances where data are not displayed the way they were imported
originally. A non-exhaustive list of issues and errors identified so far is provided in Annex 6
and should be taken into consideration when comparing information in the NIR with the
reporting tables (CRF).

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:

. 2A Mineral industry

. 2B Chemical industry

. 2C Metal industry

o 2D Non-energy products from fuels and solvent use

° 2E Electronics industry

° 2F Product uses as substitutes for ozone-depleting substances (ODS)
° 2G Other product manufacture and use

. 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 sector (chp. 7).

Indirect emissions from fossil CO and NMVOC emissions are reported in chapter 9. Biogenic
NMVOC and CO emissions occur in source category 2H2 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 and 2C Metal industry data and information of emission factors and activity data are
classified as confidential (C). For reviewers there is an additional version of chapter 4
Industrial processes and product use available, including all confidential data and
information.

Figure 4-1 shows the evolution of greenhouse gas emissions in sector 2 between 1990 and
2014.

4 Industrial processes and product use: 4.1 Overview
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Figure 4-1 Switzerland’s greenhouse gas emissions of sector 2 Industrial processes and product use 1990-2014.

2A Mineral industry remains the dominant source of sector 2 accounting for around half of
the GHG emissions in 2014 although absolute emissions have decreased since 1990. 2B
Chemical industry accounts for a small share and shows a decreasing trend since 1990. 2C
Metal industry shows a strong decreasing trend and accounts only for a small share in 2014.
2D Non-energy products also only have a minor contribution in 2014.

2F Product uses as substitutes for ODS is of increasing importance: The emissions have
increased since 1990 and account for about nearly a third of total GHG emissions in sector 2
in 2014. This is primarily due to the replacement of CFCs by HFCs in many technical
applications. 2G Other product manufacture and use shows no clear trend since 1990. 2E
Electronic industry and 2H Other are of little importance with regard to the overall GHG
emissions of sector 2.

In Table 4-1, the development of GHG emissions in sector 2 Industrial processes and
product use are given by gases. Dominant gases are CO; and F-gases in 2014 whereas N.O
and CH4 have 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.

4 Industrial processes and product use: 4.1 Overview



National Inventory Report of Switzerland 2016 192

Table 4-1 GHG emissions of sector 2 Industrial processes and product use by gases in kt CO2 equivalent.

Gas 1990 1995‘ 2000
CO, equivalent (kt)
CO, 3'095 2'375 2'163
CH, 1.8 1.8 1.7
N,O 171 140 115
F-gases 254 357 820
Sum 3521 2'873 3'099
Gas 2005 2006 2007 2008 2009 ‘ 2010 ‘ 2011 2012 2013 2014
CO, equivalent (kt)

CO, 2'354 2'295 2'304 2'267 2'195 2'356 2'305 2'183 2'183 2'236
CH, 2.6 2.3 2.6 2.9 1.9 2.7 2.8 2.8 2.1 21
N,O 100 104 101 109 99 102 94 94 71 48
F-gases 1'319 1'355 1'415 1'5623 1'501 1'550 1'644 1'770 1'818 1'804
Sum 3776 3757 3'823 3'902 3797 4'011 4'046 4'050 4'074 4'091
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Figure 4-2 Relative trends of the GHG (without F-gases, see Figure 4-3) of sector 2 Industrial processes and
product use in the period 1990-2014. The base year 1990 represents 100%.

Figure 4-2 shows that since 1990 the emissions of CO, and N.O from sector 2 Industrial
processes and product use have both decreased. Emissions of CH, have increased in the
same time period although the time series shows considerable fluctuation.

Figure 4-3 shows that the emissions of F-gases have largely increased 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
afterwards is due to the increasing product uses as substitutes for ODS (chp. 4.7), most
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relevant and main source of F-gases emissions in 2014 is the use of HFC in refrigeration and
air conditioning.
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Figure 4-3 Relative trends of the F-gases of sector 2 Industrial processes and product use in the period 1990—
2014. The base year 1990 represents 100%.

4.2  Source category 2A — Mineral industry
4.2.1 Source category description

Approach 1 key category 2A1

CO; emissions from Cement production (level and trend).
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Table 4-2 Specification of source category 2A Mineral industry in Switzerland.

2A Source 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 fine ceramics, brick and tile and
rock wool production as well as 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..

Methodology

Calcination process

The geogenic CO; 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 (vol. 3, chp. 2.1 Cement production). For cement production in Switzerland this
results in the following formula:

CO; Emissions = Mciinker ® EFciinker ® CKDcorrection factor

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
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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. Therefore, the
CKD correction factor is equal to 1.00.

Blasting operations

Emissions resulting from blasting operations during the digging of limestone are calculated
by a Tier 2 method according to EMEP/EEA Guidebook 2013 (EMEP/EEA 2013, 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 fuel consumption of e.g.
bulldozers etc.

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 per cent of the geogenic CO
emissions from the calcination process.

Emission factors
Calcination process

The emission factor for CO; for calcination is a country-specific value depending on the
composition of the raw material (EMIS 2016/2A1 Zementwerke Rohmaterial). It is provided
per tonne of clinker. Before 2004 a constant emission factor is assumed. Between 2005 and
2011 plant-specific data are provided by the cement industry association (Cemsuisse) and
since 2011 the emission factor is assumed constant. The IPCC method neglects CO-
emissions from decomposition of MgCOs, which are taken into account in this country-
specific value.

Table 4-3 CO2 emission factor for calcination in 2A1 Cement Production 1990 to 2014.

2A1 Cement production Unit 1990 - 2004 | 2005/ 2006/ 2007| 2008| 2009 2010/ 2011 2012| 2013| 2014
Calcination, CO, kg/t clinker 525.0| 530.6| 527.9| 528.6| 529.3| 531.0| 532.1| 530.6| 530.6| 530.6| 530.6
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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 EMIS
2016/2A1 Zementwerke Ubriger Betrieb. They are assumed to be constant over the entire
time period and are given per tonne of clinker.

Table 4-4 Emission factors for CO2, NOx, CO, NMVOC and SO: from blasting operations in g/t clinker from source
category 2A1 Cement Production in 2014

2A1 Cement production |Unit CO, NOy Cco NMVOC SO,
Blasting operations g/t clinker 34.1 3.3 3.3 8.6 0.1

Activity data

Since 1990, data on annual clinker production are provided by the industry association
(Cemsuisse as documented in the EMIS database (EMIS2016/ 2A1_Zementwerke
Rohmaterial). From 2008 onwards they are based on plant-specific annual monitoring reports
from the Swiss Emissions Trading Scheme (ETS).

Table 4-5 Activity data of clinker production

2A1 Cement production Unit] 1990| 1995/ 2000
Clinker production kt 4'808| 3'706| 3214

2A1 Cement production Unit| 2005, 2006| 2007, 2008| 2009| 2010| 2011] 2012| 2013| 2014
Clinker production kt 3'442| 3'452| 3512 3'461| 3'443| 3'642] 3587 3368 3'415] 3'502

4.2.2.2 Lime production (2A2)

During the production of lime calcium carbonate (CaCOs) is heated (calcined) yielding burnt
lime (Ca0) 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 NOx, CO, NMVOC and SO..
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Methodology

Calcination process

The geogenic CO2 emissions from the calcination process in lime production are determined
by a country-specific method according to the decision tree Fig. 2.2. of 2006 IPCC guidelines
(vol. 3, chp. 2.2 Lime production).

Blasting operations

Emissions resulting from blasting operations during the digging of limestone are calculated
by a Tier 2 method according to EMEP/EEA Guidebook 2013 (EMEP/EEA 2013, chp. 2A2,
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 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 rest 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 2016/2A2 Kalkproduktion,
Rohmaterial). The value is confidential and is available to reviewers on request. Since 2013,
emission factors are derived from annual monitoring reports from the Swiss Emissions
Trading Scheme (ETS).

Blasting operations

The emission factors are country-specific as documented in EMIS 2016/2A2 Kalkproduktion,
Ubriger Betrieb. The values are confidential and they are available to reviewers on request.

Table 4-6 CO2 emission factor for the calcination process in lime production in kg/t lime and emission factors for
CO2, NOx, CO, NMVOC and SO:2 from blasting operations in g/t lime in 2014

2A2 Lime production  [Unit CO, NOy Cco NMVOC SO,
Calcination kg/t C NA NA NA NA
Blasting operations glt C C C C C
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Activity data

Activity data on annual lime production are provided by the only existing plant in Switzerland,
as documented in the EMIS database (EMIS 2016/2A2 Kalkproduktion, Rohmaterial and
EMIS 2016/2A1 Kalkproduktion tbriger Betrieb). From 2008 onwards, 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 4-7 In the confidential NIR, 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 2006 IPCC guidelines (vol. 3, chp. 2.4 Glass
production) is used. For glass production in Switzerland this results in the following formula:

CO2 EmISSIOHS = MGIass type o EFGIass type o (1 - CU”et 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.

From 2005 onwards, the geogenic CO- emissions from 2A3 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.

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 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 for the container glass production and thus the
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corresponding 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.

Table 4-8 Geogenic CO2 emission factor for glass production in g/t glass and g/t carbonate containing raw
material (IPCC 2006).

2A3 Glass production Unit CO, geogenic

Glass wool (fibre glass insulation) g/t 250'000

Glass (speciality tableware) g/t 100'000
1990-2004 2005-2014

Container glass g/t 210000
Soda use g/t soda 414'920
Dolomite use g/t dolomite 477'320
Limestone use g/t limestone 439'710

Activity data and cullet ratios

Activity data of tableware and container glass production are based on data from Swiss glass
producers. 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.

Source category 2A3 Glass production is dominated by the emissions from the production of
container glass and glass wool.

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 (EMIS 2016/2A3 Hohlglas
Produktion, EMIS 2016/2A3 Glas Ubrige Produktion and EMIS 2016/2A3 Glaswolle
Produktion Rohprodukt).
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Table 4-9 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
Container glass
Production kt C C C
Cullet ratio % C C C
Soda use kt NA| NA| NA
Dolomite use kt NA| NA| NA
Limestone use kt NA| NA| NA
Glass (speciality tableware)
Production kt C C C
Cullet ratio % C C C
Glass wool
Production kt 24.3| 24.2| 31.1
Cullet ratio % 21| 45| 69
2A3 Glass production Unit| 2005| 2006 | 2007 | 2008| 2009 | 2010| 2011|2012| 2013| 2014
Container glass
Production kt C 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 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 C C
Cullet ratio % C C C C C C C C C C
Glass wool
Production kt 37.5| 38.1| 44.5| 44.4| 33.5| 35.7| 41.4| 38.7| 33.4| 32.3
Cullet ratio % 65| 73| 71, 69| 69 71| 72| 61 67| 67

4.2.2.4 Other process uses of carbonates (2A4)

Source category 2A4 Other process uses of carbonates comprises geogenic CO, emissions
from the carbonate containing raw materials used in the production of ceramics (2A4a) and
rock wool (2A4d) as well as from the use of sodium bicarbonate (2A4d). In addition, also
emissions from blasting operations in plaster production (2A4d) are reported.

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
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used in product glazes only. All information on the fine ceramics production is documented in
EMIS 2016/2A4a 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 2006 IPCC guidelines (IPCC 2006, val. 3,
chp. 2.5 Other process uses of carbonates).

For fine ceramics production in Switzerland, this results in the following formula:

COZ Emissions = (MLimestone b EFLimestone) + (MDoIomite hd EFDoIomite) + (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 4-10 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 1990-2014

Limestone use g/t limestone 439'710

Dolomite use g/t dolomite 477'320

Soda use g/t soda 414'920

1990-2012 2013 2014

Brick and tile production glt 117'000 100'000 110'000
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
2016/2A4a 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 2006
IPCC guidelines (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 4-10.

Activity data

Activity data are based on production data from the Swiss association of brick and tile
industry (VSZ) (EMIS 2016/2A4).

4 Industrial processes and product use: 4.2 Source category 2A — Mineral industry



National Inventory Report of Switzerland 2016 203

Table 4-11 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) in
Switzerland in kt.

2A4a Ceramics Unit[ 1990 1995| 2000
Fine ceramics production kt C C C
Limestone use kt C C C
Dolomite use kt C C C
Soda use kt C C C
Brick and tile production kt 1271 1'115 959
2A4d Other
Rock wool production kt C C C
Other use of carbonates kt 5.9 5.4 7.0
Plaster production kt 319 304 288
2A4a Ceramics Unit| 2005| 2006/ 2007| 2008 2009, 2010] 2011 2012| 2013, 2014
Fine ceramics production kt C C C C C C C Cc C C
Limestone use kt C C C C C C C C C C
Dolomite use kt C C C C C C C C C C
Soda use kt C C C C C C C C C C
Brick and tile production kt 1'086| 1'065 975 865 701 879 800 792 785 765
2A4d Other
Rock wool production kt C C C C C C C C C C
Other use of carbonates kt 7.3 7.0 7.0 7.4 6.6 6.9 6.4 7.6 6.1 6.6
Plaster production kt 327 323 314 295 293 335 293 271 213 166

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 4-10).

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 2016/2A4d 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 CO, 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).
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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 2013 to 2014. 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 4-12 Geogenic CO2 emission factors used for rock wool production and other carbonate uses, CO: fossil,
NOx, CO, NMVOC and SOz emission factors for plaster production in g/t carbonate containing raw material and
g/t product, respectively for 2014.

2A4d Other Unit CO, geogenic | CO, fossil NO, CO [NMVOC| SO,

Rock wool production glt C NO NO NO NO NO
Other carbonate uses glt 523'880 NO NO NO NO NO
Plaster production g/t rocks NO 144 5.6 33 14.4 0.24

Table 4-13 In the confidential NIR, 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.

Other carbonate uses (2A4d)
Methodology

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(COs3)>), sodium bicarbonate (NaHCO3) and soda ash (Na>COs).

Besides applications of calcium hydroxide and sodium hydroxide in flue gas treatment also a
few applications of limestone and sodium bicarbonate could be identified in Switzerland.
Limestone had been used in the cellulose production up to 2008, when the plant was closed
and in one waste incineration plant up to 2005. Another waste incineration plant used sodium
bicarbonate in 2013. These geogenic CO; emissions are therefore reported in the
corresponding source categories, i.e. 1Ala Waste incineration plants and 1A2d Cellulose
production.
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Additionally, it was assumed, that all 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 by subtracting the amount that is
already accounted for in another source category (i.e. 1Ala Waste incineration plants).
These emissions are thus reported in source category 2A4d Other carbonate uses.
Furthermore, no application of soda ash or any other carbonate containing material in flue
gas treatment was identified.

Besides in flue gas treatment, limestone is also used to neutralize acid waste water in one
chemical production plant. These emissions are reported in source category 2B10 Limestone

pit.

The method for calculating emissions from applications of sodium bicarbonate corresponds
to a Tier 2 method according to the decision tree Fig. 2.4 of 2006 IPCC guidelines (IPCC
2006, vol. 3, chp. 2.5 Other process uses of carbonates).

Emission factors

The emission factor is defined by the stoichiometry of sodium bicarbonate, see Table 4-12. A
conversion factor of 100% is assumed.

Activity data

The activity data correspond to the amount of sodium bicarbonate. The time series is based
on the annual net imports of sodium bicarbonate reported by the Swiss customs
administration (Eidgenéssische Zollverwaltung, EZV 2015). Any application of sodium
bicarbonate that can be assigned to another source category is subtracted from the total net
import and reported in the corresponding source category. Thus the use of sodium
bicarbonate in one waste incineration plants has been subtracted and is reported in source
category 1Ala. For activity data see Table 4-11.

Plaster production (2A4d)
Methodology

There are two plaster production sites in Switzerland. The emissions stem mainly from
blasting operations.

Emissions from blasting operations are determined by a country-specific method analogous
to a Tier 2 method of EMEP/EEA Guidebook 2013 (EMEP/EEA 2013).
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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 2016/2A4d
Gips-Produktion tbriger Betrieb. For emission factors see Table 4-12.

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 2016/2A4d Gips-
Produktion ubriger Betrieb (see Table 4-11).

4.2.3 Uncertainties and time-series consistency

The uncertainty for CO; emissions in cement production (2A1), which is a key category
regarding level and trend, amounts to 2.8%. The uncertainty of CO, emissions was
calculated following the steps in Table 3.2 in 2006 IPCC Guidelines (IPCC 2006, vol. 1, chp.
3, p. 3.30-3.31). As CO; emissions are calculated based on plant level CaO and MgO
contents of the clinker (Tier 2 method), an uncertainty of 2% is assumed both for activity data
and emission factor (step 3 in table 3.2).

The uncertainties for CO, emissions from source categories 2A2 and 2A3 are estimated to
be low and thus amount to 2% (see Table 1-11 Semi-quantitative uncertainties for non-key
categories).

For CO; emissions in source category 2A4 Other process uses of carbonates, an overall
uncertainty of 5% and an uncertainty of 1.4% for activity data and 4.8% for the emission
factor is taken. Most of the data stems from industrial plants participating in the Swiss ETS,
which requires that the uncertainty in the emissions does not exceed a given limit (1.5%-
7.5%, depending on the amount of emissions resulting from a given source). Thus an overall
uncertainty of 5% is assumed.

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. 1.2.3.

For submission 2015, an assessment of the geogenic CO; emission factor from carbonates
in brick and tile production has been conducted based on validated and verified monitoring

data due to the Ordinance for the Reduction of CO2 Emissions (Swiss Confederation 2012)
(FOEN).

For submission 2015, an assessment of carbonate use for sulphur oxide removal and acid
neutralization was carried out (INFRAS 2015).
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4.2.5 Category-specific recalculations
Recalculations reported in submission 2015

e 2A1 Cement production: AD and EF of cement production (blasting operations) are how
related to tonnes of clinker, and not cement as it was before. Therefore all data from
1990-2012 have been converted to this unit.

o 2A1 Cement production: The EF of fossil CO, and CO for cement production (blasting
operations) have been corrected. They are taken from the Environmental Enforcement:
Handbook, Emission factors for Stationary Sources (SAEFL 2000).

o 2A3 Container glass production: the EF of geogenic CO; has been revised for 2005—
2012. From 2005 onwards the EF values base now on effective carbonate contents in the
raw material instead of cullet ratios which are still used for the years 1990-2004.

o 2A3 Glass production (specialty tableware): the EF of geogenic CO; has been revised for
2012 based on the effective cullet ratio.

e 2Ad4a Brick and tile production: the AD for 2012 have been corrected due to a mistake in
last year's submission.

o 2A4d Rockwool production: the EF of geogenic CO- has been revised for the entire time
series based on new available data of the carbonate content in the raw material for the
years 2005-2011.

e 2A4d Other process uses of carbonates: in source category 2A4d Other process uses of
carbonates the CO, emissions from the use of ammonium bicarbonate are newly
included in the inventory for the entire time period.

Recalculations reported in submission 2016

e 2A2: The EF of geogenic CO; from 2A2 Lime production has been revised for 2013
based on effective carbonate contents in the raw material.

e 2A3: The AD of 2A3 Glass production (speciality tableware) has been revised based on
industry data from 1996 onwards.

e 2A4a: The EF of geogenic CO; from 2A4a Fine ceramics production has been revised for
2012 and 2013 based on updated data of the carbonate contents of the glazes.

e 2A4d: The EF of geogenic CO, from 2A4d Rockwool production has been updated for
1990-2004 and 2012 based on revised mean value of the carbonate content in the raw
material.

4.2.6 Category-specific planned improvements

2A1: Since 2013, the Swiss cement plants participate in the Swiss Emissions Trading
Scheme, which requires annual monitoring of geogenic CO, emissions. Based on these
reports, geogenic CO; emissions will be estimated again based on plant-specific emission
factors.
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4.3  Source category 2B — Chemical industry
4.3.1 Source category description

Approach 1 and 2 key category 2B

Source category 2B Chemical industry is not a key category.

Table 4-14 Specification of source category 2B Chemical industry in Switzerland.

2B Source 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

2B5 |Carbide production Emissions of CO,, CH, and SO, from the production of silicon
carbide

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 and 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 4-4). Ammonia is not produced in an isolated
reaction plant but is part of an integrated production chain (see Figure 4-5).

The starting production process is the thermal cracking of liquefied petroleum gas (LPG) and
light virgin naphtha yielding ethylene (ethene, C,H4), 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>H), cyanic acid or ammonia. Therefore, all CO, and NMVOC
emissions of the cracking process are allocated to the ethylene production and are reported
under the category 2B8b Ethylene production. Thus, for source category 2B1 Ammonia
production, CO, and NMVOC emissions are reported as included elsewhere (IE). All
information on the ammonia production and the cracking process is documented in EMIS
2016/2B1 Ammoniak-Produktion and EMIS 2016/2B8b Ethen-Produktion, respectively.
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Figure 4-4 Process flow chart for the production of ammonia (NHs) from nitrogen (N2) and hydrogen (Hz, synth.).
Hydrogen is derived from the thermal cracking process in the same plant (see Figure 4-5).
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Figure 4-5 Process flow chart for the production of ethylene (C2H4) and acetylene (C2Hz) by thermal cracking of
liquefied petroleum gas (LPG) and light virgin naphtha. The intermediate product Hz, synth. is used as educt in the
ammonia production in the same plant (see Figure 4-4).

4.3.2.2 Nitric acid production (2B2)

In Switzerland, there is one single plant producing nitric acid (HNOs3). Nitric acid is produced
by catalytic oxidation of ammonia (NHs) with air. At temperatures of 800°C nitric monoxide
(NO) is formed. During cooling, nitrogen monoxide reacts with excess oxygen to form
nitrogen dioxide (NO-). The nitrogen dioxide reacts with water to form 60% nitric acid (HNO3).
Today, two types of processes are used for nitric acid production: single pressure or dual
pressure plants. In Switzerland a dual pressure plant is installed.

During this process, nitrous oxide (N2O) can be formed as an unintentional by-product. In
addition, also some nitrogen oxide (NOy) is produced. In the Swiss production plant
abatement of NOy is done by selective catalytic reduction (SCR, installed in 1988), which
reduces NOx to N2 and O (the SCR in this plant is also used for treatment of other flue gases
and was not installed for the HNO3 production specially). In 1990, an automatic control
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system for the dosing of ammonia to the SCR process was installed. A new catalyst installed
in 2013 reduced the N.O emissions.

No additional abatement technique is installed to destroy N>O. A decomposition of N.O
occurs, to some extent, simultaneously in the NOy reduction process.

Methodology

According to decision tree Fig. 3.2 of the IPCC 2006 guidelines (vol. 3, chp. 3.3 Nitric acid
production), the N2O emissions from nitric acid production are determined by a Tier 2 method
during the time period 1990-2012 and by a Tier 3 method since 2013, based on direct
measurements. The NOy emissions are calculated by a Tier 2 method according to the
decision tree Fig. 3.1 in EMEP/EEA (2013) (chp. 2B Chemical industry) using a plant-specific
emission factor.

Emission factors

The N.O and NOyx emission factors for nitric acid production in Switzerland are based on
measurements from the single nitric acid production plant.

The measurement of N.O was carried out in 2009 according to the guideline VDI-Richtlinie
2469/Blatt 1 (Messen gasformiger Emissionen - Messen von Distickstoffmonoxid - Manuelles
gaschromatographisches Verfahren) and is the only plant-specific measurement of N.O
emissions. The test gas is sucked in via a heated titanium sensor and then treated with a
solution of potassium permanganate and hydrogen peroxide in order to remove nitrogen
oxides and further disturbing components. The N>.O concentration is then measured using a
gas chromatograph with an electron capture detector. The measurement uncertainty is £20%
(minimum % 0.5 mg/m?). On repeated enquires the plant confirmed that since a denitrification
system and an automatic control system for the ammonia addition was installed in 1988 and
1990, respectively, no modifications were made in the production line until 2012. Therefore, a
constant N>O-emission factor is assumed for this time period. A new catalyst installed in
2013 reduced the N>O emissions, which are measured online by NDIR photometry from
2013 onwards.

The NOx emission factor is the mean value based on three plant-specific measurements in
2007, 2009 and 2012. Since no modifications were made in the production line between
1990 and 2012 a constant emission factor is assumed for this time period. In 2013, the
volume of the SCR-plant was duplicated. This modification together with the new catalyst in
the production line slightly reduced the NOy emission factor. The values are documented in
EMIS 2016/2B2 Salpetersaure Produktion. They are considered confidential and are
available to reviewers on request.

Table 4-15 Emission factors for N2O and NOx for nitric acid production in Switzerland in kg/t nitric acid for 2014.
Data refers to 100% nitric acid

2B2 Nitric acid production |Unit N,O NO,
kg/t C C
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Activity data

Activity data on annual production of nitric acid (100%) are provided annually by the Swiss production plant for the
entire time period 1990-2014. Since 2013, activity data of the annual nitric acid production is taken from annual
monitoring reports from the Swiss Emissions Trading Scheme (ETS).The data are confidential but available to
reviewers (see EMIS 2016/2B2 Salpetersaure Produktion). Table 4-16 In the confidential NIR, the respective table
with activity data on nitric acid production in Switzerland is separately reported and available to reviewers.

4.3.2.3 Carbide production (2B5)

In Switzerland, there is one single plant producing carbide. The plant produces silicon
carbide, which is used in abrasives, refractories, metallurgy and anti-skid flooring. The Swiss
silicon carbide is produced in an electric furnace at temperatures above 2000°C using the
Acheson process. The starting materials are quartz sand (SiO,), petroleum coke and
anthracite (C) which yield silicon carbide (SiC) and carbon monoxide (CO). The CO is
converted to CO- in excess oxygen and released to the atmosphere. Petroleum coke and
anthracite — although to a lower portion — may contain volatile organic compounds, which can
form methane (CH,) as an unintended by-product. There is no abatement techniques
installed which could capture the CO, or CH, emissions.

Methodology

According to decision tree Fig. 3.5 of the IPCC 2006 guidelines (vol. 3, chp. 3.6 Carbide
production), the CO, and CH,4 emissions from silicon carbide production are determined by a
Tier 2 method. The SO, emissions are calculated by a Tier 2 method according to the
decision tree Fig. 3.1 in EMEP/EEA (2013) (chp. 2B Chemical industry) using plant-specific
emission factors.

Emission factors

The CO,, CH4 and SO, emission factors are confidential and available to reviewers on
request. The values are partly based on measurements from the single silicon carbide
production plant and are documented in EMIS 2016/2B5 Graphit und Siliziumkarbid
Produktion.

Table 4-17 Emission factors for CO2, CH4 and SOz for carbide production in kg/t silicon carbide in Switzerland in
kg/t for 2014.

2B5 Carbide production Unit CO, CH, SO,
2B5a Silicon carbide kgt C C C
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Activity data

Activity data on annual production of silicon carbide are provided annually from 1997
onwards by the Swiss production plant. For the time period 1990-1996 activity data are
based on industry data for 1990 and 1995 and interpolated values in between. The data are
confidential but available to reviewers on request (see EMIS 2016/2B5 Graphit und
Siliziumkarbid Produktion).

Table 4-18 In the confidential NIR, the respective table with activity data on silicon carbide production in
Switzerland is separately reported and available to reviewers.

