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Preface

The Portuguese Environment Agency (APA - Agéncia Portuguesa do Ambiente) / Portuguese
Ministry of Environment and Climate Action (Ministério do Ambiente e da A¢do Climdtica), in
accordance to its attributions as national entity responsible for the overall coordination and
reporting of the Portuguese inventory of air pollutants emissions, prepares each year the
National Inventory of Greenhouse Gas (GHGs) Emissions and Sinks in order to comply with the
international commitments under the United Nations Framework Convention on Climate
Change (UNFCCC) and the European Union.

This report aims to comply with the international commitments under the UNFCCC and the
European Commission (EU), taking into account the Revision of the UNFCCC reporting guidelines
on annual inventories for Parties included in Annex | to the Convention agreed by the
Conference of the Parties at its nineteenth session (decision 24/CP.19), and set out in document
FCCC/CP/2013/10/Add.3 1, and the requirements of Article 26 of the Regulation (EU) No
2018/1999 of the European Parliament and of the Council of 11 December 2018 on the
Governance of the Energy Union and Climate Action, providing elements of the Portuguese
National Inventory Report (NIR) necessary for the preparation of the Community greenhouse
gas inventory report.

This submission refers to the AR5 global warming potentials.
This submission includes the following parts:

1 — The National Inventory Report (the present report), which includes the description of
methodologies, the underlying data, the parameters, and the emission factors used in the
Portuguese inventory;

2 — CRF (Common Reporting Format) data tables for the period 1990-2022, which were compiled
with the CRF Reporter software (version v6.0.10_AR5);

3 — Commission Implementing Regulation (EU) No 2020/1208 Annexes.

1 http://unfccc.int/resource/docs/2013/cop19/eng/10a03.pdf#page=2
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EXECUTIVE SUMMARY

Updated: March 2024

e Portuguese greenhouse gas emissions without land-use, land-use change and forestry
(LULUCF) totals 56.4 Mt CO, equivalent (CO.e) in 2022, representing a decrease,
respectively, of 4.4 % and 34.5 % in relation to 1990 and 2005, and an increase of 0.1 % as
compared to 2021.

e When considering the LULUCF sector, emissions in 2022 totalled 50.5 Mt COxe,
corresponding, respectively, to a 23.6 % and 43.7 % decrease in relation to 1990 and 2005,
and a variation of +0.3 % from 2021 to 2022.

e The largest contributor to the Portuguese emissions is the Energy sector (67.2 % of total
emissions in 2022), with the energy industries and the transport activities amounting,
respectively, to 14.9 % and 30.3 % of total emissions. In 2005 the Energy sector represented
74% of the total emissions, with the energy industries and transport corresponding to 30 %
and 23 % of total emissions.

e Combustion in manufacturing industries is the sub-sector that registered the biggest
decrease (10.3 %) from 2021 to 2022. Fugitive emissions and transports are the sub-sectors
registering the greatest increase with approximately 22% and 7% growth from 2021 to 2022.

e In 2022, GDP registered a positive variation of + 6.6% compared to 2021.

ES 1. Background information

As a Party to the United Nations Framework Convention on Climate Change (UNFCCC), Portugal
is requested to provide each year an update of its inventory of emissions and removals of
greenhouse gas (GHG) not controlled by the Montreal Protocol. As a member of the European
Union, the country is also required to report emission inventories data under Article 26 of the
Regulation (EU) No 2018/1999 of the European Parliament and of the Council of 11 December
2018 on the Governance of the Energy Union and Climate Action.

The GHG emission inventory is the official annual accounting of all anthropogenic (human-
induced) emissions and removals of greenhouse gases in Portugal. The inventory measures
Portugal’s progress against obligations under the United Nations Framework Convention on
Climate Change (Climate Change Convention) and the European Union agreements (Regulation
(EU) 2018/842 of the European Parliament and of the Council of 30 May 2018 on binding annual
greenhouse gas emission reductions by Member States from 2021 to 2030).

This report presents a description of the methods, assumptions and background data used in
the preparation of the 2024 national inventory submission of GHG.

The period covered is 1990-2022.

The 2006 IPCC Guidelines (2006, IPCC) have been applied to a large extent. The 2019 IPCC
Guidelines (2019, IPCC) have been applied to the Waste Sector.

Executive Summary|1
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The GHG covered refer to emissions and removals of the carbon dioxide (CO,), methane (CHa),
nitrous oxide (N;0), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur hexafluoride
(SFe) and nitrogen trifluoride (NF3). The indirect GHG, carbon monoxide (CO), sulphur dioxide
(50,), oxides of nitrogen (NOx) and non-methane volatile organic compounds (NMVOCs) are also
included.

The information is reported under the five large sectors: Energy; Industrial Processes and
Product Use (IPPU); Agriculture; Land Use, Land-Use Change and Forestry (LULUCF); and Waste.

The inventory covers the whole Portuguese territory, i.e., mainland Portugal and the two
Autonomous regions of Madeira and Azores Islands. Emission estimates from aviation and
navigation that took place between all national areas are also included.

Changes in methodology, source coverage or scope of the data were reflected in the estimation
of the emissions for all years in the period from 1990 to 2022, i.e., the inventory is internally
consistent.

The Portuguese Environmental Agency (APA - Agéncia Portuguesa do Ambiente)/ Portuguese
Ministry of Environment and Climate Action (Ministério do Ambiente e da A¢do Climdtica), is the
national entity responsible for the overall coordination and updating of the National Inventory
of Emissions by Sources and Removals by Sinks of Air Pollutants (INERPA) and the coordination
of the national system (SNIERPA) that was first established through Council of Ministers
Resolution 68/2005, of 17 March.

The current legal and institutional national arrangement, the Council of Ministers Resolution no.
20/2015 restructures and elaborates the previous legal framework on the National System
(SNIERPA) in order to take into account the developments at international level relating to the
UNFCCC and the Kyoto Protocol, and the monitoring and reporting requirements under the EU
Regulations, as well as complementary internal adjustments.

ES.2 Summary of national emissions and removal related trends

In 2022, total Portuguese GHG emissions, including indirect CO2, without land-use, land-use
change and forestry (LULUCF) were estimated at about 56.4 Mt CO2e, representing a decrease
of 4.4 % compared to 1990 levels and 34.5 % compared to 2005 levels, and an increase of 0.1 %
compared to the previous year (2021).

When considering the LULUCF sector, the national level of emissions in 2022 totalled 50.5 Mt
CO2e., corresponding to a 23.6 % decrease in relation to 1990, a reduction of 43.7 % comparing
to 2005, and a variation of +0.3 % from 2021 to 2022.

Throughout this report, emissions values are presented in CO2e using IPCC AR5 GWP values.

The reference to “total emissions” along the report is meant to refer to “total emissions without
LULUCF, including CO2 indirect emissions”.

Executive Summary |2
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Figure ES.1: GHG emissions

National emissions developed rapidly during the 1990s, reflecting the evolution of the
Portuguese economy, which was characterized by a strong growth associated with increased
energy demand and mobility.

In the early 2000s, the growth of emissions has been more moderate and started to stagnate,
registering thereafter, in particular after 2005, a decrease. This reduction is the result of the
implementation of several measures such as the replacement of more polluting energy sources
such as fuel oil with natural gas (introduced since 1997), the implementation of combined cycle
power plants to NG (1999), the progressive installation of cogeneration units, the improvement
of energy and technological efficiency of industrial processes, improvements in automobile
efficiency (fleet renewal), and the improvement of fuels quality, among others.

These measures were accompanied by a continuous decline in energy consumption (both
primary and final) verified in the country since 2005, with a significant expression in the period
2009-2013, fact that may be also explained by the internal economic recession, along with the
European economic and financial crisis.

These years registered a slowdown of industrial activity and the cessation of some activities in
the country such as black carbon production in 2013 and the production of ammonia in 2009
with the relocation of the production facilities.

In 2014 there was an inversion of this pattern. The evolution of the primary, and particularly,
the final energy consumption trend increased, accompanying the positive evolution of the
Portuguese economy.

The level of emissions shows, however, significant inter-annual variations, which are mostly
occurring in the energy sector and are mainly related to the pronounced fluctuations of
hydroelectric power generation that is highly affected by annual variations in precipitation.

The figure below illustrates the relative contribution of direct GHG to the total emissions for
1990 and 2022, showing CO; as the primary GHG, accounting for about 72 % of Portuguese
emissions on a carbon equivalent basis in 2022 (LULUCF excluded). The second most important
gas is CHg, representing 18 % of total emissions in 2022.

Executive Summary|3



1 National Inventory Report - Portugal

Portugal has chosen 1995 as the base year for reporting fluorinated gases. In 2022, these gases
represented about 4 % of total GHG emissions. NF3 emissions are non-occurring in Portugal.

1990

0,
6% % 6%

17%

18%

77%

CO2 CH4 N20 ™ F-gases

Figure ES.2: GHG emissions by gas

2022
4%

72%

Over the 1990-2022 period, CO2 and N20 registered a reduction, and CH4 an increase (2.1%).
F-gases have significantly increased in importance, particularly in latest years (around 3000 %

since 1995).

Executive Summary |4
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GHGs EMISSIONS

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

CO, equivalent (Gg)

CO2 emissions without net CO2 from LULUCF 45,311 47,131 50,957 49,469 50,243 54,503 5il, 759 54,669 59,211 66,878 65,657 65,187 69,582 64,482 67,302 69,640 64,856
CO2 emissions with net CO2 from LULUCF 51,016 43,995 41,594 39,291 40,799 43,587 42,181 44,099 48,889 56,162 62,723 56,053 60,753 67,574 62,079 71,416 62,081
CH4 emissions without CH4 from LULUCF 9,978 10,125 10,136 10,153 10,299 10,521 10,780 11,032 11,296 11,629 11,894 11,873 11,842 11,813 11,809 11,643 11,541
CH4 emissions with CH4 from LULUCF 10,796 10,534 10,228 10,237 10,485 10,789 10,905 11,072 11,428 11,666 12,203 12,092 12,138 12,805 12,009 12,505 11,707
N20 emissions without N20 from LULUCF 3,568 3,541 3,498 3,404 3,399 3,562 3,759 3,821 3,868 3,974 4,179 4,082 4,003 3,897 4,187 3,767 3,674
N20 emissions with N20 from LULUCF 4,183 4,037 3,902 3,806 3,831 4,017 4,194 4,254 4,350 4,451 4,757 4,655 4,622 4,741 4,823 4,618 4,345
HFCs NO,NA NO,NA NO,NA NO,NA NO,NA 54 78 136 197 276 354 455 532 613 674 780 892
PFCs NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA 0 0 1 1 2 2 2 3 3 4
Unspecified mix of HFCs and PFCs NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA
SF6 NO,NA NO,NA NO,NA NO,NA NO,NA 14 15 16 16 17 17 18 19 22 27 27 29
NF3 NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA
Total (without LULUCF) 58,857 60,797 64,591 63,026 63,941 68,653 66,432 69,674 74,589 82,775 82,102 81,616 85,980 80,829 84,003 85,860 80,995
Total (with LULUCF) 65,995 58,566 55,723 53,334 55,114 58,462 57,374 59,577 64,881 72,572 80,055 73,275 78,065 85,759 79,616 89,349 79,058
Total (without LULUCF, with indirect) 58,950 60,889 64,688 63,123 64,088 68,836 66,604 69,873 74,781 82,969 82,285 81,810 86,172 81,038 84,218 86,064 81,199
Total (with LULUCF, with indirect) 66,088 58,657 55,821 53,431 55,262 58,645 57,546 59,776 65,073 72,765 80,238 73,469 78,258 85,968 79,831 89,553 79,261
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 %change

CO, equivalent (Gg) 1990-2022
CO2 emissions without net CO2 from LULUCF 62,380 60,009 57,147 52,890 51,784 49,932 48,146 47,942 52,233 50,311 55,165 51,340 47,583 41,738 40,284 40,687 -10.2
CO2 emissions with net CO2 from LULUCF 58,144 49,871 45,929 45,302 47,888 47,766 47,072 42,127 47,642 50,238 74,285 47,154 42,408 36,326 33,409 33,918 -33.5
CH4 emissions without CH4 from LULUCF 11,368 11,171 11,045 10,809 10,740 10,474 10,268 10,159 10,009 10,052 10,138 10,229 10,306 10,187 10,283 10,188 21
CH4 emissions with CH4 from LULUCF 11,439 11,194 11,209 11,104 10,895 10,728 10,578 10,191 10,122 10,426 11,480 10,301 10,384 10,304 10,532 10,447 -3.2
N20 emissions without N20 from LULUCF 3,854 3,784 3,584 3,600 3,290 3,291 3,289 3,429 3,418 3,397 3,508 3,542 3,613 3,548 3,539 3,356 -6.0
N20 emissions with N20 from LULUCF 4,520 4,436 4,277 4,331 3,985 4,018 4,035 4,097 4,113 4,146 4,518 4,160 4,212 4,136 4,143 3,941 -5.8
HFCs 1,055 1,237 1,363 1,433 1,525 1,600 1,688 1,754 1,813 1,873 1,975 2,027 2,085 1,982 1,961 1,968 100.0
PFCs 5 6 7 8 9 10 11 13 14 15 17 19 21 24 27 30 100.0
Unspecified mix of HFCs and PFCs NO,NA NO,NA NO,NA NO,NA NO,NENNA NO,NE,NA NO,NE,NA NO,NENA NO,NENNA NONENA NO,NENA NO,NENA NONENA NO,NENA NO,NENA  NO,NE,NA 0.0
SF6 32 31 34 36 30 31 32 27 25 25 27 24 24 22 23 25 100.0
NF3 NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA 0.0
Total (without LULUCF) 78,694 76,237 73,179 68,776 67,378 65,338 63,434 63,324 67,512 65,673 70,830 67,181 63,633 57,501 56,117 56,255 -4.4
Total (with LULUCF) 75,195 66,776 62,819 62,214 64,332 64,153 63,416 58,208 63,729 66,724 92,301 63,684 59,134 52,794 50,096 50,330 -23.7
Total (without LULUCF, with indirect) 78,902 76,424 73,351 68,961 67,554 65,519 63,599 63,482 67,673 65,827 70,989 67,322 63,797 57,641 56,302 56,382 4.4
Total (with LULUCF, with indirect) 75,402 66,962 62,990 62,400 64,507 64,334 63,582 58,366 63,890 66,878 92,461 63,825 59,298 52,934 50,281 50,457 -23.7

NA- Not applicable; NE- Not estimated; NO - Not occurring
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ES.3 Overview of source and sink category’s emission estimates and
trends

According to the UNFCCC Reporting Guidelines, emissions estimates are grouped into five large
IPCC categories: Energy, Industrial Processes and Product Uses (IPPU), Agriculture, LULUCF, and
Waste.

2022

IPPU
10.4%

Energy Industries
14.9%

Manufacturing ind. and
const.
12.1%

Agriculture

Ener
12.3% &y

67.2%

Transport
30.3%

I
7.7%

Fugitive emissions

Waste 2.2%

10.0%

Figure ES.3: GHG emissions in Portugal by sector (LULUCF excluded)

Energy is by far the most important sector, accounting for approximately 67 % of total emissions
in 2022 and registering a decrease of 7 % over the 1990-2022 period. Energy industries and
transport are the two most important sources representing, respectively, around 15 % and 30
% of total emissions.

Within the energy industries, public electricity and heat production represented 12 % of the
total emissions in 2022. This sector reduced prominence since 2017 (66 % reduction from 2017
t02021), due to both the effect of the greater importance of renewables in electricity generation
and in particular to the shift from coal to natural gas in thermal energy production. The use of
coal in electricity production ended definitively at the end of 2021.

Mobile sources, which are largely dominated by road traffic, are one of the sectors that have
risen faster since 1990, due to the steady growth of vehicle fleets (in particular with more
powerful engines) and road travel from 1990 to the early 2000s, reflecting the increase in family
income and the strong investment in the road infrastructure of the country in the 1990s and
2000-10s decades. Indirectly, the increase in road traffic activity also augments emissions from
fossil fuel storage, handling and distribution. As previously mentioned, the situation stabilized
in the early 2000s and started to decline in 2005. An inversion of this tendency is, however,
registered in most recent years, with an increase in transport emissions since 2013.

Executive Summary | 6
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Still within the energy sector, the category “other sectors”, which include the residential and
commercial activities, also registered a significant increase of emissions in the 1990-2004 period
(74 %), but this tendency has decelerated (41 % decrease) since then, due to the implementation
of energy efficiency measures.
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Figure ES.4: GHG emissions and removals by sector

Industrial processes represent about 10 % of the Portuguese emissions in 2022 and have
decreased approximately 8 % since 1990. Emissions from this sector, which are generated as by-
products of many non-energy-related activities, have been driven particularly until the mid-
2000s by the evolution of the mineral and chemical industry. From the late 2000s onwards,
chemical industry contribution has been reduced significantly, mainly due to end of ammonia
production in the country. On the other hand, Products Uses as ODS substitutes (2F) have
progressively gained importance in IPPU sector, representing about 34% of total IPPU emissions
in 2022.

Agriculture was, in the period analysed, a significant source of GHG emissions, responsible for
12.3 % of the Portuguese emissions in 2022, corresponding to a decrease of 5.3 % since 1990.
This fact is related to the reduction in the livestock production of certain categories of animals
(sheep and swine) and more recently of dairy cattle. Furthermore, the intensification of bovine
(non-dairy cattle) production and the decreased consumption of fertilizers which relates in a
certain extent to the conversion of arable crops to pasture also contributes to this trend.
However, from 2011 to 2021, this downward trend was reversed, registering since then a
growing tendency (+ 6.8% emissions variation from 2011-2021), supported mainly by a
significant increase in the population of non-dairy cattle, sheep and poultry. From 2021 to 2022
there was a decrease of 4.2% of the emissions, mainly due to:

- asharp decrease in the use of inorganic N fertilizers.

- Dairy cattle livestock numbers decrease.

- Non-dairy cattle livestock numbers decrease.

- Decrease on the application rate of organic amendment in rice cultivation.

Executive Summary |7
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Waste represented approximately 10 % of Portuguese emissions in 2022 and increased 26.2 %
since 1990. The sector recorded, an expressive increase of emissions until 2004 (approximately
57 %). This increase is primarily related to the rise of waste generation (associated with the
development of household income and the growth of urbanization recorded in the country
during the 1990s) and the deposition of waste predominantly in landfills.

The reduction in emissions in the following years is associated to biogas recovery in waste and
the promotion of Mechanical and Biological Treatment with the aim to divert urban waste from
landfilling and the increase of recycling.

The emissions are estimated to increase 1.2% since 2015 as a result namely to the increase of
WWTP with tertiary treatment (N removal).

Portugal implemented for the EU submission of March 2024 the methodological approach
proposed by the 2019 IPCC Refinements, which represents a major change compared with the
2006 IPCC Guidance for the Wastewater Treatment sub-sector.

The main revision refers to the N20 emissions, which underwent a profound change leading to
a greater importance. In fact, while in the previous guidelines (IPCC, 2006) N20O emissions in
WWTPs were considered almost negligible, with this approach, N20 emissions have a bigger
importance.

CH4 emissions also recorded a significant revision and include now the emissions that occur
after the discharge of wastewater into the water environment, where previously only N20
emissions were accounted for.

The change in the estimation methodology and the consideration of some emission factors
substantially changed the level of emissions associated with this subsector in relation to
previous submissions.

Estimates of emissions and sinks from land use change and forestry category show that this
sector has changed from being a net emitter in 1990 (7.1 Mt CO2 eq.) to a carbon sink in 1992.
This situation was again reverted in the years 2003 and 2005 due to the severe forest wildfires
events registered in these years. In 2017, this sector became a net emitter again, with a total of
21.5 Mt CO2e., representing 23.2 % of the country” total emissions including the sector for that
year. This situation was related to an exceptional and tragic year in terms of forest wildfires,
associated to an exceptional dry year, high temperatures, occurring namely outside the normal
summer period (biggest wildfires took place in June and October). Unusual strong winds also
occurred, namely Ophelia hurricane, which swept the coast of the Iberian Peninsula in October
2017, a phenomenon that can be related to climate change. Since 2018 the sector is considered
a sink.

Executive Summary |8
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Figure ES.5: GHG emissions’ percentage change (1990-last available year) by IPCC category (LULUCF
excluded)
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GHGs SOURCE AND SINK

CATEGORIES

1. Energy 40,683
2. Industrial processes and product use 6,366
3. Agriculture 7,338
4. Land use, land-use change and forestry(5) 7,138
5. Waste 4,471
6. Other NO

42,613
6,201
7,368

2,231
4,616
NO

46,767
5,856
7,252

-8,867
4,715
NO

45,299
5,746
7,194

9,693
4,787
NO

45,996
5,760
7,221

-8,826
4,963
NO

49,563
6,637
7,276

-10,191
5,177

NO

46,796
6,751
7,466
-9,058
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6,520
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NO
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8,224
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7,001
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63,916 59,528

8,211 7,858
6,927 6,878
3,489 -1,937
6,806 6,731

NO NO

GHGs SOURCE AND SINK

1. Energy 56,436
2. Industrial processes and product use 8,632
3. Agriculture 6,995
4. Land use, land-use change and forestry(5) -3,499
5. Waste 6,631
6. Other NO

54,459
8,353
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9,462
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NO

53,312
6,562
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48,762
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6,561
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48,166
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6,225
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46,681
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1,185
6,009
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44,536
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-18
5,875
NO

49,366 53,920
7,152 7,293
7,493 7,453

-10,097 -9,708
5,663 5,923

NO NO
2014 2015
CO, equivalent (Gg)

43,963 48,355
6,690 6,669
6,889 6,911
-5,116 -3,782
5,782 5,578

NO NO

47,117
6,023
6,953
1,051
5,580

NO

51,792
6,375
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21,472
5,594

NO

48,400
5,960
7,150

3,497
5,671
NO

44,428
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4,499
5,702
NO

38,563
6,113
7,271

4,707
5,554
NO

37,310
5,931
7,244

6,021
5,632
NO

2022 %change

1990-2022
37,793 7.1
5,878 7.7
6,941 5.4
5,925 -183.0
5,643 26.2
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ES.4 Other information

Several gases do not have a direct influence in climate change but affect the formation or
destruction of other GHG. CO, NOx, and NMVOC are precursor substances for ozone, which is a
GHG. SOx contributes to the formation of aerosols, which are extremely small particles or liquid
droplets that can also affect the absorptive characteristics of the atmosphere.

-68.6% co

-87.1% S02

Figure ES.6: Indirect GHG and SOx emissions: 1990-last year available variation

In 2022, emissions from all these gases have decreased compared to 1990 levels: SO - 87 %,
CO - 69 %, NOx - 48 %t and NMVOC - 40 %.

Energy sector is the most responsible for emissions of NOx, SOx and CO. Its contribution for
NMVOC emissions is also significant, together with IPPU sector.

Within energy, transportation is responsible for the largest share of NOx emissions, approx. 47 %
of 2022 totals. Despite the fast-growing trends of the transport sector (mainly road) since the
90s, the introduction of new petrol-engine passenger cars with catalysts converters and stricter
regulations on diesel vehicles emissions, resulted in the limitation of the growth of these
emissions or even in their decrease. In fact, the situation started to shift in the mid-2000s, as
transport emissions growth has first stabilized and started to decline since 2005. In the most
recent years, the situation has been inversed with an increase of emissions after 2013. In the
reporting period, 1990-2022, NO4 emissions from transport decreased 41 %; and CO and NMVOC
emissions registered reductions of more than 80 %. Other sectors (commercial/institutional,
residential and agriculture/forestry) is a primary source of CO emissions representing approx.
42 % of the 2022 totals.

SO emissions are mainly generated in the energy industry sector (approximately 31 % of total
emissions in 2022) and combustion in manufacturing industries (approximately 43 % of total
emissions in 2022), which are major consumers of fossil fuels. In the past, oil and coal
represented the biggest share of the fuel mix used in thermal electrical production in the
country. The situation shifted along the years with the significant development of renewable
sources and its greater importance in electrical production, and the introduction of new stricter
laws regulating the residual fuel oil (Decree-Law No. 281/2000, 10" November). The
introduction of natural gas and its increasing use since 1997 was a major step in the control of
SO« emissions. In 2022, natural gas represented the main fuel used in electric thermal
generation.
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The period 1990-2022 shows, in fact, a decrease in SO« emissions in both sub-categories: energy
industries (-94 %) and manufacturing industries (-78 %). Since 2007, SOx emissions from energy
industries registered a significant reduction (approximately 88 %), which is explained by the
implementation of new abatement systems (desulfurization in two Large Point Source Energy
Plants in Mainland Portugal).

The decline in emissions in electricity production in latest years is the result of the phase-down
in the use of coal in thermal production which was definitively phased-out at the end of 2021
with the closure of the last Portuguese coal thermal plant (Pego), and the greater proportion of
the renewable domestic production (without hydric) which grew 20 % from 2005 to 2022, mainly
due to an increase of wind power.
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1 Introduction

Updated: March 2024

1.1 Background information on greenhouse gas inventories and climate change
1.1.1 Global warming and climate change

Although key greenhouse gases - CO,, CHa, N,O, Ozone — occur naturally in the atmosphere, human activities
have increased their atmospheric concentrations since the pre-industrial era. Other substances which are
exclusively produced by industrial activities are also greenhouse gases: stratospheric ozone depleting
substances (CFCs, HCFCs and halons, which are covered by the Montreal Protocol), and some other fluorine-
containing halogenated substances — hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur
hexafluoride (SFs), and nitrogen trifluoride (NFs) - do not deplete stratospheric ozone but are potent
greenhouse gases. These latter substances are considered by the UNFCCC and accounted for in national
greenhouse gas inventories.

There are also several gases that do not have a direct effect in global warming but affect the formation or
destruction of other GHG. CO, NO,, and NMVOCs are precursor substances for ozone which is a GHG. SO
contributes to the formation of aerosols, which are extremely small particles or liquid droplets that can also
affect the absorptive characteristics of the atmosphere.

Land-Use and Land-Use Change, particularly deforestation, is another factor that contributes to the
phenomenon of global warming and climate change, as it changes carbon stocks and carbon sequestration
and, consequently, the CO; fluxes from and to the atmosphere.

According to the IPCC, the average surface temperature of the earth has risen by about 0.6-0.7°C in the past
100 years and will rise by another 1.4-5.8°C in the next 100 years, depending on the GHG's emissions
scenario.

An increase in global temperatures can result in a cascade of environmental effects, including the rise of sea
level and changes in the amount and pattern of precipitation. These changes may increase the frequency and
intensity of extreme weather events, such as floods, droughts, heat waves, hurricanes, and tornados. Other
consequences include higher or lower agricultural yields, glacial retreat, reduced summer stream flows,
extinction of species and increases in the ranges of disease vectors.

1.1.2 Climate change in Portugal

The mean temperature has risen in all regions of Portugal since the 1970s, at a rate of approximately 0.3 2C
per decade. The time-series analysis of the mean annual temperature since 1931 shows that 1997 was the
warmest year, and the five warmest years occurred after the 1990s. The year of 2017 is the second warmest
of the last 88 years and is among the four driest since 1931, with the average annual total precipitation
around 60 % of the normal levels.

In Portugal Mainland, the decade of 1991/2000 was the warmest (next figure).
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Figure 1.1: Mean air temperature anomalies, by decades, in Portugal Mainland

Also, an observation of temperature indexes indicates that the increase of the mean temperature was
accompanied by a change in the frequency of very hot days and a decrease in the frequency of very cold
ones.

The heat wave duration index has also been rising. Heat waves are defined when, in a period of at least 6
consecutive days, the daily maximum temperature is 5 2C higher than the daily mean value of the reference
period (1961-1990). Although they can occur at any time of the year, heat waves have a more significant
impact in the summer months. Heat waves were more frequent in the 1990s. The heat waves of 1981, 1991,
2003 and 2006 were of particular significance due to their duration and spatial extension.

The last 2 decades of the 20 century were particularly dry in mainland Portugal, as opposed to the average
values registered between 1961 and 1990. In fact, only in 6 of the last 20 years of the past century the annual
precipitation was higher than the average. In 2001 and 2002, however, the annual precipitation values were
higher than the average observed in the reference period. The driest of the past 75 years was 2005, and 2004
was the second driest on record. The first decade of the 21 century (2001/2010) was the driest since 1932
(next figure).
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Source: IPMA, 2013
Figure 1.2: Precipitation anomalies, by decades, in Portugal Mainland

The seasonal trend in the mean precipitation values recorded since 1931 shows a systematic and statistically
significant reduction in precipitation in the spring over the last three decades of the 20th century, with slight
increases during the other seasons. In 2000 and 2001, spring precipitation rose to values not observed since
the late 1960s.
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Annual variability of winter precipitation increased over the last 30 years, with the occurrence of both drier
and rainier winters. The winter of 2000/2001 was particularly rainy (the third most rainy of the last 30 years),
and winter of 2001/2002 was the fifth driest of the last 3 decades. The winter of 2004/2005 was the driest
winter observed in the last 75 years. The autumn of 2006 was the third most rainy since 1931.

All models from the different scenarios forecast a significant increase in the mean temperature for all regions
of Portugal until the end of the 21st century. In the mainland, summer maximum temperature increases are
estimated to vary between 3 2C and 7 2C in coastal and interior areas, respectively, accompanied by a strong
increment in the frequency and intensity of heat waves.

With regards to precipitation, future climatic uncertainty is considerably stronger. Nevertheless, most models
project a reduction in total precipitation in all regions, with more intense periods of rain in shorter time
frames in the winter.

1.1.3 The Convention, the Kyoto Protocol, the Paris Agreement and national
commitments

The United Nations Framework Convention on Climate Change (UNFCCC) was created as an answer of the
international community to the emerging evidence of climate change and was adopted and opened for
signature in Rio de Janeiro in 1992.

The ultimate objective of the Convention is the “stabilization of greenhouse gas concentrations in the
atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system.”
Portugal ratified the UNFCCC on May 31st, 1994.

The Kyoto Protocol (KP), adopted some years later in 1997, represented a deepening in the commitments
inscribed in the Convention. The Protocol introduced legally binding commitments for developed countries
to reduce their collective emissions of greenhouse gases by at least 5 % by the period 2008-2012 (first
commitment period of the Protocol), below their 1990 level.

Portugal signed and ratified the KP on the April 29th, 1998, and May 31st, 2002, respectively. The EU as a
whole agreed to an 8 % reduction. Under the EU burden-sharing agreement Portugal is committed to limiting
its emissions during the first commitment period to no more than +27 % compared to the 1990 level.

The KP entered into force on February 16th, 2005, after Russia’s ratification in November 2004 which fulfilled
the requirement that at least 55 Parties to the Convention, including developed countries accounting for at
least 55 % of that group’s CO, emissions in 1990.

Detailed rules for the implementation of the Protocol were set out at the 7th Conference of the Parties (in
Marrakech) and are described in the Marrakech Accords adopted in 2001. At the first Conference of the
Parties serving as the Meeting of the Parties to the Protocol (COP/MOP) held in Canada (December 2005) the
rules for the implementation of the Protocol agreed at COP7 were adopted.

In Doha, Qatar, on 8 December 2012, the Doha Amendment to the Kyoto Protocol was adopted. This
launched a second commitment period, starting on 1 January 2013 until 2020, with a revised list of GHG to
be reported and necessary updates for several articles of the Kyoto Protocol.

For the second commitment period, Parties committed to reduce GHG emissions by at least 18 % below 1990
levels in the eight-year period from 2013 to 2020. The EU and its Member States have committed to this
second phase of the Kyoto Protocol and established to reduce their collective emissions to 20 % below their
levels in 1990 or other chosen base years. The target was fulfilled jointly with Iceland.

The 2015 Paris Agreement, adopted in Paris on 12 December 2015, marks the latest step in the evolution of
the UN climate change regime and builds on the work undertaken under the Convention. The Paris
Agreement charts a new course in the global effort to combat climate change for the period after 2020.
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The Paris Agreement’s central aim is to strengthen the global response to the threat of climate change by
holding the increase in the global average temperature to well below 2 2C above pre-industrial levels and
pursuing efforts to limit the temperature increase to 1.5 2C above pre-industrial levels, recognizing that this
would significantly reduce the risks and impacts of climate change. It also sets the goal of increasing the
ability to adapt to the adverse impacts of climate change and foster climate resilience and low greenhouse
gas emissions development, in a manner that does not threaten food production. Finally, it also sets the goal
of making finance flows consistent with a pathway towards low greenhouse gas emissions and climate-
resilient development.

The Paris Agreement entered into force on 4 November 2016, thirty days after the date on which at least 55
Parties to the Convention accounting in total for at least an estimated 55 % of the total global greenhouse
gas emissions have deposited their instruments of ratification.

In 2016, following the ratification of the Paris Agreement, Portugal assumed the compromise to achieve net-
zero emissions by the end of 2050 and established the 2050 Carbon Neutrality Roadmap (RNC 2050) that
outlined a trajectory of -45 % to -55 % GHG emissions” reduction by 2030, -65 % to -75 % by 2040 and -85 %
to -90 % by 2050. It identifies the main decarbonisation vectors in all sectors (energy and industry, mobility
and transport, waste and wastewater and agriculture and forests) and the path to reduce all GHG emissions
under different scenarios of socio-economic development.

RNC 2050 is the Portuguese Long-term Strategy and was submitted to the UNFCCC, in accordance with the
Paris Agreement, on the 20th of September 2019, and to the European Commission. Aligned with the long-
term strategy Portugal also developed an integrated National Energy and Climate Plan (NECP 2030), that is
the main instrument of energy and climate policy for the 2021-2030 decade.

Furthermore, the Portuguese Climate Law has entered into force on February 1, 2022, and it recognizes the
climate emergency situation, confirms the commitment to achieve climate neutrality by 2050 and stipulates
the study, by 2025, of the anticipation of this target to 2045. It also establishes national emission reduction
targets, in line with previously established trajectories in RNC 2050, stipulating reductions of, at least, 55%
by 2030; 65% to 75% by 2040; at least 90% by 2050; and a net CO2 eq sink of the LULUCF sector by at least
13 million tonnes between 2045 and 2050.

1.1.4 History of national inventories

Air emission inventories in Portugal were only initiated in the late 80s, early 90s when the first estimates of
NO,, SOx and VOC emissions from combustion were made under the development of the National Energetic
Plan (PEN - Plano Energético Nacional), and emissions from combustion and industrial processes were made
under OECD inventory and under CORINAIR85 programme. A major breakthrough occurred during the
CORINAIR90 inventory done during 1992 and 1993 by the General-Directorate of Environment (DGA,
presently the Portuguese Environment Agency -APA). This inventory exercise, aiming also to respond to EMEP
and OECD/IPCC, extended the range of the pollutants (SO, NOx, NMVOC, CH,4, CO, CO,, N2O and NHs) and
emission sources covered, including not only combustion activities but also storage and distribution of fossil
fuels, production processes, use of solvents, agriculture, urban and industrial waste and nature (forest fires
and NMVOC from forest). Information received under the Large Combustion Plant (LCP) directive was also
much helpful to improve inventory quality and the individualization of Large Point Sources, as well as
statistical information received from the National Statistical Institute (INE) allowing the full coverage of
activity data for most emission sources. The CORINAIR90 Default Emission Factors Handbook (second
edition), updating the first edition from CORINAIR85 was used extensively in the development of the current
inventory and it was also a key point in the amelioration of the inventory.
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The fulfilment of international commitments under the UNFCCC and CLRTAP conventions, together with the
publication of the IPCC Draft Guidelines for National Greenhouse Gas Inventories (IPPC, 1995) and latter of
the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC, 1997), resulted in
substantial improvement of the methodologies that are used in the inventory, particularly for agriculture and
waste, and that were included by the first time in the First National Communication in 1994.

The inventory that resulted from CORINAIRS0 (CEC, 1992) and subsequent modifications from IPCC
methodology still structures the present day methodology in what concerns activity data and methodology.
Under the evaluation of the first communication the inventory was subject to a review made by an
international team. All national communications up until the present day (last was the 8™ National
Communication, submitted in 2021) were also reviewed by international experts. These exercises had an
important role in problem detection and contribute to overall improvement.

Since its first compilation, the Portuguese inventory has been continuously amended mainly due to the use
of more detailed methodologies, better access to underlying data allowing the development of the
comprehensiveness of the inventory, and better database storage and calculation structure.

Changes in methodology, source coverage or scope of the data were reflected in the estimation of the
emissions for the different years considered, i.e., the inventory is internally consistent.

Some major studies have contributed to the improvement of the inventory:

e Study of VOC emissions in Portugal, in 1995. This study made in collaboration with FCT college (Faculdade
de Ciéncias e Tecnologia) led to an important improvement in emission estimates from solvent sector,
which is still used as basic information source for this sector;

e Study of Emission and Control of GHG in Portugal (Seixas et al, 2000). This project aimed the first
development of projections toward 2010 and the identification of control measures to accomplish the
Kyoto Protocol. This also led to improvements in the inventory: extension of the inventory including for
the first time also carbon dioxide sinks (forest); a fist attempt to estimate solid waste methane emissions
from urban solid wastes using a Tier 2 approach and, in general terms, a better insight into additional
parameters used in the inventory methodologies, and that has resulted from interaction with several
institutional agents: General Directorate of Energy, Ministry of Agriculture; and the inter-ministerial
transport group;

e Study for the quantification of carbon sinks in Portugal (Pereira et al.,, 2002), made under the
development of PNAC and PTEN national programmes;

e Revision of the Energy Balances with comparison of information collected at APA (LCP Directive) and
Statistical Information received at DGEG: Energy Balances. The 1990s — DGE (2003);

e PNAC 2004 (National Plan for Climate Change) approved by Ministers Council and published recently in
the National Official Journal (OJ n2 179, 31 July 2004, | Série B/ Resoluc¢do do Conselho de Ministros n2
119/2004);

e PNAC 2006 (National Plan for Climate Change) approved by Ministers Council and published in the
National Official Journal (OJ n? 162, 23 August 2006, | Série B/ Resolucdo do Conselho de Ministros
n2 104/2006);

e Sectoral Studies and Proposal for a PTEN (National Plan on Emission Ceilings);

Introduction | 1-7



National Inventory Report - Portugal

e PNALE (National Plan for Allocation of Emissions) 2005-2007 or Portuguese PNALE |, adopted by Ministers
Council (Resolugdo do Conselho de Ministros n.o 53/2005) and published in the National Official Journal
(OJ No.44, 3 March 2005, | Série B);

e Bilateral meetings (APA/UE) for the determination of the Baseline Scenario under the CAFE program
(APA, 2004);

e Methodological Development Plan (PDM) under the implementation of the National Inventory System;

e UNFCCC reviews, in particular the in-depth review (September/October 2004), and the centralised
reviews (October 2005 and September 2008);

e UNFCCC in-depth review of the Initial Report in May 2007 which fixed the Assigned Amount for the first
commitment period;

e 2012 technical review of the greenhouse gas emission inventory of Portugal to support the determination
of annual emission allocations under Decision No.406/2009/EC;

e UNFCCC in-depth review of the 2012 greenhouse gas emission inventory in September 2012;

e UNFCCC centralised review of the 2013 and 2014 greenhouse gas emission inventory in September 2013
and 2014;

e 2016 EU comprehensive review of national greenhouse gas inventory data pursuant to Article 19(1) of
Regulation (EU) No.525/2013;

e UNFCCC centralised review of the 2015 and 2016 greenhouse gas emission inventory in September 2016;

e 2017 and 2018 Comprehensive Technical Reviews of National Emission Inventories pursuant to the
Directive on the Reduction of National Emissions of Certain Atmospheric Pollutants (Directive
(EU) 2016/2284);

e UNFCCC in-depth review of the 2018 greenhouse gas emission inventory in September 2018;

e 2020 Comprehensive Review of National Greenhouse Gas Inventory Data pursuant to Article 4(3) of
Regulation (EU) N0.2018/842 and to Article 3 of Decision No.406/2009/EC;

e UNFCCC centralised review of the 2020 greenhouse gas emission inventory in October 2020;

e 2021 annual review of national greenhouse gas inventory data pursuant to Article 19(2) of Regulation
(EU) No.525/2013;

e UNFCCC centralised review of the 2022 greenhouse gas emission inventory in October 2022.

1.1.5 Greenhouse gas emissions inventories

Parties to the Convention (Article 4(1)(a)) “shall develop, periodically update, publish and make available to
the COP (...), national inventories of anthropogenic emissions by sources and removals by sinks of all
greenhouse gases not controlled by the Montreal Protocol, using comparable methodologies”.
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Portugal, as a Party to the Convention, is required to produce and regularly update National Greenhouse Gas
Inventories. Furthermore, Parties shall submit a National Inventory Report (NIR) containing detailed and
complete information on their inventories, in order to ensure the transparency of the inventory.

The inventory covers the 6 gaseous air pollutants included in Annex A to the Kyoto Protocol: carbon dioxide
(CO,), methane (CH), nitrous oxide (N20), hydrofluorocarbons (HFC), perfluorocarbons (PFCs), sulphur
hexafluoride (SFs), and nitrogen trifluoride (NFs), as well as estimates for indirect GHGs, including carbon
monoxide (CO), nitrogen oxides (NO,), and hon-methane volatile organic compounds (NMVOC). Data are also
reported for sulphur oxides (SOx). Emissions are estimated for each civil year since 1990.

As a general rule, the inventory covers emissions occurring in the whole Portuguese territory, i.e., mainland
Portugal and the two autonomous regions of Madeira and Azores Islands. Emissions from aviation and
navigation occurred within national territory, including movements between the Mainland and the Islands,
are also included in national emissions” total.

The economic sectors covered are the following: energy production and transformation, combustion in
industry, domestic, agriculture, fisheries, institutional and commerce sectors, transportation (road, rail,
maritime and air), industrial production and use of solvents, waste production, disposition and treatment
(urban, industrial and hospitals solid wastes, and domestic and industrial waste water), agriculture, animal
husbandry emissions, as well as emissions and removals from forestry and land use change.

1.1.6 Global warming potentials

A Global Warming Potential (GWP) is defined as the cumulative radiative forcing over a specified time horizon
resulting from the emission of a unit mass of gas relative to some reference gas (IPCC, 1997).

The reference gas used is CO,. The mass emission of each gas multiplied by its GWP gives the equivalent
emission of the gas as carbon dioxide equivalents (CO; e). The Parties to the UNFCCC have agreed to use
GWPs based on a 100-year time horizon.

The present GWP considered are the values proposed by the IPCC Fifth Assessment Report (AR5) (IPCC 2014)
as required by the revised UNFCCC reporting guidelines.

Table 1.1: Global Warming Potentials (100-year time horizon)*

GHG | SAR ARG | ARS
co2 1 1 1
CHa 21 25 28
N20 310 208 265
HFC-23 11700 14 800 12 400
HFC-32 650 675 677
HFC-43-10mee 1300 1640 1650
HFC-125 2800 3500 3170
HFC-134a 1300 1430 1300
HFC-152a 140 124 138
HFC-143a 3800 4470 4800
HFC-227ea 2900 3220 3350
HFC-236fa 6 300 9810 8060
CFa 6 500 7390 6630
C2F6 9200 12 200 11100
CaF8 7000 83830 8900
CAF10 7000 8860 9200
C6F14 7400 9300 7910
SF6 23900 22800 23500
NF3 NA 17 200 16 100

Source: IPCC Fourth Assessment Report (AR4) (IPCC 2007); IPCC Fifth Assessment Report (AR5) (IPCC 2014)

! https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-Values%20%28Feb%2016%202016%29_1.pdf
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1.2 Institutional arrangements for inventory preparation
1.2.1 National Inventory System

No major changes occurred in the national inventory system and the institutional arrangements since the
2023 submission.

The current legal national arrangement for a National Inventory System was adopted in 2015 (Council of
Ministers Resolution No0.20/2015). It builds on the previous version (Council of Ministers Resolution
No.68/2005), which has been revised and reorganized to take into account the developments at international
level relating to the UNFCCC and the Kyoto Protocol, and the monitoring and reporting requirements
provided at the EU level by Regulation (EU) 525/2013 of the European Parliament and of the Council of 21
May 2013, on a mechanism for monitoring and reporting greenhouse gas emissions and for reporting other
information at national and Union level relevant to climate change, that has been repealed by Regulation
(EU) No 2018/1999 of the European Parliament and of the Council of 11 December 2018 on the Governance
of the Energy Union and Climate Action and the requirements under the CLRTAP and the NECD.

The 2015 Council of Ministers Resolution, restructures and elaborates the previous legal framework on the
National System (SNIERPA), specifying its 4 different components:

i) a calculation and archiving system of the national inventory;
ii) the QA\QC System;

iii) the Methodological development Plan (PDM);

iv) the Archiving System.

Council of Ministers Resolution 20/2015, of 14 April
_— INERPA
n orm?tlon Calculation & Methodological
Quality i Improvements
Improvements archiving systems
QA/QC
System CRF PDM
NFR
NIR
IIR
QC Report SNIERPA
QA Report

Figure 1.3: SNIERPA’s main elements relations

Furthermore, it identifies the several outputs and formats of reporting to the international bodies, and
specifies the functions of the entities making part of SNIERPA:

i) the coordinating entity;
i) the Sectoral Focal Points;
iii) the entities involved.
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APA is the Responsible Body that assures the overall coordination and updating of the National Emissions
Inventory (INERPA); the inventory’s approval, after consulting the Focal Points and the involved entities; and
its submission to EC and international bodies to which Portugal is associated, in the several communication
and information formats, thus ensuring compliance with the adopted requirements and directives.

APA’s Climate Change Department (DCLIMA) is the unit responsible for the general administration of the
inventory and for all aspects related to its compilation, reporting and quality management.

In 2023, DCLIMA was restructured (APA Deliberation no. 15.4/CD/2023, 28 April 2023). The previous
Inventory and International Strategy Division (DIEI), responsible for the National Inventory, was restructured
and renamed as Inventories and Emissions Trading Division (DICE), which is now responsible for the
coordination of the National Inventory System (SNIERPA) and the annual compilation of the inventories. The
role and mission of DCLIMA did not change, however, the previous competences and arrangements regarding
the inventory moved to other division.

Data from different sources is collected and processed by the inventory team, who is also responsible for the
application of QA/QC procedures, the assessment of uncertainty and key category analysis, the compilation
of the CRF tables and the preparation of the NIR, the response to the review processes and data archiving
and documentation.

The Sectoral Focal Points work with APA/DCLIMA in the preparation of INERPA and are responsible for
fostering intra and inter-sectoral cooperation to ensure a more efficient use of resources. Their main task
includes coordinating the work and participation of the relevant sectoral entities over which it has
jurisdiction. It is also the Focal Points duty to provide expert advice on methodological choice, emission factor
determination and accuracy of the activity data used. Focal Points play a vital role in sectoral quality
assurance and methodological development. They are also responsible for the production of statistical
information and data publication that are used in the inventory estimates.

The involved entities are public or private bodies which generate or hold relevant information to INERPA,
and which actions are subordinate to the Focal Points or directly to the Responsible Body.

All governmental entities have the responsibility to ensure, at a minimum, co-funding of the investment
needed to ensure the accuracy, completeness and reliability of the emissions inventory.

Following the publication of the Council of Ministers Resolution No. 20/2015 of 14 April, which restructured
the SNIERPA, a set of implementing procedures were agreed within SNIERPA to facilitate the good functioning
of the national system, defining in more detail some competences, such as the regularity of the meetings and
the deadlines for the information” transmission, among other issues.

The following figure presents the main entities that are part of the national system.
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1.2.2 Overview of inventory planning

All the participating organizations represented in SNIERPA support the annual production of the national
inventories and the fulfilment of the reporting requirements.

Future planned improvements are compiled annually for each sector by the relevant inventory experts and
the inventory coordinator, having as a basis the issues raised and the recommendations from the annual
review processes and the problems identified from the application of QA/QC procedures, as well as future
new reporting obligations. All identified items are gathered in a Methodological Development Plan (PDM —
Plano de Desenvolvimento Metodoldgico) which is updated every year. A priority level is attributed to each
issue identified, considering their importance in terms of the contribution to total GHG emissions, the level
of uncertainty associated and the economic and technical resources available.