4.3.2.4 Petrochemical and carbon black production (2B8)

Ethylene (2B8b)

Ethylene (ethene, C;H.) is produced by a single plant in Switzerland by thermal cracking of
liquefied petroleum gas (LPG) and virgin naphtha. Ethylene is not produced in an isolated
process but is co-processed together with several other products such as H,, CH4, and C;H»
(see flow chart in Figure 4-5 in chp. 4.3.2.1). From the thermal cracking process, emissions
of CO; and NMVOC are released. They are both allocated entirely to the production of
ethylene, which is the first product within the integrated production chain. CH4 emissions to
atmosphere do not occur since CH, is completely used as an educt in the downstream
production of cyanic acid (HCN) in the same facility (see Figure 4-5 and for further
information see EMIS 2016/2B8b Ethen-Produktion). Therefore, CH4 emissions are reported
as NA for ethylene production and only CO; and NMVOC emissions are reported.

Methodology

According to decision trees Fig. 3.8 of the IPCC 2006 guidelines (vol. 3, chp. 3.9
Petrochemical and carbon black production) and Fig. 3.1 of EMEP/EEA (2013) (chp. 2B
Chemical industry), the CO, and NMVOC emissions, respectively, from ethylene production
are determined by a Tier 2 method using plant-specific emission factors (EMIS 2016/2B8b
Ethen-Produktion).

Emission factors

The CO; and NMVOC emission factors for ethylene production are based on industry data
from the single ethylene production plant in Switzerland. Annual emission data were only
available from the year 2000 onwards. For the period 1990-1999 a constant value, i.e. the
mean value of the years 2000—-2009 was assumed. The emission factors for ethylene
production are considered confidential; however, they are available to reviewers on request.
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Table 4-19 Emission factors for CO2 and NMVOC in ethylene production, NMVOC in acetic acid production, CO2

in limestone pit and niacin production and SO2 in sulphuric acid production for 2014 in kg/t product.

Unit CO, NMVOC SO,
2B8 Petrochemical and carbon
black production
2B8b Ethylene kolt C C NA
2B10 Other
Acetic acid production kglt NA C NA
Limestone pit kaglt C NA NA
Niacin production kg/t C NA NA
Sulphuric acid production kaglt NA NA C

Activity data

Activity data on the annual production of ethylene are provided annually by the single
ethylene production plant in Switzerland. The data are considered confidential but available

to reviewers on request.

Table 4-20 Activity data for the production of ethylene, acetic acid, niacin, PVC and sulphuric acid as well as for

limestone pit in Switzerland in kt.

Unit[ 1990, 1995| 2000
2B8 Petrochemical and
carbon black production
2B8b Ethylene kt C C C
2B10 Other
Acetic acid production kt 30 27 24
Limestone pit kt C C C
Niacin production kt C C C
PVC production kt 43 43 0
Sulphuric acid production kt C C C

Unit| 2005| 2006/ 2007, 2008 2009/ 2010| 2011 2012| 2013]| 2014
2B8 Petrochemical and
carbon black production
2B8b Ethylene kt C C C C C C C o C C
2B10 Other
Acetic acid production kt 8 8 9 18 28 20 18 12 C C
Limestone pit kt C C C C C C C C C C
Niacin production kt C C C C C C C C C C
PVC production kt 0 0 0 0 0 0 0 0 0 0
Sulphuric acid production kt C C C C C C C C C C

4.3.2.5 Other (2B10)

Source category 2B10 Other comprises emissions from production of acetic acid, sulphuric

acid, niacin and PVC (ceased in 1996) as well as from limestone pits.
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Acetic acid production (2B10)

In Switzerland, there is only one plant producing acetic acid (CHzCOOH) remaining in 2014
after the other one stopped its production by the end of 2012. The still existing plant emits
NMVOC only whereas from the latter one also emissions of CO,, CH4 and CO occur.

Methodology

In order to determine emissions of CO2 and CH,4 from acetic acid a country-specific method
analogous to a Tier 2 method according to the IPCC 2006 guidelines (vol. 3) is used. The CO
and NMVOC emissions are calculated by a Tier 2 method according to the decision tree Fig.
3.1 in EMEP/EEA (2013) (chp. 2B Chemical industry).

Emission factors

The emission factors for CO,, CH4, CO and NMVOC from acetic acid production in
Switzerland are plant-specific and based on data from industry and expert estimates
documented in EMIS 2016/2B10 Essigsaure-Produktion (see Table 4-19 for NMVOC).

In the plant which ceased production by the end of 2012 process emissions had been treated
in a flue gas incineration. Thus, the reported emissions of CH4, CO and NMVOC only
occurred in case of malfunction, which resulted in strongly fluctuating plant-specific emission
factors. In addition, the resulting implied emission factors based on the emissions of both
plants are modulated by considerable production fluctuations of one of the plants from 2000
onwards. The emission factors for acetic acid production are confidential but available to
reviewers on request.

Table 4-21 In the confidential NIR, the respective table with emission factors for CO2 and CHa in acetic acid
production are separately reported and available to reviewers.

Activity data

The annual amount of produced acetic acid is based on data from industry and from the
Swiss industry association for the chemical, pharmaceutical and biotech industry
(scienceindustries) documented in EMIS 2016/2B10 Essigsaure-Produktion (see Table
4-20). The data for acetic acid production since 2013 are confidential, since there is only one
manufacturer remaining. The data are available for reviewers on request.

Limestone pit (2B10)

In one chemical plant acids are neutralized in a so-called limestone pit yielding geogenic CO;
emissions.
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Methodology

According to decision tree Fig. 2.4 of the IPCC 2006 guidelines (vol. 3, chp. 2.5 Other
process uses of carbonates), the CO, emissions from the limestone pit are determined by
Tier 2 method.

Emission factors

The CO2 emission factor is considered confidential but available to reviewers on request.

Activity data

Activity data of annual consumption of calcium carbonate are provided by the chemical plant
from 1999 onwards as documented in EMIS 2016/2B10 Kalksteingrube. For the years 2005-
2011 and 2013 they are based on monitoring reports of the Swiss ETS. Since no data are
available of the limestone pit for the time period 1990-1998, the annual activity is derived
from the average annual consumption between 1999 and 2014.

Activity data is considered confidential but available to reviewers on request.

Niacin production (2B10)

CO; emissions from niacin production of the single manufacturer in Switzerland are reported
since submission 2015. CO: is released in the last reaction step of the niacin production.

Methodology

In order to determine emissions of CO> from niacin production, a country-specific method
analogous to a Tier 2 method according to the IPCC 2006 guidelines (vol. 3) is used.

Emission factors

The CO; emission factor is plant-specific based on monitoring reports of the Swiss ETS and
is assumed to be constant as documented in the EMIS database (EMIS 2016/2B10 Niacin-
Produktion). The emission factor is considered confidential but available to reviewers on
request.

Activity data

Activity data of annual niacin production were provided by the Swiss production plant for the
entire time period as documented in EMIS 2016/2B10 Niacin-Produktion. For the years
2005-2011 and 2013 they are based on monitoring reports of the Swiss ETS. Activity data
are considered confidential but available to reviewers on request.
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PVC and sulphuric acid production (2B10)

Sulphuric acid (H2S0.) is produced by one plant only in Switzerland. From this production
process SO; is emitted. Until 1996, also PVC was produced in Switzerland releasing
NMVOC emissions.

Methodology

In order to determine SO, and NMVOC emissions from sulphuric acid and PVC production,
respectively, a Tier 2 method according to the decision tree Fig. 3.1 of EMEP/EEA (2013)
(chp. 2B Chemical industry) with plant-specific emission factors is used.

Emission factors

The emission factor for SO, from sulphuric acid production in Switzerland is plant-specific
and based on measurement data from industry and expert estimates documented in the
EMIS database (EMIS 2016/2B10 Schwefelsaure-Produktion). The SO, emission factor is
confidential but available to reviewers on request.

For PVC production the NMVOC emission factor was based on industry information and
expert estimates (EMIS 2016/2B10 PVC-Produktion).

Activity data

The annual amount of sulphuric acid and PVC produced is based on data from industry and
expert estimates documented in EMIS 2016/2B10 Schwefelsaure-Produktion and EMIS
2016/2B10 PVC-Produktion (see Table 4-20). The activity data for sulphuric acid production
are confidential but available to reviewers on request.

4.3.3 Uncertainties and time-series consistency

The uncertainties for CO, and CH4 in source category 2B are both estimated to be medium,
(see Table 1-11 Semi-quantitative uncertainties for non-key categories) resulting in a relative
uncertainty of 10% for CO, and of 30% for CHa4. For N2O emissions from 2B2 Nitric acid
production, the uncertainty is assumed to be 7.5% since the Swiss ETS requires that an
uncertainty of 7.5% is not exceeded for continuous N.O measurements.

Consistency: Time series for 2B Chemical industry are all considered consistent.

4.3.4 Category-specific QA/QC and verification

The general QA/QC measures are described in section 1.2.3.
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4.3.5 Category-specific recalculations
Recalculations reported in submission 2015

e 2B10 Other: CO; emissions from two new source categories 2B10 niacin production
and 2B10 limestone pit are included in the inventory for the entire time period 1990—
2013.

e 2B10 Other: The SO, emission factor from 2B10 Sulphuric acid production has been
revised for 1990-2009 based on the updated EF value for 2013.

Recalculations reported in submission 2016

e 2B8b: The AD of 2B8b Ethylene production has been corrected for 2013 due to a
mistake in last year's submission.

e 2B10: The EF of SO, of 2B10 Sulphuric acid production has been corrected for 2009
due to a typing error in last year's submission.

4.3.6 Category-specific planned improvements
No category-specific improvements are planned.

4.4  Source category 2C — Metal industry
4.4.1 Source category description

Approach 1 key category 2C3

CO; emissions from Aluminium production (trend).
PFC emissions from Aluminium production (trend).

Table 4-22 Specification of source category 2C Metal industry in Switzerland.

2C Source Specification

2C1 |Iron and steel production Emissions of CO,, NOx, CO, NMVOC and SO, from the
production of iron and steel

2C2 |Ferroalloys production Production is not occuring in Switzerland

2C3  |Aluminium production Emissions of PFC, CO,, NOx, CO, NMVOC, and SO, from the

production of primary aluminium (ceased in 2006)

2C4  |Magnesium production Emissions from use of SFg in magnesium foundries (emissions
from use of SFg in aluminium foundries included)

2C7 |Other Emissions of CO and NMVOC from non-ferrous metal foundries
Emissions of CO,, NOx, CO and SO, from battery recycling
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4.4.2 Methodological issues

4.4.2.1 Iron and steel production (2C1)

There is no primary iron and steel production in Switzerland. Only secondary steel production
occurs, which is steel production from recycled steel scrap. After closing down of two steel
plants in 1994, there remain two plants in Switzerland. Both plants use electric arc furnaces
(EAF) with a carbon electrode for melting the steel scrap. During the melting process CO-
emissions occur mainly from scrap, electrodes and carburization coal whereas the produced
steel, filter dust and slag act as carbon sinks. Emissions of precursors such as NOy, CO,
NMVOC and SO: occur as well.

In Switzerland, no production of pig iron occurs but iron is processed in foundries only.
Today, there exist about 14 iron foundries in Switzerland. About 75% of the iron is processed
in induction furnaces and 25% in cupola furnaces. From induction furnaces only precursors
are emitted. In cupola furnaces also CO; emissions occur. Those CO; emissions are
accounted for in source category 1A2a.

Methodology

For determination of CO, emission from iron and steel production a mixture of a Tier 2 and a
Tier 3 method according to decision tree Fig. 4.7 IPCC 2006 (vol. 3, chp. 4.2 Iron & steel and
metallurgical coke production) is used. For the years 2005-2011 and 2013 plant-specific
data on the carbon mass balance is available from monitoring reports of the Swiss ETS,
since under the Ordinance for the Reduction of CO, Emissions (Swiss Confederation 2012)
the plants are required to report their emissions annually (Tier 3). From this information, data
for the other years are interpolated for calculating an implied emission factor. In Switzerland,
no CH4 emissions occur in the EAF process.

Emissions of all precursors are determined by a Tier 2 method based on the decision tree
Fig. 3.1 in chapter 2C1 in EMEP/EEA (2013) using country-specific emission factors (EMIS
2016/2C1).

Emission factors

The emission factors for iron and steel production in Switzerland are country-specific and are
based on measurements from industry and expert estimates documented in the EMIS
database (EMIS 2016/2C1 Eisengiessereien Elektroschmelzofen/tbriger Betrieb, EMIS
2016/2C1 Stahl-Produktion Elektroschmelzéfen and EMIS 2016/2C1 Stahlwerke
Walzwerke).

The electrode consumption in the two Swiss plants differs. For the calculations all carbon
sources (graphite electrodes, steel scrap, alloy coal, etc.) and carbon sinks (steel, filter dust
and slag) for the years 2005-2011 and 2013-2014 were taken into account. Based on these
carbon mass balances, a mean plant-specific CO, emission factor results. The plant-specific
data are confidential but available to reviewers on request. The reported CO, emission factor
for Swiss steel industry is the production-weighted average.
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Table 4-23 CO2 emission factor of electric arc furnaces in 2C1 Steel production in kg/t.

2C1 Steel production  |Unit 1990] 1995| 2000

CO, kg/t 8.3 8.0 7.7

2C1 Steel production |Unit 2005 2006 2007 2008 2009 2010] 2011 2012 2013] 2014
CO, kg/t 8.8 9.1 8.5 6.8 6.8 7.6 7.1 7.9 8.5 8.2

Emission factors for all precursors emitted from steel production are based on air pollution
control measurements of the steel plants. For submission 2016, emission factors of NOy,
NMVOC, SO,, and CO have been revised based on air pollution control measurements at
the electric arc furnaces of the two plants in 1999, 2005 and 2010 and in 1998, 2009 and
2014, respectively. The emission factors from iron production in foundries are provided by
the Swiss foundry association (GVS).

Table 4-24 Emission factors for NOx, CO and NMVOC in iron production, for CO2, NOx, CO, NMVOC and SO: in
steel production, for CO and NMVOC in non-ferrous metal production and for CO2, NOx, CO and SO: in battery

recycling for 2014.

2C Metal industry Unit CO, NO, CO NMVOC SO,

2C1 Iron production kgt NA 0.01 4.1 4 NA
2C1 Steel production kgt 8.2 0.14 0.7 0.1 0.014
2C7a Non-ferrous metals |kg/t NA NA 0.24 0.05 NA
2C7c Battery recycling kg/t 560 0.88 1.2 NA 0.01

Activity data

Activity data on annual production of iron and steel are provided annually by the Swiss
foundry association (Giesserei-Verband Schweiz, GVS) and the steel plants, respectively.

Since 2009, activity data of the annual steel production is taken from annual monitoring

reports from the Swiss Emissions Trading Scheme (ETS).

Table 4-25 Production of iron, steel, aluminium and non-ferrous metals as well as amount of batteries recycled in

Switzerland in kt.

2C Metal industry Unit 1990] 1995/ 2000
2C1 Iron production kt 170 130 120
2C1 Steel production kt 1'108 716| 1'022
2C3 Aluminium production |kt 87 21 36
2C7a Non-ferrous metals |kt 55 60 70
2C7c Battery recycling kt 3.0 3.0 3.0
2C Metal industry Unit 2005| 2006| 2007| 2008| 2009| 2010| 2011 2012| 2013| 2014
2C1 Iron production kt 67 67 72 78 49 53 61 46 45 43
2C1 Steel production kt 1'159| 1'254| 1'267| 1'315 935| 1'218| 1'322] 1'252| 1'231] 1'315
2C3 Aluminium production |kt 45 12 0 0 0 0 0 0 0 0
2C7a Non-ferrous metals |kt 33 30 28 21 15 20 12 18 7 7
2C7c Battery recycling kt 2.8 2.4 2.4 2.5 3.4 3.3 2.4 2.4 2.3 2.6
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4.4.2.2 Aluminium production (2C3)

Methodology

The last production site for primary aluminium in Switzerland closed down in April 2006.
According to 2006 IPCC Guidelines (IPCC 2006, vol.3, chp. 4.4, fig. 4.11) CO, emissions
were calculated by a Tier 2 method using a country-specific emission factor. For PFC
emissions a more specific Tier 3 method with facility-specific data according to the 2006
IPCC Guidelines (IPCC 2006) was used. Operating smelter emissions have been monitored
periodically by the industry for selected years.

FOEN import statistics indicate SFe imports for the aluminium industry, referring to cleaning
process in foundries. The 2006 IPCC Guidelines mention use of SFe in aluminium production
for magnesium alloys on a low scale but do not provide further information for evaluation.
The evaluation and related information on methodology, activity data and emissions factors
are included in 2C4 Magnesium production.

Emission factors

The emission factor for CO; of 1.6 tonnes per tonne of aluminium is country-specific. It is
based on measurements and data from industry and expert estimates, documented in the
EMIS database (EMIS 2016/2C3 Aluminium Produktion). CO emissions from aluminium
production stem from the oxidation of the anode in the electrolysis process. In Switzerland
only prebake anode technology was used. For the anode consumption a constant mean
value of 0.43 tonnes per tonne of aluminium was applied It is assumed that the anode
consisted completely of carbon and that it was fully oxidized during the process. .

For PFC emissions from aluminium production, emission factors of operating smelters have
been monitored periodically by the industry for selected years. The only Swiss factory
provided own measurements for 1990, 1999 and 2000 yielding smaller EFs than the
European average (Alcan 2003). The comparison with these data and data from 1Al (2005)
on global PFC emissions from aluminium production showed that the emissions from the
smelter in Switzerland are lower by a factor of about 4. This seems to be plausible because
they used point feed prebake (PFPB) technology, which is known for the lowest emissions
per tonne of aluminium. Therefore, a “general reduction factor” of 4 for both PFC gases (CF4
and C,F) is adopted based on the average European values as reported from the European
Aluminium Association (Alcan 2002) for the years with no measured emission data available.
The resulting emission factors for Switzerland are within the uncertainty range according to
the 2006 IPCC Guidelines (variations by a factor 10 using same technologies). Emission
factors for the years 2001 to 2006 are not measured and therefore they are estimated based
on an interpolation proportional to the European data. For the ratio of CF4 to CzFs, a value of
90% to 10% is applied. As it was not possible to perform industry independent
measurements and because of the fact that aluminium production was closed in 2006, it is
not possible to redo any measurements or to collect any information about the process
details retroactively. The emission factors have decreased between 1990 and 2006 due to
technical efforts to reduce emissions (Alcan 2003).
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Table 4-26 PFC emissions factors for aluminium production in Switzerland. Aluminium production in Switzerland
ceased in 2006.

Gas Unit 1990 1995 2000
CF, kalt 0.1530| 0.0833| 0.0360
C,Fs kg/t 0.0170| 0.0093| 0.0040
Gas Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
CF, kglt 0.0315| 0.0315 NO NO NO NO NO NO NO NO
C,Fs kalt 0.0035| 0.0035 NO NO NO NO NO NO NO NO

Activity data

In 2006, the last aluminium production site in Switzerland was closed. Activity data on
aluminium production from 1997 to 2006 are based on annual data published by the Swiss
Aluminium Association. For earlier years, data were provided directly by the aluminium
industry. Activity data for aluminium production in Switzerland are given in Table 4-25.

4.4.2.3 Magnesium production (2C4)

Use of SFs in aluminium and magnesium foundries (2C4)

Use of SFe in aluminium foundries (2C3) is included in source category 2C4 (use of SFg in
aluminium production related to magnesium alloys is mentioned in the 2006 IPCC
Guidelines). SFs is used in Swiss aluminium and magnesium foundries since 1997. There
have been two magnesium foundries known to be using SFe. In 2007 one of them closed
down.

Methodology

SFs is used in aluminium and magnesium foundries in the cleaning process as inert gas to fill
casting forms. The Swiss Foundry Association (GVS) has not provided information on
emission factors and hence a Tier 2 method is used.

Emission factors

There are no measurements of SFg emissions available to identify the fraction of SFe
destroyed or transformed in the process. For SFs used in aluminium and magnesium
foundries (2C3/2C4) it is assumed that the total imported amount is emitted (2006 IPCC
Guidelines default emission factor of 1000 kg per tonne of imported substance).

Activity data

Activity data on SFs used in aluminium and magnesium foundries (2C3/2C4) are based on
import data from FOEN statistics. For the activity data of any particular year, the mean value
of the imports in the present and the previous year is used to account for possible time lag
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between import and consumption (e.g. for 2014 the mean value of 2013 and 2014 import
data are used). It is assumed that the total imported amount is emitted within one year. The
remaining magnesium foundry reported activity data for 2008 to 2014 to the SWISSMEM
statistics. The fact that only one magnesium foundry uses SFes was confirmed by a survey,
which has been carried out in 2011 among members of the Swiss Foundry Association
(GVS). SF¢ has not been used in aluminium foundries in Switzerland since 2011. The
amount of imported SFs for cleaning processes in former years is extrapolated from an
estimated value given in the year 2003 by an import company. Details on the imported
amount are not available for later years. A steady decrease since 2003 is assumed for the
import of SFs used for aluminium cleaning. This assumption is based on the above
mentioned survey and on information which was obtained on applications within the category
‘others’ from FOEN import statistics, indicating that decreasing amounts of SF¢ are used for
aluminium cleaning.

4.4.2.4 Other (2C7)

Battery recycling and non-ferrous metal foundries (2C7)

There is one battery recycling plant in Switzerland. The recycling is done by applying the
Sumitomo process. The batteries are first pyrolised at temperatures of 700°C in a reducing
atmosphere in a shaft kiln. The gas with the carbonised components then goes to a post-
combustion step where it is completely oxidised at temperatures of 1000°C. The flue gas is
then directed to a flue gas treatment installation. The metal fraction from the pyrolysis goes
to a melting furnace where it is reduced by addition of coal and magnesium oxide. As
reducing agent coke and Carburit is used.

In Switzerland, there are one large company and several small plants operating non-ferrous
metal foundries producing mainly copper alloys. During the melting process emissions of CO
and NMVOC occur.

Methodology

To determine emissions of CO2, NOy, CO and SO; from battery recycling and of CO and
NMVOC from non-ferrous metal foundries, Tier 2 methods according to EMEP/EEA
Guidebook 2013 (EMEP/EEA 2013, chp. 2C7c and 2C7a) with country-specific emission
factors are used.

Emission factors

The emission factors of CO,, NOy, CO and SO, from battery recycling and of CO and
NMVOC from non-ferrous metal foundries in Switzerland are country-specific and based on
measurements from industry and expert estimates documented in the EMIS database (EMIS
2016/2C7 Batterie-Recycling and 2015/2C7 Buntmetallgiessereien Elektrotfen) (see Table
4-24).
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Activity data

The annual amount of recycled batteries and produced non-ferrous metals in Switzerland is
reported from industry and the foundry association as documented in the EMIS database
(EMIS 2016/2C7 Batterie-Recycling and 2015/2C7 Buntmetallgiessereien Elektrotfen), (see
Table 4-25).

4.4.3 Uncertainties and time-series consistency

The uncertainty of CO, emissions in 2C1 Iron and steel production amounts to 40.3%.
Production data of the steel industry have a high confidence and its uncertainty is estimated
at 5%. The uncertainty for the CO, emission factor is estimated at 40%.

For the emission of CO, and PFC, 2C3 Aluminium production, which is a key category for
both gases, combined uncertainties of 10% and 9%, respectively are determined. The
uncertainties of the emission factor and activity data are estimated at 7.1% and 6.4%,
respectively for both, CO, and PFC.

For the emissions of SFs from the use in 2C4 Magnesium production an uncertainty of 25%
is assumed based on a Monte Carlo simulation (for further details see Carbotech 2016).

The uncertainty of CO, emissions from source category 2C7 Other is estimated to be
medium (see Table 1-11, semi-quantitative uncertainties for non-key categories) and thus
amounts to 10%.

Consistency: Time series for 2C Metal industry are all considered consistent.

4.4.4 Category-specific QA/QC and verification

The general QA/QC measures are described in section 1.2.3.

For source category 2C1 Iron and steel production, a reassessment of CO emission factor
from electric arc furnaces in secondary steel production has been conducted based on plant-
specific carbon mass balance data, which have been validated and verified within the

obligations of the Ordinance for the Reduction of CO, Emissions (Swiss Confederation 2012)
(FOEN, internal documentation 2013).

For source category 2C4 Magnesium production, the data received from SWISSMEM and
import firms have been checked for double counting.

445 Category-specific recalculations

Recalculations reported in submission 2015

e 2C3 Aluminium production, 2C4 Magnesium production: following the 2006 IPCC
Guidelines new GWP values for SFs and PFC have been applied for the entire time
period 1990 to 2013.
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Recalculations reported in submission 2016

2C1: The CO; EF from 2C1 Steel production, electric arc furnace has been revised
for 2013 based on corrected data in the carbon mass balance of one of the two steel

plants.

2C1: The EF of NOy, CO, NMVOC and SO- of 2C1 Steel production, electric arc
furnace have been revised from 1991 onwards based on air pollution control

measurements.

2C1: The AD of 2C1 Steel production, rolling mill has been revised for 2013 based on

industry data.

4.4.6 Category-specific planned improvements

No category-specific improvements are planned.

4.5

Source category 2D -

solvent use

Non-energy products from fuels and

4.5.1 Source category description

Approach 1 and 2 key category 2D

Source category 2D is not a key category.

Table 4-27 Specification of source category 2D Non-energy products from fuels and solvent use in Switzerland.

2D Source Specification

2D1 |Lubricant use Emissions of CO, from primary usage of lubricants in machinery
and vehicles

2D2 |Paraffin wax use Emissions of CO, from primary usage of paraffin waxes

2D3a |Solvent use Emissions of NMVOC from coating applications, degreasing, dry
cleaning and chemical products as well as emissions of CO,
resulting from post-combustion of NMVOC in exhaust
gases of these sources

2D3b |Road paving with asphalt Emissions of NMVOC from road paving with asphalt

2D3c |Asphalt roofing Emissions of CO and NMVOC from asphalt roofing;

2D3d |Urea use in SCR catalysts of diesel |Emissions of CO, from urea use in SCR catalysts of diesel

engines engines (heavy motor vehicles)

4.5.2 Methodological issues

4.5.2.1 Lubricant use (2D1) and Paraffin wax use (2D2)

Lubricants are mostly used in industrial and transportation applications. They can be
subdivided into motor oils, industrial oils and greases, which differ in terms of physical
characteristics, commercial applications and environmental fate. Lubricants in engines are
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primarily used for their lubricating properties and associated CO emissions are therefore
considered as non-combustion emissions reported in 2D1 Lubricant use.

The source category 2D2 Paraffin wax use includes products such as petroleum jelly,
paraffin waxes and other waxes, including mixtures of saturated hydrocarbons, solid at
ambient temperature. Paraffin waxes are separated from crude oil during the production of
light (distillate) lubricating oils. Emissions from the use of waxes occur primarily when the
waxes or derivatives of paraffins are combusted during use (e.g. candles).

Methodology

CO; emissions from oxidation of lubricants and paraffin wax are calculated by a Tier 1
method according to the 2006 IPCC Guidelines (IPCC 2006, vol. 3, chp. 5.2 and 5.3)
applying the IPCC default oxidation fraction of 0.2.

Emission factors

The emission factors of CO, from lubricant and paraffin wax use in Switzerland are based on
default IPCC values for NCV, carbon content and oxidation fraction documented in vol. 2,
chap.1 and vol. 3, chap. 5.2 and 5.3, respectively, of IPCC 2006, see also EMIS 2016/2D1
Lubricant use and EMIS 2016/2D2 Paraffin wax use.

Table 4-28 CO2 emission factor of 2D1 Lubricant use and 2D2 Paraffin wax use for 2014 in kg/t.