Each year, typically in June according to the agreed calendar of INERPA, APA, as coordinator of SNIERPA,
organizes a kick-off meeting to plan and launch, in coordination with the sectoral focal points and the
involved entities, the work for the following inventory submission(s). Bilateral meetings occur as necessary
as consequence of this meeting aiming at discussing the specific issues related to each sector and to agree
on the actions to be implemented in the framework of SNIERPA during this inventory compilation regarding
the next submission.

The following table presents the overall calendar of the INERPA’s elaboration process, which includes four
main phases: planning, compilation, QA/QC verification and improvement (PDM activities).
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Table 1.2: Calendar for the inventory process

e = | e i

May - June

June

June -
December

15 January

14 February
15 February

9 March
14 March
15 March
15 March

15 April
8/27 May

- Elaboration of QA/QC plan
- Definition/update of inventory development priorities (PDM)

Kick-off meeting of SNIERPA WG for the launch of the annual inventory work

- end September: deadline for rotine data collection/ delivery by FP and/or IE to the APA
- end October: deadline for the implementation of Methodological Development Plan (PDM) improvements

Preliminary CRF and Short NIR submission to EC (DG CLIMA) [Monitoring Mech. of GHG under EU]
Preparation of NFR submission

Official consideration/approval of the NFR submission to UNECE [CLRTAP]

Official NFR submission to NECD [EU] and UNECE [CLRTAP]

- Revision of CRF submission

- Preparation of NIR and IIR

- Circulation of NIR and IIR comments among FP and/or IE

- Deadline for NIR and IIR comments from FP and/or IE

Official consideration/approaval of the CRF and NIR submission to EC (DG CLIMA) [Monitoring Mech. of GHG under EU]
Submission of CRF and NIR (final versions) to the EC (DG CLIMA) [Monitoring Mech. of GHG under EU]
Submission of IIR to NECD [EU] and UNECE [CLRTAP]

- Implementation of QA/QC checks

Submission of CRF and NIR (final version) to the UNFCCC [UNFCCC and Kyoto Protocol]

Resubmission (if needed) of CRF and NIR (final version) to the EC and UNFCCC [UNFCCC and Kyoto Protocol]
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Inventory Planning

Inventory Planning

Inventory Compilation/

Improvement/ Verification

Reporting

Inventory Verification/
Improvement

Approval
Reporting

Inventory Verification/
Improvement

Inventory Verification
Approval
Reporting
Reporting

Inventory Verification
Reporting

Reporting

- setting of quality objectives

- identification of priorities taking into account the
latest reviews and QA/QC checks

- discussion of the QA/QC plan

- discussion and of the inventory development
priorities (PDM)

- approval of the QA/QC plan and of the PDM

- collection of activity data and EFs update

- implementation of methodological improvements
- estimation of emissions/ removals

- aplication of QA/QC checks

- uncertainty and KC assessment

- archiving of information

- preparation of submissions by the inventory team

- aplication of QA/QC checks
- implementation of corrections and late data
updates

Approval by President of APA

- aplication of QA/QC checks
- implementation of corrections and late data
updates

Approval by President of APA

- aplication of QA/QC checks including the NIR
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1.3 Inventory Preparation Process
1.3.1 Responsibility

As referred in section 1.2.1, APA/DCLIMA is the national entity responsible for the overall coordination of the
Portuguese inventory of air pollutants emissions. According to these attributions, APA makes an annual
compilation of the Portuguese Inventory of air emissions which includes GHG's sources and sinks, acidifying
substances as well as other pollutants. The reporting obligations to the EU and the international instances
are also under the responsibility of APA.

The designated representative is:
Agéncia Portuguesa do Ambiente
Departamento de Alteragdes Climaticas (DCLIMA)
Address: Rua da Murgueira, 9/9A, 2610-124 Amadora, Portugal
Telephone: +351 21 472 82 93
Fax: +351214719074

Contact: Joana Veloso — joana.veloso@apambiente.pt (Head of Department)

1.3.2 Calculation, data archiving and documentation system

The emissions’ calculations have been performed by APA/DCLIMA. However, many other institutions and
agencies contributed to the inventory process, providing activity data, sectoral expert judgment, technical
support and comments. All calculation and reporting rely in a set of different Excel spreadsheet workbooks
which had been developed in order that all information and calculations occur automatically. The structure
of the information system is outlined in figure below.

The information received from the several data suppliers is stored in its original format (paper or digital). A
copy of this information is converted into the working workbooks, where data is further processed, linkage
made and calculations performed, maintaining hence the integrity of the original data sources.

The IT system has been developed to answer to the various international obligations and national needs. At
present, the different demands refer to: UNFCCC (CRF format); UNECE/CLRTAP (NFR format); LCP Directive
(NFR format); as well as national needs such as the State of Environment Reports. There is independency
between emission calculations and the required structure necessary for each obligation which allows
flexibility in the inventory.

In what refers to the maintenance of the annual inventory documentation, the information is archived in a
way that enables each inventory estimate to be fully documented and reproduced if necessary. When major
changes are done in methodology and emission factors, and particularly after a reporting cycle, the older
spreadsheets are frozen and work restarts with copies of those spreadsheets, making a clear reference to
the period when they were used. Minor corrections, which do not affect the estimations, are not stored due
to storage area limitations.
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Figure 1.5: Electronic System Structure of the estimation and reporting system

All the inventory material, calculation files and reported tables, as well as the underlying data, the scientific
documentation and studies used are stored and archived electronically, on a data server located at the APA
premises where the inventory team key is located. All data are backed up daily. Hence, the present system
existing in APA is considered to ensure the basic requirements/functions of an IT system: centralized data
processing and storage.

The archiving system includes also the documentation related to the explanation of the inventory
compilation and calculation process. In the latest years an effort has been made by the inventory team in
order to better document and explain the calculation process and data sources used and procedures applied
during an annual cycle for each sector. The several documents produced are stored in the inventory IT area,
enabling a smoother transmission of knowledge and facilitation the continuity of the inventory compilation
process in case of changes within the inventory team.

1.4 General overview of methodologies and data sources used

Methodologies are consistent with the IPCC Guidelines (IPCC, 1997; IPCC, 2000; IPCC, 2003; IPCC, 2006) and
EMEP/EEA Guidebooks (EMEP/CORINAIR, 2007; EMEP/EEA, 2009; EMEP/EEA, 2013; EMEP/EEA, 2016;
EMEP/EEA 2019; EMEP/EEA 2023).

The table below gives an overview of the methodologies and emission factors used in the inventory. Default
methods and emission factors used and the choice between Tier 1 and Tier 2 approaches, were case by case
dictated by the availability of proper background information and from national circumstances.
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One of the primary sources of information used for the energy sector is the Energy Balances, produced
annually by the General Direction of Energy (DGEG). The basic information for road transport, shipping and
aviation, such as the number of vehicles, harbour statistics and aircraft landing and take-off cycles are
provided to APA, within the SNIERPA arrangements, from different national entities, such as the Institute of
Mobility and Transports (IMT), the National Civil Aviation Authority (ANAC), the National Ports and different
sectoral associations.

For the more recent years, data collected at APA under the European Union Emissions Trading Scheme (ETS)
on production data, fuel consumption, fuel energy content and emission factors are also used in the
inventory compilation. ETS data are used differently whenever the sectoral coverage is complete; or not, as
ETS data do not always entirely cover the source categories whereas national statistics, such as the national
energy balance, provide a more complete data set needed for the Portuguese emission inventory.
Nevertheless, ETS data are used to develop plant-specific emission factors and check activity data levels.

Data sources for the industrial sector are diverse and include: annual production data from the IAPI (INE),
ETS data, data collected from the National Pollutant Release and Transfer Register (E-PRTR) under the
Regulation (EC) no.166/2006 and data collected directly from some plants or industrial associations.

The inventory considers, both for the energy and the industrial processes sectors, individual point sources
based on detailed information, such as fuel consumption, from large point sources collected under the
framework of the European Directive on Large Combustion Plants.

For sectors related to the use of products as substitutes for ODS, the inventory uses data from a national
reporting tool (https://formularios.apambiente.pt/GasesF/) where national operators report the use of
fluorinated gases, as proposed in article 6 of Regulation (EU) No. 517/2014 on fluorinated greenhouse gases
and repealing Regulation (EC) No 842/2006.

The collection of data under the Large Combustion Plant Directive, the E-PRTR Regulation and Regulation
(EU) No. 517/2014 on fluorinated greenhouse gases is also under the responsibility of APA and directly
available to the inventory team.

Data sources for the agriculture sector rely, to a great extent, in the information provided by the INE on
annual crop production and number of animals.

For the LULUCF sector, the forest areas and forest parameters are derived from national forest inventories
provided by the Ministry of Agriculture/ICNF, which prepares also official information on the areas subject
to fires. The cartographic products used in the compilation of Land Use and Land Use Change, are prepared
by DGT.

Data on waste are collected annually at the APA via the Integrated System for Electronic Registry on Waste
(SIRER) in the SILIAMB electronic platform.

The following table presents a summary of the activity data and sources used.
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Table 1.4: Main data sources used in the Portuguese inventory

IPCC Sector Activity Data

1-Energy

Data Sources

1 A - Energy. Fuel Combustion

1A1 - Energy Industry

Fuel sales

Large Point Source Surveys (LPS)

Large Combustion Plants (LCP)

EDP Sustainability Annual Reports

Energy Balance - General Directorate for Geology and Energy
(DGEG)

Autonomous Government of Azores

National Statistical Institute (INE)

European Emissions Trading Scheme - APA

1A2 - Manufacturing Industries and
Construction

LPS, LCP, EPER/PCIP
Energy Balance (DGEG)
European Emissions Trading Scheme - APA

1A3 —Transport

Airport movements

Vehicle sales

Fuel sales

Vehicle inspection data / Port movements

ANAC

ACAP

Energy Balance (DGEG)
IMT

1A4 - Other Sectors

Fuel sales
Equipments and fuel used

Energy Balance (DGEG)
Survey on Energy Consumption in the Residential Sector
(DGEG)

1A5 — Other

Fuel sales

Energy Balance (DGEG)

1 B - Fugitive Emissions from Fuels

Extraction, production and consumption
amounts

Energy Balance and statistical yearbooks (DGEG)
National Laboratory of Energy and Geology (LNEG)
GALP

2-IPPU

2A - Mineral industry

Products produced
Fuel sales
Carbonates consumption

LPS, LCP

CIMPOR, SECIL

Energy Balance (DGEG)

Portuguese Association of Producers of Bitumen Materials
(APORBET)

European Asphalt Pavement Association (EAPA)
Technology Centre for Ceramics and Glass (CTCV)
European Emissions Trading Scheme — APA

National Statistical Institute (INE)

2B - Chemical industry

Production amounts

National Statistical Institute (INE)
Energy Balance (DGEG)
LCP

2C - Metal industry

Production amounts

National Statistical Institute (INE)
Energy Balance (DGEG)

LCP

SN

2D - Non-energy products from
fuels and solvent use

Production and consumption amounts

Energy Balance (DGEG)
Gen-Dir for Economic Activities (DGAE)
National Statistical Institute (INE)

2F - Product uses as ODS substitutes

Equipment assembled, operated and
disposed
Fluid amounts

National Statistical Institute (INE)
APIRAC

Data from Industry Importers
EDP, REN

Fluorinated Gas Reporting (APA)

2G - Other product manufacture
and use

Equipment assembled, operated and
disposed
Fluid amounts

National Statistical Institute (INE)
EDP; REN
Fluorinated Gas Reporting (APA)

2H - Other Production amounts National Statistical Institute (INE)
3 - Agriculture
GPP
IFAP
Agriculture survey, Animal and Crop INE
production, Fertilizer consumption APA
4 - Land Use, Land Use Change and
Forestry
Biomass increment, Burnt area, Harvest ICNF
Land use area, LUC COS cartography (DGT)
Biomass increment ISA
5 — Waste
. . Amount of Waste (Municipal) APA
5A - Solid Waste Disposal on Land Amount of Waste (Industrial) APA-INE
5B — Biological Treatment Amount of Waste APA
5C — Waste Incineration Amount of Waste APA

5D — Wastewater Handling

Industrial Production, Protein consumption

APA, ERSAR, INE
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1.5 Brief description of key source categories

Key category analysis to the 2024 Portuguese inventory estimates (1990-2022) was conducted using
Approach 1 and Approach 2 with and without the LULUCF sector.

In accordance with the recommendations from the last UNFCCC review, the disaggregation level of the key
category analysis intends to follow the guidance from 2006 IPCC.

Level assessment was undertaken for the base year and the latest reported inventory year; the trend
assessment was performed for the 1990-2022 period. The analysis performed without LULUCF resulted in
the identification of 33 key categories, listed in the following table.

More detailed information is presented in Annex E - Key Category Analysis of this report.
Table 1.5: Overview of key categories (without LULUCF) using Approach 1 and 2 for 1990 and latest inventory year

Current year

Key source emissions

IPCC CATEGORIES Criteria for Identification

Category Flag

(kton CO2 eq.)

1.A.3.b Road Transportation C02 v Level 1and 2, Trend 1and 2 16,166.0
1.A.1 Energyindustries - Gaseous fuels Cco2 v Level 1and 2, Trend 1and 2 6,125.2
5.A Solid waste disposal CH4 v Level 1and 2, Trend 1and 2 4,051.1
3.A Enteric fermentation CH4 \ Level 1and 2 4,010.4
1.A.2 Manufacturing industries and construction - Gaseous fuels co2 \ Level 1, Trend 1 3,664.7
1.A.2 Manufacturing industries and construction - Liquid fuels c0o2 \ Level 1and 2, Trend 1and 2 2,645.2
1.A.4 Combustion Other Sectors - Liquid fuels C02 v Level 1, Trend 1 2,505.5
2.A.1 Mineral Industry - Cement production Co2 v Level 1and 2, Trend 1and 2 2,228.5
2.F.1 Refrigeration and Air Conditioning Fgases v Level 1and 2 1,735.0
1.A.1 Energyindustries - Liquid fuels Cco2 \) Level 1and 2, Trend 1and 2 1,693.5
3.D.1 Direct N20 Emissions From Managed Soils N20 \ Level 1and 2, Trend 2 1,380.5
1.A.4 Combustion Other Sectors - Gaseous fuels co2 \ Level 1, Trend 1 1,330.1
1.B.2.a Fugitive emissions - Oil co2 \ Level 1and 2, Trend 1and 2 1,015.0
3.B Manure Management CH4 N Level 1and 2 832.3
5.D Wastewater treatment and discharge N20 v Level 1and 2, Trend 1and 2 796.1
5.D Wastewater treatment and discharge CH4 \ Level 1and 2, Trend 1and 2 590.5
2.B.8 Chemical Industry - Petrochemical and Carbon Black production C02 \ Level 1 478.1
1.A.1 Energyindustries - Other fossil fuels Co2 v Level 1and 2, Trend 1and 2 432.8
1.A.3.a Civil (domestic) aviation C02 v Level 1and 2, Trend 1and 2 415.8
2.A.2 Mineral Industry - Lime production Cco2 v Level 1and 2, Trend 2 370.8
3.D.2 Indirect N20 Emissions From Managed Soils N20 v Level 1 334.3
1.A.2 Manufacturing industries and construction - Other fossil fuels Cc02 v Level 1, Trend 1and 2 293.3
1.A.3.d Domestic navigation - Residual fuel oil Cco2 v Level 1and 2 277.8
1.A.4 Combustion Other Sectors - Biomass CH4 v Level 1 235.0
2.D Non-energy products from fuels and solvent use C02 \ Level 2, Trend 2 209.1
3.B Manure Management N20 \ Level 2 201.9
5.B Biological treatment of solid waste CH4 v Trend 2 81.6
1.B.2.b Fugitive emissions - Natural Gas CH4 v Trend 2 55.5
2.C.1 Metal Industry - Iron and Steel production C02 v Level 1, Trend 1 54.3
5.ClIncineration and open burning of waste Cc02 \ Trend 2 36.5
2.B.2 Chemical Industry - Nitricacid production N20 \ Level 1, Trend 1 27.7
1.B.1.Fugitive emissions —Solid Fuels CH4 \ Level 2, Trend 2 16.8
1.A.2 Manufacturing industries and construction - Solid fuels C02 Vi Level 1, Trend 1 and 2 15.6

Including the LULUCF sector in the analysis, 43 categories were identified, as shown in the next table.
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Table 1.6: Overview of key categories (with LULUCF) using Approach 1 and 2 for 1990 and latest inventory year

1.A.3.b Road Transportation

1.A.1 Energyindustries - Gaseous fuels

5.ASolid waste disposal

3.A Enteric fermentation

1.A.2 Manufacturing industries and construction - Gaseous fuels
1.A.2 Manufacturing industries and construction - Liquid fuels
1.A.4 Combustion Other Sectors - Liquid fuels

2.A.1 Mineral Industry - Cement production

2.F.1 Refrigeration and Air Conditioning

1.A.1 Energyindustries - Liquid fuels

3.D.1 Direct N20 Emissions From Managed Soils

1.A.4 Combustion Other Sectors - Gaseous fuels

1.B.2.a Fugitive emissions - Oil

3.B Manure Management

5.D Wastewater treatment and discharge

5.D Wastewater treatment and discharge

2.B.8 Chemical Industry - Petrochemical and Carbon Black production
1.A.1 Energyindustries - Other fossil fuels

1.A.3.a Civil (domestic) aviation

2.A.2 Mineral Industry - Lime production

4(1V) Indirect nitrous oxide (N20)

4.D.2 Land converted to Wetlands

3.D.2 Indirect N20 Emissions From Managed Soils

1.A.2 Manufacturing industries and construction - Other fossil fuels
1.A.3.d Domestic navigation - Residual fuel oil

2.A.4 Mineral Industry - Other Process Uses of Carbonates
1.A.4 Combustion Other Sectors - Biomass

4.B.2 Land converted to Cropland

2.D Non-energy products from fuels and solvent use

4.A.1. Forest land remaining Forest land

3.B Manure Management

4.E.2 Land converted to Settlements

2.C.1 Metal Industry - Iron and Steel production

4.C.1. Grassland remaining Grassland

2.B.2 Chemical Industry - Nitricacid production

1.B.1.Fugitive emissions —Solid Fuels

1.A.2 Manufacturing industries and construction - Solid fuels
4.G. Other (Harvested Wood Products)

4.C.2 Land converted to Grassland

4.A.1. Forest land remaining Forest land

4.A.2 Land converted to Forest land

4.B.1. Cropland remaining Cropland

4.C.1. Grassland remaining Grassland

GHG

Cco2
Cco2
CH4
CH4
Cco2
Cco2
co2
Cco2
Fgases
Cco2
N20
Cco2
Cco2
CH4
N20
CH4
Cco2
Cco2
Cco2
Cco2
N20
Cco2
N20
Cco2
Cco2
Cco2
CH4
Co2
Cco2
CH4
N20
Co2
Cco2
CH4
N20
CH4
Cco2
Cco2
Cco2
Cco2
Cco2
Cco2
CO2

Key source
Category Flag

L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L <L

Criteria for Identification

Level 1and 2, Trend 1and 2
Level 1and 2, Trend 1and 2
Level 1and 2, Trend 1and 2
Level 1and 2, Trend 1and 2
Level 1, Trend 1

Level 1and 2, Trend 1and 2
Level 1

Level 1and 2

Level 1and 2

Level 1and 2, Trend 1and 2
Level 1and 2, Trend 2

Level 1, Trend 1

Level 1and 2, Trend 1and 2
Level 1and 2

Level 1and 2, Trend 1and 2
Level 1and 2, Trend 1and 2
Level 1

Level 1, Trend 1and 2

Level 1and 2, Trend 1and 2
Level 1and 2, Trend 1

Level 1

Level 1

Level 1

Level 1, Trend 1

Level 1and 2

Level 1

Level 1

Level 1

Level 2

Level 1

Level 2

Level 2, Trend 2

Level 1, Trend 1

Level 2

Level 1, Trend 1

Level 2, Trend 2

Level 1, Trend 1and 2

Level 1, Trend 1

Level 1and 2, Trend 1and 2
Level 1and 2, Trend 1and 2
Level 1and 2, Trend 1

Level 1and 2, Trend 1and 2
Level 1and 2, Trend 1and 2

Current year
emissions

(kton CO2 eq.)

16,166.0
6,125.2
4,051.1
4,010.4
3,664.7
2,645.2
2,505.5
2,228.5
1,735.0
1,693.5
1,380.5
1,330.1
1,015.0

832.3
796.1
590.5)
478.1
432.8
415.8
370.8
370.6)
352.6
334.3
293.3
277.8
263.4
235.0
214.2
209.1]
206.8,
201.9
106.2
54.3)
35.8
27.7|
16.8
15.6
-270.1
-610.4
-824.8

-1,473.7

-1,945.6

-2,317.1

1.6 Information on QA/QC

Quality Assurance (QA) and Quality Control (QC) and verification activities are integral parts of the inventory

system aiming to support the development of the national inventory of greenhouse gas emissions.

APA has the overall responsibility for the national inventories in Portugal, including the competence for the

coordination of the QA/QC System.

The QA/QC system is composed of several main elements, in particular:

e Designation of an inventory compiler who is also responsible for coordinating QA/QC and verification
activities and definition of roles/responsibilities within the inventory;

e QA/QCplan;

e Procedures Manual defining General QC procedures that apply to all inventory categories and

Category-specific QC procedures, QA and review procedures;

e Verification activities;

e Reporting, documentation, and archiving procedures.
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A QC system is designed to provide routine and consistent checks to ensure data integrity, correctness, and
completeness, aiming to identify and address errors and omissions; it also includes procedures to document
and archive the inventory material and record all QC activities.

In this context APA elaborated a new QA/QC procedures manual, describing QA/QC procedures and
verification activities to be followed during the inventory compilation and aiming at the inventory
improvement. This QA/QC procedures manual is based on the QA/QC requirements set out in the 2006 IPCC
Guidelines.

QC procedures defined in the QA/QC Manual include a series of checklists, which consider basic checks on
the accuracy of data acquisition processes (including, e.g. transcription errors) and checks on calculation
procedures, data and parameters. It includes also cross-checking among subcategories in terms of data
consistency, verification of NIR and CRF tables.

Documentation and archiving procedures include checks on information handling which should enable the
recalculation of the inventory. All the documents and electronic files used for the inventory preparation are
stored at the APA. All information relating to the planning, preparation, and management of inventory
activities should be documented and archived, including:

e Responsibilities, institutional arrangements, and procedures for the planning, preparation, and
management of the inventory process;

e Assumptions and criteria for the selection of activity data and emission factors;

e Emission factors and other estimation parameters used, including references to the IPCC document
for default factors or to published references or other documentation for emission factors used in
higher tier methods;

e Activity data or sufficient information to enable activity data to be traced to the referenced source;

e Information on the uncertainty associated with activity data and emission factors;

e Rationale for choice of methods;

e Methods used, including those used to estimate uncertainty and those used for recalculations;

e Changes in data inputs or methods from previous inventories (recalculations);

e Identification of individuals providing expert judgement for uncertainty estimates and their
qualifications to do so;

e Electronic databases or software used in the production of the inventory, including versions,

e  Worksheets for category estimates calculation;

e Inventory reports and any analysis of trends;

e QA/QC plans and outcomes of QA/QC procedures.

Routine general checks, source specific quality control procedures should be applied on a case by case basis
focusing on key categories and on categories where significant methodological and data revision have taken
place or on new sources.

QA/QC procedures are to be applied by the inventory team during the inventory calculation and compilation
following a yearly defined QA/QC plan.

A QA/QC coordinator is designated annually in order to ensure that the objectives of the QA/QC plan are met
and to guarantee the good implementation of the QA\QC procedures defined.

The inventory staff is responsible for the implementation of QA/QC procedures related to data gathering,
handling, processing, documenting, archiving and reporting procedures related to the inventory.
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Other procedures include technical verifications of emission factors, activity data, and comparison of results
among different approaches and also comparisons between national data and international databases, and
emission intensity indicators among countries, having as a basis information compiled by the EC and the
UNFCCC.

Each Involved Entity (IE) within the Portuguese national system (SNIERPA) contributing with data to the
inventory is responsible for the quality of their own data.

The sectoral Focal Points within SNIERPA have also an important role in the implementation of QA\QC
activities. As foreseen in the implementing procedures document agreed under SNIERPA, APA transmits the
reports to the focal points on each official submission for validation purposes of each sectoral component
and proposed amendments and perform QA\QC validation procedures.

Quality assurance activities also include feedback from different inventory users and checks and reviews
made under the EC and UNFCCC.

Among these are consistency data checks performed in the context of the Regulation (EU) No 2018/1999 of
on the Governance of the Energy Union and Climate, which requires EU Member States to report in textual
and tabular format data on inconsistencies. Other checks refer to consistency comparisons that should be
done among data on air pollutants reported under Directive (EU) 2016/2284 are consistent with the
corresponding emission estimates reported under the Regulation (EU) 2018/1999. When the differences
exceed +/-5 % between the total emissions for a specific pollutant an explanation should be provided.
Another important check done consists on the comparison of emissions estimated under Regulation (EU)
2018/199 with data reported under the EU emissions trading scheme (ETS). Furthermore, a comparison
between the reference approach calculated on the basis of the data included in the GHG inventory and the
reference approach calculated on the basis of the data reported pursuant to Article 4 and Annex B to
Regulation (EC) No 1099/2008 on energy statistics, should be realised. Differences of more than +/— 2 % in
the total national apparent fossil fuel consumption at aggregate level for all fossil fuel categories, should be
reported.

The results of quality control of national submissions under the Commission Implementing Regulation (EU)
2020/1208 on structure, format, submission processes and review of information (e.g. completeness checks,
consistency checks), and the issues raised during the annual review process of the UNFCCC or other reviews
in the context of the European Effort Sharing Decision (ESD) and the National Emission Ceilings Directive
(NECD), constitute additional processes of technical verification and represent valuable sources of error
detection and methodological improvement.

Inventory data users, such as people from universities, from regional departments or other interested
entities, or interactions and feedback received from external teams involved in the preparation of the Climate
Change Plans, Climate Road maps or more recently the 2050 Road map for Carbon Neutrality, as well as Air
Emissions Reduction Plans are also valuable instruments that have been used to improve the quality of the
Portuguese inventory.

1.7 General uncertainty evaluation, including data on the overall uncertainty for
the inventory totals

The Portuguese uncertainty analysis follow Approach 1, based on the error propagation equations, proposed
by the 2006 IPCC Guidelines.

Despite the efforts done in order to cover all the categories considered in the inventory, it was not yet
possible to include HWP and indirect CO; in the uncertainty analysis.

The analysis below is based on the values of the April 2023 submission to the UNFCCC.
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The uncertainty values, both for activity data and emission factors, are discussed in the detailed analysis of
emission estimates for each individual source sector.

A more detailed information on Tier 1 uncertainty calculation per category and pollutant can be found in
Annex F of this report.

For the 2022 total emission estimates without indirect CO,, an uncertainty of 10.8 % is estimated. The
uncertainty in trend from 1990 to 2022 is 8.3 %.

Total uncertainty varies along the years from a maximum value of 18 % to lower values (6%). Uncertainty
values are defined as the range of 95 % confidence interval (IPCC, 1997; IPCC, 2000, IPCC, 2006), meaning
that there is a 95 % probability that the actual value of the quantity (activity data, emission factor or emission)
is within the interval defined by the confidence limits.
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Figure 1.6: Trend of total GHG emissions with LULUCF and lower and upper estimates considering the 95 %
confidence interval

1.8 Overview of the completeness

The inventory covers the gaseous air pollutants included in Annex A to the Kyoto Protocol: carbon dioxide
(CO,), methane (CH4), nitrous oxide (N20), hydrofluorocarbons (HFC), perfluorocarbons (PFCs) and sulphur
hexafluoride (SFg), as well as estimates for indirect GHGs, including carbon monoxide (CO), nitrogen oxides
(NOy), and non-methane volatile organic compounds (NMVOC). Data are also reported for sulphur oxides
(SOx). NF3 emissions do not to occur in Portugal.

As a general rule, the inventory covers emissions from the whole Portuguese territory, i.e., mainland Portugal
and the two autonomous regions of Madeira and Azores Islands.
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1.9 Reporting on consistency of the reported data on air pollutants (CO, SOz, NOx
and NMVOC)

As specified in Annex V of Regulation (EU) 2018/1999, Member States are required to report on the results
of the checks between emissions estimates of carbon monoxide (CO), sulphur dioxide (SO2), nitrogen oxides
(NOx) and volatile organic compounds, in inventories submitted under Directive (EU) 2016/2284 of the
European Parliament and of the Council of 14 December 2016 and under the UNECE Convention on Long-
range Transboundary Air Pollution, and the corresponding emission estimates in greenhouse gas inventories
under Regulation (EU) 2018/1999.

The next figure presents the results of the assessment made using the latest submission (15th March 2023)
under the NECD (Directive (EU) 2016/2284 of the European Parliament and of the Council
(http://cdr.eionet.europa.eu/pt/eu/nec/envvoqlvw/) and data provided in this submission.

The differences are the result in geographical coverage between submissions. The NECD refers to Portugal
Mainland and the EU Governance Regulation/UNFCCC submissions refer to the national total which includes
the two Autonomous Regions of Azores and Madeira.

The differences for NMVOC and CO emissions are in the range below 5 %. Differences for NOx are related to
industry related sectors and to the transport sector.

For SO,, the disparities are more significant in particular after 2007. The difference in SO, after 2007 is the
result of the implementation of the abatement systems (desulfurization in two Large Point Source Coal
Energy Plants) in Portugal Mainland. In the latest years, however, the use of coal in thermal production has
been phased-down and was definitively phased-out at the end of 2021 with the closure of the last Portuguese
coal thermal plant (Pego in Mainland). At present, natural gas is the main fuel used in electric thermal
generation in Mainland, while in the two Autonomous Regions of Azores and Madeira, electrical generation
is based on heavy fuel and diesel thermal plants.
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Figure 1.7: Comparison between MMR and NECD estimates on air pollutants
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1.10 Comparison of the sectoral approach with the reference approach

Point (j)(iii) of Part 1 of Annex V to Regulation (EU) 2018/1999, defines that Member States shall report
information on the comparison between the sectoral approach used in the greenhouse gas inventory and
the reference approach calculated on the basis of the data reported pursuant to Article 4 of, and Annex B to,
Regulation (EC) No 1099/2008 on energy statistics.

In the assessment made for this provisional submission, significant differences were found (of more than +/—
2 % in the total national apparent fossil fuel consumption) for the years 1996, 1997, 1998, 2006 and 2013,
that result from some missing information and other possible factors which require further development.
The difference between sectoral and reference approaches is -0.42% for 2022.

It is noted the improvement of the comparison exercise between the reference approach and the sectoral
approach, namely in terms of the PDM, working together with the national energy authority (DGEG) in order
to clarify the origin of these differences.

1.11 Future developments

Future improvements are defined for each sector by the relevant inventory compiler and put together in a
PDM which is settled/updated each year. The most relevant issues are discussed in the context of the
SNIERPA and the methodological developments and improvements are performed under the responsibility
of the APA in cooperation with the sectoral Focal Points.

The PDM intends to reflect the results of the various review processes, particularly the UNFCCC reviews, the
annual inventory compilation process (all experts and entities involved can make proposals for
methodological development), and generally the outcomes of the application procedures of Quality Control
and Quality Assurance, taking into account the results of the key category assessment.
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2 Trends in Portuguese GHG Emissions

Updated: March 2024

2.1 Trends of Total Emissions

In 2022, total Portuguese GHG emissions, including indirect CO,, without land-use, land-use change and
forestry (LULUCF) were estimated at about 56.4 Mt COze, representing a decrease of 4.4 % compared to 1990
levels and a increase of 0.1 % compared to the previous year (2021).

When considering the LULUCF sector, the national level of emissions in 2022 totalled 50.5 Mt COze.,
corresponding to a 24.3 % decrease in relation to 1990 and a variation of +0.3 % from 2021 to 2022.

Throughout this report, emissions values are presented in CO,e using IPCC AR5 GWP values.

The reference to “total emissions” along the report is meant to refer to “total emissions without LULUCF,
including CO; indirect emissions”.
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Figure 2.1: GHG emissions

National emissions developed rapidly during the 1990s, reflecting the evolution of the Portuguese economy,
which was characterized by a strong growth associated with increased energy demand and mobility.

In the early 2000s, the growth of emissions has been more moderate and started to stagnate, registering
thereafter, particularly after 2005, a decrease. This reduction is the result of the implementation of several
measures such as the replacement of more polluting energy sources such as fuel oil with natural gas
(introduced since 1997), the implementation of combined cycle power plants to NG (1999), the progressive
installation of cogeneration units, the improvement of energy and technological efficiency of industrial
processes, improvements in automobile efficiency (fleet renewal), and the improvement of fuels quality,
among others.
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These measures were accompanied by a continuous decline in energy consumption (both primary and final)
verified in the country since 2005, with a significant expression in the period 2009-2013, fact that may be
also explained by the internal economic recession, along with the European economic and financial crisis.

These years registered a slowdown of industrial activity and the cessation of some activities in the country
such as black carbon production in 2013 and the production of ammonia in 2009, with the relocation of the
production facilities.

In 2014 there was an inversion of this pattern. The evolution of the primary, and particularly the final energy
consumption trend increased, accompanying the positive evolution of the Portuguese economy.

The level of emissions shows, however, significant inter-annual variations, which are mostly occurring in the
energy sector and are mainly related to the pronounced fluctuations of hydroelectric power generation that
is highly affected by annual variations in precipitation (figure below).
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Note: HI = 1 corresponds to the average hydrologic availability. Source: EDP, REN
Figure 2.2: Hydraulic index

The decrease of carbon intensity (GHG emissions per GDP unit) which is observed since the mid-2000s
(following figure), has been accentuated in the most recent years and is in part related to the expressive
development of renewable energy sources (mainly wind and hydro) in electricity production.
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Sources: INE, DGEG

Figure 2.3: GHG emissions per capita, per unit of GDP and energy consumption

After the abrupt economic slowdown verified in 2020 due to the COVID-19 shutdown measures to contain

GDP (2)

Energy Consumption (1)

Population
Emissions per capita
Energy intensity (3)

Emissions per GDP

the pandemic, GDP registered since then a positive variation: 5.5% in 2021 and 6.6% in 2022.

The primary energy consumption, which decreased by 7.4% in 2020 compared to 2019, reflecting the
economic effects of the pandemic, continues to present in 2022 a lower level as compared to the pre-
pandemic primary energy consumption (- 5% in relation to 2019), representing an improvement in the energy

intensity of the economy with a greater wealth created by unit of primary energy consumed.

Total emissions increased 0.1 % in 2022 as compared to 2021.

This increase relates mostly to the upward trend registered in transport, which represents globally 30% of

the national emissions and registered a growth in emissions of 7.2% compared to 2021.
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Figure 2.4: GHGs emissions percentage change (2021-2022) by IPCC category (LULUCF excluded)

In 2022, the renewable domestic production decreased approx. 11 % over the previous year as a result of a
balance between a less favourable hydraulic availability (IH = 0.63 compared to 0.93 in 2021) and, as a
consequence, a smaller hydroelectric production (-34 %), and an increase in the photovoltaic production (+57
%) and an increase of biomass use in cogeneration (+ 5 %).
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Figure 2.5: Gross electric power production, electric import balance and emissions from electricity and heat
generation

The analysis of the consumption of different energy sources in 2022 shows that Oil remains the main primary
energy supply, followed by Renewables and Natural Gas. The relevance of Qil relates to the transport sector,
particularly to road transport, and its use in the petrochemical industry.
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Nevertheless, the weight of Oil has decreased over the years (66 % in 1990 vs. 42 % in 2022) whereas that of

Renewables has increased (18 % in 1990 vs. 34 % in 2022). Natural gas, non-existing in 1990, represents 23 %
in 2022.
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Figure 2.6: Primary energy consumption by energy source
2.2 Emissions by Gas

The figure below illustrates the relative contribution of direct GHG to the total emissions for 1990 and 2022,
showing CO; as the primary GHG, accounting for about 72 % of Portuguese emissions on a carbon equivalent
basis in 2022 (LULUCF excluded). The second most important gas is CH,4, followed by N,O, representing,
respectively, 18 % and 6 % of total emissions in 2022.

Portugal has chosen 1995 as the base year for fluorinated gases. In 2022, these gases represented about 4 %
of total GHG emissions. NF; emissions are non-occurring in Portugal.

1990 2022
. 4%
6% % 6%

17%

18%

77% 72%

CO2 " CH4 N20 M F-gases

Figure 2.7: GHG emissions by gas

Over the 1990-2022 period, CO2 and N20O registered a reduction, and CH4 an increase (2.1%). F-gases that

have significantly increased in importance, particularly in latest years (around 3000 % since 1995), are
excluded from the following figure.
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GHGs EMISSIONS

1991

1992

1994

1995

1996

1997

1998

1999

CO, equivalent (Gg)

2000

2001

2002

2003

2004

2005

€02 emissions without net CO2 from LULUCF 45,311 47,131 50,957 49,469 50,243 54,503 51,799 54,669 59,211 66,878 65,657 65,187 69,582 64,482 67,302 69,640 64,856
€02 emissions with net CO2 from LULUCF 51,016 43,995 41,594 39,291 40,799 43,587 42,181 44,099 48,889 56,162 62,723 56,053 60,753 67,574 62,079 71,416 62,081
CH4 emissions without CH4 from LULUCF 9,978 10,125 10,136 10,153 10,299 10,521 10,780 11,032 11,296 11,629 11,894 11,873 11,842 11,813 11,809 11,643 11,541
CH4 emissions with CH4 from LULUCF 10,796 10,534 10,228 10,237 10,485 10,789 10,905 11,072 11,428 11,666 12,203 12,092 12,138 12,805 12,009 12,505 11,707
N20 emissions without N20 from LULUCF 3,568 3,541 3,498 3,404 3,399 3,562 3,759 3,821 3,868 3,974 4,179 4,082 4,003 3,897 4,187 3,767 3,674
N20 emissions with N20 from LULUCF 4,183 4,037 3,902 3,806 3,831 4,017 4,194 4,254 4,350 4,451 4,757 4,655 4,622 4,741 4,823 4,618 4,345
HFCs NO,NA NO,NA NO,NA NO,NA NO,NA 54 78 136 197 276 354 455 532 613 674 780 892
PFCs NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA 0 0 1 1 2 2 2 3 3 4
Unspecified mix of HFCs and PFCs NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA
SF6 NO,NA NO,NA NO,NA NO,NA NO,NA 14 15 16 16 17 17 18 19 22 27 27 29
NF3 NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA
Total (without LULUCF) 58,857 60,797 64,591 63,026 63,941 68,653 66,432 69,674 74,589 82,775 82,102 81,616 85980 80,829 84,003 85,860 80,995
Total (with LULUCF) 65,995 58,566 55,723 53,334 55,114 58,462 57,374 59,577 64,881 72,572 80,055 73,275 78,065 85,759 79,616 89,349 79,058
Total (without LULUCF, with indirect) 58,950 60,889 64,688 63,123 64,088 68,836 66,604 69,873 74,781 82,969 82,285 81,810 86,172 81,038 84,218 86,064 81,199
Total (with LULUCF, with indirect) 66,088 58,657 55,821 53,431 55,262 58,645 57,546 59,776 65,073 72,765 80,238 73,469 78,258 85,968 79,831 89,553 79,261

2007

2008

200

2010

2011

2012

2013

2014

20

CO, equivalent (Gg)

2016

2017

2018

2019

2020

2021

2022

% change

€02 emissions without net CO2 from LULUCF 62,380 60,009 57,147 52,890 51,784 49,932 48,146 47,942 52,233 50,311 55,165 51,340 47,583 41,738 40,284 40,687
€02 emissions with net CO2 from LULUCF 58,144 49,871 45,929 45,302 47,888 47,766 47,072 42,127 47,642 50,238 74,285 47,154 42,408 36,326 33,409 33,918 33.5
CH4 emissions without CH4 from LULUCF 11,368 11,171 11,045 10,809 10,740 10,474 10,268 10,159 10,009 10,052 10,138 10,229 10,306 10,187 10,283 10,188 2.1
CH4 emissions with CH4 from LULUCF 11,439 11,194 11,209 11,104 10,895 10,728 10,578 10,191 10,122 10,426 11,480 10,301 10,384 10,304 10,532 10,447 3.2
N20 emissions without N20 from LULUCF 3,854 3,784 3,584 3,600 3,290 3,201 3,289 3,429 3,418 3,397 3,508 3,542 3,613 3,548 3,539 3,356 -6.0
N20 emissions with N20 from LULUCF 4,520 4,436 4,277 4,331 3,985 4,018 4,035 4,097 4,113 4,146 4,518 4,160 4,212 4,136 4,143 3,941 5.8
HFCs 1,055 1,237 1,363 1,433 1,525 1,600 1,688 1,754 1,813 1,873 1,975 2,027 2,085 1,982 1,961 1,968 100.0
PFCs 5 6 7 8 9 10 11 13 14 15 17 19 21 24 27 30 100.0
Unspecified mix of HFCs and PFCs NO,NA NO,NA NO,NA NO,NA NONENA NONENA NO,NENA NONENA NONENA NONENA NONENA NONENA NONENA NONENA NONENA  NO,NENA 0.0
SF6 32 31 34 36 30 31 32 27 25 25 27 24 24 22 23 25 100.0
NF3 NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA NO,NA 0.0
Total (without LULUCF) 78,694 76,237 73,179 68,776 67,378 65,338 63,434 63,324 67,512 65,673 70,830 67,181 63,633 57,501 56,117 56,255 4.4
Total (with LULUCF) 75,195 66,776 62,819 62,214 64,332 64,153 63,416 58,208 63,729 66,724 92,301 63,684 59,134 52,794 50,096 50,330 23.7
Total (without LULUCF, with indirect) 78,902 76,424 73,351 68,961 67,554 65,519 63,599 63,482 67,673 65,827 70,989 67,322 63,797 57,641 56,302 56,382 4.4
Total (with LULUCF, with indirect) 75,402 66,962 62,990 62,400 64,507 64,334 63,582 58,366 63,800 66,878 92,461 63,825 59,298 52,934 50,281 50,457 23.7

NA-Not applicable; NE-Not estimated; NO - Not occurring
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2.3 Emissions by Sector

According to the UNFCCC Reporting Guidelines, emissions estimates are grouped into five large IPCC
categories: Energy, Industrial Processes and Product Uses (IPPU), Agriculture, Land Use, Land-Use Change
and Forestry (LULUCF), and Waste.

2022

IPPU
10.4%

Energy Industries
14.9%

Manufacturing ind. and
const.
12.1%

Agriculture

Ener
12.3% &Y

67.2%

Transport
30.3%

I
7.7%

Fugitive emissions

Waste 2.2%

10.0%

Figure 2.9 - GHG emissions in Portugal by sector (LULUCF excluded)

Energy is by far the most important sector, accounting for approximately 67 % of total emissions in 2022 and
registering a decrease of 7 % over the 1990-2022 period. Energy industries and transport are the two most
important sources representing, respectively, around 15 % and 30 % of total emissions.

Within the energy industries, public electricity and heat production represented 12 % of the total emissions
in 2022. This sector reduced prominence since 2017 (66 % reduction from 2017 to 2021), due to both the
effect of the greater importance of renewables in electricity generation and in particular to the shift from
coal to natural gas in thermal energy production. The use of coal in electricity production ended definitively
at the end of 2021.

Mobile sources, which are largely dominated by road traffic, are one of the sectors that have risen faster
since 1990, due to the steady growth of vehicle fleets (in particular with more powerful engines) and road
travel from 1990 to the early 2000s, reflecting the increase in family income and the strong investment in
the road infrastructure of the country in the 1990s and 2000-10s decades. Indirectly, the increase in road
traffic activity also augments emissions from fossil fuel storage, handling and distribution. As previously
mentioned, the situation stabilized in the early 2000s and started to decline in 2005. An inversion of this
tendency is however registered in most recent years with an increase in transport emissions since 2013.

Emission Trends | 2-9



National Inventory Report - Portugal

Still within the energy sector, the category “other sectors”, which include the residential and commercial
activities, also registered a significant increase of emissions in the 1990-2004 period (74 %), but this tendency
has decelerated (41 % decrease) since then, due to the implementation of energy efficiency measures.
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Figure 2.10: GHG emissions and removals by sector

Industrial processes represent about 10 % of the Portuguese emissions in 2022 and have decreased
approximately 8 % since 1990. Emissions from this sector, which are generated as by-products of many non-
energy-related activities, have been driven particularly until the mid-2000s by the evolution of the mineral
and chemical industry. From the late 2000s onwards, chemical industry contribution has been reduced
significantly, mainly due to end of ammonia production in the country. On the other hand, Products Uses as
ODS substitutes (2F) have progressively gained importance in IPPU sector, representing about 34% of total
IPPU emissions in 2022.

Agriculture was, in the period analysed, a significant source of GHG emissions, responsible for 12.3 % of the
Portuguese emissions in 2022, corresponding to a decrease of 5.3 % since 1990. This fact is related to the
reduction in the livestock production of certain categories of animals (sheep and swine) and more recently
of dairy cattle. Furthermore, the intensification of bovine (non-dairy cattle) production and the decreased
consumption of fertilizers which relates in a certain extent to the conversion of arable crops to pasture also
contributes to this trend. However, from 2011 to 2021, this downward trend was reversed, registering since
then a growing tendency (+ 6.8% emissions variation from 2011-2021), supported mainly by a significant
increase in the population of non-dairy cattle, sheep and poultry. From 2021 to 2022 there was a decrease
of 4.2% of the emissions, mainly due to:

- asharp decrease in the use of inorganic N fertilizers.

- Dairy cattle livestock numbers decrease.
- Non-dairy cattle livestock numbers decrease.
- Decrease on the application rate of organic amendment in rice cultivation.
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Waste represented approximately 10 % of Portuguese emissions in 2022 and increased 26.2 % since 1990.
The sector recorded, an expressive increase of emissions until 2004 (approximately 57 %). This increase is
primarily related to the rise of waste generation (associated with the development of household income and
the growth of urbanization recorded in the country during the 1990s) and the deposition of waste
predominantly in landfills.

The reduction in emissions in the following years is associated to biogas recovery in waste treatment systems,
and the promotion of Mechanical and Biological Treatment, with the aim to divert urban waste from
landfilling and the increase of recycling.

The emissions are estimated to increase 1.2% since 2015 as a result namely to the increase of WWTP with
tertiary treatment (N removal).

Portugal implemented for the EU submission of March 2024 the methodological approach proposed by the
2019 IPCC Refinements, which represents a major change compared with the 2006 IPCC Guidance for the
Wastewater Treatment sub-sector.

The main revision refers to the N20 emissions, which underwent a profound change leading to a greater
importance. In fact, while in the previous guidelines (IPCC, 2006) N20 emissions in WWTPs were considered
almost negligible, with this approach, N20 emissions have a bigger importance.

CH4 emissions recorded also a significant revision and include now the emissions that occur after the
discharge of wastewater into the water environment, where previously only N20 emissions were accounted
for.

The change in the estimation methodology and the consideration of some emission factors substantially
changed the level of emissions associated with this subsector in relation to previous submissions.