Unit CO,
2D1 Lubricant use kg/t 590
2D2 Paraffin wax use kg/t 590

Activity data

The annual amount of lubricant and paraffin wax used in Switzerland is derived from the
Swiss petroleum association (EV 2015).

Table 4-29 Use of lubricants in Switzerland.

Unit| 1990| 1995/ 2000
2D1 Lubricant use kt 80 61 63
2D2 Paraffin wax use kt 11 10 12

Unit| 2005/ 2006| 2007| 2008, 2009, 2010| 2011 2012, 2013| 2014
2D1 Lubricant use kt 72 68 71 66 52 55 54 51 53 54
2D2 Paraffin wax use kt 10 11 9 9 6 5 5 3 4 4
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45.2.2 Other (2D3)

Solvent use (2D3a)

Since the 2006 IPCC Guidelines (vol. 3, chp. 5.5) refer to the EMEP/EEA Guidebook 2013
regarding methodologies for estimating NMVOC emissions from solvent use, the respective
NFR codes are indicated as reference as well. In the following sections, the NMVOC
emissions from coating applications (2D3d NFR), degreasing (2D3e NFR), dry cleaning
(2D3f NFR) as well as production and processing of chemical products (2D3g NFR) are
reported. Due to the obligations of the Ordinance on Air Pollution Control (Swiss
Confederation 1985) and Ordinance on the Incentive Tax on Volatile Organic Compounds
(Swiss Confederation 1997) several industrial plants use facilities and equipment to reduce
NMVOC in exhaust gases and room ventilation output. Often this implies the feeding of air
with high NMVOC content into the burning chamber of boilers or other facilities to incinerate
NMVOC. These CO; emissions from post-combustion of NMVOC are estimated based on
industry data and expert estimates (Carbotech 2014a).

The source categories paint application in construction, paint application on wood, industrial
and non-industrial paint application, production of fine chemicals and cleaning of parts in
metal processing account for the largest share of NMVOC emissions from 2D3a in 2014.

Coating applications (2D3d NFR)
Methodology

For the determination of NMVOC emissions from coating applications a Tier 2 method
according to the EMEP/EEA Guidebook 2013 is used based on the consumption of paints,
lacquers, thinners etc. and their solvent content. Switzerland's Informative Inventory Report
2016 contains a detailed description of the methods and country-specific data used for
estimating the NMVOC emissions from 2D3d NFR Coating applications (FOEN 2016f).

Emission factors

Emission factors for NMVOC emissions are based on data from the Swiss association for
coating and paint applications (VSLF) and from relevant retailers, documented in the EMIS
database (EMIS 2016/2D3a).
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Table 4-30 NMVOC emission factors of coating applications, degreasing, dry cleaning, chemical products,

manufacture and processing in 2D3a Solvent use for 2014.

2D3a Solvent use Unit NMVOC
Coating applications (2D3d NFR)

Paint application, construction kg/t paint 56
Paint application, households kg/t paint 88
Paint application, industrial & non-industrial kg/t paint 348
Paint application, wood kg/t paint 293
Paint application, car repair kg/t paint 400
Degreasing (2D3e NFR)

Cleaning of electronic components kg/t solvent 500
Degreasing of metal kg/t solvent 460
Other industrial cleaning kg/t solvent 610
Dry cleaning (2D3f NFR) kg/t solvent 500
Chemical products, manufacture and

processing (2D3g NFR)

Fine chemicals production t/production index 3.6
Glue production kg/t glue 0.8
Handling and storing of solvents t/production index 2.0
Ink production kg/t ink 8.5
Paint production kg/t paint 3.6
Pharmaceutical production kg/t pharmaceutical 7.8
Polyester processing kg/t polyester 50
Polystyrene processing kg/t polystyrene 16
Polyurethane processing kg/t polyruethane 3.8
PVC processing kg/t PVC 4.0
Rubber processing kgltyres 0.14
Tanning of leather kg/employee 0.68

Activity data

227

Activity data correspond to the annual consumption of paints. Data on paint consumption are
taken from the Swiss association for coating and paint applications (VSLF) and from relevant

retailers, documented in the EMIS database.
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Table 4-31 Activity data of coating applications, degreasing, dry cleaning and chemical products, manufacture
and processing in Switzerland.

2D3a Solvent use Unit 1990 1995 2000
Coating applications (2D3d NFR)

Paint application, construction

Paint application, households

Paint application, industrial & non-industrial
Paint application, wood

Paint application, car repair

Degreasing (2D3e NFR)

122'000] 65'750| 32'667
12'000] 12'625| 13'000
20'100] 21'288) 20'933

6'000 6'313 6'500
2'700 2'200 2'000

Cleaning of electronic components t 900 556 350

Degreasing of metal t 15'500 10'019 5'937

Other industrial cleaning t 625 616 563

Dry cleaning (2D3f NFR) t 1'300 1'011 722

Chemical products, manufacture and

processing (2D3g NFR)

Fine chemicals production prod. index 70 100 163

Glue production t 19'000| 31'682| 44'364

Handling and storing of solvents prod. index 70 100 163

Ink production t 20'200 17'575 18'000

Paint production t 138'000| 121'500| 117'333

Pharmaceutical production t 16'100| 20'975| 20233

Polyester processing t 10'800 7'043 6'467

Polystyrene processing t 19'600 19'100 18'800

Polyurethane processing t 17'300| 34'500|  44'500

Production of adhesive tape t 1'520 0 0

PVC processing t 94'000 94'000 78'000

Rubber processing tyres 120'000| 119'375| 103'667

Tanning of leather employees 110 108 102

2D3a Solvent use Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Coating applications (2D3d NFR)

Paint application, construction t 42'000| 43500 45'000| 48'000| 51'000| 54'000| 56'333| 58'667| 61'000| 61'000
Paint application, households t 20'000| 20'000| 20'000| 22'667| 25'333| 28'000| 28'000| 28'000| 28'000| 28'286
Paint application, industrial & non-industrial |t 8'767 8'933 9'100 8'833 8'567 8'300 8'170 8'040 7'910 7'780
Paint application, wood t 7'667 7'833 8'000 8'667 9'333| 10'000| 10'000| 10'000| 10'000| 10'136
Paint application, car repair t 1'867 1'833 1'800 1'767 1'733 1'700 1'533 1'367 1'200 1'243

Degreasing (2D3e NFR)
Cleaning of electronic components
Degreasing of metal

Other industrial cleaning

Dry cleaning (2D3f NFR) 433 375 317 259 201 144 86 28 28 28
Chemical products, manufacture and

processing (2D3g NFR)

Fine chemicals production prod. index 224 246 283 280 295 314 299 302 305 308
Glue production t 59'767 62'033 64'300 63'969 63'638 63'308 62'977 62'646 62'315 61'985
Handling and storing of solvents prod. index 224 246 283 280 295 314 299 302 305 308

17'767| 18'133| 18500| 18'667| 18833| 19'000] 21'433] 23'867| 26'300| 25'586
122'333| 123'667| 125'000| 125'333| 125'667| 126'000| 126'000| 126'000| 126'000| 125'143
27'600| 28'300| 29'000| 29250| 29'500| 29'750] 30'000| 30'100| 30'200| 30'300
6'867 7'233 7'600 6'200 4'800 3'400 3'500 3'700 3'700 3'700
23'500| 25'800| 26'000| 28'575| 31'150| 33'725] 36'300] 31'000| 31'500| 32'000
53'900| 59'200| 69'600| 67'400| 51'700| 54'200] 40'300| 40200 38200| 37'743

Ink production

Paint production
Pharmaceutical production
Polyester processing
Polystyrene processing
Polyurethane processing

Production of adhesive tape 0 0 0 0 0 0 0 0 0 0
PVC processing 64'000| 68'800| 78'400| 72'900| 62'300| 51'700| 55'200| 39'700| 38'488| 37275
Rubber processing tyres 67'000| 70'000| 70'000| 72'500| 75'000| 77'500| 80'000| 80'000| 81'000| 82'000
Tanning of leather employees 88 88 87 87 87 87 87 86 85 85

Degreasing and dry cleaning (2D3e NFR, 2D3f NFR)
Methodology

For the determination of NMVOC emissions from degreasing and dry cleaning a Tier 2
method according to the EMEP/EEA Guidebook 2013 is used based on the consumption of
solvents. Switzerland's Informative Inventory Report 2016 contains a detailed description of
the methods and country-specific data used for estimating the NMVOC emissions from 2D3e
NFR, 2D3f NFR Degreasing and dry cleaning (FOEN 2016f).

Emission factors

Emission factors for NMVOC emissions are based on data from the association of Swiss
mechanical and electric engineering industries, NMVOC balances, import statistics and
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expert estimates, documented in the EMIS database (EMIS 2016/2D3a). For emission
factors in 2014 see Table 4-30.

Activity data

Activity data correspond to the annual consumption of solvents for degreasing and dry
cleaning. Data are based on data from the association of Swiss mechanical and electric
engineering industries, NMVOC balances, import statistics and expert estimates,
documented in the EMIS database (EMIS 2016/2D3a). Activity data is provided in Table
4-31.

Chemical products, manufacture and processing (2D3g NFR)

Methodology

For determination of NMVOC emissions from chemical products, manufacture and
processing a Tier 2 method according to the EMEP/EEA Guidebook 2013 is used. Based on
the decision tree Fig. 3.1 in chapter 2D3g in EMEP/EEA (2013), for source category 2D3
Chemical products a Tier 2 method using country-specific emission factors is used for
calculating the NMVOC emissions (EMIS 2016/2D3).

The emissions from production of fine chemicals and from handling and storage of solvents
are based on production indices. The emissions from production of pharmaceuticals,
manufacturing of paint, glues, inks and adhesive tape as well as the processing of
polyurethane, PVC and rubber are calculated based on production numbers. The emissions
from processing of expanded polystyrene foam and polyester are calculated based on their
consumption.

Switzerland's Informative Inventory Report 2016 contains a detailed description of the
methods and country-specific data used for estimating the NMVOC emissions from 2D3g
NFR Chemical products, manufacture and processing (FOEN 2016f).

Emission factors

Emission factors for NMVVOC emissions are mainly based on data from Swiss industry
associations, documented in the EMIS database (EMIS 2016/2D3). For emission factors see
Table 4-30.

Activity data

The activity data are mainly production output or consumption data provided by industry
association. Activity data on fine chemicals production and handling and storing of solvents
are production indices provided by the Swiss Federal Office of Statistics, (EMIS 2016/2D3).
For activity data see Table 4-31.
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Road paving with asphalt (2D3b)

Asphalt road surfaces are composed of compacted aggregate and asphalt binder. From road
surfacing operations only NMVOC emissions occur.

Methodology

The NMVOC emissions are determined by a country-specific Tier 2 method according to the
EMEP/EEA Guidebook 2013 as documented in EMIS 2016/2D3b Strassenbelagsarbeiten.

Emission factors

The emission factor for NMVOC emissions from 2D3b Road paving with asphalt comprises
NMVOC emissions from the use of prime coatings and from the bitumen content in asphalt
products (about 5%). The NMVOC content in the bitumen has decreased considerably
between 1990 and 2010.The values are based on industry data from 1990, 1998, 2007, 2010
and 2013. All other years are interpolated and complemented with expert estimates
documented in the EMIS database.

Table 4-32 Emission factors of 2D3b Road paving with asphalt and 2D3c Asphalt roofing for 2014.

Unit CO NMVOC
2D3b Road paving kg/t asphalt concrete NA 0.54
2D3c Asphalt roofing kg/t asphalt sealing sheeting 123 22

Activity data

Activity data on the amount of asphalt products (so-called mixed goods) used for road paving
is based on annual data from the association of asphalt production industry (SMI) for 1990
and from 1998 onwards and expert estimates for the years between.
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Table 4-33 Activity data for road paving with asphalt, asphalt roofing and urea use in SCR catalysts.

Unit| 1990, 1995/ 2000

2D3b Road paving with

asphalt
Asphalt concrete kt 5'500| 4'800| 5'170
2D3c Asphalt roofing
Asphalt sealing sheeting kt 50 45 41
2D3d Urea use in SCR
catalysts
AdBlue kt 0 0 0
Unit| 2005/ 2006/ 2007, 2008, 2009/ 2010| 2011| 2012| 2013| 2014
2D3b Road paving with
asphalt
Asphalt concrete kt 4'780| 5'400| 5'100| 5'160| 5'200| 5'250| 5'300| 4'770| 4'770| 4'750
2D3c Asphalt roofing
Asphalt sealing sheeting kt 30 28 26 26 25 25 25 24 24 24
2D3d Urea use in SCR
catalysts
AdBlue kt 0 3 6 10 14 17 19 21 23 24

Asphalt roofing (2D3c)
Methodology

This source category comprises emissions from production and use of asphalt roofing
materials (saturated felt, roofing and siding shingles, roll roofing and sidings). These products
are used in roofing and other building applications. From 2D3c Asphalt roofing only
precursors such as CO and NMVOC arise. CO is emitted during the production process of
asphalt roofing materials whereas NMVOC emissions are released during the entire
production and laying processes (primers included) (see EMIS 2016/2D3c Dachpappen
Produktion und Verlegung). According to the EMEP/EEA Guidebook 2013, a Tier 2 method
is used.

Emission factors

The emission factors from Asphalt roofing are based on information from the industry
association, literature and expert estimates as documented in the EMIS database (see Table
4-32).

Activity data

Activity data is based on data from industry and expert estimates as documented in the EMIS
database (see Table 4-33).

Urea use in SCR catalysts of diesel engines (2D3d)

This source category encompasses CO; emissions from the use of urea containing AdBlue in
diesel engines with SCR-catalysts in road transportation (Euro V/VI).
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Methodology

In accordance with the new 2006 IPCC guidelines the consumption of Ad Blue is reported in
this submission following a methodology suggested in the EMEP/EEA guidebook 2013
(EMEP/EEA 2013; part B, chp. 1.A.3.b.i-iv, page 48). A specific percentage of the fuel
consumption of SCR-vehicles in road transportation according to their Euro class is applied
for Ad Blue consumption estimates. Emissions are calculated according to following formula:

CO; Emissions = EF « FC « Share of SCR vehicles mileage ¢ Specific urea share

“FC” relates to the fuel consumption in [t] of the entire vehicle category. “Share of SCR
vehicles mileage” implies the mileage share of SCR-vehicles in the entire vehicle category
and “Specific urea share” comprises the percentage of fuel consumption which relates to
AdBlue (urea solution) consumption.

Emission factors

The emission factor for CO; emissions from urea use in SCR-catalysts in vehicles is a default
value (EMEP/EEA 2013) considering the molecular mass conversion of urea into CO- during
the reaction with water and the content of 32.5% of the aqueous AdBlue urea solution.

Activity data

Activity data on AdBlue consumption as well as annual mileage are provided by INFRAS
(INFRAS 2010) on a yearly basis as documented in EMIS 2016/2D3d Urea (AdBlue) Einsatz
Strassenverkehr. For activity data see Table 4-33.

4.5.3 Uncertainties and time-series consistency

The uncertainty of total CO, emissions from the entire source category 2D — Non-energy
products from fuels and solvent use is estimated to be 50% (expert estimate).

Consistency: Time series for 2D Non-energy products from fuels and solvent use are all
considered consistent.

4.5.4 Category-specific QA/QC and verification

The general QA/QC measures are described in section 1.2.3 and partly also in chp. 3.2.4.8.
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455 Category-specific recalculations
Recalculations reported in submission 2015

2D1 Lubricant use: CO, emissions are newly reported in the inventory for the entire
time series 1990-2013 according to the 2006 IPCC Guidelines.

2D2 Paraffin wax use: CO, emissions are newly reported in the inventory for the
entire time series 1990-2013 according to the 2006 IPCC Guidelines.

2D3a Coating applications:

The AD and NMVOC EF for 2D3a (2D3d NFR) Paint application, construction and
2D3a (2D3d NFR) Paint application, wood have been updated for 2013 resulting in
revised interpolated values for 2011 and 2012.

The two source categories 2D3a (2D3d NFR) Industrial paint application, other and
2D3a (2D3d NFR) Non-industrial paint application, other have been combined in one
source category 2D3a (2D3d NFR) Paint application, industrial & non-industrial
resulting in small rounding changes in the NMVOC EF values between 2001 and
2012. Due to the updated AD for 2013 also the interpolated AD values for 2011 and
2012 have been revised.

2D3a Chemical products, manufacture and processing (2D3g NFR):

The AD and NMVOC EF for 2D3a (2D3g NFR) Polyurethane processing have been
updated for 2008-2012 and 2012, respectively, resulting in revised interpolated EF
values for 2008-2011 as well.

The AD and NMVOC EF for 2D3a (2D3g NFR) Ink production have been updated for
2013 resulting in revised interpolated values for 2011 and 2012.

The NMVOC EF for 2D3a (2D3g NFR) Polystyrene processing has been updated for
2012 resulting in revised interpolated EF values for 2008—2011 as well.

2D3c Asphalt roofing: The NMVOC EF for 2D3c Asphalt roofing has been updated for
2013 resulting in revised interpolated EF values for 2011 and 2012.

2D3d Urea use in SCR catalysts of diesel engines: CO, emissions are newly reported
in the inventory for the entire time series 1990-2013 according to the CRF templates.

Recalculations reported in submission 2016

2D2: The AD of 2D2 Paraffin wax use has been revised for 2013 based on corrected
data from the Swiss petroleum association.

2D3a: The AD and EF of NMVOC of 2D3a Paint applications, household, 2D3a Paint
applications, car repair and 2D3a Paint production have been updated for 2013
resulting in revised interpolated values of 2011 and 2012 as well.

2D3a: The AD and EF of NMVOC of 2D3a Cleaning of electronic components, 2D3a
Degreasing of metal and 2D3a Other industrial cleaning have been updated for 2012
resulting in revised interpolated values for 2008—-2011 and 2013 as well.

2D3a: The so-called direct emissions of 2D3a Other industrial cleaning have been
converted into AD and EF but yielding no recalculations.

2D3c: The interpolated AD of 2D3c Asphalt roofing have changed from 2008 onwards
due to revised projections.

4 Industrial processes and product use: 4.5 Source category 2D — Non-energy products from fuels and solvent use



National Inventory Report of Switzerland 2016 234

4.5.6 Category-specific planned improvements
No category-specific improvements are planned.

4.6  Source category 2E — Electronics industry
4.6.1 Source category description

Approach 1 and 2 key category 2E

Source category 2E Electronics industry is not a key category.

Source category 2E Electronics industry comprises HFC, PFC, NF; and SFs emissions from
consumption of the applications listed below in Table 4-34.

Table 4-34 Specification of source category 2E Electronics industry in Switzerland.

2E Source Specification
Etching and cleaning processes in the production of IC and
2E1 Integrated circuit or semiconductur |semiconductors (similar cleaning services for printed wiring boards

included in the evaluation)

No production of TFT flat panel displays in Switzerland, activities

2E2 TFT flat panel display contained in the production of displays for watches

2E3 Photovoltaics Emissions from photovoltaic manufacturing

2E4 Heat transfer fluids No application in Switzerland assumed*

2E5 Other Test activities (for example related to printed wiring boards),

research activities

* Heat transfer fluids subject of research, for example ORC systems. Alternative products available with low GWP
as for example Novec 649 and 7000

4.6.2 Methodological issues

Emission calculations are based on import data from FOEN statistics for etching and
cleaning processes of the electronics industry covering different source categories as listed
in Table 4-34 (until 2010 import declarations for electronic industry under solvents). Process-
specific transformation and emission rates are used. A survey within the electronics industry
was carried out for the submission in 2015 to distribute the imported substances to the
different source categories of electronic industry.

Methodology

A Tier 2a approach with process gas-specific parameters is used for emission calculations.
IPCC default values for gas-specific transformation rate of different processes and general
values for exhaust treatment efficiency are applied.
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Imports of electronics industry were included in FOEN statistics under solvents until 2010.
For the inventory report 2011 (FOEN 2011) interviews were conducted with the industry to
get in-depth information on allocation of imported PFC volumes to different applications and
to obtain process-specific information from consumers. Until 2010 most PFC imports
declared as 2F5 Solvents or 2F6 Other were related to the electronics industry (2E). Since
2011, PFC import declarations have been improved and information is provided for the
source category 2E separately. A survey was carried out for the submission in 2015 to
determine contributions of different source categories 2E1-2E5 (Table 4-34). As a result, the
peak of NF; imports between 2009 and 2011 was found to be related to photovoltaic
manufacture.

Emission factors

Default emission factors according to the 2006 IPCC Guidelines are used for production and
waste-air treatment. An exhaust treatment is assumed probable for most applications due to
the Chemical Risk Reduction Ordinance (Swiss Confederation 2005), which limits emissions
for industrial applications, such as semiconductor manufacturing, to 5%. For some large
users the presence of exhaust treatment was confirmed in a survey.

Activity data

Activity data are based on FOEN import statistics and industry information.

4.6.3 Uncertainties and time-series consistency

The uncertainty for the emissions from the use of PFC, SFs and NF; in 2E Electronics
industry is estimated at 74% (PFC ), 59% (SFs), 189% (NF3) based on a Monte Carlo
simulation (for further details see Carbotech 2016).

Consistency: Time series for 2E Electronics industry are all considered consistent.

4.6.4 Category-specific QA/QC and verification

The entire time series are compared between the current and the previous submissions
(evaluations in the first commitment period under former source category 2F7 Semiconductor
and partly under 2F5 Solvents and 2F9 Other). The general QA/QC measures are described
in section 1.2.3.

4.6.5 Category-specific recalculations
Recalculations reported in submission 2015

e 2006 IPCC Guidelines (IPCC 2006) introduce a new categorization for electronic
industry, new substances and new model approaches for sub-categories with process
gas-specific transmission rates.
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Recalculations reported in submission 2016

¢ No category-specific recalculations were carried out.

4.6.6 Category-specific planned improvements
No category-specific improvements are planned.

4.7  Source category 2F — Product uses as substitutes for ozone
depleting substances

4.7.1 Source Category Description

Approach 1 key category 2F1

HFC emissions from product uses as substitutes for ozone depleting substances;
refrigeration and air conditioning (level and trend).

Approach 2 key category 2F1

HFC emissions from product uses as substitutes for ozone depleting substances;
refrigeration and air conditioning (level and trend).

Source category 2F Product uses as substitutes for ozone depleting substances comprises
HFC and PFC emissions from consumption of the applications listed in Table 4-35.

Table 4-35 Specification of source category 2F Product uses as substitutes for ozone depleting substances in
Switzerland.

2F |Source Specification

2F1 |Refrigeration and air conditioning Emissions from refrigeration and air conditioning (incl. heat
pumps and tumble dryers)

2F2 |Foam blowing agents Emissions from foam blowing, incl. polyurethane spray

2F4 |Aerosols Emissions from use as aerosols, incl. metered dose
inhalers

2F5 |Solvents Emissions from use as solvents

The following graph shows HFC and PFC emissions from different applications in source
category 2F. Refrigeration and air conditioning equipment account by far for the highest
emissions with a share of 96% of the total emissions in the source category 2F. Further,
emissions are dominated by HFCs and only a very minor contribution comes from PFCs.
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Figure 4-6 Distribution of emissions under source category 2F Product uses as substitutes for ozone depleting
substances (2014). HFC and PFC have been used short-term only as substitutes for ozone depleting substances
except for refrigeration and air conditioning. Most relevant today are emissions from the built up refrigerant stock
in equipment (mainly HFCs, small amount of PFCs used in refrigerant blends).

4.7.2 Methodological issues

The data models used for source category 2F are complex and therefore a comprehensive
documentation of all relevant model parameters is not possible within the NIR. Annex A3.2
shows an illustrative example of the model structure and parameters used for calculating
emissions from mobile air-conditioning in cars. Where possible, the most important
assumptions for the data model are documented (e.g. Table 4-36). Detailed documentation
of the individual data and models is available from Carbotech (2015) as well as related
background documents. This information is FOEN internal due to confidentiality of data, but
is open for consultation by reviewers.

4.7.2.1 Refrigeration and air conditioning (2F1)

Methodology

The inventory under source category 2F1 includes the following types of equipment:
domestic refrigeration, commercial and industrial refrigeration, transport refrigeration,
stationary air conditioning, mobile air conditioning, heat pumps and tumble dryers. For each
of these types of equipment, individual emission models are used for calculating actual
emissions as per the 2006 IPCC Guidelines Tier 2a approach (emission factor approach). In
order to obtain the most reliable data for the calculations, two different approaches are
applied to get the stock data needed for the model calculations: ‘top down’ using import
amount of refrigerant and available statistics or estimations on the Swiss market from experts
and associations and ‘bottom up’ through questionnaires sent to companies active in
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importation, production and service of appliances. In a first step the refrigerant need for the
production and maintenance of equipment is calculated for most applications based on the
bottom up calculations of stock (example of mobile air conditioning in Annex A3.2). The
reported import amount of bulk refrigerant is split in a second step top down to different
applications based on the results of the bottom up approach and considering the surplus of
imported refrigerant for the production and maintenance of industrial and commercial
refrigeration equipment.

The import data as reported to FOEN are adjusted for imported substances to be used in
Liechtenstein. This is to eliminate double counting with the inventory data of Liechtenstein.
Under source category 2F1 import data which is related to commercial and industrial
refrigeration equipment are split between Switzerland and Liechtenstein from the year 2008
onwards. The split factor is based on the proportion of employees in the industrial and
service sector (share of import for Liechtenstein <1%). For other equipment types no scope
for double counting with the inventory of Liechtenstein was identified and therefore no
adjustment is required.

] Refrigeration and Air Conditioning

Commerce
1 Number
and filled
substance
Import ' :
L Maintenance
statistics

Number and
filled
substance

Import of
devices
_ 1 o
Production Use & Disposal
Calculation stocks || Life-
Estimations to time
earlier years
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Atmosphere| % loss ‘ % loss ‘ ‘ % loss ‘

Figure 4-7 Required data for the model to calculate emissions from refrigeration and air conditioning in
Switzerland.

Emission factors

Emission factors for manufacturing, product life and disposal as well as average product
lifetime are established on the basis of expert judgement and literature. Direct monitoring of
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the product life emission factors is only done at the company level for internal use (i.e.
retailers such as Coop and Migros). The product life factors are used to make the allocation
of imported F-gases to new products and maintenance activities.

In 2008 the revised Chemical Risk Reduction Ordinance (Swiss Confederation 2005) was
introduced. As part of this revision, an obligation for operators handling equipment containing
more than 3 kg of HFCs was introduced to provide information to FOEN on the date of
operation start, type of equipment, type and amount of refrigerant and date of disposal. This
data source provides valuable information and has been used to improve the estimates used
for modelling emissions under source category 2F. However, it did not allow to directly draw
the stock data or emission factors for the national inventory. With the versions of the revised
Chemical Risk Reduction Ordinance introduced in 2013 and 2015 the obligatory registration
of HFC containing equipment was replaced with a ban on HFC for specific equipment type
and capacity. CO, compensation programms have been introduced on the other hand with a
focus on the early replacement of HFC in installed equipment.