Estimates of emissions and sinks from land use change and forestry category show that this sector has
changed from being a net emitter in 1990 (7.1 Mt CO2 eq.) to a carbon sink in 1992. This situation was again
reverted in the years 2003 and 2005 due to the severe forest wildfires events registered in these years. In
2017, this sector became a net emitter again, with a total of 21.5 Mt CO2e., representing 23.2 % of the
country’ total emissions including the sector for that year. This situation was related to an exceptional and
tragic year in terms of forest wildfires, associated to an exceptional dry year, high temperatures, occurring
namely outside the normal summer period (biggest wildfires took place in June and October). Unusual strong
winds also occurred, namely Ophelia hurricane, which swept the coast of the Iberian Peninsula in October
2017, a phenomenon that can be related to climate change. Since 2018 the sector is considered a sink.
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Figure 2.11: GHGs emissions percentage change (1990-2022) by IPCC category (LULUCF excluded)
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GHGs SOURCE AND SINK

CATEGORIES

Energy

. Industrial processes and product use

. Agriculture

. Land use, land-use change and forestry(5)
. Waste

. Other

D VA W N P

40,683

6,366
7,338
7,138
4,471

NO

42,613
6,201
7,368

2,231
4,616
NO

46,767
5,856
7,252

8,867
4,715
NO

45,299
5,746
7,194

9,693
4,787
NO

45,996
5,760
7,221

8,826
4,963
NO

49,563
6,637
7,276

10,191
5,177

NO

46,796
6,751
7,466

9,058
5,419
NO

1997

CO, equivalent (Gg)

1998

1999

61,259
7,730
7,583

-10,203
6,202

NO

59,870
8,014
7,697

2,046
6,520
NO

60,175
7,288
7,450

8,341
6,703
NO

64,342
7,486
7,327

7,915
6,825
NO

59,242
7,558
7,048
4,930
6,982

NO

61,528
8,224
7,250

4,387
7,001
NO

63,916
8,211
6,927
3,489
6,806

NO

59,528
7,858
6,878

1,937
6,731
NO

GHGs SOURCE AND SINK

. Energy

. Industrial processes and product use

. Agriculture

. Land use, land-use change and forestry(5)
Waste

. Other

D U A W N R

56,436

8,632
6,995

-3,499

6,631
NO

54,459
8,353
6,943

9,462
6,482
NO

53,312
6,562
6,881

-10,361
6,424

NO

48,762
6,939
6,814

6,561
6,260
NO

48,166
6,217
6,770
3,046
6,225
NO

46,681
5,854
6,794

1,185
6,009
NO

44,536
6,267
6,756

-18
5,875
NO

49,366 53,920
7,152 7,293
7,493 7,453

-10,097 9,708
5,663 5,923

NO NO
pL 2015
CO, equivalent (Gg)

43,963 48,355
6,690 6,669
6,889 6,911
-5,116 -3,782
5,782 5,578

NO NO

47,117
6,023
6,953
1,051
5,580

NO

51,792
6,375
7,068

21,472
5,594

NO

48,400
5,960
7,150

3,497
5,671
NO

44,428
6,255
7,248

4,499
5,702
NO

38,563
6,113
7,271

-4,707
5,554
NO

37,310
5,931
7,244

6,021
5,632
NO

2022

37,793
5,878
6,941

5,925
5,643
NO

% change

1990-2022
-7.1

-1.7

-5.4

-183.0
26.2

NO

NA- Not applicable; NE-Not estimated; NO - Not occurring
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2.4 Indirect GHG and SOx emissions

Several gases do not have a direct influence in climate change but affect the formation or destruction of
other GHG. CO, NOx, and NMVOC are precursor substances for ozone which is a GHG. SOx produce aerosols,
which are extremely small particles or liquid droplets that can also affect the absorptive characteristics of the
atmosphere.

-68.6% co

-87.1% S02

Figure 2.12: Indirect GHG and SOx emissions: 1990-2022 variation

In 2022, emissions from all these gases have decreased compared to 1990 levels: SO4 -87.0 %, CO -68 %, NOx
-48 %t and NMVOC -40 %.

Energy is the major responsible sector for emissions of NOx, SOx and CO. Its contribution for NMVOC
emissions is also significant, together with IPPU sector.

Within energy, transportation is responsible for the largest share of NOx emissions, approx. 47 % of 2022
totals. Despite the fast-growing trends of the transport sector (mainly road) since the 90s, the introduction
of new petrol-engine passenger cars with catalysts converters and stricter regulations on diesel vehicles
emissions, resulted in the limitation of the growth of these emissions or even in their decrease. In fact, the
situation started to shift in the mid-2000s, as transport emissions growth has first stabilized and started to
decline since 2005. In the most recent years, the situation has been inversed with an increase of emissions
after 2013. In the reporting period, 1990-2022, NOy emissions from transport decreased 41 %; and CO and
NMVOC emissions registered reductions of more than 80 %. Other sectors (commercial/institutional,
residential and agriculture/forestry) is a primary source of CO emissions representing approx. 42 % of the
2022 totals.

SO emissions are mainly generated in the energy industry sector (approximately 31 % of total emissions in
2022) and combustion in manufacturing industries (approximately 43 % of total emissions in 2023), which
are major consumers of fossil fuels. In the past, oil and coal represented the biggest share of the fuel mix
used in thermal electrical production in the country. The situation shifted along the years with the significant
development of renewable sources and its greater importance in electrical production, and the introduction
of new stricter laws regulating the residual fuel oil (Decree-Law No. 281/2000, 10™" November). The
introduction of natural gas and its increasing use since 1997 was a major step in the control of SO emissions.
In 2022, natural gas represented the main fuel used in electric thermal generation.
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The period 1990-2022 shows, in fact, a decrease in SOx emissions in both sub-categories: energy industries
(-94 %) and manufacturing industries (-78 %). Since 2007, SO« emissions from energy industries registered a
significant reduction (approximately 88 %), which is explained by the implementation of new abatement
systems (desulfurization in two Large Point Source Energy Plants in Mainland Portugal).

The decline in emissions in electricity production in latest years is the result of the phase-down in the use of
coal in thermal production which was definitively phased-out at the end of 2021 with the closure of the last
Portuguese coal thermal plant (Sines), and the greater proportion of the renewable domestic production
(without hydric) which grew 20 % from 2005 to 2022, mainly due to an increase of wind power.
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3.1 Overview of the sector

Energy-related activities are the major sources of Portuguese GHG emissions, accounting in 2022 for 65 % of
total emissions of COe excluding LULUCF and including indirect CO,. In 2022, Energy category accounted for
37.79 Mt of Portugal’s total GHG emissions, with a 7.1% (2.89 Mt) decrease in overall emissions since 1990
(refer to Table 3—1 for more details). Energy emissions are primarily related to fossil fuel combustion.

Manufacturing industries and construction 11.6%

- Energy industries 14.3%

Energy 64.8%

Transport 29.2%

Other sectors 7.2%

Fugitive from oil and natural gas 2.1%

Figure 3-1: Energy emissions from the total greenhouse gas emissions in 2022

In Portugal transports and energy industries were the primary sources of Portuguese GHG emissions,
representing, respectively, 29.2% and 14.3% of total GHG emissions excluding LULUCF in year 2022. It is
noticeable the significant increase in emissions from transportation in comparison to the other sub-source
categories.

Manufacturing industries and construction is the third largest source within the Energy sector with 11.6 % of
total emissions in 2022. Other sectors which include residential, commercial/institutional,
agriculture/forestry and fisheries (excluding bunkers) represents 7.2% of total sector emissions. Still with
some impact on emissions in 2021, fugitive emissions from oil and natural gas arose with 2.1% of emissions.
More details regarding the fugitive emissions categories in 3.1.2 Fugitive Emissions from Fuels (CRF 1.B).
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Table 3-1: Total Greenhouse Gas Emissions from Energy (Mt CO2e)

A A A
2005 2020 2021

Source /Gas 2022-2021  2022-2005  2022-1990
kt COz e %

1.A.1 Energy industries

CO, 16 365.6 25338.1 10267.3 8203.9 8252.5 0.6 -67.4 -49.6

CHa 6.7 17.8 13.8 16.3 12.6 -22.6 -29.1 88.9

N,O 43.2 147.0 110.0 98.7 108.3 9.7 -26.3 151.0
1.A.2 Manufacturing industries and construction

CO; 8853.3 10 382.0 7484.2 7402.1 6618.9 -10.6 -36.2 -25.2

CHa 34.8 51.9 53.5 59.1 60.2 1.8 16.0 73.0

N,O 105.5 145.0 99.1 110.3 113.6 3.0 -21.7 7.6
1.A.3 Transport

CO, 10618.1 19 694.6 14 680.2 15 746.7 16 881.1 7.2 -14.3 59.0

CHa 110.9 68.8 20.0 21.5 23.0 7.1 -66.5 -79.2

N0 91.1 183.9 132.9 145.6 157.6 8.2 -143 73.0
1.A.4 Other sectors

CO; 3463.3 6716.6 4152.2 4015.7 3835.6 -4.5 -42.9 10.7

CHgy 482.6 296.8 243.6 2413 239.4 -0.8 -19.3 -50.4

N.O 192.8 168.2 148.1 149.9 147.8 -1.4 -12.1 -23.4
1.A.5 Other

CO, 96.1 73.3 66.3 72.9 89.5 22.8 221 -6.9

CHa 0.0 0.0 0.0 0.0 0.0 22.8 221 -6.9

N,O 0.7 0.5 0.5 0.5 0.7 22.8 22.1 -6.9

1.B.1 Fugitive emissions from solid fuels

CO, 2.9 0.0 0.0 0.0 0.0 n.a n.a -100.0
CHgy 156.9 223 17.2 17.0 16.8 -0.9 -24.4 -89.3
N,O 0.0 0.0 0.0 0.0 0.0 n.a n.a n.a

1.B.2 Fugitive emissions from oil and natural gas

CO; 53.7 563.2 1012.8 944.8 1174.6 243 108.6 2087.0
CH4 2.5 43.3 59.4 61.5 59.0 -4.1 36.2 2286.3
N,O 21 2.6 2.2 1.9 2.0 7.1 -21.7 -2.1
Total CO; 39453.0 62767.8 37 663.0 36 386.1 36 852.3 13 -41.3 -6.6
CH4 794.3 500.9 407.5 416.8 411.2 -1.3 -17.9 -48.2
N.O 435.4 647.3 492.8 507.0 530.0 4.5 -18.1 21.7
Total All gases 40682.8 63916.1 38563.3 37 309.9 377934 13 -40.9 -7.1

Total emissions from this sector have decrease 7.1% from base year to last year. The year with maximum
emissions occurred in 2002, as may be seen in Figure 3.2. The oscillations in CO,e emission for the energy
sector are mainly due to inter-annual variation in availability of hydropower. In recent years there has been
a decreasing trend in emission resulting not only from a period of economic stagnation in Portugal but also
with the implementation of measures that had a positive impact in the reduction of emissions, such as the
introduction of lower carbon intensive fuels, the installation of combined cycle thermoelectric plants and co-
generation units, and the use of renewable energy sources.

Energy|3-10
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Figure 3-2: Total CO2e emissions from the Energy Sector (CRF 1)
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Fifteen key categories have been identified for this sector in 2022, for level and trend assessment, using both

the IPCC Approach 1 and Approach 2:

Table 3-2: Key categories in Energy Sector (CRF 1) and methodologies used in emission estimates

IPCC category Gas Criteria Method
1.A.3.b Road Transportation C0o2 LT T1
1.A.1 Energy industries - Gaseous fuels C02 LT T2,T3
1.A.2 Manufacturing industries and construction - Gaseous fuels C02 LT T2, T3
1.A.2 Manufacturing industries and construction - Liquid fuels Cc0o2 LT Tl
1.A.4 Combustion Other Sectors - Liquid fuels CO2 L T1
1.A.1 Energy industries - Liquid fuels COo2 LT T1
1.A.4 Combustion Other Sectors - Gaseous fuels C02 LT T2
1.B.2.a Fugitive emissions - Oil COo2 LT 12,73
1.A.1 Energy industries - Other fossil fuels C0o2 LT T1, T3
1.A.3.a Civil (domestic) aviation C0o2 L T1,T3
1.A.2 Manufacturing industries and construction - Other fossil fuels C02 LT T1,T3
1.A.3.d Domestic navigation - Residual fuel oil COo2 L T2
1.A.4 Combustion Other Sectors - Biomass CH4 L T1, T2
1.B.1.Fugitive emissions — Solid Fuels CH4 LT T1
1.A.2 Manufacturing industries and construction - Solid fuels Co2 LT T2,T3
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3.1.1 Fuel Combustion Activities (CRF 1.A)

Energy emissions are primarily related to fossil fuel combustion. In Portugal transports and energy industries
were the primary sources of Portuguese GHG emissions, representing, respectively, 29.2% and 14.3% of total
GHG emissions excluding LULUCF in year 2022. It is noticeable the significant increase in emissions from
transportation in comparison to the other sub-source categories. Manufacturing industries and construction
is the third larger source within Fuel Combustion Activities with 11.6% of total emissions in 2022. Other
sectors which include residential, commercial/institutional, agriculture/forestry and fisheries (excluding
bunkers) represents 7.4% of total sector emissions. Emissions for the full time trend in Figure 3.4. The
emissions from the incineration of municipal solid wastes (MSW) that occurs with energy recovery are
accounted in this sector as recommended by the IPCC GPG.

0 : 0 N i
: Egrt1i Ny gt
o S | 0
g i
S [ M |
= 0
=3
e
g 20
0 I I
P TR TP S T - R WS- S o B, Py PR PN . TP T W - T, SR S P N S - S N S O . P 1 2
SR U SR R - - - - A ) & P FHF P F S S S T S L el S e
UG N L N LR L L. S . L S nlé T FFPFFFIT eSS ddsdsdss
W 1A1 Energy industries 1A2 Manufacturing industries and construction 1A3 Transport W 1A4 Other sectors W 1A5 Other

Figure 3-3: Trend of total GHG emissions in source 1A, expressed as CO2e, by sub-sector.

GHG emissions from this activity sector are almost fully dominated by direct CO, emissions, which represent
about 97.6 % of GHG emissions in 2020. CH, and N0 are minor sources, respectively 0.9 % and 1.4 % of total
GHG emissions from the 1.A sector in 2022.

CO, emissions are dependent on the carbon content of the fuel used and, for this reason, estimates of CO,
emissions are more accurate and methodology simpler to apply using fuel consumption data only. During the
combustion process some carbon is released in smaller amounts in the form of other gases, including CHa,
CO, NMVOC and airborne particulate matter. It is presumed that all these other carbon containing non-CO,
gases oxidise to CO; in the atmosphere and are include in carbon dioxide estimates (ultimate CO,)™.

Emissions from fossil fuel combustion include also other atmospheric contaminants such as N,O, NOy, SOy;
NHs, particulate matter, heavy metals and toxic organic compounds. Unlike CO,, emissions estimates of these
air contaminants require more detailed information, such as operating conditions, combustion and emission
control technologies and fuel characteristics.

Fossil fuel combustion from international bunkers, i.e., international aviation and maritime transportation,
also generates air emissions in a similar way to other fuel combustion activity. In accordance with
international guidelines, these emissions are not included in national totals, but are reported separately as a
memo item.

! Three CO; quantities may be referred in the inventory with different definitions: (1) End of pipe CO; - Carbon dioxide effectively emitted from the
source: exhaust, chimney, etc; (2) Ultimate CO. - carbon dioxide increase contribution to atmosphere. Includes end of pipe CO; but also the conversion
of other gases and particles that are emitted to atmosphere containing carbon and that are supposedly latter converted in CO3; (3) Fossil ultimate
€Oz - CO2 emissions resulting from carbon with fossil origin: fossil fuels, mineral rocks and all other non biomass carbon.
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Biomass combustion also generates gas emissions. Carbon dioxide emissions from this source are estimated
in the inventory but not included in national emissions totals being considered that there are no net
emissions of CO,, as carbon released during biomass combustion had been in fact fixed from atmosphere by
the photosynthetic process and when is burnt and returns to atmosphere does not increase the
atmospheric/biosphere CO, pool. This activity is reported separately for information purposes only.
Nevertheless, non-CO, emissions from combustion of biofuels and other biomass fuels are considered in
inventory totals.

3.1.2 Fugitive Emissions from Fuels (CRF 1.B)

Apart from fuel combustion emissions, the Energy sector includes also other from production, transmission,
storage and distribution of fossil fuels. Generated gases from these sources are CO,, NMVOC, SO, CHa4, NOy
and CO, and emissions per sub-sector source are presented in the figure below, where the major importance
of emissions due to oil refining, transport and distribution for the beginning of the period may be seen, while
the importance of emissions from storage and transportation of natural gas, became more relevant in recent
years.

GHG emissions occurring as CO; are responsible for 93.8 % of 1.B total emissions in 2022. Emissions occurring
as CHarepresent 6.1 % of 1.B total emissions and N,O represent only 0.2 %.
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Figure 3-4: Trend of total GHG emissions in source 1B, expressed as COze, by sub-sector

Energy|3-13



A National Inventory Report - Portugal L

3.2 International Bunker Fuels

International bunker fuels used in international aviation and international navigation are presented in the
figure below.
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Figure 3-5: International navigation and aviation bunkers

3.2.1 International aviation bunkers

The majority of jet fuel is used for international aviation. In 2022 the quantity of jet fuel for international
aviation was about 91% of total jet fuel. This percentage was estimated according with the origin and destiny
of the flight as recommended by 2006 IPCC guidelines.

Until 2006, the classification for international fuel used by the national fuel authority (DGEG) was different
from the one used in national inventory. DGEG split was based in the flag of the aircraft rather than in the
origin and destiny of the flight. Some efforts were made in the fuel balance to use the IPCC criteria and since
2007 the difference between the reference approach (RA) and the sectoral approach (SA) has decreased. For
the period between 1990 and 2006, the reference approach uses the energy consumption data from
EUROSTAT.

The 1990 peak in the difference between sectoral approach and reference approach is due to a question
raised during the 2016 UNFCC centralized review related with a higher consumption of jet kerosene in civil
aviation. This question lead to the identification of an error in the cruise consumption compilation and the
correction of the jet kerosene consumption in that year.
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Figure 3-6: International aviation bunkers

3.2.2 International marine bunkers

In 2022 the energy consumption for international navigation was about 92% of the total energy used in
marine navigation. This percentage was estimated according with the origin and destiny of the movement as
recommended by 2006 IPCC guidelines.

Until 2012, the international fuel classification used by the national fuel authority (DGEG) was different from
the one used in national inventory. DGEG split was based in the flag of the ship rather than in the origin and
destiny of the movement. As consequence the international consumption from the reference approach (RA)
differs from the consumption estimated using the sectoral approach (SA) until this date. Some efforts were
made in the fuel balance to use the IPCC criteria and since 2013 the difference between the reference
approach (RA) and the sectoral approach (SA) has decreased.

The international navigation energy consumption data from the IEA differ to some extent from the DGEG fuel
balance. The data from IEA includes consumption from domestic navigation and this occurs because domestic
consumption is missed classified as international bunkers when reported to the IEA.
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Figure 3-7: International marine bunkers
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3.3 Energy Industries (CRF 1.A.1)
3.3.1 Public Electricity and Heat Production (CRF 1.A.1.3)

3.3.1.1Category description

Until 1950 electric energy production in Portugal was based in small power plant units using coal as energy
source. In the 50s increase in the demand for industry consumers induced the development of hydro-electric
production units and the built of Tapada do Outeiro power plant using low energy coal (lignite) obtained
from Portuguese mines. The next decade saw the entrance of petroleum products as the main energy
sources, and three additional power plants were built: Carregado, Barreiro and Setubal. After the energy
crisis of 1973/74 and 1979/81 there was a political shift towards the preference for imported coal (Sines and
Pégo power plants, started in 1985 and 1993 respectively) and, more recently, towards natural gas (Turbogds
power plant already in operation and the new TER? unit, build near the old unit in Carregado entered its final
testing period at the end of 2003). In the islands of Azores and Madeira, the discontinuity in territory caused
the prevalence of smaller units, basically one per island, working on fuel-oil or diesel-oil.

Apart from the dedicated electric power plants, auto-producers generate electric energy for own
consumption and to sales to the public system. However not all combustion from these sources are included
here because, according to the 2006 IPCC Guidelines, emissions from auto-producers are to be reported
under the industrial or commercial branch in which their main economic activity occurs. The present source
sector includes only emissions resulting from main power producers?.

Several components of the electricity and heat producing sector where arbitrarily individualized in the
inventory of air emissions from the energy sector for the sake of making explanation easier and they are
discussed separately in the following paragraphs.

This category includes also the emissions associated with the incineration of municipal solid wastes (MSW)
with energy recovery.

3.3.1.2Large Point Source Energy Plants in Mainland Portugal

The number of Large Point Source Energy Plants (LPS-EP) in continental Portugal has increased from 6 units
in 1990 to 16 units at present. Power plants and installed power are listed in table below together with their
main relevant characteristics.

2TER — Termoeléctrica do Carregado

3 Main Power Producers generate and sell electricity or heat as their main activity (primary activity) either public owned or private owned. In contrast
there are other Auto-producers of electricity or heat, that also are agents producing or selling electricity or heat, but as a secondary activity and not
as main business.
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Table 3-3: Large Point Sources in the sector of Public Electricity and Heat Production

Power Plant

Location

Start

Situation

Treatment of Gas

Comments

Technology

Effluents****

Stack Height (m)

33.8 +100) MWt

* —
Tapada do Outeiro Gondomar 1959 Deactivated (2003) LIG + FO LBy Boiler + Steam Turbine. ESP 60 (x3) L|gn|te. use stopped
MWe in 1997

Portgen (new . . DLE (only for one

. Gondomar 1998 Working NG + GO + LPG 990 (3x330) MWe Combined Cycle. 60 (x3) -
Tapada do Outeiro) group)
Soporgen Lavos 2001 Working NG 67 (44+23) MWe | Co-generation. Combined Cycle DLE 50 (x2) -
Energin Alhandra 2002 Deactivated (2014) NG 43.7 MWe Co-generation. Combined Cycle - 31 (x1) -
Mortagua Mortéagua 1999 Working WW + NG + GO 30 MWe Boiler + Steam Turbine. ESP - -

N . HC+FO + GO + . . ESP + LNOX + WEFGD after 2008
Pégo Abrantes 1993 Working PG 628 MWe Boiler + Steam Turbine. WFGD + SCR 225 (x1) SCR after 2008
Pégo (Elecgas) Abrantes 2010 Working NG + GO 800 MWe Combined Cycle DLE 80 (x2)

. FO + NG + GO + R . Natural gas
Carregado Alenquer 1968 Deactivated (2011) PG 750 (6x125) MWe Boiler + Steam Turbine. ESP 100 (x3) introduced in 1997
TER Alenquer 2004 Working NG + GO 1170 MWe Combined Cycle. - 75 (x3) -
Carrigo Sines 2006 Working NG + GO 487 MWe Co-generation. - 30 (x1) -
Alto do Mira Amadora 1975 Deactivated (2003) GO 132 MWe Gas Turbine. - 13.5 (x1) -
Barreiro Barreiro 1978 Deactivated (2010) FO + LPG 65 (32+33) MWe Co-generation. - 104 (x1) -
Fisigen Barreiro 2009 Working NG 121 MWt Co-generation. - - °
Setubal Setubal 1979 Deactivated (2013) FO + GO + LPG 100(;/&:;(:50) Boiler + Steam Turbine. ESP 201 (x2) -

. . . 1256 (4X314) . . ESP + LNOX + WEFGD after 2008

Sines Sines 1985 Working HC + FO MWe Boiler + Steam Turbine. WFGD + SCR 225 (x2) SCR after 2011

. . 199.2 (2x16.3 + . Groups 1 and 2
Tunes Silves 1973 Deactivated (2013) GO 2x83.3) MWe Gas turbine. 13.5 deactivated in 2007.
Lares F'g”:’;rza 4 | 5009 Working NG + GO 1428 MWt Combined Cycle. - - -
Constancia Constancia 2009 Working WW + FO + LPG 39.2 MWt Boiler + Steam Turbine. - - -
Figueira da Foz F'gulf;rza 4 1 5009 Working WW + NG 31.2 MWt Boiler + Steam Turbine. DLE + ESP 80 -
Cacia Cacia 2009 Working WW + NG + GO 49.75 MWt Boiler + Steam Turbine. - - -
CB Setubal Setubal 2009 Working WW + NG + GO 49.75 MWt Boiler + Steam Turbine. - - -
Roddo vila Velt1a 2008 Working WW +FO +1LPG 39.1 MWt Boiler + Steam Turbine. - - -

do Roddo +GO

Artelia Sines 2011 Working NG + BG ALk [0 Combined Cycle. LNOX 45 -

* 250 MW in 2 groups using fuel oil and natural gas.

** The smaller power value refers to situation after 2 of the 3 initial groups where closed. The intermediate value refers to the situation when 2 groups where operating.

**% HC - hard-coal; LIG - Lignite; FO - fuel-oil; GO - Diesel oil; NG - Natural Gas; WW — Wood Waste; BG - Biogas ; LPG — Liquid Petroleum Gas
***X WFGD — Wet Flue Gas Desulfurization; DLE — Dry Low Emissions; ESP — Electrostatic Precipitators; LNOx — Low Nox Burners; SCR - Selective Catalytic Reduction
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There are two small gas turbine power plants included in the public service: one near Lisbon to sustain peak
power demands and another in Tunes, in the southern province of Algarve, which is used to support the
increase of demand during touristy seasonal peak demands. The unit near Lisbon (Alto do Mira) has
interrupted its activity in 2003.

There has also been a change in the production structure since 1990, with a reduction in the importance of
the use of petroleum products (fuel-oil) and an increase in the use of imported coal - in first place - and then
natural gas. The only other energy source used in these units was Orimolsion, that was used as fuel in Setubal
power plant but only in 1994 and its use had no continuation. In most recent years new power plants using
wood waste were commissioned.

- In 1990 three units (Carregado, Setubal and Barreiro) were using fuel-oil, one unit (Sines)
was consuming imported hard coal and another unit (Tapada do Outeiro) was using lignite
coal and fuel-oil;

- A new build coal unit (Pégo) using hard coal, started producing electricity in 1993 and
doubled its production capacity in 1995;

- The old unit in northern Portugal (Tapada do Outeiro) that was burning low heating value
lignite coal, partly mined in Portugal, stopped using this fuel in 1997 but was kept producing
electricity with a small consumption of fuel-oil since;

- Between 1995 and 1997 Carregado power plant shifted part of its production groups from
residual fuel-oil to natural gas;

- Anew unit (Portgen) consuming natural gas was build in northern Portugal near the old unit
of Tapada do Outeiro and started producing in 1998;

- Anew unit - TER - also using natural gas was installed, and started activity in the end of 2003,
near the old unit of Carregado;

- The Mortdgua unit in central Portugal initiated production in 1999 using a combination of
natural gas and wood wastes;

- Soporgen and Energin, in central Portugal and Carri¢co (in the south) start production
(Soporgen in 2001, Energin in 2002 and Carrigo in 2006) using natural gas. They exist in close
connection, respectively, with an industrial paper pulp plant, a chemical industry plant and
a crude oil refinery;

- In 2009 a new power plant was built in Lavradio — Fisigen. This new plant replaced the
Barreiro plant in 2010. Also in 2009 a new power plant was built in Figueira da Foz — Lares,
which burn NG as fuel;

- Inlater years (2008 and 2009) new small power plants were built that burn wood waste;
- In 2010 a new combined cycle plant was inaugurated in Abrantes;

- Artelia new combined cycle plant began its operation in 2011.
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3.3.1.2.1 Energy Plants in Azores and Madeira Autonomous Regions

Electricity production in the autonomous regions of Madeira and Azores islands depends mostly on small and
medium scale power plants using imported residual fuel oil and/or diesel oil.

Table 3-4: Electricity Power Plants in the Azores and Madeira

Location Fuel* T

Power Station

Porto Santo Porto Santo FO + GO 51.9 MWt
Vitéria Funchal FO + GO + NG 326.4 MWt
Canigal Canigal FO + GO + LPG 144 MWt
Santa Barbara Faial FO + GO 41.16 MWt
Belo Jardim Terceira FO + GO 158.8 MWt
Caldeirao Sdo Miguel FO + GO 254.84 MWt
Pico Pico FO + GO 26.28 MWt
Graciosa Graciosa GO 4.26 MWe
Sao Jorge Sdo Jorge GO 7.03 MWe
Flores Flores GO 2.31 MWe
Corvo Corvo GO 0.56 MWe
Santa Maria Santa Maria GO 5.68 MWe

* HC - hard-coal; LIG - Lignite; FO - fuel-oil; GO - Diesel oil; NG - Natural Gas; WW — Wood Waste
3.3.1.2.2 Non public co-generation Energy Producers

Auto-producers not included in their industrial and commercial branches were considered non public co-
generation energy producers. These smaller private owned co-generation units started after 1993 and
although working actually in close association with other industrial activities, are independent companies, in
legal terms, which the main activity is defined as electric and heat production. Consequently they were
included in this source sector and not in industry sector as emissions from other co-generation units are.

3.3.1.2.3 Municipal Solid Waste incineration

This issue is considered in the Waste (CRF 5) chapter in order to avoid repetition.
3.3.1.3 Methodology

3.3.1.3.1 Thermo-electricity Power Plants

A bottom-up sectoral Tier 2 approach was used to estimate emissions of CO, and other air pollutants from
this activity. For carbon dioxide, a mass balance approach could be used in principle to estimate emissions
from the carbon content of fuels. But because that information is not available from most power plants, the
IPCC recommendation of using emission factors based on energy consumption was used: “Emission factors
for CO, from fossil fuel combustion are expressed on a per unit energy basis because the carbon content of
fuels is generally less variable when expressed on a per unit energy basis than when expressed on a per unit
mass basis” (IPCC, 1996).

Total CO; and ultimate CO, emissions from fossil origin were estimated from:

Ucoz(uty) = EFcoa * Facoxs * Energyconsufy * 103

Fossilcoary) = ZuZf [Ucozu tfy) * Crossity ¥ 1072]
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Where:

Ucoz(y) — Total carbon released to atmosphere from consumption of fuel f in unit plant u, expressed in total
carbon dioxide emissions (t);

Fossilcoz(y) - Emissions of carbon dioxide from fossil origin (non biomass) (t);

EFco2 — Carbon content of fuel expressed in total Carbon Dioxide emissions (kg CO,/G));
Crossil - Percentage of carbon from fossil origin in fuel f (%);

Facoxi — Oxidation factor for fuel f (ratio 0..1);

Energycons(u,sy) - Consumption of energy (Low Heating Value) from fuel f in power plant u in year y (GJ).

This formula reflects the fact that some carbon in fuel is not oxidized and not emitted to atmosphere.
Although, some carbon in the fuel is not released directly as carbon dioxide but instead in the form of carbon
monoxide, methane, volatile organic compounds and even in soot, ash and particulate matter as
consequence of the incomplete combustion of fuel. Emissions of these compounds in airborne fraction are
transformed sooner or later into CO; in the atmosphere or after deposition on soil. Emissions of CO; at stack
exhaust (End-of-pipe emissions) may be estimated from final CO, emissions from:

StaCkcoz =Ucoz - 44/12*(NMVOC * Cnmvoc + CO * 12/28 + CHg4 * 12/16 +TPM * CTpm) * 1073

Where:

Stackcoz - end of pipe emissions of carbon dioxide (kt);

NMVOC - Emissions of non-methanic Volatile Organic Compounds (t);
CO - carbon monoxide emissions (t);

CH,4 - Methane emissions (t);

TPM - Total Particulate Matter emissions (t);

Cnmvoc - Carbon content in NMVOC (w/w);

Crem - Carbon content of Total Particulate Matter (w/w).

Since EU-ETS data is available for inventory use plant’s specific carbon content was use in those cases where
fuel analysis were made by the plant operator.

For methane and nitrous oxide, emission estimates were based on the application of emission factors to
energy consumption (GJ/yr). The following equation was used:

Emission (ufy,) = Energyconsusy * EF (ufyp) *10°°

Where:
Emission (yfy,p) - Emission of pollutant p estimated from consumption of fuel f in power plant u in yeary (t);

Energycons(ufy) - Consumption of energy (Low Heating Value/ Net Calorific Value) from fuel f in power plant u
inyeary (GJ);

EF (uy,p) - Emission factor pollutant p, for fuel f consumed in power plant u in yeary (g/G)J).

3.3.1.4Emission Factors
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3.3.1.4.1 Large Point Source Energy Plants

Emission factors presented in the next table are only function of fuel type and they were established from
available emission factors from international bibliography, while trying as much as possible to choose those
that best match national circumstances:

IPCC 2006 Revised Guidelines (IPCC,2006);

EU-ETS.

Table 3-5: Emission Factors for energy production sector. Greenhouse Gases

uco2 (i) FacOX (i) FossilC CHa4 (i) N20 (i)
kg/GJ 0..1 % g/GJ g/G)
Lignite 101.0 1.00 100 1.0 1.5
Hard Coal 96.1 1.00 100 1.0 1.5
Fuel-oil 77.4 1.00 100 0.8 0.3
Orimulsion 77.0 1.00 100 3.0 0.6
Natural Gas 56.4 (ii) 1.00 100 1.0 1.0-3.0
LPG 63.1 1.00 100 1.0 0.1
Biomass 112.0 1.00 0 11.0 7.0
Diesel 74.1 1.00 100 3.0 0.6

(i) IPCC (2006); (ii) Country Specific

The following table shows the plant specific CO, emission factors obtained in the EU-ETS.

Table 3-6: CO2 Emission Factors for energy production sector — Plant specific

uco2 (i) FacOX (i)
Fuel
kg/G) 0..1
Hard Coal 92.4-95.2 0.991 - 0.995
Fuel-oil 79.2-79.5 0.990 - 0.995
Natural Gas 56.1-57.3 0.990 - 0.995

3.3.1.4.2 Other Thermo-electricity Power Plants

The other smaller - non LPS - power plants are seldom subjected to the continuous Autocontrolo program,
and the scarce available information does not allow the establishment of plant specific emission factors.
Therefore, emission factors reflect an expert best guess from the available bibliography, which again is
available from:

- IPCC 2006 Revised Guidelines (IPCC,2006);

The emission factors that were used in the inventory are shown in Table 3.5 for the power plants belonging
to the public system in Azores and Madeira, and in Table 3.6 for the non public co-generation self producers®.

4 Power producers as main activity only.
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Table 3-7: Emission Factors for thermo-electricity production in Azores and Madeira. Greenhouse Gases

Region uco2 (i) FacOX (1) FossilC
kg/G) 0.1 %

Azores Fuel-oil 77.4 1.00 100 3.0 0.6
Azores Diesel oil 74.1 1.00 100 3.0 0.6
Madeira Fuel-oil 77.4 1.00 100 3.0 0.6
Madeira Diesel oil 74.1 1.00 100 3.0 0.6
Madeira LPG 63.1 1.00 100 1.0 0.1
Madeira Natural Gas 56.4 (ii) 1.00 100 1.0 3.0

(i) IPCC (2006); (ii) Country Specific

Table 3-8: Emission Factors for non public co-generation self producers. Greenhouse Gases

uco2 (i) FacOX (i) FossilC N20 (i)
kg/G) 0.1 % g/G)

LPG 63.1 1.00 100 1.0 0.1

Fuel —oil 77.4 1.00 100 3.0 0.6
Diesel oil 74.1 1.00 100 3.0 0.6
Natural Gas 56.4 1.00 100 1.0 1.0

(i) IPCC (2006); (ii) Country Specific
3.3.1.4.2.1 Activity Data
Activity data has different origins according to specific energy plants:
3.3.1.4.3 Large Point Source Energy Plants
Data on fuel consumption, by fuel type, for LPS are available from these sources:
- Large Combustion Plants (LCP) directive - which relies in direct information reported from
the individual plant producer to the Environment Ministry;
- Self-control program (Programa Autocontrolo)>;
- Plant activity reports from EDP;

- EU-ETS — European Union Emission Trading System.

For the latest years (mainly 2009 onwards) the EU-ETS completely replaced the other sources of information.
Although different information sources have been used the consistency in time series is guaranteed
considering that the same original source (power plant companies) is ultimately used.

As a general rule power plant units report information about consumption in t or cubic meters of gas together
with the Low Heating Value ® for that specific year from where consumption of fuels in energy units are
calculated from:

Energy (GJ) = Consumption (t/year) * LHV (MJ/kg)

or:

Energy (GJ) = Consumption (Nm3/year) * LHV (MJ/Nm3)

5 The Auto-controlo program is a legal obligation for major emitters.

6 Low Heating Value (LHV) or Net Calorific Values (NCV) measure the quantity of heat liberated by the complete combustion of a unit volume or mass
of a fuel, assuming that the water resulting from combustion remains as a vapour and the heat of the vapour is not recovered (GPG). In contrast,
Gross Calorific Value (GCV) or Gross Heating Value (GHV) are estimated assuming that this water vapour is completely condensed and the heat is
recovered (GPG). The default in IPCC Guidelines is to use the NCV.
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When LHV/NCV was not available it was estimated from interpolation or extrapolation from the remaining
available time series. The average value and range of the reported LHV per fuel type is presented in next
table.

Table 3-9: Low Heating Value per fuel type

Fuel LHV/NCV |
Lignite 16.42 (15.57 - 17.02) MJ/kg
Hard Coal 25.62 (24.45 - 27.23) MJ/kg
Fuel-oil 40.24 (39.42 - 41.15) MJ/kg
Orimulsion 28.00 MJ/kg
Diesel oil 43.30 MJ/kg

Natural Gas 38.16 (36.02 - 39.16) MJ/Nm3

GPL 47.44 (47.28-48.55) MJ/kg
Biomass 7.8 MJ/kg

Source: The same as for the fuel consumption (including in some cases plants specific information)

Total consumption per fuel type in comparable energy units (PJ) may be verified in the figure below.
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Figure 3-8: Trends of fuel consumption per fuel type

Not visible in the graph is the increase in biomass consumption (wood waste) from 1999 to 2020 (mostly in
2010 and 2011). The consumption of diesel-oil presents no clear trend since 1990 even though we can
identify a slight decrease in the later years of the time series. LPG represents only a small franction of total
fuel consumption in this sector (less than 0.001 %). The relevancy of residual oil has been decreasing since
2005, representing only a fraction of total consumption in 2013 due to Barreiro power plant deactivation. In
2015 there is an increase in the consumption of Coal and Natural Gas, largely due to a dry year, reducing in
this way the potential producer of hydro power plants.

3.3.1.4.4 Energy Plants in Azores and Madeira Autonomous Regions

The quantity of residual fuel-oil, diesel oil and GPL used in Madeira and Azores in electricity production is
available from the following two sources:

- Madeira and Azores Regional Environmental entities;

- EU-ETS.
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Full fuel consumption time series can be observed in the figure below:
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Note: Consumption of diesel oil and LPG in Madeira represent a very small quantity and is barely visible in the figure.
Figure 3-9: Trends of fuel consumption in Azores and Madeira Archipelagos

Consumption of fuels expressed in energy units was estimated from the above consumption figures assuming
the Low Heating Value (LHV/NCV) values presented in the following table.

Table 3-10: LHV per fuel type

Region Fuel type LHV/NCV (MJ/kg)
Residual fuel oil 40.17
Azores
Diesel oil 43.30
Residual fuel oil 40.17
Diesel oil 43.30
Madeira
LPG 47.28
Natural Gas 37.9-38.0

Source: The same as for the fuel consumption

3.3.1.4.5 Non-public co-generation Energy Producers

Consumption of fuels in the auto-producers co-generation units (classified as energy producers) are reported
in toe units in the Energy Balance (DGEG). These values can be observed in the figure below.

Energy Consumption (PJ)
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Figure 3-10: Trends in consumption of fuels in non-public co-generation plants

The figure above shows a decrease in consumption between 1999 and 2002 and then an increase in energy
consumption between 2003 and 2006.
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The variation occurs because the evolution of natural gas consumption in cogeneration associated with the
production of electricity was strongly influenced by the separation of cogeneration units in fiscally
autonomous companies for the production of electricity and heat. These companies were mainly those
included in the IAIT survey (an annual survey of manufacturing industries).

The growing tendency to create different companies to manage the energy production aspect of industrial
co-generation plants led to the necessity, by DGEG, to shift these units from the energy-production co-
generation category back to their industrial co-generation category in the Energy Balance. As a result of this
shift, from 2007 onwards the energy-production co-generation category in the Energy Balance considers only
two units already included, because of their size, in the LPS estimations. Because of this and to avoid double-
counting fuel consumption from 2007 onwards was made 0. Since DGEG transferred fuel consumption to the
industrial co-generation category, which is used for estimating combustion emissions in the industrial sector
(CRF 1A2), the emission inventory maintains its completeness.

Assumed values for LHV per fuel type are presented in next table.

Table 3-11: LHV per fuel type used for non-public co-generation plants estimates

Fuel LHV (MJ/kg)

LPG 49.76

Fuel -oil 40.00

Diesel oil 42.60
Natural Gas | 38.72 (MJ/Nm3)

Source: The same as for the fuel consumption

3.3.1.4.6 Comparison of LPS data vs. National Statistics

Consumption of fuel for electricity production in large units is also published in the Energy Balance of DGEG.
Total consumption in all units was compared between the data in the inventory (INERPA) and the Energy
Balance (EB) and graphs for the most important energy sources are presented in the figures below. For these
analyses, contacts were made with DGEG to obtain the complete list of installations covered in each energy
production category of the last energy balance (small differences with previous EB are expected due to
reclassification). Generally, there is an acceptable agreement between the two sources of information and,
because data was acquired in an independent mode, this match gives a high degree of confidence to the
results.
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Figure 3-11: Comparison of total fuel consumption in large power plants, between values used in the inventory

(INERPA) and in the Energy Balance
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3.3.1.4.7 Comparison of Energy Balance vs. IEA Energy Statistics

Total energy consumption reported in DGEG energy balance was compared with IEA (International Energy
Agency) energy statistics values. This comparison is included in the QA/QC procedures applied to this
inventory. The energy statistic values from IEA were collect from their website. Unfortunately, IEA data is
only publicly available for the n-1 year (n being the latest inventory year). Following the fuel classification
presented in the IEA energy statistics, three fuel types were analyzed: coal and peat, petroleum products and
natural gas, connected to 8 emission sources: Electricity Plants, CHP Plants, Industry, Residential, Commercial
and Public Services, Agriculture/Forestry, Fishing and Distribution Losses. The comparison between DGEG
energy balance and IEA energy statistics, for 2021, is shown in the figure below.

Coal and Peat Petroleum Products
Fishing Fighing
Agriculture / Forestry Agriculture / Forestry
Commercial and Public Services Commerdial and Public Services
Residential Residential
#
Industry Sector i Industry Sector
Distribution Losses Distribution Losses
CHP Plants CHP Plants
Electricity Plants Electricity Plants
[
1] 50 100 150 200 o 200 400 600
CODGEG MIEA O DGEG MIEA
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Commercial and Public Services

Residential

Industry Sector H
Distribution Losses

HE Plants hj
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Figure 3-12: Comparison of fuel consumption between DGEG energy balance and IEA energy statistics

For natural gas and coal and peat the differences between the two data sources are very small. The
consumption of petroleum products shows discrepancies for five of the eight analysed sectors: CHP Plants,
Industry, Commercial and Public Services, Fishing and Distribution Losses. These differences are greater for
CHP Plants and Industry which may imply a problem in the fuel consumption classification. Upon our contact
DGEG explained that the differences are due to the criteria used by the IEA when counting fuel consumption
for production of heat in cogeneration: IEA only counts the sold consumption, while the Energy Balance
considers all the heat.
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3.3.1.5Uncertainty Assessment

The accuracy of activity data collected from direct reporting (LPS data) is expected to have a lower error than
data collect in an aggregated form for the elaboration of the energy balances, in particular for those
categories in the energy balance comprehending units small, multiple and dispersed. Therefore, different
uncertainty values were considered in accordance with different provenience of data:

- for LPS the uncertainty value was set at 1 %, which is in the higher range of the uncertainty considered
in GPG when good quality surveys are considered, which is the case; For some older information was
employed the value of 2 % uncertainty;

- for area sources an uncertainty of 5 % was considered for this sector, which is fixed according to a
conservative approach, considering the double of the upper range of the values that IPCC proposes
when data was obtained from surveys in a less developed statistical system. This conservativeness
factor is used because the surveys were made indirectly to industrial plants via fuel suppliers.

The uncertainty associated with CO2 varies between 2 and 17 %, lower values are associated with monitoring
facilities and the highest values correspond to default emission factors for fuels such as biomass. The
uncertainty values in association with the other gases, methane and nitrous oxide, was also set in accordance
with the GPG proposals, 150 % for CH4 and 150 % for N,O.

The EU-ETS defines a maximum uncertainty value of 7.5 % for the CaCO; consumption data reported by each
plant.

Since 2009 submission, the use of plant specific data for the power plants in Azores and Madeira has
decreased uncertainty.

3.3.1.6 Category-specific QA/QC and verification

QA/QC procedures were implemented primarily to check the time series consistency for fuel consumption
data collect from different information sources. There were also made general checks to the emission
compilation spreadsheets from which resulted several small correction to reported emission.

For large combustion plants a comparison between fuel consumption collected by the inventory team and
data reported in the energy balance was made (as described in Comparison of LPS data vs. National Statistics
chapter). Also a comparison between the energy balance and IEA statistics has been made to strengthen the
QA/QC procedures. For this source category no major differences were found in this comparison between
data sources.

3.3.1.7 Recalculations

Recalculations made since last submission refer to Incineration of municipal waste (with energy recovery) -
Other fuel that result from the review of waste composition fractions based on more extensive data available
since 2016. The NCV values have been revised on the basis of annual data collected from incineration units.
Previously a constant value was used for the whole period.

3.3.1.8 Further Improvements

Even though efforts were made to increase the percentage of units treated as LPS in this year inventory, the
inclusion of more LPS plants is an ongoing objective for this sector as well as for industrial combustion. These
efforts are in accordance with the goals that the EC” has set to streamline data collection for the inventories
and for the EU-ETS®. In the same sense on-going efforts should be maintained for the compatibilization of

7 European Commission.
8 European CO2 trading scheme.
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data acquisition by APA and DGEG in order for a better consistency of the data that is used for the Energy
Balance and for the LPS data used in the inventory.
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3.3.2 Petroleum Refining (CRF 1.A.1.b)
3.3.2.1Category description

In 1990 there were three oil refining plants in Portugal: Porto, Lisbon and Sines. In 1993, the Lisbon unit was
closed and only two units remain in operation ever since.

Porto refinery, located in Matosinhos in northern Portugal since 1966, converts crude oil and other
intermediate materials received from Sines refinery by atmospheric and vacuum distillation, cracking,
platforming and several treatments processes (dessulphurization). This refinery unit has also units for the
production of oils, lubricants and aromatics (benzene, hexane, toluene, xilene, etc). This facility has
terminated its refining activities in April 2021.

Sines refinery, installed in 1978 in southern Portugal, has also extensive transformation of crude products
after atmospheric and vacuum distillation, which are subjected to Fluid Catalytic Cracking (FCC), platforming,
hydrocracking, alquilation and asphalts blowing.

The nowadays closed refinery at Lisbon performed mostly cracking. Refinery gas from this unit was used as
combustible gas for domestic, service and industry use in Lisbon city.

Following the UNFCCC source categories classification, only emissions resulting from combustion in boilers
and furnaces are included in this source sector. Process fugitive emissions, including combustion emissions
occurred in the FCC unit are included in sub-chapter 3.8.3.5  Refining and Storage (CRF 1.B.2.a.4).

SOx and NMVOC emissions also result from sulphur that is removed from intermediate or final products,
mostly regarding environmental regulations, and conveyed in final flux gases. Elemental sulphur from the
refining process is later recovered in both Sines and Porto refineries but emissions from this source are
considered under sub-chapter 3.8.5  Qil and natural gas and other emissions from energy production:
Venting and Flaring (CRF 1.B.2.c).

3.3.2.2 Methodology

A bottom-up sectoral Tier 2 approach was used to estimate emissions of CO, and other air emissions from
combustion in refineries, either in boilers or process furnaces. Emissions were estimated individually for each
combustion equipment when discrimination was possible.