Table 4-36 displays the detailed model parameters used for the present submission.
Changes of model parameters within the period 1990 to 2014 are indicated with values in
brackets. The parameters in brackets are applied for the inventory 2014. For product life
emission factors of some equipment types a dynamic model is applied, which implies that
emission decrease linearly between 1995 and 2014 due to improved production technologies
and the continuous sensitisation of service technicians. The start/end values are based on
expert statements, UBA (2005, 2007) and Schwarz (2001, 2005). The charge at end of life
for different applications has been analysed considering the technical minimal charge of
equipment and the expected frequency of maintenance (UBA/Okorecherche 2012). Disposal
losses are calculated based on expert assumption on portion of broken equipment (100%
loss) and assumptions on disposal losses for professional recovery at site or waste treatment
by specialized companies.
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Table 4-36 Typical values of lifetime, charge and emission factors used in model calculations 1990 to 2014 for
refrigeration and air conditioning equipment. Changes of model parameters within this time period are indicated
with the starting year of application in brackets (for example a charge of 4.7—7.5 kg was applied for heat pumps
until 2000 and a lower charge of 2.8-4.5 kg from 2000 onwards. A linear interpolation is applied for the product
life emission factor of commercial and industrial refrigeration, stationary air conditioning and for the emission
factor of mobile air conditioning between the starting year and 2014.
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Domestic refrigeration (2014:3)
10 [NR 0.5 Sinking from |78-90 NA 19
Commercial and industrial refrigeration 121in 1990 to
6.7 in 2014
Transport refrigeration: trucks/vans 10|1.8-7.8 15 15 86 90 28
Transport refrigeration: wagons 16 |NR NO 10 100 NA 28
. . L . 15|NR 3(2005: 1) |Sinking from |74-89 NA 28
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Stationary air conditioning: heat pumps (2000: 2.8-4.5)
] ] - 15[0.4 0.5 2 74 NA 19
Stationary air conditioning: tumble dryers
15 |Sinking from NO 8.5 58 31-72 50
Mobile air conditioning: cars 0.84 1990 to (2014: 44)
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*) Calculated value taking into account annual loss and portion refilled over the whole product life where applicable.
**) allocation of disposal losses to export country

***) Calculated value taking into account share of total refrigerant loss and emission factor of professional disposal. Disposal
losses of HFC and PFC occur from 2000 onwards (introduction of HFCs and PFCs starting 1991 and 10 to 16 years lifetime of
equipment). The value of 50% for mobile air conditioning is based on UBA 2005 and expert assumptions on share of total
refrigerant loss, e.g. due to road accident.

*+*x) takes into account HFC-134a content in foams, based on information from the recycling organisation SENS.
NR = not relevant as only aggregate data is used
NO = Not occurring (only import of charged units)

NA = Not available

Activity data

Activity data are taken from industry information and national statistics such as for admission
of new cars and trucks. Stock data is modelled dynamically. Due to the large number of sub-
models used for modelling the total emissions for source category 2F1, no table on time
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series of activity data is provided here. For illustration, Annex A3.2 shows the detailed
calculation model for car air conditioning including the time series for the activity data for this
particular sub-model. Mobile air conditioning accounts for approx. 30% of the total emissions
(CO: eq) of source category 2F1 Refrigeration and air conditioning in the inventory 2014.

For the inventory report 2012 (FOEN 2012) a cross check has been performed for results
from model calculation and FOEN statistics on disposal and recycling of HFCs. This has
indicated a significant gap. Some of the gap is explained by the onsite reuse and recycling of
refrigerants, which is not reflected by the FOEN statistics and by other factors as e.g. the not
accounted export of refrigeration equipment (only export of vehicles with air conditioning
considered). Export rates were considered for further applications in the present submission
(refrigerants in mobile air conditioning and transport refrigeration).

To avoid double counting with the inventory data of Liechtenstein, the activity data for the
equipment type commercial and industrial refrigeration from the year 2008 onward are
reduced by 0.9%, based on the share of imports of substances to be used in Liechtenstein.
The reduction factor is based on the proportion of employees in the industrial and service
sector in these two countries. For other equipment types no scope for double counting with
the inventory of Liechtenstein was identified and therefore no correction factor is applied.

4.7.2.2 Foam blowing agents (2F2)

Methodology

In Switzerland no production of open cell foam based on HFCs is reported by the industry.
Therefore, only closed cell PU and XPS foams, PU spray applications and further closed cell
applications as sandwich elements are relevant under source category 2F2.

The emission model (Tier 2a) for foam blowing has been developed ‘top down’ based on
import statistics for products, industry information and expert assumptions for market
volumes and emission factors. Emissions from further not specified applications — so far
assumed to be sandwich elements — have been calculated (Tier 1a) as residual balance
between FOEN import statistics and consumption in PU spray, PU and XPS foams.

Emission factors

For emission factors and lifetime of XPS and PU foam, expert estimates and default values
according to the 2006 IPCC Guidelines (IPCC 2006, Volume 3, p. 7.37) are used. For PU
spray, expert estimates and specific default values according to the 2006 IPCC Guidelines
(IPCC 2006, Volume 3, p. 7.37) are used. Unknown applications are evaluated following the
Gamlen model recommended in the 2006 IPCC Guidelines (IPCC 2006). First-year losses
are allocated to the country of production.
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Table 4-37 Typical values on lifetime, charge and emission factors used in model calculations for foam blowing

Product Product Charge of new |Manufacturing Product life Charge at end
lifetime product emission factor emission factor of life
Foam type years % of product % of initial charge  |% per annum % charge of
weight new product
PU foam 50 4.5 NR NR Calculated
XPS foam HFC-134a |50 6.5 NR NR/0.7** charge minus
XPS foam HFC-152a 100/ 0** EmISsIons over

lifetime (so far

PU spray all HFC 50 13.6/0* <1% 95/ 2.5 * not relevant

Unknown use: proc)lucts still in
use

HFC 134a, HFC 227ea, |20 NR 10 10/4.5*

HFC 365 mfc

HFC 152a 100 100/ 0 **

* The first value represents the charge of HFC 1995 (start of HFC use as substitutes for ozone depleting

substances). The HFC amount was reduced continuously between 1995 and 2008. Since 2009 the
production of PU spray is HFC free in Switzerland.

*k Data for 1st year / following years (HFC-152a all emissions allocated to production)

NR Not relevant (PU foam: no substances according to this protocol have been used; XPS foam:
emissions occur outside Switzerland; unknown use: calculations are based on the remaining
propellant import amount).

Activity data

HFCs have been used until 2008 in the Swiss production of PU spray. The export rate of PU
spray from Swiss production was about 96.5% of total production volume in the time period
of HFC use. About one third of PU spray sold in Switzerland originates from local production,
the rest is import. For PU rigid foams no HFCs are used as foam blowing agent (only
pentane and CO,). There has been no production of XPS in Switzerland with HFCs. XPS
foams were 100% imported until 2010. In 2011 a new production facility was started which,
however, does not use HFCs. The HFC import not related to the main applications above
has been allocated to further unknown applications (possible use in the production of
sandwich elements mentioned by an import company of foam blowing agents has not been
confirmed).

Detailed activity data for this source category are available at FOEN, but not reported due to
confidentiality.

4.7.2.3 Fire protection (2F3)

No emissions occur in source category 2F3 within Switzerland. The application of HFCs,
PFCs and SFs in fire extinguishers is prohibited by law.
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4.7.2.4 Aerosols (2F4)

Methodology

The Tier 2a emission model for Aerosol / MDI is based on a ‘top-down’ approach using
import statistics for HFCs.

Emission factors

A manufacturing emission factor of 1% is applied. For product life emission factor the model
assumes that 50% of the remaining substance is emitted in the first year and 50% in the
second year respectively, which is in line with the 2006 IPCC Guidelines.

Activity data

In most aerosol applications, HFCs have been replaced already in the past years. According
to the information of companies filling aerosol bottles for use in households, e.g. cosmetics,
cloth care and paint, no HFC is being used. For special technical applications — especially
metered dose inhalers (MDI) — HFC is still in use. Compared to the total amount of aerosol
applied, the HFC use for MDI is considered to be irrelevant.

Activity data are based on import statistics. The export and import of filled products is
unknown and assumed to be in a similar range. Detailed activity data for this source category
are available at FOEN, but not reported due to confidentiality.

4.7.2.5 Solvents (2F5)

Methodology

HFCs and PFCs are used as solvents. Emissions are calculated according to a Tier 1a
method according to the 2006 IPCC Guidelines on basis of a ‘top-down’ approach using
import statistics and industry information on allocation of the imported HFC and PFC
amounts to different applications.

The import data as reported to FOEN are adjusted for imported substances to be used in
Liechtenstein to eliminate double counting. Under source category 2F5 import data from the
year 2008 onwards are split between Switzerland and Liechtenstein. The split factor is based
on the proportion of inhabitants.

Emission factors

An emission factor of 50% in both the first and the second year is applied in line with the
2006 IPCC Guidelines.
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Activity data

Activity data are based on import statistics. Detailed activity data for this source category are
available at FOEN, but not reported due to confidentiality. Since the inventory report of the
year 2011 (FOEN 2011), interviews were made with industry to get in-depth information on
allocation of imported HFC and PFC volumes to different applications. These interviews
revealed that most imported PFCs declared as Solvents (2F5) or Other (2F9) before 2011
are actually related to the electronics industry. Therefore, the model for allocation of imported
PFC volumes was adjusted accordingly. Since 2011 imports for semiconductors
manufacturing and further etching processes of electronics industry are registered as
separate category in FOEN import statistics.

To avoid double counting with the inventory data of Liechtenstein, the import data reported to
FOEN which is assigned to source category 2F5 in the inventory of Switzerland is reduced
by 0.5%. The reduction factor is based on the proportion of inhabitants in these two
countries.

4.7.2.6 Other applications (2F6)

There are no further applications of substitutes for ozone depleting substances in
Switzerland.

4.7.3 Uncertainties and time-series consistency

For refrigeration equipment, air-conditioning equipment as well as for foam blowing, a Monte
Carlo analysis according to IPCC Good Practice Guidance for the evaluation of uncertainties
of model calculations according to Tier 1 and 2 has been carried out. The Monte Carlo
analysis was performed on the inventory data of the current GHG inventory (submission
2016). For the purpose of the Monte Carlo analysis, the uncertainty of all relevant
parameters (e.g. initial appliance charge, product life emission factor, import and export
volumes, etc.) used in the emission models for the applications as per Table 4-38 below has
been characterised using the following statistical distributions:

o Triangular distribution (defined by the three parameters minimum, maximum and most
likely value)

. Uniform distribution (same probability for the whole spectrum)
o Normal or lognormal distribution

The analysis was carried out with 10’000 cycles. Some details on the distributions of
parameters used (i.e. type of distribution, minimum, maximum, most likely value) are
documented in Carbotech (2015).

For the submission of 12 April 2006 the uncertainty for the import statistic data had been
estimated for the first time. Discussions with the persons responsible for data collection in the
years 1997-2014 led to the estimations given in Table 4-38.
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Table 4-38 Estimated uncertainty for the data of the imported substances.

Year Minimal | Maximal |Remarks

Up to 1999 -10% 30% Assumed that the data is not complete

2000 — 2003 -10% 15% Data can be incomplete or possible double declaration
2004 — 2014 -10% 10% Data can be incomplete or possible double declaration

Table 4-39 summarises the results for the application-specific emission models. The “value
2014” represents the reported emissions in kt CO- equivalent for the specific application for
the year 2014. The average, median, uncertainty, minimum and maximum values are output
values of the Monte Carlo analysis. The uncertainty of the resulting total emissions from
source category 2F Product uses as substitutes for ODS is about 15%. Higher values result
for the contributions of single applications.

Uncertainties of more than 20% have been calculated for the following applications:

° Stationary air conditioning

° Commercial and industrial refrigeration
° Domestic refrigeration

. Foam blowing

o Aerosols

o Solvents

Uncertainties of 15% to 20% have been calculated for the following applications:

o Mobile air conditioning
. Transport refrigeration

For the model calculation of domestic refrigeration no uncertainty value is given due to a very
asymmetric distribution. Calculation of stocks is not reported in detail here because the
uncertainties for stock and new filled refrigerant related to the split of refrigerant on different
applications is of small importance for the overall emissions (different applications show
similar characteristics for the building of stocks and related emissions). Detailed data are
available in Carbotech (2015). For stocks maximum uncertainties of 30-40% result for HFC-
32 and HFC-134a in commercial and industrial refrigeration.

Relevant parameters for the building of stock in PU-foam are the PU-foam import and export
rate of past years and the PU-Spray first year emission factor. The data base for PU-Sprays
has been significantly improved with effect from the 2007 submission (FOEN 2007). This is
attributed to improved models which have been elaborated by the main producer and its
blowing agent import firm. However, the following three factors lead to a small amount
remaining in the stock with a relative high uncertainty: high import and export rate of PU-
Spray, lacking information on import of PU-Spray and on propellant used in import products
and high emission factor of the first year.
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Table 4-39 Summary of results for model parameter “emissions” from Monte Carlo analysis for 2014 data on
selected emission sources.

Model |Value 2014 Average Median min. max. 'tJari]r(:ter_
Application para- 4
meter |kt co, eq. kt CO, eq. kt CO, eq. kt CO, eq. kt CO, eq. %
2F1 Refrigeration and air 1'404 1'460 1'453 1179 1822 15
conditioning
- Cc_)mme_rual / Industrial 749 778 774 553 1119 27
refrigeration
- Mobile air conditioning . 426 425 426 295 592 14
g
- Stationary ai g
Stationary air o 201 219 219 148 201 22
conditioning €
£
- Transport refrigeration g 29.2 31.9 318 251 43.5 18
8
- Domestic refrigeration LJEJ 5.3 6.2 4.8 0.1 26.0| *)
2F2 Foam blowing agents 32.9 37.0 36.6 28.3 151.7 35
2F4 Aerosols 22.4 22.7 22.7 8.7 35.6 41
2F5 Solvents 0.7 0.7 0.8 0.1 1.3 57
Total 2F Product use as , , , , \
substitutes for ODS 1'460 1'521 1'515 1'162 1'938 15

*) very asymmetric distribution, therefore standard deviation not indicated.

Consistency: Time series for 2F are all considered consistent.

4.7.4 Category-specific QA/QC and verification
The entire time series are compared between the current and the previous submission.

Recalculations were identified and explained. All modelling results produced by Carbotech
(2015) have been checked in detail by FOEN specialists.

The assumptions of decreasing emission factors for the different equipment types under
source category 2F1 Refrigeration and air conditioning have been cross-checked with the
inventories of Austria and Germany and have been found to be in line with the assumptions
made for these inventories.

The emission factor of category 2F used in the Swiss inventory was compared to the
corresponding emission factors of other countries (UNFCCC
http://unfccc.int/di/FlexibleQueries.do) and to the IPCC default value if available (INFRAS
2012). Concerning ODS substitutes the following sources of emissions are deemed most
relevant: HFC-125, HFC-134a and HFC-143a from stationary and commercial refrigeration
as well as mobile air conditioning. The product life factor is relevant, since there is no

4 Industrial processes and product use: 4.7 Source category 2F — Product uses as substitutes for ozone depleting substances



National Inventory Report of Switzerland 2016 247

production of halocarbons in Switzerland. For all these sources Switzerland’s emission
factors lie in the midfield of the range of other countries except for the life factor in mobile air
conditioning. However, when compared to neighbouring countries such as Germany, very
similar values are used. The Swiss product life factors are often lower than the average for
the following reasons. First, since 2005 the Chemical Risk Reduction Ordinance (Swiss
Confederation 2005) is in place that ensures the proper handling and disposal of
halocarbons and SFs. Second, the decommissioning sector is well-organized by the SENS
foundation and recycling is taxed in advance. Third, servicing staff is well-trained to proper
handling and disposal of respective appliances.

The FOEN supports a monitoring campaign at the high-altitude research station
Jungfraujoch, where various greenhouse gases are measured continuously. The location of
the research station normally provides for analysis of tropospheric background
concentrations. However, under special meteorological conditions, an estimate of Swiss
emissions can be derived from the measurements. For HFC-134a, HFC-125, HFC-152a
HFC-143a, HFC-336mfc and HFC-32 a comparison of the inventory data with the inferred
emissions is presented in Annex A5.1. Estimated emissions based on measurements at
Jungfraujoch agree fairly well with the emission estimates HFC-134a, HFC-125, HFC-143
and HFC-32 of the Swiss greenhouse gas inventory. Larger differences result for less
relevant contributions of HFC-152a. The allocations of first year emissions of foam blowing
agents to the country of production might be the reason for the gap.

4.7.5 Category-specific recalculations

Recalculations reported in submission 2016

o 2F1 Refrigeration and air conditioning: Optimizations of model calculations including
number of vehicles in the model of mobile air conditioning of van, extrapolation of
emission factor for stationary air conditioning equipment, changes of refrigerant blend
applied in transport refrigeration of trains.

° 2F5 Solvents: Revision of import amounts (correction of import declarations of a
specific import company).

Recalculations reported in submission 2015

e A new categorization was introduced with the 2006 IPCC Guidelines for fluorinated
substances. The former source category 2F Consumption of HFC, PFC and SFe of the
first commitment periode was split into the new categories 2F Product uses as
substitutes for ODS, 2E Electronics industry, 2G Other product manufacture and use.
With the application of the 2006 IPCC Guidelines, new GWP values were applied and
additional substances included in evaluations (HFC-365mfc and HFC-254fa relevant
for ODS substitutes). Further but less relevant changes result from optimizations of
model calculations.

. Source-specific recalculations for the time series 1990 to 2012 are summarized in
Table 4-40 for the remaining applications in the new category 2F Product uses as
substitutes for ODS. The different improvements carried out are related to the source
categories with the highest emissions (in 2F1).

. A direct comparison of results in source category 2F with results from the first
commitment period is not possible due to the new categorization. The recalculation of
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the emissions 2012 lead to 19% higher emissions in the former source category 2F
consumption of HFC, PFC and SFs than reported in the last submission of the first
commitment period (278 kt CO: in 2012). A difference of about 5% results from model
optimization and of about 14% from changes in applied GWP values and new
substances.

Table 4-40 Summary of recalculations in source category 2F.

NFR code |Sector/ Process AD/EF Year Gas Specification
2F spszngjtzzizracsms 1990-2012 Al F-Gas New GWP values (mostly higher)
) ) ) AD 2003-2012 HFC-134a  [Mobile air conditioning, lower charge equipment. Indirect
2F1 Refrl_ggra_tlon and air influence on calculation of industrial/commercial refrigeration,
conditioning o ) L
split of imports of in bulk on applications.
AD 2002-2013 HFC-134a, |stationary air conditioning, new application included in model
oF1 Refrigeration and air HFC-125,  |(tumble dryers). Indirect influence on calculation of
conditioning HFC-32 industrial/commercial refrigeration, split of imports of in bulk
on applications.
AD 1991-2012 HFC-134a,
HEC-143a Harmonization of model calculations (for example elimination
HFC-125, of averages over two years for emission estimates from stock,
2F1 Refrigeration and air HFC-32, only stock of specific year considered). The harmonization
conditioning CsFg leads to significant changes of calculations in the early phase
of HFC and PFC application in commercial and industrial
refrigeration and mobile air coinditioning (1991 to 1996)
Refrigeration and air AD 2004-2012 Eig;gga New model calcualations for so far neglected small import
2F1 o g & lamounts of refrigerants (assumed use commercial and
conditioning CF, . ) . )
industrial refrigeration)
EF 2002-2012 HFC-134a,
HFEC-152a.  |New model approach for unknown application (IPCC 2006
2F2 Foam blowing agents HFC-227 " |[recommendation Gamlen model, changes of lifetime and
HFC_365;'nfC losses, disposal AD so far not relevant).
AD HFC-134a, |shift of substances to other applications. HFC-134a and HFC-
oFs5 Solvents HFC-245fa, |245fa to 2F4 Aerosols (IPCC 2006: aerosol solvents included
CsFs, C4Fs,  [unter arosols), shift of PFCs to 2E Electronics industry and
C4F10, CeF14 |2G2 Other PFC and SFg use

4.7.6 Category-specific planned improvements

Gradual improvement of the data quality in co-operation with industry is ongoing. As in the
past years, methodologies and emission models will be updated during the yearly process of
F-gas inquiry. The focus will be on improvements of HFC emission calculations from
refrigeration and air-conditioning equipment, changes are expected in this area due to the
revision of the Chemical Risk Reduction Ordinance and CO, compensation programms
(share of products with HFC, recycling of HFC, early replacement of HFC).

4.8 Source category 2G — Other product manufacture and use
4.8.1 Source category description

Approach 1 key category 2G

SFs emissions from Other product manufacture and use (level and trend).
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Approach 2 key category 2G

SFs emissions from Other product manufacture and use (trend).
N2O emissions from Other product manufacture and use (trend).

Table 4-41 Specification of source category 2G Other product manufacture and use in Switzerland.

2G Source Specification
2G1 |Electrical equipment Emissions of SFg from use in electrical equipment

2G2 |SFg and PFCs from other product use |Emissions of SFg and PFC not accounted in other source
categories (i.e. for particle accelerators, soundproof windows,
leakage detection, research and laboratory use)

2G3 |N,O from product uses Emissions of N,O from the use of N,O in hospitals;
Emissions of N,O from the use of aerosol cans

2G4 |Other Emissions of NMVOC from domestic solvent use, printing, other
solvent and product use as well as emissions of CO2 resulting
from post-combustion of NMVOC in exhaust gases of these
sources

Emissions of CO2, CO, NOx, CO and SO from use of fireworks;
Emissions of HFC not accounted in other source categories

4.8.2 Methodological issues
4.8.2.1 Electrical equipment (2G1)

Methodology

Under an agreement with FOEN, the industry association SWISSMEM is reporting actual
emissions of SF¢ on basis of a mass-balance approach (Tier 3a). The mass balance includes
mainly data for the production, installation, operation and disposal of electrical equipment,
but included in past years also small amounts of SF¢ for other applications (i.e. research,
magnesium foundry). SWISSMEM is collecting data from its members and is cross-checking
the reported SFs consumption data with data from importers of SFe. Installations in operation
with electrical equipment containing SFs are periodically inspected for leakage, and losses
are refilled (topping up). The refilled quantities and any SFs charge required during repair are
reported as emissions at the time of filling. A product lifetime of 35 years is assumed.

Emission factors

Emission factors for source category 2G1 are based on industry information and are
calculated values based on the mass-balance data. The discontinuity in emission factor from
2005 to 2006 data is due to the inspection intervals, optimised data collection and technical
optimisation of equipment. The trend for reduced emission factors can be linked to the
existing agreement of SWISSMEM and FOEN on the reduction of SFs emissions.

4 Industrial processes and product use: 4.8 Source category 2G — Other product manufacture and use



National Inventory Report of Switzerland 2016 250

Activity data

Activity data are based on industry information. The wide annual fluctuation of SFs emissions
from electrical equipment is related to the annual fluctuation of market volumes for such
equipment as well as variations in inspection intervals and equipment break-down requiring
topping up of SFe charge in the equipment. Import declarations obtained for FOEN import
statistics are cross-checked regularly in order to eliminate double counting between
SWISSMEM data and other import declarations.

4.8.2.2 SFgand PFCs from other product use (2G2)

Methodology

The emissions reported under 2G2 are related to the use of SFe for industrial particle
accelerators (2G2b), the use of SFs for soundproof windows (2G2c) and other PFC and SFs
use (2G2e). 2G2e summarizes research/analytics and further applications (including the
unallocated difference in SFs emissions based on the FOEN import statistics and the
SWISSMEM mass balance).

Under an agreement with FOEN, the industry association SWISSMEM is reporting actual
emissions of SFe¢ from industrial particle accelerators on the basis of a mass-balance
approach (Tier 3a).

For 2G2c soundproof windows and 2G2e Other a Tier 2 approach is applied. Therefore, the
unallocated amount of SFs under 2G2e has been assigned as application of cables and
electrical control systems. Further evaluations of applications under 2G2e are based on
FOEN import statistics and industry data, including applications with direct emissions and
applications with banks. No further details are provided due to confidentiality. Data are
available from FOEN (confidential report Carbotech, 2015).

Emission factors

For the unallocated amount of SFe assigned to cables and electrical control systems, the
emission factor is assumed to be 4% for manufacturing and 1% per year during the product
life. 100% of the remaining charge is emitted at the time of disposal after a lifetime of 40
years. Because of the long lifetime, the disposal emissions are not relevant for the results.

For soundproof windows an annual emission rate of 1% is assumed, including the portion of
broken windows. Since 2008, there is no production of windows with SFe in Switzerland. For
the manufacturing in former years the emissions factor is assumed to be 33%.

Activity data

Activity data are based on import statistics and industry information. For the unallocated
amount of SFe assigned to cables and electrical control systems an export rate of 80% is
assumed similar to electrical equipment 2G1. Also for the inventory report 2013 (FOEN
2015), the split factors for allocation of imported amounts to different applications was
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checked through industry interviews and in-depth analysis in order to eliminate double
counting between SWISSMEM data and other import declarations. Interviews with industry
were carried out for the present inventory to identify applications of substances related to
research under source category 2G2e Other.

4.8.2.3 N0 from product uses (2G3)

Methodology

Emissions of N-O from the source category 2G3 occur from the anaesthesia use in hospitals
(2G3a Medical applications) and from the use of aerosol cans in households (2G3b Other).
For both categories a Tier 2 method based on the production/consumption of N,O is used
(IPCC 2006 (vol. 3 chp. 8.4)).

Emission factors

For source category 2G3a Medical applications the emission factor is calculated based on
the amount of N>O sold in Switzerland divided by the number of inhabitants. The yearly
amount of N2O sold for anaesthesia purpose is derived from sales data from the companies
concerned based on annual data from 2005 onwards (EMIS 2016/2G3a Lachgasanwendung
Spitaler).

Source category 2G3b Other includes N>O emissions from whipped-cream makers using gas
capsules for private households and restaurants. The emission factor is calculated based on
sales data and N,O content of gas capsules sold in Switzerland divided by the number of
inhabitants (EMIS 2016/2G3b Lachgasanwendung Haushalt).

Table 4-42 N20O emission factors for the source categories 2G3a Medical applications and 2G3b Other in 2014.

2G3a Use of N,O for anaesthesia |Unit 1990, 1995/ 2000

N,O g/inhabitant 43 29.8 16.6

2G3b N,O from aerosol cans

N,O g/inhabitant 9.3 9.6 9.8

2G3a Use of N,O for anaesthesia |Unit 2005/ 2006/ 2007 2008/ 2009/ 2010/ 2011 2012| 2013| 2014
N,O gl/inhabitant 12.0 10.0 9.0 8.0 7.0 7.0 6.0 5.8 5.6 5.3
2G3b N,O from aerosol cans

N,O gl/inhabitant 10.5 10.8 11.0 11.3 115 11.8 12.0 12.2 12.4 12.7

Activity data

For the source categories 2G3a Medical applications and 2G3b Other the activity data
correspond to the Swiss population (SFSO 2015a) (EMIS 2016/2G3a Lachgasanwendung
Spitaler and EMIS 2016/2G3b Lachgasanwendung Haushalt).
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Table 4-43 Activity data for the source categories 2G3a Use of N2O for anaesthesia and 2G3b N20 from aerosol
cans.

2G3 N,O from product uses |Unit 1990 1995 2000
2G3a, 2G3b inhabitants | 6'796'000] 7'081'000| 7'209'000
2G3 N,O from product uses |Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
2G3a, 2G3b inhabitants | 7'501'000] 7'558'000| 7'619'000| 7'711'000| 7'801'000| 7'878'000| 7'912'000| 7'997'000| 8'089'000| 8'189'000

4.8.2.4 Other (2G4)

Since the 2006 IPCC Guidelines (vol. 3, chp. 5.5) refer to the EMEP/EEA Guidebook 2013
regarding methodologies for estimating NMVOC emissions from solvent use, the respective
NFR codes are indicated as reference as well. In the following sections the NMVOC
emissions from domestic solvent use (2D3a NFR), printing (2D3h NFR), other solvent use
(2D3i NFR) as well as other product use (2G NFR) are reported. From other product use (2G
NFR) also CO2, NOy, CO and SO; from the use of fireworks are emitted.