As explained in more detail for the sector “Public Electricity and Heat Production”, total CO; and ultimate
CO, emissions to atmosphere from fossil origin were estimated using the following equation set:

Ucoz = EFc X FaCox(f) X EnergyCOnS(f) X 44/12 X 10_3
Fossilcoz = Ucoa X Crossi(n X 10

Where:

Uco2: Total carbon dioxide emissions (t)

EFc: Carbon content of fuel f expressed in total carbon dioxide emissions (kg CO,/GJ)
Facox): Oxidation factor for fuel f (ratio 0..1)

Energyconsu,n: Consumption of energy (Low Heating Value) from fuel f in power plant (GJ)
Fossilcoz: Emissions of carbon dioxide from fossil origin (non biomass) (t)

Crossii: Percentage of carbon from fossil origin in fuel f (%)
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For all other pollutants the following equation was applied to estimate air emissions:

Emission (etp) = ENergyconsief X EF (etp) X10®

Where:

Emission (e,rp): Emission of pollutant p estimated from consumption of fuel f in combustion equipment e (t)
Energyconsie,n: Consumption of energy (Low Heating Value) from fuel f in combustion equipment e (GJ)

EF (etp): Emission factor pollutant p, for fuel f under burning conditions in combustion equipment e (g/G)J)
3.3.2.3Emission Factors

From 2005 onwards, CO; emission factors were obtained directly from EU-ETS data for Porto and Sines
refineries. From 1990 to 2004, due to lack of information, CO2 emissions factors for Porto and Sines refineries
were assumed equal to the first EU-ETS year (2005). Regarding Lisbon refinery (in operation until 1993), CO,
emission factors were considered the same as Sines refinery (the nearest facility).

To estimate emissions, direct data from ETS were used. Using this information, it was possible to separate
fuel consumption for combustion, from fuel used in the flares and fuel used in fluid catalytic cracking, catalyst
regeneration and platforming or hydrogen production. The CO; EF considered in ETS is a Tier 3, and thus it is
obtained directly from fuel analysis. The fuel considered in each combustion is only the fuel that is burned
and not the total amount of fuel that is bought or result from a refinery process.

The same set of CHs and N,O emission factors were used for all three refineries and were obtained in the
2006 IPCC Guidelines. The chosen emission factors are presented in the table below.

Table 3-12: Greenhouse Gases’ emission factors for combustion sources in Petroleum Refining

el co2 €02 from 2005 FacOX (1) i CH4 (iii) N20 (iii)
(1990-2004) (i) onwards (ii) 0..1 g/G) g/GJ

Fuel-oil 75.7-81.25 kg/G) 78.34-87.99 kg/G) 1 100 3.0 0.6
Fuel gas 38.57-65.94 kg/G) | 51.23-63.14 kg/G) 1 100 1.0 0.1
LPG - 63.10 kg/GJ 1 100 1.0 0.1
Diesel oil 74.13 kg/G) 73.49-74.73 kg/G) 1 100 3.0 0.6
Natural Gas 60.91 kg/GJ 53.8-56.80 kg/G)J 1 100 1.0 0.1
Acid Soluble

i 72.61 kg/G) 63.02-72.77 kg/G) 1 100 3.0 0.6
Qil (ASO)

3.35-3.63t CO2/t

Off Gas fuel 2.38-2.80 t CO2/t fuel 1 100 3.0 0.6

. 0.21-1.12 t CO2/t
Tail Gas fuel 0.21-1.13 t CO2/t fuel 1 100 3.0 0.6

(i) Source: Assumed equal to 2005 EU-ETS year; (ii) Source: EU-ETS; (iii) Source: Table 2.2, Chapter 2, Vol. 2, 2006 IPCC Guidelines
3.3.2.4 Activity Data

In 1990 there were three oil refining plants in Portugal: Porto, Lisbon and Sines. After 1993, the Lisbon unit
was closed. Porto has terminated its refining activities in April 2021. Only Sines unit remains in operation.
The three refinery units consume self-produced residual fuel oil, fuel gas, liquefied petroleum gases (LPG)
and gas oil.

The quantities of fuel consumption from 1990 to 2004 were collected directly from the facilities under the
Large Combustion Plants (LCP) directive and may be observed in the next figure. From 2005 onwards, fuel
consumption data source is EU-ETS. The use of natural gas is becoming more relevant since 2008 and the use
of fuel oil (RPC) less relevant. In one of the refineries there is also consumption of Acid Soluble Oil (ASO), Off
Gas and Tail Gas.
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Consumption expressed in energy was calculated with the following time series of Net Calorific Values. This
time series reflects actual information given by each refinery also under LCP directive (1990-2004) or EU-ETS
(from 2005 onwards) and are weighted averages for all three plants.

From 2015 onwards there is no fuel oil consumption and there is an increase in fuel gas consumption. Fuel
Oil CO, emission factor lies between 3.15-3.17 t CO,/t fuel oil and fuel gas CO; emission factor lies between
2.55-2.74 t CO,/t fuel gas. The decrease in the implied emission factor for liquid fuels is due to the increase
of the contribution of a fuel with a lower emission factor (fuel gas).
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Figure 3-14: Net Calorific Value (NCV) expressed in MJ/kg by fuel type

In 2020 and 2021, SOx emissions from Petroleum refining represented less than 0.001% of the national total.
Since 2014, the year in which national refineries completed the transition from Fuel Qil to Natural Gas, SOx
emissions are mainly originated from the combustion of waste gases from the refining process. These waste
gases include Off Gas from Vacuum Distillation, Tail Gas from Sulfur Recovery and Acid Soluble Qil (ASO).
Between 2014 and 2020, these waste gases accounted for more than 94% of SOx emissions. In 2021, they
still accounted for 77% of the emissions of this pollutant. These residual gases have a low energy content,
which is why the energy consumption data reported in the NFR tables almost entirely refers to the
combustion of Fuel Gas and Natural Gas.
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Upon further contacts, the refineries clarified that Vacuum Distillation did not work in 2021 due to company's
strategy, so Off Gas greatly reduced its production and consequently was not available to be used as fuel. In
2021, the significant decrease in the consumption of refinery gases (Off Gas and Tail Gas) was also due to the
intermittent functioning regime of the sulphur recovery units. This intermittent activity was the result of the
lower sulphur content of the crude imported by the Portuguese refineries during 2021. Tail gas and Off gas
are both by-products of the refining process whose amounts are progressively decreasing, and, therefore,
less used as fuels. This decrease resulted in a significant reduction in SOx emissions. Since activity levels are
relative to the energy consumption of Natural Gas and Fuel Gas, it turns out that there is no relationship
between SOx emissions and activity data for the category 1.A.1.b.

3.3.2.5Uncertainty Assessment

The uncertainty value was established at 1 %, in accordance with the fact that all data was obtained from
direct inquiry to refinery units.

The uncertainty associated with the CO; emission factor is 5 %, which is the value proposed for traded fuels
(IPCC, 2000). The uncertainty values in association with the other gases, methane and nitrous oxide, was also
set in accordance with the GPG proposals, 150 % for CHs and 1000 % for N,O.

3.3.2.6 Recalculations
No recalculations were made.
3.3.2.7 Further Improvements

No further improvements are expected.
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3.3.3 Manufacture of solid fuels and other energy industries (CRF 1.A.1.c)
3.3.3.1Category description
The following two sub-sources are included in this category:

- External fuel consumed in the coke plant that was part of the only integrated iron and steel
plant in Portugal, which was dismantled in 2001 (detailed info regarding all emission streams
for iron and steel operations, as well as the categories under which emissions are reported
can be found in Table 4-36 and section 4.4.2.1 of the IPPU chapter). Coke gas was the only
fuel combustion used as energy source in the coke plant;

- Combustion emissions done for the production of city gas that was consumed in the city of
Lisbon. This activity was replaced as consequence of the substitution of this energy source
by Natural Gas and was fully deactivated in 2001.

Fugitive emissions from coke production in the coke plant are estimated and reported under category 1.B.1.b.
3.3.3.2 Methodology

Metallurgical coke production

Metallurgical coke production is considered an energy transformation of fossil fuel and leads to emissions of
carbon dioxide (CO;), methane (CH,), and nitrous oxide (N.O). This section estimates emissions of CO, and
CH4s. No methodologies are available for N,O emissions estimation given that, according to the IPCC
guidelines, are likely to be small and therefore negligible.

CO, emissions from metallurgical coke production were estimated according to a carbon mass balance
approach based on 2019 Refinement to the 2006 IPCC Guidelines, as shown in the following equation:

Emicoz= [(CCOAL X CCCOAL) — (COKE X CCCOKE) — (COG X CCCOG) —_ (TAR X CCTAR)] X 44/12

Where:

Emicoa: CO, emissions (t)

Ccoac: Coking coal consumed (t)

CCcoal: Country specific coking coal carbon content (t C/t Coking coal)

COKE: Metallurgical coke produced (t)

CCcoke: Country specific metallurgical coke carbon content (t C/t metallurgical coke)

COG: Coke oven gas produced but not recirculated and therefore not consumed for metallurgical coke
production (t)

CCcoc: Country specific coke oven gas carbon content (t C/t Coke oven gas)
TAR: Coal Tar produced (coke oven by-product) (t)
CCrar: Country specific coal tar carbon content (t C/t Coal Tar)

CH,4 emissions from stacks were estimated according to a product approach and using default emission factor
(Tier 1a), described in the following equation:

ECH4= COKE X EFCH4
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Where:

Ecna,: CH4 emissions from coke production (t)
COKE: Quantity of coke produced (t)

EFcha: CH4 emission factor (t CHa/t coke produced)
City Gas Production

For City gas production, total CO, and of ultimate CO, emissions from fossil origin were estimated according
to the following equation set:

Uco2(y) = EFco2 X Facox® X Energyconsu,fy) X 10
Fossilcozry) = Ucoz(y) X Crossil) X 102

Where:

Ucoziy): CO2 emissions (t)

EFcoz2: Carbon content of fuel expressed in total carbon dioxide emissions (kg CO,/G)J)

Facoxi): Oxidation factor for fuel f (ratio 0..1)

Energycons(usy): Consumption of energy (Low Heating Value) from fuel f in power plant u in year y (GJ)
Fossilcoz(y): Emissions of carbon dioxide from fossil origin (non biomass) u in year y (ton)

Crossilif): Percentage of carbon from fossil origin in fuel f (%)

For CH4 and N,O the following equation was applied to estimate emissions:

Emission (y,p) = Energycons (fy) X EF (rp) X 10®

Where:

Emission (y,0): Emission of pollutant p in year y (t)

Energycons (ry): Consumption of energy in fuel f (Low Heating Value) in year y (GJ)

EF (+p): Emission factor pollutant p from fuel f combustion (g/G))

3.3.3.3Emission Factors

Metallurgical coke production

Emission factors used in the carbon balance for the coke plant are listed in the table below.

Table 3-13: Emission factors used in the carbon balance for the coke plant

Material Carbon Content EF
(t C/t material) (t CO,/t material)
Coking Coal 0.730 2.677
Metallurgical Coke 0.830 3.043
Coal Tar 0.801 2.937
Coke Oven Gas ! 12.11 44.40
1 — Carbon Content of Coke Oven Gas in kg C/GJ; EF in kg CO»/G)

CH4 emission factor from coke production is reported in the table below.

Table 3-14: CHs emission factor from coke production

Process Emission Factor Source
Table 4.2, Chapter 4 Metal Industry Emissions of the 2019
Refinement to the 2006 IPCC Guidelines

Coke Production 0.089 kg CHa/t coke produced
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Emission factors for combustion of fuel in the city gas factory are listed in the table below.

Table 3-15: Emission Factors used for the coke plant and city gas production

Source City Gas Production i
ni
Fuel FO \ET 1 €] NG
Uco2 0 76.6 72.6 56.4 (i) kg/G)
Facox 1 1 1 ratio
Fossilc 100 100 100 %
CH40 3.0 3.0 1.0
- g/G)
N,0 () 0.6 0.6 0.1

(i) IPCC (2006); (ii) Country Specific

3.3.3.4 Activity Data

Metallurgical coke production

From 1990 to 2001, coking coal consumption and coke, coke oven gas and coal tar production data were
obtained from DGEG (Coke plant Balance) and are presented in the figures below. From 2002 onwards, there

is no coke production in the iron and steel industry in Portugal.
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Figure 3-15: Coking coal consumption and coke, coke oven gas and coal tar production in the coke plant
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City Gas Production

According to the energy balances from DGEG, this activity has used fuel oil, naphtha and, more recently,
natural gas as energy sources under co-generation process, from 1990 to 2001°. The available time series is
presented in the next figure.

Energy Consumption - City Gas Production
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Figure 3-16: Consumption of fuels in co-generation in city gas production

All consumption of oil products as feedstock are reported in a single category in the energy balance, therefore
making it difficult to determine the quantities used in city gas production alone. Therefore, all consumption
of Naphta, Fuel Oil and Natural Gas is assumed to be combusted, and a methodology of energy consumption
was applied.

The following Net Calorific Values (NCV) or Low Heating Values (LHV) values were used.

Table 3-16: NCV/LHV per fuel type for city gas production

Fuel-oil 40.0

Naphta 44.0
Natural Gas 46.0

3.3.3.5Uncertainty Assessment

10% uncertainty were assumed for both coke production activity data and emission factors, according to
Chapter 4.2.3 of Volume 4: Metal Industry Emissions of the 2006 IPCC Guidelines for National Greenhouse
Gas Inventories.

In the case of city gas production, in a consistent way to what was used for power plant units, an uncertainty
of 4% was considered adequate.

In a similar way to all other stationary combustion sources, the uncertainty associated with the CO, emission
factor was set at 5%, which is the value proposed for traded fuels (IPCC, 2000), and the uncertainty values
for methane and nitrous oxide, are in accordance with the GPG proposed values, 150% for CH; and 1000%
for N,O.

3.3.3.6 Recalculations

° This activity uses also fuel gas, LPG, fueloil, naphta and natural gas as feedstocks. These quantities, separated in the energy balance, are not included
in the inventory at this point but in use of city gas as fuel.
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No recalculations were made for city gas production nor coke production.

3.3.3.7 Further Improvements

We intend to obtain the series of consumption of petroleum products as feedstock in the production of City
Gas, in order to increase the transparency and separation between energy and non-energy consumption.

Currently, the Inventory considers that all the energy consumption reported in Energy Balance for this
category were made with the purpose of supplying energy to the process. However, all the consumption of
oil products as feedstock are reported in a single Energy Balance category, making it difficult to determine
the quantities used only in the city's gas production.
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3.4 Manufacturing Industries and Construction (CRF 1.A.2)

Emissions covered in this source category are those resulting from combustion activities in manufacturing
industry and building and construction industry. CO, emissions from raw materials decarbonising in cement,
lime, glass and ceramics industries are addressed and reported under Industrial Processes (Chapters 4.2.2
and 4.2.7, respectively). The following subsections present the six UNFCCC assigned subcategories under the
Manufacturing Industries and Construction category.

Total emissions for this sub-sector comprehend the sum of different industrial activities, using diverse fuels
and combustion technologies and refer to the full combustion emissions of the industry sector: boilers,
process dedicated fuel combustion in furnaces and kilns and all emissions originated in co-generation units?°.

Table 3-17: Subcategories under the Manufacturing Industries and Construction category

CRF Code Categories Category description

1.A.2.a Iron and Steel Manufacture and casting of iron and steel

1.A.2.b | Non-Ferrous Metals Manufacture and casting of non-ferrous metals
1.A.2.c Chemicals Manufacture of chemicals and chemical products
1.A.2d Pulp, Paper and Print Manufacture of paper and paper products and Priting

1.A.2.e Food Processing, Beverages and Tobacco | Manufacture of food products, beverages and tobacco products

1.A.2.f Non-metallic Minerals Manufacture of products such as glass, lime, ceramic, cement, etc

Manufacture of metal products and machinery

Manufacture of motor vehicles and other transport equipments
Manufacture of wood and Wood products

Manufacture of textiles, leather and footwear

Manufacture of rubber products

Mining of metal ores & Other mining and quarrying

Offroad and other mobile machinery in industry

Construction

1.A2.g Other Industries

Three key categories have been identified for this sector in 2021, for level and trend assessment, using both
the IPCC Approach 1 and Approach 2:

Table 3-18: Key categories in Manufacturing Industries and Construction (CRF 1A2) and methodologies used in
emission estimates

IPCC category ‘ Gas Criteria Method
1.A.2 Manufacturing industries and construction - Gaseous fuels CO2 LT T2,T3
1.A.2 Manufacturing industries and construction - Liquid fuels Cc0o2 LT T1
1.A.2 Manufacturing industries and construction - Solid fuels CO2 LT T2,T3

10 Only when the co-generation activity is reported in the energy balance as referring to the manufacturing industry. When economic activity is
referred as Energy Production then emissions are included in source category CRF 1Ala (See chapter 3.2.A.1 for further explanations).
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In 2022, the Manufacturing Industries and Construction category accounted for 6.79 Mt (11.6%) of Portugal’s
total GHG emissions, with a 24.5% (2.20 Mt) decrease in overall emissions since 1990 (refer to Table 3—15 for
more details). Within the Manufacturing Industries and Construction category, 2.52 Mt (33.2%) of the GHG
emissions are from the Non-metallic Minerals, which is made up of Cement, Glass and Ceramic Industries.
This subcategory is followed by, in order of decreasing contributions, Other Industries (1.41 Mt, 18.6%),
Chemicals (1.11 Mt, 14.7%), Pulp, Paper and Print (1.01 Mt, 13.4%), Food Processing, Beverages and Tobacco
(0.64 Mt, 8.5%); and Iron and Steel (0.09 Mt, 1.1%) subcategories.

Table 3-19: Total Greenhouse Gas Emissions from Manufacturing Industries and Construction (Mt CO2eq)

A A A
2022-2021  2022-2005  2022-1990
kt CO; eq. %

Source 2005 2020

/Gas

1.A.2.a Iron and Steel

CO, 3733 121.4 98.0 85.2 95.8 12.4 -21.1 -74.3

CHa 0.2 0.1 0.0 0.0 0.0 12.6 -47.9 -69.2

N,O 0.3 0.1 0.0 0.0 0.0 12.7 -68.3 -82.1
1.A.2.b Non-Ferrous Metals

CO, IE 13 IE IE IE n.a n.a n.a

CHg4 IE IE IE IE IE n.a n.a n.a

N,O IE IE IE IE IE n.a n.a n.a
1.A.2.c Chemicals

CO, 1412.2 1555.2 1227.8 1326.5 1109.2 -16.4 -28.7 -21.5

CH4 1.6 1.7 0.7 0.8 0.7 -16.2 -60.8 -57.6

N,O 4.0 6.4 33 3.6 3.2 -10.4 -49.4 -19.3
1.A.2.d Pulp, Paper and Print

CO, 753.7 599.0 1274.6 1101.8 936.2 -15.0 56.3 24.2

CH4 17.0 22.2 25.4 28.4 29.0 2.1 30.9 70.4

N,O 24.6 32.2 39.0 44.5 47.2 6.1 46.7 92.0

1.A.2.e Food Processing, Beverages and Tobacco

CO, 830.4 895.9 736.5 701.6 638.0 9.1 -28.8 -23.2
CHa 1.9 1.7 0.8 0.7 0.8 9.0 -53.8 -57.8
N,O 8.7 9.4 5.6 5.4 5.6 3.0 -40.3 -35.6
1.A.2.f Non-metallic Minerals
CO, 3289.1 4436.1 2585.9 2490.2 2467.5 -0.9 -44.4 -25.0
CHg4 10.9 22.4 24.4 26.4 27.0 2.2 20.3 147.9
N,O 33.2 42.0 22.0 21.9 223 1.8 -46.9 -32.9
1.A.2.g Other
CO, 2194.6 2774.4 1561.4 1696.8 1372.2 -19.1 -50.5 -37.5
CH4 3.2 3.7 2.1 2.7 2.6 -1.7 -29.2 -18.3
N,O 34.7 54.9 29.1 34.8 35.2 1.0 -35.9 1.2
Total CO, 8853.3 10382.0 7484.2 7402.1 6618.9 -10.6 -36.2 -25.2
CH4 34.8 51.9 53.5 59.1 60.2 1.8 16.0 73.0
N,O 105.5 145.0 99.1 110.3 113.6 3.0 -21.7 7.6
Total All gases 8993.6 10578.9 7636.8 75715 6792.7 -10.3 -35.8 -24.5

Emissions of GHG's in this category, show a growth trend between 1990 and 2005 and a reduction in emission
levels in the period between 2006 and 2022 similar to what happens in other categories of the Energy Sector.

Energy | 3-40



1 National Inventory Report - Portugal L

Regarding the sub-sectors of category 1.A.2, some of them show more marked reductions (iron and steel,
non metallic minerals), other sub-sectors (pulp and paper) increased their emissions. In 2009-2011 an overall
reduction of emissions for all the sectors occurred due to the effects of the economic recession (refer to
figure below for more details).

The expressive decrease in GHG’s emissions in Iron and Steel sub-category that can be observed from 2001
to 2002 is explained by the significant changes in the only integrated iron and steel plant that existed in
Portugal, particularly the closure and dismantling of the production of coke, sinter and of the blast furnace.
Presently, iron and steel is produced from scrap and metallic foils.

In Chemicals sub-sector, fuel consumption was based on residual fuel oil, traded or by-product of the unit,
and residual gases, also obtained as a by-product from the production processes. More recently, natural gas
has gained a relevant importance as the third energy source. The introduction of Natural Gas in this sub-
sector is one of the main reasons for the reduction of CO, emissions by about 21.2% between 2005 and 2020.

Emissions report in Paper and Paper Pulp sector include all the eight paper pulp plants that existed in Portugal
from 1990 to 2020 (six Kraft plants and two bisulphite smaller plants), but also smaller units dedicated to
paper production. The increasing trend in total emissions is evident and was almost continuous in the period.
Except for the decreasing values in 2002-2007 that reflects a re-qualification period for one unit from fueloil
to natural gas. Considering the energy sources, there is a dominance of biomass fuels (black liquor and wood
waste), this explains the relative importance (> 5%) of GHG’s emissions from CH4 and N,O, when compared
to the other sub-sectors of category 1.A.2.

Non-metallic minerals emission trend is driven by the cement and ceramic industries which strongly reduced
their production levels between 2009 and 2012, in relation to the economic recession and the crisis of
building construction sector. GHG's emissions from Glass Industry peaked in 1998. Between 1999 and 2010,
the sector saw an almost complete replacement of LPG and Fueloil by Natural Gas, which resulted in a
reduction in emissions. Since 2010, GHG's emissions have remained constant in Glass Industry.

In the Other Industries sub-category, the Textile and Leather Industry (1.A.2.g.vi) sector stands out as the
main responsible for GHG emissions. In such a way that it is possible to verify the effect that the transition
from petroleum derived fuels to natural gas, occurred at Textile and Leather Industry, had on the total
emissions of category 1.A.2.g. It is also possible to identify a similar tendency to reduce emissions due to the
transition to natural gas consumption in sectors such as Manufacturing of machinery (1.A.2.g.i) and Wood
and wood products (1.A.2.g.iv).

Also in Other Industries sub-category, sectors that preferentially consume petroleum-based fuels can be
identified, such as Construction (1.A.2.g.v), Off-road vehicles and other machinery (1A.2.g.vii) and Mining and
quarrying (1.A.2.g.iii). In these subsectors, there was also a reduction in emissions after the peak in 2005,
with the most significant decrease being seen after 2012, probably influenced by the crisis of building
construction sector.
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Figure 3-17: GHG’s emissions from 1990 to 2020 for Manufacturing Industries and contructions subcategories
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3.4.1 Methodology

Air emissions from combustion of manufacturing industries and construction are estimated using a Tier 2
methodology, but two basic approaches are used: energy approach or production approach.

According to the energy-based approach, emissions are estimated multiplying emission factors by the energy
consumption according to the following equations.