Due to the obligations of the Ordinance on Air Pollution Control (Swiss Confederation 1985)
and Ordinance on the Incentive Tax on Volatile Organic Compounds (Swiss Confederation
1997) several industrial plants use facilities and equipment to reduce NMVOC in exhaust
gases and room ventilation output. Often this implies the feeding of air with high NMVOC
content into the burning chamber of boilers or other facilities to incinerate NMVOC. These
CO; emissions from post-combustion of NMVOC are estimated based on industry data and
expert estimates (Carbotech 2014a).

Switzerland's Informative Inventory Report 2016 contains a detailed description of the
methods and country-specific data used for estimating the NMVOC emissions from the most
important sources within source category 2G4 Other (FOEN 2016f).

Domestic solvent use (2D3a NFR)

Methodology

The emissions from source category 2G4 Domestic solvent use (2D3a NFR), which is the
most important NMVOC emission source in 2G4 Other, are calculated by a Tier 2 method
according to the EMEP/EEA Guidebook 2013 using the Swiss population as activity data.
This source category comprises mainly the application of cleaning agents and solvents in
private households for building and furniture cleaning and personal hygiene. The cleaning
agents contain solvents which evaporate during use or after the application.

Emission factors

In a study conducted in 2013/2014 in Switzerland more accurate data of household cleaning
agents, personal hygiene products and domestic spray cans was collected (Hubschmid
2014). As a result of the study the emission factor of spray cans was adjusted in 2013.

From 2001 until 2010 a constant EF is assumed for domestic use of cleaning agents. The
value is based both on information from the Swiss association of cosmetics and detergents
(SKW 2010) and from a German study on NMVOC emissions from solvent use and
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abatement possibilities by Theloke (2005). There were no significant improvements in the
solvent compositions of the employed detergents. The study by Hubschmid (2014) indicates
again an increase in NMVOC emission factors in 2013. Emission factors of domestic use of
pharmaceutical products are available from the Swiss business association for the chemical,
pharmaceutical and biotech industry (scienceindustries) and from literature, as documented
in the EMIS database.

Table 4-44 Emission factors for NMVOC for source category 2G4 Other: domestic solvent use, printing, other

solvent use, other product use in 2014.

2G4 Other Unit NMVOC
Domestic solvent use (2D3a NFR)

Domestic use of spray cans g/inhabitant 324
Domestic use of pharmaceuticals g/inhabitant 30
Household cleaning agents g/inhabitant 994
Printing (2D3h NFR)

Printing kg/t ink 280
Package printing kg/t ink 186
Other solvent use (2D3i NFR)

Production of cosmetics kg/employee 64
Production of paper and paperboard gt 35
Production of perfume and flavour kg/employee 39
Production of textiles kg/employee 8
Production of tobacco kg/employee 12
Removal of paint and lacquer g/inhabitant 35
Scientific laboratories kg/employee 15
Other product use (2G NFR)

Application of glues and adhesives kg/t solvent 731
Commercial & industrial use of cleaning agents |g/employee 464
Cosmetic institutions kg/employee 28
De-icing of airplanes kg/t de-icing agent 280
Glass wool enduction g/t glass wool 189
Hairdressers kg/employee 14
Health care, other kg/employee 8
Medical practices kg/employee 8
Preservation of wood kg/t preservative 110
Rock wool enduction g/t rock wool 284
Underseal treatment & conservation of vehicles |kg/t underseal agent 400
Use of concrete additives g/t additive 740
Use of cooling lubricants kg/t lubricant 6
Use of lubricants kg/t lubricant 340
Use of pesticides kg/t pesticide 34
Use of tobacco kg/Mio cigarette eq. 9

Activity data

As described in the methodology chapter, the activity data used for calculating the NMVOC
emissions from domestic solvent use corresponds to the Swiss population (SFSO 2015a),

see Table 4-45.
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Table 4-45 Activity data for source category 2G4 domestic solvent use, printing, other solvent use, other product
use.

2G4 Other Unit 1990 1995 2000
Domestic solvent use (2D3a NFR) |inhabitants 6'796'000| 7'081'000| 7'209'000
Printing (2D3h NFR)

Printing tink 12'600 13'350 13'900
Package printing tink 5'900 5'900 5'467
Other solvent use (2D3i NFR)

Fat, edible & non-edible oil extraction |t 40'000 37'500] 12'000
Production of cosmetics employees 2'200 2200 2'267
Production of paper and paperboard |t 1'510'000| 1'560'000| 1'780'000
Production of perfume and flavour employees 2'200 2'325 2'567
Production of textiles employees 25'200 26'763|  24'300
Production of tobacco employees 3'300 2'988 2'729
Removal of paint and lacquer inhabitants 6'796'000| 7'081'000| 7'209'000
Scientific laboratories employees 10'194 18'604| 23217
Vehicles dewaxing vehicles 200'000] 166250 72'667
Other product use (2G NFR)

Application of glues and adhesives t 4'000 3'000 2'000
Commercial & industrial use of

cleaning agents employees 3'950'000| 3'867'500| 3'954'667
Cosmetic institutions employees 2'600 3'100 3'533
De-icing of airplanes t 1'300 1'300 1'300
Fireworks t 840 1'030 1'520
Glass wool enduction t 24278 24'191| 31'052
Hairdressers employees 20'553 22'826| 23'530
Health care, other employees 113'000| 129'250| 145'667
Medical practices employees 27'625 42'047| 50'833
Preservation of wood t paint 6'000 7'875 8'667
Rock wool enduction t 38'375 39'745| 50'567
Underseal treatment & conservation of

vehicles 60 60 76

24'000 25'250|  28'667
5'000 5'188 5'833
1'300 1'269 1'250
2'400 1'950 1'700

Use of concrete additives
Use of cooling lubricants
Use of lubricants
Use of pesticides

Use of tobacco Mio cigarette eq. 16'192 15'774| 14'751

2G4 Other Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Domestic solvent use (2D3a NFR) _|inhabitants 7'501'000| 7'558'000| 7'619'000| 7'711'000| 7'801'000| 7'878'000| 7'912'000 | 7'997'000| 8'089'000| 8'189'000
Printing (2D3h NFR)

Printing tink 5'467 4'033 2'600 2'533 2'467 2'400 2217 2'033 1'850 1'943
Package printing tink 9'133|  10'867| 12'600| 12'600| 12'600| 12'600| 12'783| 12'967| 13150, 13171
Other solvent use (2D3i NFR)

Fat, edible & non-edible oil extraction |t 0 0 0 0 0 0 0 0 0 0
Production of cosmetics employees 2'100 2'100 2'100 2'100 2'100 2'100 2'100 2'100 2'100 2'100
Production of paper and paperboard |t 1'750'000| 1'690'000| 1'734'000|1'700'000| 1'540'000|1'540'000| 1'380'000{1'391'111|1'402'222| 1'413'333
Production of perfume and flavour employees 3'200 3'300 3'400 3'425 3'450 3'475 3'500 3'521 3'542 3'563
Production of textiles employees 17'067| 16'733] 16'400| 16'200| 14'200| 13'800| 14'800| 14'789| 14'778| 14767
Production of tobacco employees 2'710 2'705 2'700 2'825 2'950 3'075 3'200 3'200 3'200 3'200
Removal of paint and lacquer inhabitants 7'501'000| 7'558'000| 7'619'000| 7'711'000| 7'801'000| 7'878'000| 7'912'000 | 7'997'000| 8'089'000| 8'189'000
Scientific laboratories employees 23'000] 23'000] 23'000| 23'000| 23'000| 23'000| 23'000| 23083 23167 23250
Vehicles dewaxing vehicles 0 0 0 0 0 0 0 0 0 0
Other product use (2G NFR)

Application of glues and adhesives t 1'500 1'400 1'300 1'225 1'150 1'075 1'000 1'900 1'000 991
Commercial & industrial use of

cleaning agents employees 4'133'667| 4'208'333|4'283'000| 4'323'333 | 4'363'667 | 4'404'000| 4'333'333|4'262'667|4'192'000| 4'236'000
Cosmetic institutions employees 3'800 4'000 4'200 4'400 4'600 4'800 5'000 5111 5'222 5'333
De-icing of airplanes t 2'533 2117 1'700 2'380 3'060 3'740 4'420 5'100 5'100 5'100
Fireworks t 1'358 1'546 1'746 1'951 1'990 1'685 2'017 1'928 2'327 1'807
Glass wool enduction t 37'483| 38'060| 44'487| 44'364| 33467| 35'698| 41'414| 38747| 33350, 32262
Hairdressers employees 22'200| 22'200| 22200 23'000| 23'000| 23'000| 23'000| 23'000| 23'000| 23'000
Health care, other employees 161'667| 163'333| 165'000| 163'000| 163'000| 163'000| 163'000| 163'000| 163'000| 163'000
Medical practices employees 55'357| 56'471| 57'586| 58'700| 58'700) 58700/ 58700/ 58700/ 58700/ 58700
Preservation of wood t paint 7'167 7'033 6'900 6'083 5'267 4'450 3'633 2'817 2'000 2'009
Rock wool enduction t 46'270| 52'559| 62'756| 57'761| 52'966| 56'376| 57'413| 56'959| 54'094| 53455
Underseal treatment & conservation of

vehicles t 118 126 134 142 150 159 167 175 175 175
Use of concrete additives t 36'000| 35'000] 34'000| 34'000| 34'000| 41'000| 44'000| 38'000| 37875 37750
Use of cooling lubricants t 6'375 5'650 4'925 4'200 2'800 3'600 4'000 3'700 3'700 3'700
Use of lubricants t 3'700 2'600 1'500 400 290 350 490 370 370 370
Use of pesticides t 1'520 1'510 1'500 1'675 1'850 2'025 2'200 2'200 2'200 2'200
Use of tobacco Mio cigarette eq. 13'369 13'808 13'072 13'310] 13'667 12'443 11'856| 12'705 12'162) 10'628

Printing (2D3h NFR)
Methodology

The source category 2G4 Printing (2D3h NFR) has been split into 2G4 Printing and 2G4
Package printing. A Tier 2 method according to the EMEP/EEA Guidebook 2013 is applied
for calculating the NMVOC emissions from ink applications.
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Emission factors

Emission factors for NMVVOC are country-specific based on data from industry associations,
VOC balances in printing industry, studies on NMVOC emissions from solvent use (Theloke
2005) and expert estimates, as documented in the EMIS database (EMIS 2016/2G4). For
emission factors of 2014 see Table 4-44.

Activity data

The activity data used for calculating the NMVOC emissions correspond to the annual
consumption of printing ink. This data stem from industry associations, VOC balances in
printing industry and expert estimates, documented in the EMIS database (EMIS 2016/2G4).
For activity data see Table 4-45.

Other solvent use (2D3i NFR)
Methodology

Source category 2G4 Other solvent use (NFR 2D3i) consists of a number of solvent uses in
various production processes and services. Based on the decision tree Fig. 3.1 in chapter
2D3i in EMEP/EEA (2013), a Tier 2 method based on information from industry and services,
industry associations, German studies on NMVOC emissions from solvent use (Theloke et
al. 2000, Theloke 2005) and expert estimates are used for calculating the emissions from the
different solvent applications (EMIS 2016/2G4). Country-specific emission factors are
applied.

For the majority of production processes and services — such as production of perfume and
flavour and production of textiles — the NMVOC emissions are estimated based on the
respective number of employees. The quantity of NMVOC emission per employee originates
from the bottom-up method in these industrial sectors and the decentralized political
structure in Switzerland. The determined NMVOC emissions of representative production
sites or service institutions are referred to the number of employees in order to calculate the
Swiss total. For a few production processes — such as production of paper and paperboard —
the NMVOC emissions are calculated on the basis of production volumes. For the source
category 2G4 Other solvent use (NFR 2D3i) Not attributable solvent emissions so-called
direct emission data is available only.

Emission factors

Emission factors for NMVVOC are country-specific based on data from industry and services,
industry associations, studies on NMVOC emissions from solvent use (Theloke et al. 2000
and Theloke 2005) and expert estimates, as documented in the EMIS database (EMIS
2014/2G4). For emission factors see Table 4-44.
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Activity data

The activity data used for calculating the NMVOC emissions correspond to the annual
production volumes, which stem from industry, services, industry associations and expert
estimates, as documented in the EMIS database (EMIS 2016/2G4), as well as the number of
employees (SFSO 2015e) and the Swiss population (SFSO 2015a). For activity data see
Table 4-45.

Other product use (2G NFR)
Methodology

Within source category 2G Other product use, the major NMVOC emission sources in 2014
are 2G Commercial and industrial use of cleaning agents, 2G De-icing of airplanes and 2G
Health care, other.

Based on the decision tree Fig. 3.1 in chapter 2G in EMEP/EEA (2013), for source category
2G Other product use Tier 2 methods based on information from industry and services,
industry associations, German studies on NMVOC emissions from solvent use (Theloke et
al. 2000, Theloke J. 2005) and expert estimates are used for calculating the emissions from
the different solvent applications (EMIS 2016/2G). Country-specific emission factors are
applied.

For one part of the production processes — such as 2G Enduction of glass and rock wool —
and applications — such as 2G Preservation of wood and 2G Application of glues and
adhesives — the NMVOC emissions are calculated on the basis of production volume or
employed agents. For the other part — such as 2G House cleaning in services, commerce
and industry and 2G Medical practices — the NMVOC emissions are estimated based on the
respective number of employees. The quantity of NMVOC emission per employee originates
from the bottom-up method in these industrial and service sectors and the decentralized
political structure in Switzerland. The determined NMVOC emissions of representative
production sites or service institutions are referred to the number of employees in order to
calculate the Swiss total. For the source categories 2G Gas applications, 2G Renovation of
corrosion inhibiting coatings and 2G Use of aerosol cans in commerce and industry so-called
direct emission data is available only.

Indirect CO, emissions from CO and NMVOC emissions from tobacco use are of biogenic
origin and are therefore not reported in chp. 9 Indirect CO, and N>O emissions.

Emission factors

Emission factors for NMVVOC are based on data from industry and services, industry
associations, German studies on NMVOC emissions from solvent use (Theloke et al. 2000
and Theloke 2005) and expert estimates, as documented in the EMIS database (EMIS
2016/2G4). For emission factors see Table 4-44.
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Emission factors of CO2, NOx, CO and SO; from 2G Use of fireworks and tobacco (EMIS
2016/2G) are displayed in the following table. Emission factors of fireworks are documented

in FOEN (2014p).

Table 4-46 Emission factors for CO2, NOx, CO, SOz for source category 2G4 Fireworks in 2014

257

2G4 Other Unit CO, NOXx CO SO,
Other product use (2G NFR)

Fireworks kgt 43 0.26 7.4 4.1
Use of tobacco kg/Mio cigarette eq. 1'000 NA 80 NA

Activity data

As described in the methodology section, the activity data used for calculating the NMVOC
emissions correspond to the annual production volumes, solvents and products used,
number of employees and the Swiss population. These data stem from industry, services,
industry associations, Swiss federal statistical office and expert estimates and are
documented in the EMIS database. Activity data for annual tobacco consumption are
provided by the Swiss addiction prevention foundation (“Sucht Schweiz”). Data on annual
firework sales are provided in the statistics of the Swiss federal office for police (FEDPOL
2015), as documented in the EMIS database (EMIS 2016/2G4). For activity data see Table
4-45.

HFC not accounted in other source categories

Emissions of HFC not accounted for in any other source categories are reported under 2G4
Other. For confidentiality reasons, no further details are provided. Information is available
from FOEN (confidential report Carbotech, 2015).

Methodology

A Tier 2 approach is applied for HFCs with prompt emissive applications based on import
statistics and industry data.

Emission factors

Prompt emissions of HFC are calculated following the 2006 IPCC Guidelines assuming a
total loss of product within two years (50% loss in the the first and 50% in the second year).

Activity data

HFC activity data under 2G4 are based on FOEN import statistic and industry data.
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4.8.3 Uncertainties and time-series consistency

The uncertainty of total CO; emissions from the entire source category 2G is estimated at
50% (expert estimate).

The uncertainty of N2O emissions from source category 2G, which is a key category for this
gas regarding trend according to Approach 2, is estimated at 80% (expert estimate, see
Table 1-11).

The uncertainty of SFs, HFC and PFC emissions in source category 2G is estimated at 21%,
10% and 9% respectively based on a Monte Carlo analysis (for further details see previous
simulation by Carbotech 2015). Source category 2G is a key category for SFs regarding level
according to Approach 1 and regarding trend according to Approach 1 and 2.

Time series is consistent, with exception of the source category 2G2 Electrical equipment
where from 2000 onwards the data are based on a Tier 3a approach instead of model
calculations according to Tier 2 as applied for data before 2000. Due to lack of basic
information it is not possible to provide a consistent time series for category 2G2 Electrical
equipment retroactively.

4.8.4 Category-specific QA/QC and verification
The general QA/QC measures are described in section 1.2.3.

4.8.5 Category-specific recalculations

Recalculations reported in submission 2015

e Interviews with industry were carried out to improve model calculations of HFC, PFC
and SFe emissions under 2G2e and 2G4 (no details are given for confidentiality
reason). New GWP values were applied for PFC, HFC and SF¢ following the 2006
IPCC Guidelines.

e The NMVOC EF for 2G4 (2D3a NFR) Household cleaning agents has been updated
for 2013 resulting in revised interpolated EF values for 2011 and 2012.

e The NMVOC EF for 2G4 (2D3a NFR) Domestic use of spray cans has been updated
for 2013 resulting in revised interpolated EF values between 2008 and 2012.

e The source category 2G4 (2D3h NFR) Printing has been split into 2G4 Printing and
2G4 Package printing resulting in small rounding changes in the NMVOC EF values
for the entire time series 1990-2012. The AD have been updated for 2013 yielding
revised interpolated values for 2011 and 2012.

e The NMVOC EF for 2G4 (2D3i NFR) Removal of paint and lacquer has been updated
for 2013 resulting in revised interpolated EF values for 2011 and 2012.

o For 2G4 (2D3i NFR) Production of cosmetics the AD has been updated for 2013
resulting in revised interpolated values for 2011 and 2012 whereas the NMVOC EF
has been revised for the entire time series 1990-2012.

e The AD of 2G4 (2G NFR) fireworks has been revised from 2001 onwards. AD is now
based on the fedpol statistics of pyrotechnics (FEDPOL 2015).
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The EF of NMVOC from 2G4 (2G NFR) Mineralwool enduction has been revised for
2009-2012 based on air pollution control measurements.

The AD and NMVOC EF for 2G4 (2G NFR) Commercial and industrial use of cleaning
agents have been updated for 2013 resulting in revised interpolated values for 2011
and 2012.

Recalculations reported in submission 2016

2G4: The AD and EF of NMVOC of 2G4 Preservation of wood have been updated for
2013 resulting in revised interpolated values for 2008—2012 and 2011-2012,
respectively, as well.

2G4: The AD of 2G4 Application of glues and adhesives consisted of two solvent
types so far. This differentiation has been revised for this submission yielding small
recalculations due to rounding in AD and EF of NMVOC for the entire time series.
2G4: Tobacco consumption for 2013 has been slightly increased in the statistics
provided by "Suchtschweiz".

2G4: An EF for CO has been introduced for 2G4 Tobacco consumption.

2G4: The EF of NMVOC of 2G4 Household cleaning agents has been corrected for
2013 due to a mistake in last year's submission resulting in revised interpolated EF of
2011 and 2012 as well.

4.8.6 Category-specific planned improvements

No category-specific improvements are planned.

4.9

Source category 2H — Other

4.9.1 Source category description

Approach 1 and 2 key category 2H

Source category 2H Other is not a key category.

Table 4-47 Specification of source category 2H Other in Switzerland.

2H Source Specification

2H1 |Pulp and paper Emissions from NMVOC from pulp and paper including
chipboard, fibreboard and cellulose production (ceased in 2008)

2H2 |Food and beverages industry Emissions of CO and NMVOC from production of food and drink

2H3 |Other Emissions of CO,, NOx, CO, NMVOC and SO, from blasting and
shooting;

Emissions of SO, from Claus units in refineries
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4.9.2 Methodological Issues
4.9.2.1 Pulp and paper (2H1)

Methodology

In 2014, the production of chipboard and fibreboard are the relevant industrial processes in
the source category 2H1 Pulp and paper. In Switzerland, chipboard and fibreboard are
produced in one and two plants, respectively. The cellulose production was closed down in
2008 and is not occurring anymore in Switzerland. For all source categories, country-specific
methods are applied.

Emission factors

The emission factor for NMVOC emissions from pulp and paper production in Switzerland is
country-specific and based on measurements and data from industry and expert estimates
documented in EMIS 2016/2H1. The implied emission factor given in Table 4-48 is
production-weighted and related to chipboard and fibreboard production.

Table 4-48 Emission factors for CO and NMVOC in pulp and paper production and food and beverages industry,
COz2, NOx, CO, NMVOC and SO: from blasting and shooting and SOz from Claus units in refineries for 2014.

2H Other Unit CO, NO, CO NMVOC SO,
2H1 Pulp and paper g/t NA NA NA 560 NA
2H2 Food and beverage industry

(exc. beer, wine, spirits) glt NA NA 250 3510 NA
2H2 Food and beverage industry

(beer, wine, spirits) g/m3 NA NA NA 350 NA
2H3 Blasting and shooting kg/t 400 35 310 60 0.5
2H3 Claus units in refineries g/t NA NA NA NA 38

Activity data

The annual amount of pulp and paper produced in Switzerland is based on data from

industry and expert estimates documented in EMIS 2016/2H1.
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Table 4-49 Pulp and paper production, food and beverages production, amount of used explosives and processed
crude oil in Switzerland.

2H Other Unit 1990 1995 2000

2H1 Pulp and paper kt 604 593 641

2H2 Food and beverage industry

(exc. beer, wine, spirits) kt 2'254 2'116 2'301

2H2 Food and beverage industry

(beer, wine, spirits) m3 | 560'972| 516'519| 492'208

2H3 Blasting and shooting;

blasting agent and powder kt 2.6 1.3 1.9

2H3 Claus units in refineries;

Crude oil kt 3'127 4'657 4'649

2H Other Unit 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
2H1 Pulp and paper kt 660 696 752 728 514 570 534 502 482 488
2H2 Food and beverage industry

(exc. beer, wine, spirits) kt 2'138 2'167 2'344 2'428 2'437 2'400 2'483 2'418 2'388 2'382
2H2 Food and beverage industry

(beer, wine, spirits) m3 | 452'877| 451'924| 462'141| 479'293| 465'753| 467'699| 462'446| 454'903| 449'070| 446'567
2H3 Blasting and shooting;

blasting agent and powder kt 0.8 15 1.1 14 2.1 2.4 2.9 2.3 2.2 2.1
2H3 Claus units in refineries;

Crude oil kt 4'877 5'563 4'720 5'133 4'833 4'546 4'452 3'455 4'935 4'975

4.9.2.2 Food and beverages industry (2H2)

Methodology

To determine CO and NMVOC emissions from food and beverages industry a country-
specific approach is used.

Emission factors

The emission factors for CO and NMVOC emissions from food and beverages industry in
Switzerland are country-specific and based on measurements and data from industry and
expert estimates as documented in the EMIS database (EMIS 2016/2H2). The implied
emission factors are production-weighted (Table 4-48).

Indirect CO; emissions from CO and NMVOC emissions from food and beverages industry
are of biogenic origin and are therefore not reported in chp. 9 Indirect CO, and N.O
emissions.

Activity data

The annual amount of food and beverages produced in Switzerland is based on data from
industry and the farmers’ association (SBV) and expert estimates as documented in EMIS
2016/2H2 (Table 4-49).

4.9.2.3 Other (2H3)

Blasting and shooting and Claus units in refineries (2H3).
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Methodology

For determination of emissions of CO2, NOy, CO, NMVOC and SO, from blasting and
shooting, a country-specific method is used as documented in the EMIS database (EMIS
2016/2H3 Sprengen und Schiessen).

Emission factors

The emission factors for CO,, NOy, CO, NMVOC and SO, from blasting and shooting
activities in Switzerland and for SO emissions from Claus units in refineries are country-
specific and based on measurements and data from industry and expert estimates (see
Table 4-48).

Activity data

The annual amount of used explosives and of processed crude oil in Claus units is based on
the Federal statistics on explosives (FEDPOL 2015) and the Swiss overall energy statistics
(SFOE 2015), respectively (Table 4-49).

4.9.3 Uncertainties and time-series consistency

The uncertainty for CO2 emissions from 2H Other is rated medium (see Table 1-11, semi-
gquantitative uncertainties for non-key categories) and thus amounts to 10%.

Consistency: Time series for 2H Other are all considered consistent.

4.9.4 Category-specific QA/QC and verification
The general QA/QC measures are described in section 1.2.3.

4.9.5 Category-specific recalculations

Recalculations reported in submission 2015

o 2H1 Pulp and paper: The AD of 2H1 Fibre board production for 2012 has been
corrected due to a mistake in last year's submission.

Recalculations reported in submission 2016

° No category-specific recalculations were carried out.

4.9.6 Category-specific planned improvements

No category-specific improvements are planned.
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5 Agriculture

The generation of the reporting tables with the CRF web application poses a challenge, as
there are still several instances where data are not displayed the way they were imported
originally. A non-exhaustive list of issues and errors identified so far is provided in Annex 6
and should be taken into consideration when comparing information in the NIR with the
reporting tables (CRF).

51 Overview

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

o 3A Enteric fermentation, CHs emissions from domestic livestock,
. 3B Manure management, emissions of CHa, N2O and NOy,

o 3D Agricultural soils, emissions of N.O, NOx and NMVOC,

. 3G Liming, emissions of CO;

° 3H Urea application; emission of CO;

Categories 3C Rice cultivation, 3E Prescribed burning of savannahs and 3F Field burning of
agricultural residues do not occur in Switzerland and are therefore not reported.

CO; emissions from soils are reported under Land use, land-use change and forestry. CO-
emissions from energy use in agriculture are reported under 1A4c Agriculture/forestry/fishing.

Total greenhouse gas emissions from the agriculture sector in 2014 were 6'174 kt CO;
equivalents which is a contribution of 12.7% to the total of Swiss greenhouse gas emissions
(including indirect CO3, excluding LULUCF,Table 2-1, Table 5-1). Main agricultural sources
of greenhouse gases in 2014 were 3A Enteric fermentation, emitting 55% of all agricultural
greenhouse gases, followed by 3D Agricultural soils with 26% and 3B Manure management
with 19% (Figure 5-1). 3G Liming and 3H Urea application contributed 0.5% and 0.2%
respectively.

5 Agriculture: 5.1 Overview
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Figure 5-1 Greenhouse gas emissions of the agriculture sector in kt CO2 equivalents 1990-2014.

Table 5-1 Greenhouse gas emissions of the agriculture sector in kt CO2 equivalents 1990-2014.

Gas 1990 | 1991 | 1002 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999
kt CO, equivalent
co, 49 42 42 42 42 42 42 38 36 37
CH. 4509 | 4496 | 4'410 | 4'353 | 4'373 | 4'363 | 4332 | 4235 | 4200 | 4135
N,O 2246 | 2228 | 2197 | 2150 | 2'114 | 20098 | 2086 | 2002 | 1'995 | 1'965
Sum 6'804 | 6766 | 6649 | 6545 | 6529 | 6503 | 6460 | 6275 | 6231 | 6137
Gas 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
kt CO, equivalent
co, 39 40 41 39 44 42 41 46 43 41
CH, 4119 | 4155 | 4129 | 4001 | 4060 | 4099 | 4136 | 4158 | 4262 | 4214
N,O 1964 | 1'991 | 1'983 | 1946 | 1952 | 1957 | 1'956 | 1'987 | 1'993 | 1'964
Sum 6123 | 6187 | 6153 | 6077 | 6056 | 6098 | 6133 | 6191 | 6298 | 6219
Gas 2010 | 2011 | 2012 | 2013 | 2014
kt CO, equivalent
co, 44 43 41 42 46
CH, 4197 | 4177 | 4162 | 4119 | 4147
N,O 2000 | 1965 | 1'948 | 1'922 | 1'981
Sum 6241 | 6185 | 6152 | 6083 | 6174

CH4 and N2O emissions generally declined from 1990 until 2004 (Figure 5-2). Subsequently
emissions increased slightly until 2008. After a downward trend in the most recent inventory
years emissions increased again in 2014. This general development can be explained by the
development of the cattle population and the input of mineral fertilisers. Use of mineral
fertiliser declined due to the introduction of the “Proof of Ecological Performance (PEP)” in
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the early 1990s (Agroscope 2016b, Leifeld and Fuhrer 2005), while the cattle population was
influenced by the market situation, the milk quotation system (suspended in 2009) and the
general agricultural policy- and subsidy-system (OECD 2013). Most emission factors did not
change significantly over the inventory years. CO; emissions display high year to year
variability due to variability of urea application, which depends among others on the relative
price levels of different industrial fertilisers.
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Figure 5-2 Trend of the greenhouse gases of the agricultural sector 1990-2014. The base year 1990 represents
100%.

Among the key categories of the Swiss inventory, six are from the agricultural sector (Figure
5-3).
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Figure 5-3 Key categories (Approach 1 and Approach 2) in agriculture 1990 and 2014.

5.2  Source category 3A — Enteric fermentation
5.2.1 Source category description

Approach 1 key category 3A

CH4 emissions from Enteric fermentation (level and trend)

Approach 2 key category 3A

CH4 emissions from Enteric fermentation (level and trend)

This emission source comprises the domestic livestock population broken down into 3 cattle
categories (mature dairy cattle, other mature cattle, growing cattle), sheep, swine, buffalo,
camels, deer, goats, horses, mules and asses, poultry, rabbits and livestock not covered by
the agricultural census (livestock NCAC)(Table 5-2).

Emissions from 3A Enteric fermentation declined from 1990 until 2004, mainly due to a
reduction in the number of cattle. However, between 2004 and 2008 cattle livestock numbers
and subsequently CH,4 emissions increased, whereas since 2008 they have been decreasing
again.

Cattle contribute over 94% to the overall emissions from 3A Enteric fermentation and the
contribution of mature dairy cattle is more than 62%.
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Table 5-2 Specification of source category 3A Enteric fermentation.

3A Source Specification

3A1 [Cattle Mature Dairy Cattle

Other Mature Cattle

Growing Cattle (Fattening Calves, Pre-Weaned Calves, Breeding Cattle 1st year
(Breeding Calves + Breeding Cattle 4-12 months), Breeding Cattle > 1 year, Fattening
Cattle (Fattening Calves 0-4 months, Fattening Cattle 4-12 months))

3A2 [Sheep Lambs < 1 year

Mature Sheep

3A3 [Swine

3Ad4a (Buffalo Bisons < 3 years
Bisons > 3 years

3A4b [Camels Llamas < 2 years
Llamas > 2 years
Alpacas < 2 years
Alpacas > 2 years

3A4c |Deer Fallow Deer
Red Deer

3A4d [Goats

3A4e |[Horses Horses < 3 years

Horses > 3 years
3A4f |Mules and Asses Mules
Asses
3A4g |Poultry
3A4h i |Rabbits
3A4h ii [Livestock NCAC Sheep
Goats
Horses < 3 years
Horses > 3 years
Mules
Asses

5.2.2 Methodological issues

5.2.2.1 Methodology

For mature dairy cattle a detailed Tier 3 model approach is applied, predicting gross energy
intake by the means of a feeding model that takes into account animal performance and diet
chemical composition. A country-specific methane conversion rate (Ym) was derived from a

series of studies representing Swiss specific feeding conditions.

Emission estimation for all other cattle categories follows a Tier 2 approach. This means that
detailed country-specific data on nutrient requirements and feed intake were used. CH.
conversion rates were taken from the 2006 IPCC Guidelines.

Methods for all other animal categories are based on a Tier 2 approach, estimating country-
specific energy intake rates. Methane conversion rates were taken from the 2006 IPCC
Guidelines or from published peer reviewed literature.

The calculation of CH4 emissions is conducted in Agroscope 2016.

5.2.2.2 Emission factors

All emission factors for 3A Enteric fermentation are country-specific, based on IPCC equation
10.21 (IPCC 2006):
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_ GE*(T,, =100) *365 days |
~ 5565MJ/kgCH,

EF

EF = annual CH, emission factor (kg/head/year)
GE = gross energy intake (MJ/head/day)

Ym = methane conversion rate, which is the fraction of gross energy in feed converted to
methane (%)

55.65 MJ/kg = energy content of methane.

5.2.2.2.1 Gross energy intake (GE)

For calculating the gross energy intake (GE), country-specific methods based on available
data on requirements of net energy, digestible energy and metabolisable energy were used.
The different energy levels used for energy conversion from energy required for maintenance
and production to GE intake are illustrated in Figure 5-4. The respective conversion factors
are given in Table 5-3.

For the cattle categories detailed estimations for energy requirements are necessary. As
the Swiss Farmers Union (SBV) does not provide these estimates on a detailed cattle sub-
category level, requirements for each cattle source category were calculated individually
following the feeding recommendations for Switzerland provided in RAP (1999) and Morel et
al. (2015). These RAP recommendations are also used by the Swiss farmers as the basis for
their cattle feeding regimes and for filling in application forms for direct payments; they are
therefore highly appropriate.

Gross energy |= combustion energy of the consumed feed

\T energy lost with faeces

Digestible energy

T» energy lost with urine and CH,

Metabolizable energy

\—» heat energy

Net energy

*maintenance

production: - milk
- meat
- €99
- fetus

Figure 5-4 Levels of feed energy conversion (Soliva 2006).
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Table 5-3 Conversion factors used for calculation of energy requirements of individual livestock categories (Soliva
2006). GE: Gross energy; DE: Digestible energy; ME: Metabolisable energy; NEL: Net energy for lactation; NEV:
Net energy for growth. Blue: annually changing parameters, value for 2014.

Livestock Category Conversion Factors
Mature Dairy Cattle NEL to GE d
Other Mature Cattle NEL to GE 0.265
Growing Cattle Fattening Calves ME to GE 0.939
Pre-Weaned Calves NEL to GE 0.299
Breeding Calves NEL to GE 0.358
Breeding Cattle (4-12 months) NEL to GE 0.319
Breeding Cattle (> 1 year) NEL to GE 0.313
Fattening Calves (0-4 months) NEV to GE 0.355
Fattening Cattle (4-12 months) NEV to GE 0.397
Sheep Fattening Sheep NEV to GE 0.350
Milksheep NEL to GE 0.287
Swine DE to GE 0.682
Buffalo NA NA
Camels NA NA
Deer NA NA
Goats NEL to GE 0.283
Horses DE to GE 0.700
Mules and Asses DE to GE 0.700
Poultry ME to GE 0.700
Rabbits NA NA
Livestock NCAC NA NA

For mature dairy cattle a detailed feeding model from the Agroscope Institute for Livestock
Sciences was used to predict gross energy intake (Agroscope 2014c).

Energy and protein requirements were estimated based on animal performance (body
weight, milk production, pregnancy) following the standard feeding recommendations for
Switzerland (RAP 1999). An average body weight of 650 kg was assumed for the typical
Swiss mature dairy cattle. Statistics of annual milk production are provided by the Swiss
Farmers Union (SBV 2015, Table 5-4). Milk production includes marketed milk, milk
consumed by calves on farms and milk sold outside the commercial industry (MISTA 2014).
It should be noted that daily milk yield refers to milk production during lactation (305 days)
and not during the whole year (365 days). Accordingly, milk production and energy
requirement for lactation was zero during the two remaining months when the cows are dry.
During the dry months additional energy requirements for pregnancy were accounted for.

To cover total animal energy and protein requirements, typical Swiss specific basic feed
rations were defined as model inputs. The average basic feed ration in summer consisted of
92% fresh grass and 8% maize cubes. In winter the feed ration consisted of 10% maize
silage, 13% grass silage, 72% hay and 5% fodder beet. Concentrates are automatically
supplemented in the model according to additional energy and protein requirements not
covered by the basic feed ration. Concentrates consisted of a varying mixture of barley
grains, wheat grains, maize grains, maize gluten, soybean meal and rapeseed meal
according to specific animal requirements. Subsequently, average chemical composition and
properties of the total feed ration (e.g. energy content, protein content, digestibility) were
derived, weighing the respective values of the individual feed ingredients given in the Swiss
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Feed Database (Agroscope 2014b). Finally, gross energy intake was estimated based on the
total feed intake and the gross energy content of the total ration that was 18.26 MJ/kg on
average for the years 1990-2014.

In the year 2003 yearly milk yield surpassed 6000 kg. To achieve yearly milk yields higher
than 6000 kg, cows have to be fed with an increasing share of feed concentrates that have a
substantially higher net energy (NE) density than the basic feed ration. The model
reproduces this behaviour. Due to the increasing ratio of net energy to gross energy the
increase of gross energy intake is slower after the year 2003 although milk yield increases
more or less at the same rate (Table 5-5).

A more exhaustive model description is contained in Agroscope 2016b.

Table 5-4 Average daily milk production during 305 days of lactation in Switzerland 1990-2014.

Milk Production Cattle 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Population Size Mature Dairy Cattle |head 783'100| 780'500| 763'500| 744'450| 749'700| 739'641| 736'043| 711'613| 701'343| 683'545
Lactation Period day 305 305 305 305 305 305 305 305 305 305
Milk Yield Mature Dairy Cattle kg/head/day 16.06 16.35 16.39 16.78 16.75 17.09 16.96 17.48 17.97 18.40
Milk Yield Other Mature Cattle kg/head/day 8.20 8.20 8.20 8.20 8.20 8.20 8.20 8.20 8.20 8.20
Milk Production Cattle 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Population Size Mature Dairy Cattle |head 669'410| 669'410| 657'924| 638'288| 621'008| 620'708| 618'065| 614'795| 628'516| 599'361
Lactation Period day 305 305 305 305 305 305 305 305 305 305
Milk Yield Mature Dairy Cattle kg/head/day 18.75 18.97 19.34 19.77 20.43 20.45 20.57 21.21 21.66 22.27
Milk Yield Other Mature Cattle kg/head/day 8.20 8.20 8.20 8.20 8.20 8.20 8.20 8.20 8.20 8.20
Milk Production Cattle 2010 2011 2012 2013 2014
Population Size Mature Dairy Cattle |head 589'024| 589'239| 591'212| 586'609| 587'385
Lactation Period day 305 305 305 305 305
Milk Yield Mature Dairy Cattle kg/head/day 22.46 22.63 22.57 22.27 22.87
Milk Yield Other Mature Cattle kg/head/day 8.20 8.20 8.20 8.20 8.20

For other mature cattle and growing cattle, data on energy intake were based on the
feeding requirements according to RAP (1999) and Morel et al. (2015). In the calculation of
the NE data, the animal’s weight, daily growth rate, daily feed intake (dry matter), daily feed
energy intake, and energy required for milk production and pregnancy for the respective sub-
categories were considered. The method is described in detail in Soliva (2006) but has been
revised slightly since. NE is further subdivided into NE for lactation (NEL) and NE for growth
(NEV)(Table 5-3). For some of the growing cattle categories NEL is used, rather than NEV
that would seem logical. However, cattle-raising is often coupled with dairy cattle activities
and therefore the same energy unit (NEL) is used in these cases. Exceptions are the
fattening calves (milk-fed calves), whose requirement for energy is expressed as
metabolisable energy (ME).
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Table 5-5 Gross energy intake per head of different livestock groups. Sub-categories not contained in the
reporting tables (CRF) are displayed in italic. Whole time series on a livestock sub-category level are provided in
Annex 3 A.3.3.

Gross Energy Intake 1990-2011
1990 1005  2000]  200s]  2008]  2007]  2008]  2009]  2010] 2011
MJ/head/day
Cattle
Mature Dairy Cattle 259.3 267.4] 280.1 291.6 292.2 295.2 297.2 299.8 300.7 301.4
Other Mature Cattle 250.6 250.6 250.6 250.6 250.6 250.6 250.6 250.6 250.6 250.6
Growing Cattle (weighted average) 101.0 101.5 101.0 97.7 97.7 97.4 97.3 97.0 96.9 96.6
Fattening Calves 47.1 47.1 47.1 47.1 47.1 47.1 47.1 47.1 47.1 47.1
Pre-Weaned Calves 38.1 38.1 38.1 38.1 38.1 38.1 38.1 38.1 38.1 38.1
Breeding Calves 27.8 27.8 27.8 27.8 27.8 27.8 27.8 27.8 27.8 27.8
Breeding Cattle (4-12 months) 90.1 90.1 90.1 90.1 90.1 90.1 90.1 90.1 90.1 90.1
Breeding Cattle (> 1 year) 143.6 143.6 143.6 143.6 143.6 143.6 143.6 143.6 143.6 143.6
Fattening Calves (0-4 months) 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Fattening Cattle (4-12 months) 126.3 126.3 126.3 126.3 126.3 126.3 126.3 126.3 126.3 126.3
Sheep 21.2] 24.0 22.4 22.8 22.6 22.2 22.0 22.7 22.6 22.6
Swine 28.3 31.9 28.0 26.6 26.3 26.9 26.7 27.0 27.2 26.9
Buffalo (weighted average) NA| 136.6 146.9) 140.6 138.9 130.4 129.1 134.8 136.9 139.8
Camels (weighted average) NA| NA| 34.8] 317 317 31.7 31.6 315 31.0 314
Deer (weighted average) & 50.5] 55.3] 56.4] 55.4 55.8 55.9 56.5 56.8 56.5 56.7
Goats 25.0 27.9 25.7 25.4 25.3 25.0 25.0 25.3 25.1 25.6
Horses (weighted average) 107.3] 106.9| 107.4] 107.7 107.7 107.7 107.7 107.8 107.9 107.9
Mules and Asses (weighted average) 39.2] 39.7] 39.5 39.4 39.5 39.3 39.2 40.0 40.2 39.9
Poultry ? 1.5 1.3 1.4 1.2 1.2 1.3 1.3 1.3 1.2 1.2
Rabbits 1.2] 1.2 1.2 1.2 1.2 12 12 12 1.2 1.2
Livestock NCAC (weighted average) 95.6| 83.4] 37.7] 33.3 33.2 329 317 34.3 36.9 37.2
Gross Energy Intake 2012-2014
2012 2013 2014
MJ/head/day
Cattle
Mature Dairy Cattle 301.2 299.8 302.5
Other Mature Cattle 250.6 250.6 250.6
Growing Cattle (weighted average) 96.1 96.0 96.0
Fattening Calves 47.1 47.1 47.1
Pre-Weaned Calves 38.1 38.1 38.1
Breeding Calves 27.8 27.8 27.8
Breeding Cattle (4-12 months) 90.1 90.1 90.1
Breeding Cattle (> 1 year) 143.6 143.6 143.6
Fattening Calves (0-4 months) 50.0 50.0 50.0
Fattening Cattle (4-12 months) 126.3 126.3 126.3
Sheep 225 22.4 225
Swine 27.0 27.3 27.1
Buffalo (weighted average) 135.9 136.0 134.6
Camels (weighted average) 316 319 318
Deer (weighted average) ¥ 57.0 58.1 58.0
Goats 25.7 25.6 26.2
Horses (weighted average) 107.9 108.0 108.1
Mules and Asses (weighted average) 39.9 39.6 39.6
Poultry 2 1.2 1.2 1.1
Rabbits 1.2 1.2 1.2
Livestock NCAC (weighted average) 37.9 38.2 38.6

1) Deer: Gross energy intake per animal place (mother with offspring)

2) Poultry data is not Gross Energy intake (GE) but Metabolizable Energy intake (ME)

The gross energy intake for other mature cattle is significantly higher than IPCC default
values, since the category “other mature cattle” in Switzerland only includes mature cows
that produce offspring for meat (so-called “suckler cows” or “mother cows”). Milk production
of other mature cattle is 2500 kg per head and year (305 days of lactation) and has not
changed over the inventory time period (Morel et al. 2015).

The gross energy intake of growing cattle was calculated separately for all sub-categories
displayed in Table 5-5 (in italics) and subsequently averaged (weighted average). The values
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for all 7 sub-categories are constant over time. Furthermore, ho methane is generated from
milk. Therefore, the energy intake from milk or milk products is not considered when
estimating methane emissions factors from enteric fermentation of calves. Since the
composition of the growing cattle category changed over time (e.g. more pre-weaned calves,
fewer fattening calves, see Table 5-6), the average gross energy intake for growing cattle
also changes slightly. To calculate an annual emission factor, the categories breeding calves
and breeding cattle 4-12 months were combined in the category breeding cattle 1st year (not
shown in Table 5-5 and Table 5-6). Accordingly, the respective animals have two separate
gross energy intake values, i.e. 26.9 MJ/head/day for the first 4 months and

89.2 MJ/head/day for the last 8 months. The same procedure is applied for fattening calves
0—4 months (55.6 MJ/head/day) and fattening cattle 4—12 months (124.6 MJ/head/day)
summing up to the category fattening cattle.

Energy requirements and gross energy intake of sheep, swine, goats and poultry were
obtained from the respective estimates of the Swiss Farmers Union (SBV 2015, Giuliani
2015). These estimates are not officially published anymore in the statistical yearbooks (e.g.
SBV 2015) but are still available from background data and are based on the same method
as earlier published energy requirement statistics (e.g. SBV 2007).

Gross energy intake for horses, mules and asses were estimated by Stricker (2012), mainly
based on Meyer and Coenen (2002).

For buffalo, camels and deer, energy intake was derived from data on dry matter intake
provided in Flisch et al. (2009).

Energy intake of rabbits was estimated by Menzi (2014) based on Schlegel and Menzi
(2013).

Finally for livestock NCAC the same energy intakes as the respective animal categories in
the official census were used.

Final compilation of livestock gross energy intake was conducted in Agroscope (2016).
Resulting estimates are provided in Table 5-5 (main categories) and in Annex 3 A3.3 (all
years and all sub-categories).

5.2.2.2.2 Methane conversion rate (Ym)

For the methane conversion rate (Yn), few country-specific data exist. Accordingly, for most
animal categories default or literature values were used. Due to its great importance a
country-specific Ym was used for mature dairy cattle. A value of 6.9% was derived from a
series of measurements conducted under Swiss specific feeding and husbandry conditions
at the Federal Institute of Technology in Zirich (based on data compiled in Zeitz et al. (2012)
and additional measurements described in Estermann et al. (2001), Killing et al. (2002) and
Staerfl et al. (2012)).

For all other cattle categories, sheep and buffalo default values recommended by the
IPCC for developed countries in Western Europe were used (IPCC 2006: Table 10.12, 10.13,
10A.2, 10A.3). For all juvenile cattle consuming only milk (i.e. fattening calves) the methane
conversion rate is assumed to be zero.

5 Agriculture: 5.2 Source category 3A — Enteric fermentation



National Inventory Report of Switzerland 2016 273

According to table 10.13 in IPCC (2006) two different Y were used for sheep, namely 4.5%
for lambs <1 year and 6.5% for mature sheep. Overall Y, was subsequently weighted
according to the population structure. For camels and deers the same overall methane
conversion rate as for sheep was applied, assuming the same relationship between adult
and juvenile animals.

For Swine a methane conversion rate of 0.6% was used. This value was suggested by
Crutzen et al. (1986) and was confirmed by the compilation of references in Minonzio et al.
(1998). Since the 2006 IPCC Guidelines do not provide a default value for goats, an Y, of
6% was adopted based on the work of Martinez-Fernandez et al. (2014) and Fernandez et
al. (2013). For Horses, mules and asses an Yn of 2.45% was used, which corresponds to a
methane energy loss of 3.5% of digestible energy (Vermorel et al. 1997, Minonzio et al.
1998) and a feed digestibility of 70% (Stricker 2012). For poultry a country-specific value
(0.16% of metabolisable energy) was used. This value was evaluated in an in vivo trial with
broilers (Hadorn and Wenk 1996). For rabbits an Yy, of 0.6% was applied as suggested in
the national GHG inventory of Italy (ISPRA 2014). Finally, as for gross energy intake, the
same methane conversion rates as the respective animals in the official census were used
for livestock NCAC.

5.2.2.3 Activity data

Livestock population data was obtained from statistics published by the Swiss Farmers Union
(SBV 2015) and the Swiss Federal Statistical Office (SFSO 2015b)(Table 5-6). All activity
data was revised and harmonized during a joint effort of the Agroscope Reckenholz-Tanikon
Research Station (ART) and the Swiss College of Agriculture (SHL) in 2011 (ART/SHL
2012).

The category other mature cattle only includes mature cows used to produce offspring for
meat.

Emission estimation for growing cattle was conducted at a more disaggregated level than the
one displayed in the reporting tables (CRF). The CRF livestock category growing cattle
includes the sub-categories fattening calves, pre-weaned calves, breeding calves, breeding
cattle 4-12 months, breeding cattle >1 year, fattening calves 0—4 months and fattening cattle
4-12 months. Although not growing cattle in the proper sense, bulls are contained in the
categories breeding cattle (>1 year) and fattening cattle (4—12 months) according to their
purposes. This disaggregation of the cattle category enhances the accuracy of the emission
estimation procedure from livestock activities (also refer to chp. 5.3.2.1).

Emission estimation for buffalo, camels, horses, mules and asses and deers was also
conducted on a more disaggregated level than displayed in the reporting tables (CRF).
Additional data on a livestock sub-category level is contained in Annex 3 A3.3.

Additionally to official statistical data, population data of livestock not covered by the agricul-
tural census of the Swiss Federal Statistical Office was assessed. The respective category
“Livestock NCAC” (livestock not covered by agricultural census) consists of sheep, goats,
horses and mules and asses held for non-agricultural purposes (e.g. horses for sports and
leisure) and/or livestock held by private persons or enterprises that do not fulfil the criteria of
an agricultural enterprise. Data for the respective horses, mules and asses were derived
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from Poncet et al. (2007, 2009) and Schmidlin et al. (2013). For sheep and goats, data from
individual cantons having full livestock census was used to estimate the relative share for the
whole of Switzerland. The respective estimates were conducted in the course of the elabo-
ration of the gross nutrient balance of the Swiss Federal Statistical Office (SFSO 2015c).

Table 5-6 Activity data for calculating methane emissions from 3A Enteric fermentation (ART/SHL 2012, SBV
2015, SFSO 2015b, SFSO 2015c). The complete time series on a livestock sub-category level are provided in
Annex 3 A3.3.

1990|  1995| 2000 2005 2006]  2007|  2008]  2009]  2010] 2011
1'000 head
Cattle 1'855 1'748 1'588 1'555 1'567 1'572 1'604 1'597 1'591 1'577
Mature Dairy Cattle 783 740 669 621 618 615 629 599 589 589
Other Mature Cattle 12| 23| 45 78 87 94 98 108 111 111
Growing Cattle 1'060 986 874 856 862 863 877 890 891 877
Fattening Calves 112 102 103 106 101 100 95 101 99 101
Pre-Weaned Calves 10 18 36 62 67 72 76 86 88 88
Breeding Cattle 1st Year
Breeding Calves 214 166 76 75 77 76 80 7 77 75
Breeding Cattle (4-12 months) 132 129 161 147 147 147 152 149 149 145
Breeding Cattle (> 1 year)
Breeding Cattle 2nd Year 253 239 222 205 210 210 213 212 213 207
Breeding Cattle 3rd Year 151 139 130 113 110 109 110 119 119 116
Fattening Cattle
Fattening Calves (0-4 months) 88 82 43 35 35 34 36 35 34 34
Fattening Cattle (4-12 months) 100 110 105 112 114 114 116 112 111 111
Sheep 395 387 421 446 448 444 446 432 434 424
Swine 1'787 1'446 1'498 1'609 1'635 1'573 1'540 1'557 1'589 1'579
Buffalo 0| 0| (o) 0 0 0 0 1 1 1
Camels 0| 0| 1 3 3 4 4 5 6 6
Deer V) 0 1 3 4 4 4 5 5 6 6
Goats 68| 53| 62 74 76 79 81 81 83 83
Horses 28| 41 50 55 56 58 59 60 62 57
Mules and Asses 6 8 12 16 16 17 18 19 20 19
Poultry 5'938| 6'251] 6'983] 8'260 7'670 8'228 8'543 8'809 9'025 9'478
Rabbits 61 41 28| 25 24 27 25 28 35 34
Livestock NCAC 28| 30) 94| 86 82 80 86 90 91 99
Population Size 2012-2014
2012 2013 2014
1'000 head
Cattle 1'565 1'557 1'563
Mature Dairy Cattle 591 587 587
Other Mature Cattle 114 117 118
Growing Cattle 859 854 857
Fattening Calves 99 97 97
Pre-Weaned Calves 91 93 93
Breeding Cattle 1st Year 212 210 211
Breeding Calves 73 72 72
Breeding Cattle (4-12 months) 140 138 139
Breeding Cattle (> 1 year) 311 308 310
Breeding Cattle 2nd Year 200 198 199
Breeding Cattle 3rd Year 112 111 111
Fattening Cattle 146 146 146
Fattening Calves (0-4 months) 34 34 34
Fattening Cattle (4-12 months) 112 111 112
Sheep 417 409 403
Swine 1'544 1'485 1'498
Buffalo 1 0 1
Camels 6 6 6
Deer ¥ 6 6 6
Goats 85 85 85
Horses 58 57 57
Mules and Asses 20 20 20
Poultry 9'955 10'079 10'723
Rabbits 28 28 27
Livestock NCAC 112 107 106

1) Deer: numbers correspond to animal places i.e. mother with offspring.
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Figure 5-5 Relative development of main animal categories 1990-2014. The category with the strongest increase,
i.e. other mature cattle, is not displayed, as it increases to over 980% of the 1990 value by 2014.

Livestock populations in Switzerland are primarily influenced by the general agricultural
policy, i.e. the subsidy system, the milk quotation system and the development of the
economic framework conditions. The number of cattle declined slightly until the year 2004.
However, cattle livestock numbers increased slightly between 2004 and 2008, mainly due to
an increase of the number of growing cattle. Since 2008 the cattle population was decreasing
again, possibly due to the suspension of the milk quotation system in 2009.

After a decrease until 1996, the number of swine increased until 2006 — a process that has
been observed in many other European countries (SBV 2004: p.69). Since then, the number
of swine has fluctuated slightly below the level of 2006. The number of poultry shows a rapid
increase between 1990 and 2014 with a distinct dip only between 2005 and 2006, a
consequence of changed human consumption patterns as a result of the avian flu in 2006.

The number of sheep was more or less constant while the number of goats increased
following a decline between 1990 and 1995.

5.2.3 Uncertainties and time-series consistency

For the uncertainty analysis the input data from ART (2008a) was used and was updated
with current activity and emission data as well as with new default uncertainties of the 2006
IPCC Guidelines. The arithmetic mean of the lower and upper bound uncertainty was used
for activity data (6.4%) and for emission factors (16.9%), resulting in a combined uncertainty
of 18.1% for Approach 1 analysis.

For the Approach 2 analysis, asymmetric probability distributions as well as possible
correlations of input data were considered. The uncertainty interval of the Approach 2
analysis lies between -18% and +18% (Annex A2, Table A — 7).
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For further uncertainty-results also consult chp. 1.6.1 and Annex A2.

The time series 1990-2014 are all considered consistent, although the following issues
should be considered:

. Gross energy intake of some of the aggregated animal categories reveals some
fluctuations during the inventory period due to varying shares of the sub-categories.

. Gross energy intake as well as the implied emission factor for mature dairy cattle
increase, mainly as a result of higher milk production (Table 5-4).

° Between 1998 and 1999 the questionnaire for the collection of livestock data was
modified. In some animal categories this led to minor ruptures in the time series.
Consequences for overall emissions are, however, of minor importance. An analysis
conducted in 2012 revealed, that while the average annual change for the years
1990-2011 over all animal categories (excluding other mature cattle) was 3.3% points,
the annual change for the years 1998-1999 was 3.8% points (ART/SHL 2012).

° For the last six inventory years the population statistics of growing cattle were not
available in the usual format. Data for 2009 to 2014 is based on the animal traffic
database. Aggregation was adapted to the format necessary for the AGRAMMON-
model and the GHG inventory by the Swiss College of Agriculture SHL (SHL 2010).
Data in the animal traffic database are considered more complete than the data from
the survey of the SFSO because the latter includes also animals held outside
agricultural enterprises.

5.2.4 Category-specific QA/QC and verification
General QA/QC measures are described in NIR chp. 1.2.3.

All further category-specific QA/QC activities are described in a separate document
(Agroscope 2016b). General information on agricultural structures and policies is provided
and eventual differences between national and (IPCC) standard values are being analysed
and discussed. Furthermore, comparisons with data from other countries were conducted
and discussed where possible. Agroscope 2016b is continuously updated with the most
recent inventory data.

Livestock data were compared with the livestock data provided by the FAO and checked for
plausibility. In all cases the new recalculated data according to ART/SHL (2012) are
considered more reliable than the FAO data. Small inconsistencies (usually in the order of +
2%) are due to updates of provisional data that are not considered by the FAO. For horses,
mules and asses disagreements might be due to the different accounting of agricultural and
non-agricultural horses. The Swiss inventory system accounts for all animals and
differentiates between animals captured by the official agricultural census and livestock not
covered by agricultural census. Moreover, the numbers of mules and asses is higher in the
Swiss GHG inventory because unlike the FAO, Switzerland accounts also for ponies and
lesser horses. The total numbers of poultry in the GHG inventory and the FAO data also
show minor discrepancies due to different accounting of turkeys, geese, ducks and quails.

Seasonal fluctuation of the cattle population was analysed for the years 2005-2007 based on
detailed information from the Swiss Farmers Union (SBV 2007a). Seasonal fluctuations are
usually in the order of £3% with census data (April) always slightly above the annual mean.
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Data from the animal traffic database (i.e. cattle populations for the years 2009-2014) refer
to annual mean population.

IPCC tables with data for estimating emission factors for cattle (such as weight, weight gain,
milk production) were filled in, checked for consistency and confidence and compared with
IPCC default values (refer to Annex 3 A3.3).

Country-specific energy-intake rates for all cattle categories were compared to intake rates
estimated with the IPCC Tier 2 default methodology (see Agroscope 2016b for details). Both
approaches are comparable in the assessment of net energy requirements. However, the
IPCC approach resulted in higher estimates of GE-intake. Further analyses suggest that the
IPCC conversion rates of net energy into gross energy are unrealistic for conditions in
Switzerland. Given the experimentally verified high feed quality standards in Switzerland, the
results of the country-specific inventory method are thus much more plausible than the
estimates using the unaltered IPCC default method. Moreover, a discrepancy of
approximatively 8.5% was found when comparing the overall GE-intake of the cattle
population with the respective estimate of the Swiss Farmers Union (Giuliani 2015). As found
for the comparison with the IPCC approach, different assumptions on net energy densities of
the feed might explain the divergence.

During the past years a couple of studies were conducted to verify methane emissions at the
regional scale, comparing bottom-up estimates with atmospheric measurements. While
virtually all these measurements are subjects to great uncertainties, the overall picture
support the bottom-up approach in the Swiss GHG inventory or at least does not indicate the
omission of a significant methane source. Hiller et al. (2014a) found that methane emissions
could be underestimated by the inventory method when they measured atmospheric CHs4
concentrations over the Reuss-valley with an airplane. However, the methodological
approach applied by Hiller et al. (2014a) still relies on a number of rather uncertain basic
assumptions and is therefore not beyond doubts. Additionally, it should be noted, that
methane emission estimates from the agriculture sector in the Swiss GHG inventory were
revised since and currently lie approximately 10% above the estimates used in this study.
Stieger (2014) and Stieger et al. (2015) reported a very good accordance of bottom-up
estimates and flux measurements with a tethered balloon system. Bamberger et al. (2014)
conducted regional CH, measurements with a measurement device mounted on a car.
Measurement precision and duration was not sufficient to validate bottom-up inventory
estimates. Nonetheless, they concluded that a locally relevant emission source considered
negligible in the emission inventory would have been identified. Finally Henne et al. (2015)
utilised continuous CH4 observations originating from four sites of the CarboCount CH
network on the Swiss Plateau and two additional sites. These observations were combined
with atmospheric transport simulations and an inverse modelling framework in order to
deduce the spatial distribution of CH, emissions in Switzerland and the adjacent countries.
Total Swiss emissions were estimated to 200 + 20 kt CH4/yr as mean and standard deviation.
This value is in very good agreement with the value of 206 = 33 kt CH4/yr given in the revised
2015 submission for the year 2013 (FOEN 2015)(see also Annex 5 A 5.2).
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5.2.5 Category-specific recalculations
General information on recalculations is provided in chp. 10.

Recalculations reported in submission 2015

Several new livestock categories were reported for the first time in the 2015
submission (buffalo, camels, deer, rabbits, livestock NCAC). On average, the
respective emissions summed up to 0.45% of total methane emissions from 3A
Enteric fermentation (14.9 kt CO; equivalents).

Gross energy intake of mature dairy cattle was recalculated with a new more detailed
model. For the years 1990-2003 changes are negligible. However, for the years
2004—-2012 gross energy intake is increasingly lower than predicted by the old model
for reasons explained in chp. 5.2.2.2.

Milk yield of mature dairy cattle in the year 2012 was slightly revised due to an update
of the provisional value of the Swiss Farmers Union.

Preliminary estimates for energy requirements for sheep, swine, goats and poultry for
the years 2010-2012 were revised due to an updated dataset received from the Swiss
Farmers Union (Giuliani 2014). The effect of the recalculation on overall greenhouse
gas emissions is negligible.

All methane conversion rates were revised in the course of the shift to the 2006 IPCC
Guidelines.

Submissions 2016

CHa emission factors for the whole time series of all non-dairy cattle categories were
revised due to new methodological guidance in the Swiss feeding recommendations
(other mature cattle) and due to a harmonisation of the respective methods (growing
cattle). New estimates are substantially higher than before (1990: ~+90 kt CO.
equivalents; 2013: ~+120 kt CO, equivalents).

CHa emission factors for the year 2013 of sheep, goats, swine and poultry and "other"
(livestock NCAC) were revised due to updates of provisional net energy intake data by
the Swiss Farmers Union (Giuliani 2015). The effect of the recalculation on overall
greenhouse gas emissions is negligible.

CHa emission of the livestock category "other” (livestock NCAC) were revised due to
the revision of AD for the years 2009—-2013. The amount of horses and mules and
asses not covered by agricultural census was revised due to new data in Schmidlin et
al. 2013. Emission factors changed due to the new weighting of the livestock sub-
categories. Across the years 2009—-2013 overall greenhouse gas emissions have
increased by ~7 kt CO, equivalents on average.

5.2.6 Category-specific planned improvements

Planned improvements for future submissions are the further development, adaptation and
verification of the dairy cattle feeding model (GE, Ym).

Furthermore, further QA/QC checks of the new methodologies will be conducted and the
respective documentation shall be updated.
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5.3 Source category 3B — Manure management
5.3.1 Source category description

Approach 1 key categories 3B

CH4 emissions from Manure management (level)
Indirect N.O emissions from Manure management (level and trend)

Approach 2 key categories 3B

CHa4 emissions from Manure management (level and trend)
(Direct) N2O emissions from Manure management (level)
Indirect N.O emissions from Manure management (level and trend)

The emission source is the domestic livestock population broken down into 3 cattle
categories (mature dairy cattle, other mature cattle, growing cattle), sheep, swine, buffalo,
camels, deer, goats, horses, mules and asses, poultry, rabbits and livestock not covered by
agricultural census (Livestock NCAC)(Table 5-7). Six (CHa4) respectively five (N2O) different
manure management systems are considered as well as indirect NoO emissions from 3B
Manure management (Table 5-8). Additionally NOx emissions from manure management are
estimated.

The total emissions from 3B Manure management closely follow the development of the
cattle population. Emissions declined from 1990 until 2004, increased until 2008 and
subsequently decreased again.

Significant contributors to CH4 emissions from 3B Manure management are cattle with
approximatively 75% and swine with approximatively 22%. Likewise, cattle and swine
contribute significantly to N2O emissions with 70% and 16% respectively.

5 Agriculture: 5.3 Source category 3B — Manure management



National Inventory Report of Switzerland 2016 280

Table 5-7 Specification of source category 3B Manure management by livestock categories.

3B Source Specification

3B1 Cattle Mature Dairy Cattle

Other Mature Cattle

Growing Cattle (Fattening Calves, Pre-Weaned Calves, Breeding Cattle 1% year (Breeding Calves +
Breeding Cattle 4-12 months), Breeding Cattle > 1 year (Breeding Cattle 2" year + Breeding Cattle 3
year), Fattening Cattle (Fattening Calves 0-4 months + Fattening Cattle 4-12 months))
3B2 Sheep Lambs < 1 year

Mature Sheep

Fattening Sheep

Milk Sheep

3B3 Swine Piglets

Fattening Pig over 25 kg

Dry Sows

Nursing Sows

Boars

3B4a Buffalo Bisons < 3 years

Bisons > 3 years

3B4b Camels Llamas < 2 years

Llamas > 2 years

Alpacas < 2 years

Alpacas > 2 years

3B4c Deer Fallow Deer

Red Deer
3B4d Goats Goat Places
3B4e Horses Horses < 3 years

Horses > 3 years
3B4f Mules and Asses |Mules

Asses

3B4g Poultry Growers

Layers

Broilers

Turkey

Other Poultry
3B4hi |Rabbits
3B4hii |Livestock NCAC Sheep

Goats

Horses < 3 years
Horses > 3 years
Mules

Asses

Table 5-8 Specification of source category 3B Manure management by manure management systems.

3B Source Specification

3B6a Direct Emissions Liquid systems

3B6b Solid storage and dry lot

3Bc /3D Pasture, range and paddock

3B6d Digesters (anaerobic digestion)

3B6e Other Deep litter
Poultry system

3B5a Indirect Emissions Atmospherical deposition

3B5b Leaching and run-off

5.3.2 Methodological issues

5.3.2.1 Methodology

The calculation is based on methods described in the 2006 IPCC Guidelines (CHa4: IPCC
2006 equation 10.23; N2O: IPCC 2006 equation 10.25).
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CH4 emissions from 3B Manure management were generally estimated using a Tier 2
methodology. For cattle a more detailed method was applied, estimating volatile solids (VS)
excretion based on gross energy intake estimates as used for Enteric fermentation. Due to
lacking default values, VS excretion from buffalo, camels and deer was equally estimated
based on gross energy intake. For the remaining livestock categories default parameters
were used. Methane conversion factors (MCF) are from IPCC (2006; solid storage, pasture
range and paddock, anaerobic digesters, deep litter, poultry manure) or were modelled
according to Mangino et al. (2001).

N2O emissions from 3B Manure management were estimated using a Tier 2 methodology.
Activity data were adjusted to the particular situation of Switzerland in coordination with the
Swiss ammonia model AGRAMMON (Kupper et al. 2013). Detailed country-specific data on
nitrogen excretion rates, manure management system distribution and nitrogen volatilisation
were applied. Emission factors for direct N.O emissions (EF3) are based on IPCC (2006)
whereas the emission factor for indirect emissions from atmospheric deposition is country-
specific (Buhlmann et al. 2015 and Bihimann 2014). Leaching of NOs from manure
management systems was considered negligible and is thus not included in the estimates.
The N2O emissions from pasture, range and paddock are reported under 3D Agricultural
soils, source category 3Da3 (Urine and dung deposited by grazing animals).

For calculation of CH4 and N>O emissions, slightly different livestock sub-categories were
used (Table 5-9). The livestock categories reported in the reporting tables (CRF) are the
same, but the respective sub-categories as a basis for the calculation are different. The
categorization for the estimation of CH4 emissions had to be adapted to data availability for
energy requirements, while the categorisation for the estimation of NO emissions is
determined by the respective categorisation of the Swiss ammonia inventory (AGRAMMON,
Kupper et al. 2013, Flisch et al. 2009). Nevertheless, there is no inconsistency in the total
number of animals as they are the same both for CH4 and N>O emissions. Note that although
not growing cattle in the proper sense, bulls are contained in the categories breeding cattle
>1 year, breeding cattle 3™ year and/or fattening cattle according to their purposes.

The calculation of CH4 and N2O emissions is conducted in Agroscope 2016.
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Table 5-9 Livestock categories for estimating CH4 and N20O emissions from 3B Manure management.

3B CH, N,O
Cattle Mature Dairy Cattle Mature Dairy Cattle
Other Mature Cattle Other Mature Cattle

Growing Cattle |Fattening Calves Growing Cattle |Fattening Calves
Pre-Weaned Calves Pre-Weaned Calves
Breeding Cattle 1% year (Breeding Calves Breeding Cattle 1> year
+ Breeding Cattle 4-12 months)
Breeding Cattle > 1 year

Breeding Cattle 2™ year

Breeding Cattle 3 year

Fattening Cattle (Fattening Calves 0-4 Fattening Cattle

months + Fattening Cattle 4-12 months)

Horses < 3 years
Horses > 3 years
Mules
Asses

Sheep Lambs < 1 year Fattening Sheep
Mature Sheep Milk Sheep
Swine Swine Piglets
Fattening Pig over 25 kg
Dry Sows
Nursing Sows
Boars
Buffalo Bisons < 3 years Bisons < 3 years
Bisons > 3 years Bisons > 3 years
Camels Llamas < 2 years Llamas < 2 years
Llamas > 2 years Llamas > 2 years
Alpacas < 2 years Alpacas < 2 years
Alpacas > 2 years Alpacas > 2 years
Deer Fallow Deer Fallow Deer
Red Deer Red Deer
Goats Goats Goat places
Horses Horses < 3 years Horses < 3 years
Horses > 3 years Horses > 3 years
Mules and Asses |Mules Mules
Asses Asses
Poultry Poultry Growers
Layers
Broilers
Turkey
Other Poultry
Rabbits Rabbits Rabbits
Livestock NCAC [Sheep Sheep
Goats Goats

Horses < 3 years
Horses > 3 years
Mules
Asses
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5.3.2.2 Emission factors CH4

Calculation of CH4 emissions from 3B Manure management is based on methods described
in the 2006 IPCC Guidelines (IPCC 2006, equation 10.23):

EF, =VS, #365days/ years B, 0.6Tkg/m" o D> MCF o MS

5
EFr = annual CH,4 emission factor for livestock category T (kg/head/year)
VSt = daily volatile solids (VS) excreted for livestock category T (kg/head/day)
Bor = maximum CH,4 producing capacity for manure produced by livestock category T (m®/kg)
0.67 kg/m? = conversion factor of m® CH, to kilograms CH4
MCFs = CH4 conversion factors for each manure management system S (%)

MSrs = fraction of livestock category T's manure handled using manure management system
S (dimensionless)

5.3.2.2.1 Volatile solids excretion (VS)

The daily excretions of volatile solids (VS) for all cattle sub-categories were estimated
according to equation 10.24 in the 2006 IPCC Guidelines (IPCC 2006):

Vs {GE. [1_ ?ﬁ?] L (UE GE)]. [1 —ASH]

EDF

VS = volatile solids excretion per day on a dry-organic matter basis (kg/day)

GE = gross energy intake (MJ/head/day)

DE = digestibility of the feed (%)

(UE « GE) = urinary energy expressed as fraction of GE

ASH = ash content of manure calculated as a fraction of the dry matter feed intake

EDF = energy density of feed, conversion factor for dietary GE per kg of dry matter (MJ/kg)

Gross energy intake was calculated according to the method described in chp. 5.2.2.2.1. In
the case of mature dairy cattle the same model was used as for the estimation of CH4
emissions from 3A Enteric fermentation. Content of net energy, gross energy and ash in feed
dry matter as well as feed digestibility were also estimated using the Agroscope feeding
model (Agroscope 2014c). The digestibility of feed is of crucial importance for the calculation
of volatile solids. The modelled values for dairy cattle are somewhat higher than the IPCC
default and were compared to measurements from feeding trials in Switzerland. The
comparison revealed that modelled values are on average slightly higher than
measurements. Accordingly, an adjustment was made in order to take account of the high
feeding level that is usually above maintenance (Ramin and Huhtanen 2012). High feeding
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levels may lead to an increase in rumen passage rate and subsequently to lower feed
digestibility (Nousiainen et al. 2009). The correction decreased the feed digestibility on
average by 2.5 per cent points. Resulting feed digestibility was 72.2% on average, gross
energy content (EDF) was 18.26 MJ/kg and ash content was 9.0% each with very small
fluctuations along the time series. Urinary energy expressed as fraction of gross energy was
0.04 (IPCC 2006).

For calves and other growing cattle IPCC default values of 65% respectively 60% were
taken for the feed digestibility. For the urinary energy expressed as fraction of gross energy
and for the energy density of the feed (EDF) the IPCC default values, i.e. 0.04 and 18.45
MJ/kg were adopted. Furthermore, an ash content of 8.0% was used for all these categories.

For VS excretion of the livestock categories sheep, swine, goats, mules and asses,
poultry, rabbits and livestock NCAC, default values from IPCC were taken (IPCC 2006,
Tables 10A-7, 10A-8, 10A-9). Considering the gross energy intake of horses, the value in
the revised 1996 IPCC Guidelines (1.72 kg/head/day) is considered more appropriate and
was thus adopted instead of the default value of the 2006 Guidelines (i.e. 2.13 kg/head/day).

For buffalo, camels and deer VS excretion was again estimated using equation 10.24 in the
2006 IPCC Guidelines with default values for feed digestibility and ash content (IPCC 2006).
Feed digestibility was 55% for buffalos and 60% for camels and deer (assuming similar feed
composition as for sheep). The urinary energy as fraction of the gross energy was 0.04, the
energy density of the feed (EDF) was 18.45 MJ/kg and the ash content of manure was 8.0%
(IPCC 2006).

5.3.2.2.2 Maximum CH4 producing capacity (Bo)
For the methane producing capacity (B,) default values were used (IPCC 2006). For deer the
same value as for sheep was applied as no default value was available (i.e. 0.19 m®/kg).

5.3.2.2.3 Methane conversion factor (MCF)

For estimating CH4 emissions from Manure management, six different manure management
systems are distinguished. Switzerland has an average annual temperature below 15°C
(MeteoSwiss 2014) and was therefore allocated to the cool climate region without
differentiation.

In the case of solid manure and pasture range and paddock the default MCF values from
table 10.17 of the 2006 IPCC Guidelines were used (Table 5-10).

Liquid/slurry systems are responsible for the major part of methane emissions from
Manure management (90% on average). Accordingly a more detailed model was used to
determine the respective MCF. For this purpose the model developed by Mangino et al.
(2001) that is also used to derive the 2006 IPCC default values was adapted to the specific
conditions of Switzerland. On a monthly time step, loading of a virtual liquid/slurry manure
system was simulated according to the VS excretion of the total livestock herd and the
manure management system distribution (MS) in the respective inventory year. Thereby it
was assumed that excretion on pasture, range and paddock takes only place during summer
months, i.e. from April to September. Subsequently, monthly manure degradation was
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forecast using the temperature-dependent van’t Hoff-Arrhenius equation with the
parametrization as suggested by Mangino et al. (2001). Monthly mean air temperatures for
the Swiss central plateau during the 1981-2010 time period were obtained from the Federal
Office of Meteorology and Climatology (MeteoSwiss 2014). Minimum temperature in the
liquid/slurry system was allowed to drop to 1°C instead of 5°C as proposed in the original
model (see e.g. Vergé et al. 2007, Van der Zaag et al. 2013). Any carry-over effect of
undegraded manure from one month to the next was neglected (see e.g. Park et al. 2006,
Van der Zaag et al. 2013). Finally, an annual methane conversion factor was calculated by
dividing the total VS degraded by the total load of VS.

Several authors have found that the simulated MCF-values according to the model described
above are unrealistically high (Park et al. 2006, Van der Zaag et al. 2013). Consequently
they propose to use a management and design practice factor (MDP factor) to bring the
modelled factors into accordance with measurements. Accordingly a MDP factor of 0.8 was
applied here as suggested by Mangino et al. (2001). The resulting MCF-values for
liquid/slurry systems range from 13.5% to 14.5%. The variation of the MCF along the time
series is due to varying shares of manure dropped on pasture, range and paddock. The
higher the share of manure dropped on pasture, range and paddock, the lower is the overall
MCF (as livestock is only grazing during summer, the relative share of low methane
conversion factors during the cold winter month increases when summer grazing time
increases).

Anaerobic digestion of animal manure is increasing in Switzerland since the 1990s but is
still not widespread (3.4% of all animal manure in 2014). Emissions from the digestion plant
itself are reported under source category 5B2 (Anaerobic digestion at biogas facilities) and
described in chp. 7.3. However, emissions from manure storage before alimentation into the
digester are reported under agriculture. The amount of manure digested anaerobically was
estimated based on total energy production (SFOE 2014a) and eight monitoring protocols of
agricultural biogas plants (Genossenschaft Okostrom Schweiz 2014, GES Biogas GmbH
2014). According to the data in the monitoring protocols the total amount of manure entering
the plant originated mainly from cattle manure stored as liquid/slurry (57%) and solid storage
(23%) and from swine manure stored as liquid/slurry (20%). It is assumed that 22.5% of the
liquid/slurry manure is coming from the farm where the biogas plant is located and is hence
directly fed into the digester on a daily basis without being stored (Koehli 2014). The
respective MCF was thus set to zero. As solid manure usually has a low MCF and is stored
for only a short period before being fed into the digester, the respective MCF was also set to
zero. The MCF for the remaining liquid/slurry manure that is delivered from neighbouring
farms to the biogas plant was estimated with the methodology described in the “Standard
method for compensating projects of the type “agricultural biogas plants™ (FOEN 2014n).
This method is based on the “Approved small scale baseline and monitoring methodology
AMS-I11.D./Version 19.0. Methane recovery in animal manure management systems” and
relies thus on a generally accepted foundation (UNFCCC 2013c).
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According to this methodology the MCF value for conventional liquid/slurry systems given in
Table 5-10 is reduced according to the duration of pre-storage before the manure is
delivered to the digester:

Al;

‘MCFPFAD = ;MCFLS # (
f)

14.49 » (e7**40 — 1) R 1)

MCFpsap = CH4 conversion factor for pre-storage of liquid manure before delivery to biogas
plants (%)

MCF.s = CH4 conversion factor for liquid/slurry systems (%)
k = Degradation rate constant (0.069)

Al; = average pre-storage time period (day)

The average pre-storage time was estimated to be 12 days (Koehli 2014). The resulting
weighted average MCF-value for anaerobic digestion varies between 2.6% and 2.8%.
Variation is due to the variation of the underlying MCF of liquid/slurry systems.

Fattening calves, sheep, camels, deer and goats are kept in deep litter systems. A MCF of
10% was adopted, which is the mean value between the IPCC default values for cattle and
swine deep bedding <1 month and >1 month at 10 °C (IPCC 2006). The choice of a MCF of
10% for deep litter is supported by the specific feeding and manure management regime in
Switzerland (especially cold winter temperatures) and confirmed by a number of studies
representative for the country-specific management conditions (Amon et al. 2001, Kiilling et
al. 2002, Kiilling et al. 2003, Moller et al. 2004, Hindrichsen et al. 2006, Park et al. 2006 and
Sommer et al. 2007, Zeitz et al. 2012). For further details see FOEN 2011 (16.5 attachment
E).

For all poultry categories a MCF value of 1.5% was used according to the default value for
poultry manure systems in the 2006 IPCC Guidelines.
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Table 5-10 Manure management systems and methane conversion factors (MCFs). Blue: annually changing
parameters, value for 2014.

Manure management system Description MCF (%)
Pasture Manure is allowed to lie as it is, and is not 10
managed (distributed, etc.). '
Solid storage Dung and urine are excreted in a barn. The
solids (with and without litter) are collected and 20
stored in bulk for a long time (months) before '
disposal.
Liquid/slurry Combined storage of dung and urine under
animal confinements for longer than 1 month.
Digesters Storage before alimentation into anaerobic

digester. Storage system can be liquid/slurry or
solid storage.

Other Deep litter Dung and urine is excreted in a barn with lots of
litter and is not removed for a long time 10.0
(months).
Poultry system Manure is excreted on the floor with or without 15
bedding. '

5.3.2.2.4 Manure management system distribution (MS)

The fraction of animal manure handled using different manure management systems (MS) as
well as the percentages of urine and dung deposited on pasture, range and paddock was
separately assessed for each livestock category (Table 5-11). The fractions are determined
by the livestock husbandry system (e.g. tie stall or loose housing system) as defined in Flisch
et al. (2009). Estimation is conducted within the Swiss ammonium model AGRAMMON
(Kupper et al. 2013) based on expert judgement and values from the literature (1990, 1995)
and on extensive farm surveys (2002, 2007, 2010). The data clearly reproduce the shift
towards an increased use of pasture, range and paddocks and a decrease in solid storage.
The changes of the manure management system distribution reflect the shift to a more
animal-friendly livestock husbandry in the course of the agricultural policy reforms during the
1990s and the early 20" century. One of the most important voluntary programs in this
context is called “RAUS” and implies at least 156 days of pasture per year (Swiss
Confederation, 2008). Accordingly, the share of mature dairy cattle (and other animals) going
to pastures increased substantially and the length of stay on the pasture increased by 50%.
In the year 2007 78% of the dairy cattle were held on farms participating in the RAUS
program. The average number of pasture days (including all farms) in that year was 181, and
it was 177 in 2010. It can thus be assumed, that already in the early years of the new
millennium most farms accomplished the transition to RAUS and that a new management
standard was reached at this point of time, which did not change significantly afterwards.

The amount of manure digested anaerobically was estimated based on total energy
production (SFOE 2014a) and eight monitoring protocols of agricultural biogas plants
(Genossenschaft Okostrom Schweiz 2014, GES Biogas GmbH 2014) as described under
5.3.2.2.3.
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5.3.2.3 Activity data CH,

Activity data of all livestock categories covered by the official census was obtained from SBV
(2015) and the SFSO (2015b). The respective data was revised and harmonized during a
joint effort of the Agroscope Reckenholz Tanikon Research Station (ART) and the Swiss
College of Agriculture (SHL) in 2011 (ART/SHL 2012). Additionally to official statistical data,
population data of livestock not covered by the agricultural census of the Swiss Federal
Statistical Office was assessed (Poncet et al. 2007, Poncet et al. 2009, Schmidlin et al. 2013,
SFSO 2015c). For further details and additional data on a livestock sub-category level refer
to chp. 5.2.2.3, Table 5-6 as well as Annex 3 A3.3.
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Table 5-11 Manure management system distribution (MS) according to the AGRAMMON model. Detailed data on

livestock sub-category levels are provided in Annex 3 A3.3.

5.3.2.4 Emission factors N.O

MS Distribution 1990 1995 2002
% % %
E 5 E 5 E 5
8 £@ s £ 8 £w
> o S =5 > o) S =5 > ) S =5
5| 8 |8 §5| 3 | 2 |5 §5| 3 | ¥ | & g5
0 S = x 2 o E 0 S s x 4 o E 0 S = x & o E
= 5 S o = > = @ <} 2 = > = @ <] 2 = >
2 - |23| 8 |85 | B2 - | 23| % |85 2 - |23 | 8 | &85
3 = 0 o > £ > 3 = n o > £ > =] = 0w o > £ 3
g & |88 & |88 8 & |88 8 88| % 3 |88 5 |88
Mature Dairy Cattle 63.7 27.6 8.3 0.4 0.0 65.7 24.4 9.5 0.4 0.0 65.3 16.2 18.0 0.5 0.0
Other Mature Cattle 41.2 321 26.3 0.4 0.0 39.3 34.1 26.2 0.4 0.0 39.8 20.7 39.1 0.5 0.0
Growing Cattle (weighted average) 47.5 317 15.8 0.4 45| 484 30.9 15.9 0.4 4.5 42.1 25.4 275 0.5 4.5
Fattening Calves 14.3 0.0 0.0 0.4 85.2 15.0 0.0 0.0 0.4 84.6 21.6 0.0 0.3 0.5 77.6
Pre-Weaned Calves 41.2 32.1 26.3 0.4 0.0 39.3 34.1 26.2 0.4 0.0 41.2 21.1 37.3 0.5 0.0
Breeding Cattle 1st Year 37.0 48.5 141 0.4 0.0 38.0 47.4 14.2 0.4 0.0 33.7 38.8 27.0 0.5 0.0
Breeding Cattle 2nd Year 45.3 28.9 25.4 0.4 0.0 47.3 26.7 25.6 0.4 0.0 37.8 234 38.4 0.5 0.0
Breeding Cattle 3rd Year 50.5 29.1 20.0 0.4 0.0 51.4 27.9 20.3 0.4 0.0 42.2 225 34.8 0.5 0.0
Fattening Cattle 70.1 24.1 0.0 0.4 55 66.4 27.7 0.0 0.4 5.6 67.3 26.8 2.2 0.5 3.2
Sheep (weighted average) 0.0 0.0 30.1 0.0 69.9 0.0 0.0 30.3 0.0 69.7 0.0 0.0 33.2 0.0 66.8
Swine (weighted average) 98.8 0.0 0.0 12 0.0 98.7 0.0 0.0 1.3 0.0 98.0 0.3 0.1 15 0.0
Buffalo (weighted average) NA NA NA NA NA| 475 26.8 25.6 0.0 0.0 38.1 235 38.4 0.0 0.0
Camels (weighted average) NA NA NA NA NA NA NA NA NA NA 0.0 0.0 335 0.0/ 66.5
Deer (weighted average) 0.0 0.0 30.7 0.0 69.3 0.0 0.0 30.7 0.0 69.3 0.0 0.0 335 0.0 66.5
Goats 0.0 0.0 13.6 0.0 86.4 0.0 0.0 13.6 0.0 86.4 0.0 0.0 12.2 0.0 87.8
Horses (weighted average) 0.0 932 6.8 0.0 0.0 0.0 93.2 6.8 0.0 0.0 0.0 76.1| 239 0.0 0.0
Mules and Asses (weighted average) 0.0 932 6.8 0.0 0.0 0.0 93.2 6.8 0.0 0.0 0.0 76.9| 231 0.0 0.0
Poultry (weighted average) 0.0 0.0 0.0 0.0/ 100.0 0.0 0.0 0.5 0.0 99.5 0.0 0.0 2.6 0.0 974
Rabbits 0.0/ 100.0 0.0 0.0 0.0 0.0{ 100.0 0.0 0.0 0.0 0.0/ 100.0 0.0 0.0 0.0
Livestock NCAC (weighted average) 0.0 93.2 6.8 0.0 0.0 0.0 87.2 7.3 0.0 5.6 0.0 38.5 26.9 0.0 34.5
MS Distribution 2007 2010
% %
2 5 2 5
N : ge| . : gg
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Mature Dairy Cattle 67.5 13.6 17.7 13 0.0 67.0 14.3 16.9 1.7 0.0
Other Mature Cattle 49.5 20.2 29.0 13 0.0 479 17.9 324 1.7 0.0
Growing Cattle (weighted average) 45.6| 239 253 13 40| 452 256 234 1.7 4.1
Fattening Calves 21.8 0.0 0.2 13 76.7 16.9 0.0 0.2 1.7 81.1
Pre-Weaned Calves 50.0 18.6 30.1 13 0.0 44.6 32.8 20.9 17 0.0
Breeding Cattle 1st Year 41.0 34.5 233 13 0.0 43.4 33.4 215 17 0.0
Breeding Cattle 2nd Year 41.4 20.8 36.5 13 0.0 43.2 20.8 34.3 1.7 0.0
Breeding Cattle 3rd Year 45.6 21.3 31.8 13 0.0 46.3 21.4 30.6 1.7 0.0
Fattening Cattle 62.3 29.2 4.3 13 2.9 57.7 33.2 4.0 1.7 34
Sheep (weighted average) 0.0 0.0 39.2 0.0 60.8 0.0 0.0 337 0.0 66.3
Swine (weighted average) 94.5 0.1 1.2 4.1 0.0l 94.0 0.3 0.1 5.6 0.0
Buffalo (weighted average) 423| 211 365 0.0 0.0] 445 212| 343 0.0 0.0
Camels (weighted average) 0.0 0.0 40.2 0.0 59.8 0.0 0.0 345 0.0 65.5
Deer (weighted average) 0.0 0.0/ 40.2 0.0 59.8 0.0 0.0 345 0.0 655
Goats 0.0 0.0 7.1 0.0 92.9 0.0 0.0 10.0 0.0 90.0
Horses (weighted average) 0.0/ 787 213 0.0 0.0 0.0 74.4| 256 0.0 0.0
Mules and Asses (weighted average) 0.0 752| 2438 0.0 0.0 0.0 79.3] 207 0.0 0.0
Poultry (weighted average) 0.0 0.0 3.7 0.0 96.3 0.0 0.0 2.7 0.0 973
Rabbits 0.0/ 100.0 0.0 0.0 0.0 0.0| 100.0 0.0 0.0 0.0
Livestock NCAC (weighted average) 0.0 347 287 0.0 36.6 0.0 39.6| 275 0.0 329

Estimation of direct N>O emissions from Manure management relies basically on the same
animal waste management systems as the estimation of CH4 emissions (compare chp.

5.3.2.2). All emission factors are based on default values given in table 10.21 of the 2006

IPCC Guidelines (Table 5-12). For liquid/slurry systems a weighted emission factor was
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calculated based on the share of systems with and without natural crust cover. Data on
occurrence of natural crusts on slurry tanks of Swiss farms was raised in the census
conducted for the Swiss ammonia inventory AGRAMMON (Kupper et al. 2013). Results
suggest that formation of thick and permanent natural crusts on slurry tanks is not
widespread in Switzerland. The share of systems with crust formation ranges from 0.0 to
7.1% and leads to a N.O emission factor that ranges from 0.0000 to 0.0004 kg N2O-N / kg N,
respectively.

Table 5-12 Emission factors for calculating N2O emissions from manure management. Blue: annually changing
parameters, value for 2014.

Animal waste management system Emission factor
kg N,O-N / kg N
Liquid/Slurry: with natural crust cover 0.005
Liquid/Slurry: without natural crust cover 0.000
Solid storage 0.005
Anaerobic digester 0.000
Cattle and swine deep bedding: no mixing 0.010
Poultry manure 0.001
Indirect emissions due to volatilisation _

The emission factor for indirect N2O emissions after volatilisation of NHz and NOx from
manure management systems was reassessed during a literature review by Bihlmann et al.
2015 and Buhlmann 2014. Due to the fragmented land use in Switzerland, where agricultural
land use alternates with natural and semi-natural ecosystems over short distances, the share
of volatilised nitrogen that is re-deposited in (semi-)natural habitats is on average higher than
55%. Thus, the assumption made in the 2006 IPCC Guidelines that “a substantial fraction of
the indirect emissions will in fact originate from managed land”, cannot be applied to
Switzerland. Accordingly, the overall emission factor for indirect emissions was estimated by
calculating an area-weighted mean of the indirect emission factor for managed land (i.e. 0.01
based on IPCC 2006) and the indirect emission factor for (semi-)natural land (as provided in
Buhimann 2014). Due to slightly changing land use over the inventory time period, the
resulting emission factor shows some small temporal variation around a mean value of
2.54%.
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5.3.2.5 Activity data N,O

Activity data for NoO emissions from 3B Manure management was estimated according to
equation 10.25 of the 2006 IPCC Guidelines:

44
NloD[mm} = {Z {Z (N(r} . Nex{r} . MFS[LS})} . EFB[S}:| . E

S r

N2Opmm) = direct N2O emissions from manure management (kg N.O/year)
N = number of head of livestock species/category T (head)
Nex(r) = annual average N excretion per head of species/category T (kg N/head/year)

MSr,s) = fraction of total annual nitrogen excretion for each livestock species/category T that
is managed in manure management system S

EFs) = emission factor for direct N2O emissions from manure management system S (kg
N20O-N/kg N)

44/28 = conversion of (N20-N)mm) emissions to N2Omm) emissions

5.3.2.5.1 Livestock population

Activity data of all livestock categories covered by the official census was obtained from SBV
(2015) and the SFSO (2015b). The respective data set was revised and harmonized during a
joint effort of the Agroscope Reckenholz Tanikon Research Station (ART) and the Swiss
College of Agriculture (SHL) in 2011 (ART/SHL 2012). Additionally to official statistical data,
population data of livestock not covered by the agricultural census of the Swiss Federal
Statistical Office was assessed (Poncet et al. 2007, Poncet et al. 2009, Schmidlin et al. 2013,
SFSO 2015c). For further details and additional data on a livestock sub-category level refer
to chp. 5.2.2.3, Table 5-6 as well as Annex 3 A3.3.

5.3.2.5.2 Nitrogen excretion (Nex)

Data on nitrogen excretion per animal category (kg N/head/year) is country-specific and was
obtained from Kupper et al. (2013) (Table 5-13). These values are based on the “Principles
of Fertilisation in Arable and Forage Crop Production” (Flisch et al. 2009) and adjusted
according to the livestock census data of the Swiss ammonia model AGRAMMON (Kupper et
al. 2013). Unlike to the method in the IPCC Guidelines, the age structure of the animals and
the different use of the animals (e.g. fattening and breeding) are considered. Standard
nitrogen excretion rates are modified within the AGRAMMON model in order to account for
changing agricultural structures and production techniques over the years (e.g. milk yield,
use of feed concentrates, protein reduced animal feed etc.). This more disaggregated
approach leads to considerable lower calculated nitrogen excretion rates compared to IPCC
mainly because lower Nex-rates of young animals are considered explicitly.

The nitrogen excretion rates are given on an annual basis, considering replacement of
animals (growing cattle, swine, poultry, rabbits) and including excretions from corresponding
offspring and other associated animals (sheep, deer, goats, swine, rabbits) (ART/SHL 2012).
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As an exception, nitrogen excretion of mature dairy cattle was separately calculated within
the same feeding model that was used for CH4 emissions from 3A Enteric fermentation and
from 3B Manure management (Agroscope 2014c, see also chp. 5.2.2.2). Nitrogen excretion
of mature dairy cattle is dependent on milk production and feed properties. In the year 2003
yearly milk yield surpassed 6000 kg. To achieve yearly milk yields higher than 6000 kg the
cows have to be fed with an increasing share of feed concentrates. Due to the energy dense
feed concentrates, the ratio between net energy content and protein content increases. Since
2003 the increase in nitrogen excretion rate is thus slower than before, although milk yield
increased more or less at the same rate from 1990 to 2014.

Sheep in Switzerland are fed mainly on roughage from extensive pasture and meadows
(Flisch et al. 2009) and are estimated to excrete approximately 8.0 kg N per head and year.
This is considerably lower than IPCC default. However, nitrogen excretion is averaged over
the whole population, of which roughly 40% are lambs and other immature animals. Swine
show a significant decrease in nitrogen excretion rates until 2006, which can be explained by
the increasing use of protein-reduced fodder (Kupper et al. 2013).
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Table 5-13 Nitrogen excretion rates of Swiss livestock, 1990-2014. The complete time series on a livestock sub-
category level are provided in Annex 3 A3.3.

Nitrogen Excretion 1990-2011
1000]  1005] 2000 2005] 2006] 2007]  2008] 2000] 2010] 2011
kg N/head/year
Mature Dairy Cattle 102.7 105.5] 109.7 113.2 113.3 113.9 114.2 114.7 114.9 115.0
Other Mature Cattle 80.0 80.0| 80.0| 80.0 80.0 80.0 80.0 80.0 80.0 80.0
Growing Cattle (weighted average) 33.1] 33.4 33.6| 33.1 33.2 33.2 33.2 334 334 33.4
Fattening Calves 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0
Pre-Weaned Calves 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0 34.0
Breeding Cattle 1st Year 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Breeding Cattle 2nd Year 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Breeding Cattle 3rd Year 55.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0
Fattening Cattle 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0 33.0
Sheep (weighted average) 7.5 7.6) 8.1 8.1 8.2 8.3 8.2 8.5 8.5 8.5
Swine (weighted average) 13.4 12.8 10.5 9.4 9.2 9.1 9.2 9.2 9.2 9.2
Buffalo (weighted average) NA| 37.2] 41.1] 38.7 38.0 34.9 34.4 36.5 37.3 38.4
Camels (weighted average) NA| NA| 14.1 12.8 12.8 12.8 12.8 12.8 12.6 12.7
Deer (weighted average) * 20.0 21.9] 22.3 21.9 221 221 224 225 224 224
Goats 10.5) 10.4 10.6] 10.5 10.6 10.5 10.5 10.7 10.6 10.8
Horses (weighted average) 43.6] 43.5) 43.6| 43.7 43.7 43.7 43.7 43.7 43.7 43.7
Mules and Asses (weighted average) 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7
Poultry (weighted average) 0.6 0.5 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Rabbits 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Livestock NCAC (weighted average) 38.8 33.8 14.5] 125 12.4 125 12.2 13.1 14.3 14.8
Nitrogen Excretion 2012-2014

2012 2013 2014
kg N/headl/year

Mature Dairy Cattle 114.9 114.7 115.2
Other Mature Cattle 80.0 80.0 80.0
Growing Cattle (weighted average) 33.3 33.3 334

Fattening Calves 13.0 13.0 13.0

Pre-Weaned Calves 34.0 34.0 34.0

Breeding Cattle 1st Year 25.0 25.0 25.0

Breeding Cattle 2nd Year 40.0 40.0 40.0

Breeding Cattle 3rd Year 55.0 55.0 55.0

Fattening Cattle 33.0 33.0 33.0
Sheep (weighted average) 8.5 8.6 8.5
Swine (weighted average) 9.1 9.2 9.2
Buffalo (weighted average) 36.9 36.9 36.4
Camels (weighted average) 12.8 12.9 12.8
Deer (weighted average) ¥ 225 23.0 23.0
Goats 10.8 10.9 10.9
Horses (weighted average) 43.7 43.8 43.8
Mules and Asses (weighted average) 15.7 15.7 15.7
Poultry (weighted average) 0.5 0.5 0.5
Rabbits 1.0 1.0 1.0
Livestock NCAC (weighted average) 15.3 15.5 15.6

1) Deer: Excretion per animal place

5.3.2.5.3 Manure management system distribution (MS)

The split of nitrogen flows into the different animal waste management systems and its
temporal dynamics are based on the respective analysis in the AGRAMMON model (Kupper
et al. 2013). The distribution is consistent with the allocation of volatile solids used for the
calculation of CH4 emissions from 3B Manure management (for further information refer to
chp. 5.3.2.2.4).
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5.3.2.5.4 Volatilisation of NHsz and NOx from manure management systems

N20 emissions from the deposition of volatilised nitrogen from manure management are
based on NHs; and NOy emissions. Losses of ammonia from stables and manure storage
systems to the atmosphere are calculated according to the Swiss ammonia model
AGRAMMON (Kupper et al. 2013). Specific loss-rates for all major livestock categories are
estimated based on agricultural structures and techniques (e.g. stable type, manure
management system, measures to reduce NHs emissions). Accordingly, the overall fraction
of nitrogen volatilised underlies certain temporal dynamics that can be explained by changes
in agricultural management practices (e.g. the transition to more animal friendly housing
systems). It ranges from 15.3 to 20.8%.

For the volatilisation of NOy default values from the EMEP/EEA air pollutant emission
inventory guidebook 2013 were used, assuming that 50% and 25% of the nitrogen is present
in the form of TAN (total ammonia nitrogen) in liquid/slurry and solid storage systems
respectively (EMEP/EEA 2013). Accordingly, it is estimated that 0.005% and 0.25% of the
total nitrogen in liquid/slurry and solid storage systems are lost to the atmosphere. In this
context the management systems “anaerobic digestion” and “deep litter” are treated as
liquid/slurry- and solid storage systems respectively.

Note that volatilisation from pasture, range and paddock manure is included under 3Db
(Indirect N2O emissions from managed soils). A graphical overview of the nitrogen flow
system is given in Figure 5-6 and respective numbers are provided in Table 5-16.

5.3.3 Uncertainties and time-series consistency

For the uncertainty analysis the input data from ART (2008a) were used and were updated
with current activity and emission data as well as with new default uncertainties from the
2006 IPCC Guidelines. The arithmetic mean of the lower and upper bound was used for
activity data and for emission factors in the Approach 1 analysis (Table 5-14).

For the Approach 2 analysis, asymmetric probability distributions as well as possible
correlations of input data were considered.

For further results also consult chp. 1.6.1 and Table A - 7.

Table 5-14 Uncertainties for 3B Manure management 2014. (AD: Activity data; EF: Emission factor; CO:
Combined).

Uncertainty 3B Approach 1 Approach 2
AD ‘ EF ‘ CcOo low high mean
% %
CH,4 6.4 54.0 54.4 -54 54 54
N,O direct Liquid/slurry / Anaerobic digester 32.0 75.0 81.5 -76 89 83
N,O direct Solid storage / Deep bedding 32.0 75.0 81.5 =77 88 83
N,O indirect Indirect emissions 46.5 240.0 244.5 -77 126 102
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The time series 1990-2014 are all considered consistent, although the following issues
should be considered:

. For time series consistency of livestock population data and gross energy intake see
chp. 5.2.3.

. The MCF for liquid/slurry systems varies according to the development of the grazing
management over the years as described under chp. 5.3.2.2.3.

° Input data from the AGRAMMON-model is available for the years 1990 and 1995
(expert judgement and literature) as well as for 2002, 2007 and 2010 (extensive
surveys on approximatively 3000 farms). Values in-between the assessment years
were interpolated linearly whereas values beyond 2010 were kept constant and will be
updated as new survey results become available.

° The emission factor for indirect N.O emissions after volatilisation of NH; and NOy from
manure management systems varies according to varying land use as described in
chp. 5.3.2.4.

5.3.4 Category-specific QA/QC and verification
General QA/QC measures are described in NIR chp. 1.2.3.

All further category-specific QA/QC activities are described in a separate document
(Agroscope 2016b). General information on agricultural structures and policies is provided
and eventual differences between national and (IPCC) standard values are being analysed
and discussed. Furthermore, comparisons with data from other countries were conducted
and discussed where possible. Agroscope 2016b is continuously updated with the most
recent inventory data.

For quality of livestock population data and livestock energy intake consult chp. 5.2.4.

5.3.4.1 QA/QC and verification CHa4

IPCC tables with data for estimating emission factors of all livestock categories (such as
weight, feed digestibility, maximum CH. producing capacity (Bo) or daily excretion of volatile
solids) were filled in, checked for consistency and confidence and compared with IPCC
default values (refer to Annex 3 A3.3).

VS excretion of various animal categories is based on IPCC default values. To cross check
these estimate, VS excretion of the total livestock population was estimated by using
exclusively equation 10.24 of the 2006 IPCC Guidelines and GEI data for all animal
categories. Total VS excretion in 2014 was 4.1% higher than currently reported in the Swiss
inventory. Most of the discrepancy can be attributed to swine, for which the default value for
VS excretion is rather low (i.e. 0.31 kg/head/day as weighted mean for 2014 compared to
0.43 kg/head/day from the approach based on equation 10.24). However, Minonzio et al.
1998 also suggest a low VS-excretion of 0.30 kg/head/day on average, based on the Swiss
typical feeding recommendations. They assume a digestibility of the organic matter of 83%.
Using this value in IPCC equation 10.24 would also yield a VS-excretion of 0.31 kg/head/day.
This finding supports the adoption of the IPCC default VS-excretion for swine. As for swine,
equation 10.24 yields higher VS-excretion values for sheep and goats. Also in these cases
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the default values for feed digestibility (i.e. 60%) might be too low for Swiss specific
conditions. In summary there is no clear indication that the approach using exclusively
equation 10.24 would result in a better estimate of overall VS excretion. As for some of the
parameters used in equation 10.24 (such as e.g. feed digestibility for swine) no reliable
country-specific data was available, it was thus decided to still use the IPCC default values
for VS excretion of the animal categories concerned.

Factors for methane conversion (MCF) and manure management system distribution (MS)
were analysed considering the national agricultural context. The estimated MCF-values for
liquid/slurry systems in Switzerland are lower than the IPCC default value for liquid/slurry
system, without natural crust cover, at a temperature < 10 °C. However, a relatively low MCF
is supported by the fact that more than 80% of all liquid/slurry storage tanks are covered and
approximately one third of the remaining tanks have a surface crust (Kupper et al. 2013).
Furthermore, a series of laboratory measurements of MCF-values by the group of animal
nutrition from the Swiss Federal Institute of Technology in Zirich yielded consistently low
MCF-values (Zeitz et al. 2012).

During the past years studies were conducted to verify methane emissions at the regional
scale comparing bottom-up estimates with atmospheric measurements (Bamberger et al.

2014, Henne et al. 2015, Hiller et al. 2014, Hiller et al. 2014a, Stieger 2014, Stieger et al.

2015). For further information on these studies see section 5.2.4.

5.3.4.2 QA/QC and verification N.O

N-O estimation is based on the Swiss ammonium emission model AGRAMMON that is
documented in Kupper et al. (2013).

All relevant data needed for the calculation of N2O emissions such as nitrogen excretion
rates, manure management system distribution and N,O emission factors were checked for
consistency and were compared to the corresponding values of other countries and to the
IPCC default value if available (Agroscope 2016b).

As one of the most important parameters, nitrogen excretion rates were analysed in more
detail. For mature dairy cattle, all model inputs were compared to available data on feeding
regimes as applied in the field (e.g. rations composition, amount of feed concentrates and
silage, nitrogen content of the feed). Furthermore, modelled values were compared to
measurements of feeding trials of the animal nutrition group of the Swiss Federal Institute of
Technology in Zlrich. Measurements were on average almost 30 kg/head/year lower than
modelled values. However, nitrogen intake as well as nitrogen losses through milk were in
very good accordance supporting the excretion rates. It is thus most likely, that some of the
nitrogen excreted was lost (e.g. volatilised) before manure could be collected and nitrogen
could be stabilised for measurements (e.g. Van Dorland et al. 2007). In order to validate the
total nitrogen excretion of the whole livestock population a cross check was conducted
comparing the bottom up inventory estimates with an independent top down approach.
Thereby, the total amount of nitrogen contained in animal livestock products such as meat,
milk or eggs (output) was subtracted from the total amount of nitrogen in animal feedstuff
produced in or imported to the country (input). Under the condition that the nitrogen pool in
the animal population remains constant, the result should be equal to the amount of nitrogen
excreted in the manure (e.g. Spiess 2011). Accordance was good (average discrepancy of
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+2%) for the years 1990 — 2005. However, for later years the top down estimates were on
average 10% higher than the bottom up estimates. Reasons for this behaviour are not yet
clear and this finding will be subject to further analysis. Nex-values for the most important
animal categories (mature dairy cattle and swine, being responsible for 65% of total nitrogen
excretion) were compared to the values of the alternative gross energy approach suggested
in equation 10.32 in the 2006 IPCC Guidelines. Differences were smaller than 3% for years
after 2005. For swine, the IPCC approach estimated on average 18% lower Nex values for
the years 1990-2004. This is probably due to an underestimation of the feed protein content
in this model calculation and the inventory estimates are considered more realistic. All
QA/QC checks of the Nex values will be further elaborated in Agroscope 2016b.

5.3.5 Category-specific recalculations
General information on recalculations is provided in chp. 10.

Recalculations reported in submission 2015

° Several new livestock categories were reported for the first time in the 2015
submission (buffalo, camels, deer, rabbits, livestock NCAC). On average the
respective emissions summed up to 0.31% of total CH4 emissions from 3B Manure
management (2.4 kt CO, equivalents) and 0.84% of total N.O emissions from 3B
Manure management (2.9 kt CO; equivalents).

° For the recalculation of energy requirements and milk yield see chp. 5.2.5. VS-
excretion was recalculated according to the new estimates of gross energy intake and
the respective parameters in the 2006 IPCC Guidelines.

. MCF-values were recalculated according to the 2006 IPCC Guidelines and in order to
better reflect Swiss specific manure management conditions (especially for
liquid/slurry systems). In the course of this recalculation the assessment of emissions
from anaerobic digesters was revised and harmonized with the respective estimates in
the waste sector (see chp. 7.3).

. The nitrogen excretion rate of mature dairy cattle was revised using the Agroscope
feeding model (Agroscope 2014c). New nitrogen excretion rates were considerably
higher than before (+ 6.6% on average).

. New emission factors for NOy volatilisation from 3B Manure management were
adopted based on EMEP/EEA (2013).

. Emission factors for direct NoO emissions from 3B Manure management were
adjusted to the 2006 IPCC Guidelines. Additionally the emission factor for indirect N.O
emissions from 3B Manure management was revised. New country-specific estimates
are based on the studies of Biihlmann et al. (2015) and Buihimann (2014).

Submissions 2016
. CHa emission factors for the whole time series of all non-dairy cattle categories were

revised due to new estimates for GEI (see chp. 5.2.5). New estimates are higher than
before (1990: ~+16 kt CO equivalents; 2013: ~+19 kt CO, equivalents).
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