For carbon dioxide (CO), total emissions and ultimate fossil emissions are estimated using:

Ucoay) = EFcoa * Facox * Energyconsuty * 103

Fossilcoay) = Ucoay) * Crossin * 107

Where:

Ucozry): Emissions to atmosphere of total carbon dioxide emissions (t)

Fossilcoa(y): Emissions of carbon dioxide from fossil origin (non biomass) (t)

EFcoz: Carbon content of fuel expressed in total Carbon Dioxide emissions (kg CO,/GlJ)

Crossit: Percentage of carbon from fossil origin in fuel f (%)

Facox): Oxidation factor for fuel f (ratio 0..1)

Energyconsu,iy): Consumption of energy (Low Heating Value) from fuel f in power plant u in year y (GJ)

For CH4, N,O and other GHG when the energy consumption approach is used the equation simplifies to:

Emi) = 333t [EF(p1s0 * Energyrsy] * 10

Where:
Emi,: Total emissions of pollutant p (t/yr except CO> in kt/yr)

EF (ofsy: Emission Factor for pollutant p, specific of fuel type f, sector activity s and technology/ combustion
equipment t (g/GJ except CO, in kg/G))

Activity (sy: Energy Consumption of fuel type f, sector activity s and technology/ combustion equipment t
(GJ)

When in the production process occurs contact between combustion gases and product, which is the case of
sintering and lime kilns in the iron and steel industry, cement kilns, glass ovens, ceramic ovens and dryers
and lime kilns in paper pulp industry, or when combustion occurs also with the purpose of recovery of
combustion products, which is the case for the recovery boiler in paper pulp industry (green liquor),
emissions are more appropriately estimated using produced quantities as activity data, and the associated
emission factor is expressed in kg/t. For these situations, where the production approach is used, emissions
from combustion activities are estimated using the following equation:

Emi,) = EF(,) * Production * 103

Where:
Emi,): Total emissions of pollutant p (t/yr except COz in kt)
EF (5): Emission Factor for pollutant (kg/t)

Production: Production activity rate (t/yr)
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to point out that following a meeting with the energy balance team from DGEG new

procedures were established to include biodiesel in the INERPA estimates. Hence all estimates derived from
the energy balance consider biodiesel. This new approach for obtaining biodiesel results from the fact that
from 2006 onwards the gas oil reported in the energy balance contained a percentage of biodiesel. The
methodology for obtaining the total pure biodiesel and pure gas oil consumed in each industrial sector
follows the steps!®:

Total pure gas oil consumed was obtained by subtracting the total biodiesel produced (that
is going to be incorporated in gas oil) to the gas oil reported in the energy balance;

With the pure gas oil and the pure biodiesel values an incorporation rate was derived;

For each industrial sector this incorporation rate was applied to obtain value for total gas oil
and total biodiesel consumed;

Not all the gas oil reported has biodiesel. Because of this, before applying the incorporation
rate the total gas oil for heating was subtracted;

In the end we have, for each industrial sector, the total gas oil consumed (heating gas oil plus
gas oil with biodiesel removed) and the total biodiesel consumed (biodiesel from gas oil plus
pure biodiesel purchased directly by the industrial unit).

The table below represents the incorporation rate derived for the period 2006-2022.

Table 3-20: Incorporation rate of biodiesel (% toe/toe)

2006 2007 ‘ 2008 ‘ 2009 ‘ 2010 2011 2012 2013 2014

2015 2016 ‘ 2017 ‘ 2018 ‘ 2019 2020 2021 2022 2023

Incorporation rate

6.81 5.15 5.10 5.48 5.41 5.56 5.56 5.56 -

When comparing the Final Consumption values considered by the Inventory with the consumption values
published by EUROSTAT, we see that there is an adequate adjustment in the series. Justifying the correction
that is made to the consumption data of the Energy Balance.

1 Note: This procedure does not apply to gas oil reporter under co-generation in the energy balance. The DGEG has no documentation to differentiate
this fuel as heating gas oil or as gas oil with biodiesel.
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Figure 3-18: Final energy consumption for Diesel and Biodiesel

Emissions from the following industries were estimated based only on fuel consumption as activity data
(energy approach): metallurgy; chemical and plastic industry; food, beverages and tobacco, textile industry;
clothing, shoes and leather manufacturing; wood industry; rubber manufacturing; machines manufacturing
industry and other metal equipment industry; extractive industry; building and construction and all other
unspecified industry. Following the recommendation made by the review team, since the 2011 inventory all
emissions from lime production are reported in 2.A.2. For the following industrial sectors specific estimation
procedures were taken.

3.4.1.1Paper and Pulp Production

Emissions of SOy, NOy, NMVOC and methane from the recovery boilers and lime kilns in the Kraft and Acid
Sulphide paper pulp plants were estimated using production data, for each industrial plant, as activity data
(production approach). The remaining pollutants emitted from these combustion equipments and all
pollutants for the remaining combustion equipments of this industry sector were estimated using energy
consumption as activity data (energy approach).

3.4.1.2 Clinker Production

Emissions from combustion in clinker kilns were estimated based on production data or consumption of
energy obtained for each individual industrial plant, according to the original units of the emission factors.
For this sector, most emission factors are plant specific and obtained from information monitored at
industrial plants. The remaining fuel use in this sector that is consumed in equipments other than kilns is
converted into emission using the general purpose emission factors (energy approach). CO, emissions from
decarbonising limestone and dolomite in clinker production are addressed in IPPU chapter 4.2.2 and reported
in CRF sector 2.A.1.

3.4.1.3 Lime Production

Both Lime and Clinker production are included in the energy balance of the cement sector. CO, emissions
from decarbonising limestone and dolomite in lime production are addressed in IPPU chapter 4.2.3 and
reported in CRF sector 2.A.2.

3.4.1.4 Ceramic Industry
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Emissions of SOy, NOy, NMVOC, CH4 and CO from combustion processes in furnaces in the ceramic industry
are estimated using the production approach. Emissions estimates from combustion in other equipment,
boilers and engines, and emission estimates for the other pollutants, also for furnaces, are based on the
energy approach.

3.4.1.5Glass Production

Similarly to ceramic industry, emissions of SOy, NOx, CH4 and CO are estimated using production information
as activity data (production approach). Emissions for the remaining pollutants, CO, and N,O from furnaces
and for all pollutants from other combustion equipments are estimated using energy consumption as activity
data indicator. CO; emissions from glass production comprehend both oxidation of carbon, that are
estimated using the general emission factors based on energy consumption, and decarbonising or materials,
which are included in production process and are addressed in IPPU chapter 4.2.7 and reported in CRF sector
2.A3.

3.4.1.61ron and Steel Production

Air emissions from sintering (SO, NO,, NMVOC and CO) integrated in the iron and steel production sector
are estimated using production as activity data (production approach). The remaining pollutants resulting
from the iron and steel industry were estimated using the energy approach. For simplicity’s sake, detailed
info regarding all emission streams for iron and steel operations, as well as the categories under which
emissions are reported can be found in Table 4-37 and section 4.4.2.1 of the IPPU chapter.

3.4.1.7 Off-road vehicles and other machinery

This category reports combustion emissions from mobile sources in the Construction category (1.A.2.g.v) and
from the Iron and Steel Industry (1.A.2.a/2.C.1).

The energy consumption considered in the Construction category obtained through the consumption of
diesel reported for this sub-sector in the Energy Balance crossed with the thermal uses split according to JRC-
IDEES ! database between 2000 and 2015, allowing the separation of diesel consumption for heating and for
mobile sources.

In order to obtain the energy consumption of mobile sources of the Iron and Steel industry, specific
information from the installations was used, which discriminate the consumption of stationary and mobile
sources.

The considered emission factors can be consulted in table 3.38 of this same report.
3.4.2 Activity data

Energy consumption for this sector is reported in the Energy Balance (see Annex 5). The data comprise
specification of consumption for 14 sub-sectors and more than 30 fuels. These very detailed data, combined
with EU-ETS, E-PRTR and industrial production data, allow for a good estimation of all the fuel used by most
industrial sectors, with the details required by CRF format.

Activity data comprehends consumption of fuels and industrial production rates. The subsequent chapters
will follow this division.

3.4.2.1 Combustion Data

Data on fuel consumption for LPS were obtained from several sources:

12 JRC-IDEES is developed by the European Commission's Joint Research Centre and offers a consistent set of disaggregated energy-economy-
environment historical time series from the year 2000 onwards for all EU Member States
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- directly from Large Combustion Plants (LCP) submitted to APA under the provisions of the
LCP Directive;

- information received by APA from special surveys;

- from EPER/PRTR inventory;

- from Self-control program (Programa Autocontrolo);
- from direct request to the LCP operators;

- since the 2009 inventory from EU-ETS.

Presently LPS comprehend one petrochemical unit, eight paper pulp plants (in most cases divided in different
fiscal entities), six cement plants (covering all clinker producing units), five lime plants, seven glass plants and
two iron and steel facilities.

¥ Petro-chemical plant
* Chemica I plant @

?® Clinker & cement

@ iron & steel LIS

¥ Electric power plant

Figure 3-19: Distribution of Large Point Sources in Portugal mainland®3

The remaining national energy consumption for each sector was estimated subtracting LPS consumption data
from the figures reported in the energy balance compiled annually by DGEG and with detailed consumption
data for each industrial sector and for each fuel. This procedure is synthesized in the figure below and in the
following formula set:

Conses () = 2c {ENergyes (r,s,c) / LHVes (1.9}
Energyarea (r,s,e) = {Fracequi(s,n * [Conses (r,s) — >u CoONSsips(uie) 1 1 * LHVarea(is,e)

Energyipsufe) = CONsipsufe) * LHV ps(u,fe)

Where:

Energyes(isc): Reported energy consumption of fuel f in activity sector s, according to the energy balance,
either in co-generation or not (index c) (toe/yr)

Consips(ufe): Reported consumption of fuel f consumed by LPS unit u in equipment e (t/yr or Nkm3/yr)

13 This map includes also LPS that are accounted as process emissions (CRF 2).
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Conses (15): Calculated consumption of fuel f consumed in sector s, in both co-generation or non-cogeneration
(c index), according to the Energy Balance (t/yr or Nkm3/yr)

Energyareaisfe): Remaining energy consumption of fuel f in non-LPS — Area Sources - in activity sector s and in
equipment e (GJ/yr)

Energyipesufe): Energy consumption of fuel f estimated for LPS unit u in equipment e (GJ/yr)
Fracequi(s,n: Fraction of consumption of fuel f in sector s that is used in equipment e (0..1)

LHV ps(use): Low Heating Value/ Net Calorific Value, reported by LPS unit u, for fuel f in combustion equipment
e (MJ/kg or MJ/Nm3)

LHVegrs): Low Heating Value/ Net Calorific Value used by DGEG in the compilation of the Energy Balance for
fuel f in activity sector s (toe/t or toe/Nkm3)

LHV areaise): Low Heating Value/ Net Calorific Value used in the Inventory for fuel f in equipment e for area
sources (combustion in non LPS) (MJ/kg or MJ/Nm3)

Energy Balance

Energy C
ton; Nm3

DGEG

toe

Energy Balance
ton; Nm'

Emission
Factors

g/ Industrial Production|
ton
)

LPS
Activity Dat:
GJ

Boiler j \ AREA-LPS
Activity DJ F Activity Dat;
GJ urnace ton

Ac

Static Engine
bl Activity Dato
GJ L

Emissions Inventory
NOx; COVNM; CH4;

Remaining Energy Balance
ton; Nm3

Figure 3-20: General procedure for emissions estimate

Characterization of the combustion equipments was also taken from LPS sources, as well as some
characteristics of the fuels. For the non LPS sources, or the remaining energy consumed that are accounted
in the energy balances, there is no detailed information about in which equipment combustion takes place,
apart from division between co-generation and non co-generation. Hence separation of fuel consumption
among boilers, furnaces and engines was made by expert judgment according to each economic sector, and
also considering that the original data of fuel consumption in the DGEG’s energy balances make a separation
between quantities used in co-generation and quantities used without co-generation.

3.4.2.2The Energy Balance

The Portuguese Energy Balance (EB) is published annually by DGEG covering all national territory and without
any disaggregation at regional level. The structure of the report table is summarized in the next tables. The
Energy Balance for 2021 is presented in ANNEX A.

14 1n most cases similar values to Energy Balance are used
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Table 3-21: Structure of the Portuguese Energy Balance. Sectoral categories

Imports

Electric producers

Agriculture

Indigenous Production

Barreiro power plant

Fisheries

Stock variations

Crude oil refineries

Mining Industry

Primary

Corrections

Imported coal

Lubricants

National coal
coal coke

Coal

Asphalts
Parafin

Products

Solvents

Non Energ|

Intermediate refinery products

Propylene

LPG

Gasoline

Hydro-electricity

Kerosene
Jets

oil
Electr|

city

Wind and Geothermal

Thermo-electricity

Diesel oil
Residual fuel oil
Naphta

Petro coke

Natural gas

City Gas

Coke oven gas
Blast Furnace gas
Petrochemical gas
Hydrogen

Gases

Tar

Wood and vegetable wastes
Solid Urban Waste
Industrial W aste

Biogas

Biodiesel

Liquors

Other

Other

Exports City gas Food and Beverages
Foreign ships Agriculture Textile
Foreign aircraft Food and Beverages > Paper pulp and paper
Primary Energy Consumption Textile %  |Chemical and Plastics
c Paper pulp and paper 3 Ceramic
E > [Brigettes 6 [Chemical and Plastics c £ |Glass
= 8 Coke ® [Ceramic 2 2 [Cement
05 > - 5 2 £
3 S D o|Crude oil products c [Glass £ E Metalurgy
g_ 8 % 3\City gas 31 Cement 2 S Iron and steel
= 2~ “Petro-chemical 8 [Metalurgy 5 "'é Cloth, shoes, leather
l.?. ° |Electricity Iron and steel ‘;’ [} Wood
Cloth, shoes, leather 'E = Rubber
2 Refineries (own consumption) Wood w Equipment
T 5 Refineries (losses) Rubber Other Manufacturing Industries
c E Coquerie Equipment Construction and Publick Works
.g «»  |Electric Power Plants Other Manufacturing Industries g National airplanes
g- § Hidropower pumping Extractive > National ships
2 & |Citygas Services S |Railways
S W [Mining Industry = [road
o Transport and distribution (losses) Domestic
Feedstocks Services

Table 3-22: Structure of the Portuguese Energy Balance. Fuel categories

The sub classes presented below represent the most detailed information available limited by the detail
reported in the National Energy Balances from DGEG. Each group represents an aggregation of specific
Categories of Economic Activities (CAE).
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Table 3-23: Definition of Sectors in accordance with Economic Activity Classes

Sub sector EAC (1977)

Agriculture 111, 112,113,121, 122
Fisheries 130
Extractive Industry 220, 230, 290
Food processing, beverages and tobacco 311, 312,313
Textile 321
Paper and paper pulp 341
Chemical and Plastic Industry 351, 352, 356
Ceramic 361, 3691
Glass 362
Cement 369 except 3691
Metallurgy 271, 272 except Iron and Steel
Iron and Steel Industry Iron and Steel
Clothing, shoes and leather 322,323,324
Wood & wood products 331, 332
Rubber 355
;z?:::atizmg of machines and metallic 381, 382, 383, 384
Other 390, 314, 342, 385
Construction & Building 500

3.4.2.3Industrial sector energy profiles
In this section the energy profiles of the different sub-sectors are described, considering consumption, share
of fuels, emissions intensity and source of data.

The figures below represent the energy consumption for Manufacturing Industries and Construction for the
different sub-sectors and level of information disaggregation — data from industrial plants or data from
subsector of the national Energy Balance.

Iron and Steel (1.A.2.a) — Both facilities are included in EU ETS. Activity data information was also collected
via a questionnaire, sent directly to the plants’ operators.

Chemicals (1.A.2.c) - EU-ETS data from petrochemical facilities are considered. The remaining energy
consumption of this subsector is collected through the Energy balance.

Pulp, Paper and Print (1.A.2.d) - Most of the operators in the paper and pulp sector are included in EU ETS,
while only a few of the printing installations are included.

Food, beverages & tobacco (1.A.2.e) - A comprehensive activity data for this sector is not available; the
subsector comprises many small and medium size enterprises, with thousands of different products. Limited
info on this sector can be found in ETS survey, the sector is not included in the scope of ETS.

Non-metallic minerals (1.A.2.f) - This sector comprises emissions from many different industrial subsectors,
some of which are subject to EU ETS and some not. Cement Industry subsector is energy intensive and it is
subject to EU ETS. However, in the construction material subsector (Ceramic Industry), there are many small
and medium sized enterprises, so the operators subject to ETS are only a part of the total.

Other Industries (1.A.2.g) - This sector comprises emissions from many different industrial subsectors, mainly
not subject to EU ETS.
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Figure 3-21: Total Energy Consumption in Manufacturgin Industries and Construction
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3.4.2.3.1 Iron and Steel Industry (CRF 1.A.2.a)

There are two distinct periods in recent history of the Iron and Steel sector in Portugal: between 1990 and
2001, when one of the plants operated on an integrated regime (coke production, sinter production, pig iron
production and BOF steel production), and from 2002 onwards, when the two iron and steel plants only
produced steel using the electric arc furnace and scrap and metallic foils as raw materials. This change has
also caused substantial changes in the contribution of fuels, with the cessation of coke oven gas and blast
furnace gas (solid fuels), and the increase in the use of natural gas (gaseous fuels), that not only was used to
replace the other by-product gases, but also partially the use of LPG and residual fuel oil (liquid fuels). The
change from the Basic Oxygen Furnace to the Electric Arc Furnace in one of the facilities also meant an
increase in electricity consumption, which became the main source of energy from 2002 onwards.

1.A.2.a: Energy consumption - by Source (%) GHG's Emission Intensity @
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a) GHG’s Emission Intensity is estimated considering the total emissions of greenhouse gases (CO2, CH4 and N20) reported in category 1.A.2.a Iron
and Steel in relation to the total energy consumed (fossil fuels, biomass and electricity) . CO, emissions from biomass as well as GHG's emissions
associated with electrical production are not included in the calculation of this parameter, as they are considered in the estimates of other
categories of the Inventory.

Figure 3-22: Share of energy consumption by source & Greenhouse gases emissions intensity

The trend of emissions intensity is also marked by changes in steel production methods. By abandoning the
integrated regime and the Basix Oxygen furnace, GHG's emissions associated with combustion are
significantly reduced. It is also possible to identify the transition period between liquid and gaseous fuels
between 2002 and 2008. Natural gas is currently the main source of fossil emissions from the energy
component of this sector used in rolling mills.

Detailed info regarding all emission streams for iron and steel operations, as well as the categories under
which emissions are reported can be found in Table 4-37 and section 4.4.1.1 of the IPPU chapter.

3.4.2.3.2 Non-Ferrous Metals

The Portuguese Energy Balance does not have disaggregated information for the industrial sub-sector "Non-
Ferrous Metals". When asked where these consumptions were included, it was clarified by DGEG, the
national energy authority that these consumptions would be included in the category corresponding to the
Metallurgy Industry.

Since it is impossible to determine the consumption of the industrial sub-sector "Non-Ferrous Metals”,
emissions from 1.A.2.b are allocated in Manufacturing of Machinery (1.A.2.gi).
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3.4.2.3.3 Chemical and Plastics Industry

Two industrial plants in this sector were treated as Large Point Sources, representing a substantial
component of total energy consumption. In the beginning of the period under analysis, fuel consumption
was based on residual fuel oil, traded or by-product of the unit, and residual gases, also obtained as a by-
product from the production processes. The consumption of coke time series presents an anomalous value
in 2000. When questioned about this, the energy balance team at DGEG could not justify the inconsistent
value.

The trend towards a reduction in the intensity of GHG emissions that occurred after 2000 is essentially due
to the change in consumption between residual fuel oil and natural gas.

1.A.2.c: Energy consumption - by Source (%) GHG's Emission Intensity 2!
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a) GHG’s Emission Intensity is estimated considering the total emissions of greenhouse gases (CO2, CH4 and N20) reported in category 1.A.2.c
Chemicals in relation to the total energy consumed (fossil fuels, biomass and electricity) . CO2 emissions from biomass as well as GHG's emissions
associated with electrical production are not included in the calculation of this parameter, as they are considered in the estimates of other
categories of the Inventory.

Figure 3-23: Share of energy consumption by source & Greenhouse gases emissions intensity

3.4.2.3.4 Paper and Paper Pulp Industry

Black liquor is the main source of energy in the pulp production plants, and throughout the time series it is
responsible for more than 50% of energy consumption. Other relevant fuels in this subsector are wood and
wood products, residual fuel oil and natural gas. These last two have different periods of use - Fuel oil being
the main auxiliary fuel between 1990 and 2007, which would later be replaced by Natural Gas, which has
gained main prominence since 2010, even replacing some consumption of wood products.
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1.A.2.d: Energy consumption - by Source (%) GHG's Emission Intensity?)
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a) GHG’s Emission Intensity is estimated considering the total emissions of greenhouse gases (CO2, CH4 and N20) reported in category 1.A.2.d Pulp,
Paper and Print in relation to the total energy consumed (fossil fuels, biomass and electricity) . CO2 emissions from biomass as well as GHG's
emissions associated with electrical production are not included in the calculation of this parameter, as they are considered in the estimates of
other categories of the Inventory.

Figure 3-24: Share of energy consumption by source & Greenhouse gases emissions intensity

The use of Biomass (black liquor and wood products) as the main source of energy makes this subsector a
low emitter when analyzing GHG's Emissions Intensinty. The variations in Emission Intensity that occur over
the time series are related first to the replacement of liquid fuels with gaseous fuels (1997-2007) and later
by the increase in natural gas consumption (2007-2020).

3.4.2.3.5 Food Processing, Beverages and Tobacco

Like other sectors of the industry, the Food Industry sub-sector saw large consumption of fueloil residuals in
the early 1990s, with other preferred fuels being LPG and Wood products. Like other subsectors, the
introduction of Natural Gas in Portugal in 1997, revolutionized the consumption profile of this industry.
Natural gas currently covers about 45% of total consumption. It is important to mention the electrification
that has been taking place in this sector, electricity consumption in 2020 was twice as high as in 1990, and is
now responsible for around 30% of total energy consumption.
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1.A.2.e: Energy consumption- by Source (%) GHG's Emission Intensity ®
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a) GHG’s Emission Intensity is estimated considering the total emissions of greenhouse gases (CO2, CHs4 and N20) reported in category 1.A.2.e Food
Processing, Beverages and Tobacco in relation to the total energy consumed (fossil fuels, biomass and electricity) . CO, emissions from biomass as
well as GHG's emissions associated with electrical production are not included in the calculation of this parameter, as they are considered in the
estimates of other categories of the Inventory.

Figure 3-25: Share of energy consumption by source & Greenhouse gases emissions intensity

The transition from petroleum-based fuels to natural gas is the driver of the trend towards reducing GHG's
Emission Intensity. However, there is an anomaly in 2011 and 2012, due to Biomass consumption values
especially low for the sector.

3.4.2.3.6 Non-metallic Minerals

Category 1.A.2.f Non-Metallic Minerals enfolds emissions from fuel combustion in cement, lime, glass and
bricks & tiles industries.

In the early 1990s, the breakdown of sectors by type of fuel used was evident. With a large part of the cement
industry being fueled by coal combustion, the glass industry preferably used fuel oil and Ceramicas with a
combination of biomass and LPG combustion.

Once again, a milestone in the consumption of fossil fuels in the Portuguese industry was the introduction of
Natural Gas. However, the transition occurred at different times for the sub-sectors. The first sub-sector to
adopt natural gas was the glass industry, becoming the main fuel from 2000 onwards.

In the case of the Ceramics industry, the introduction of natural gas was slower, with the energy consumption
of the subsector being divided between Biomass and Natural Gas until 2012, when after a significant drop in
the consumption of Biomass, Natural Gas becomes the main fuel consumed.

In the lime-producing industry, the consumption of natural gas began in the year 2000, with one of the main
factories starting the transition from petroleum-derived fuels to natural gas. This option to use natural gas
as the main fuel was also verified in new installations that started working after 2017, which made natural
gas the main source of energy for the lime production industry.

The cement industry underwent a different transition, with the substitution of coal for petroleum coke
between 1998 and 2005. As of 2008, and after a political decision, the incineration of tires and other industrial
waste started in Portuguese cement plants. Currently, the combustion of other fossil fuels represents about
25% of energy consumption in the cement industry.
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The incineration of residues in the cement plants began in 2005. The main residues burned are used tyres,
RDF, fluff, animal and vegetable residues and hazardous industrial residues. Thus increasing the share of
"Other fossil fuels" in the subcategory to around 10%.
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a) GHG’s Emission Intensity is estimated considering the total emissions of greenhouse gases (CO», CHs and N2O) reported in category 1.A.2.f Non-
metallic Minerals in relation to the total energy consumed (fossil fuels, biomass and electricity) . CO2. emissions from biomass as well as GHG's
emissions associated with electrical production are not included in the calculation of this parameter, as they are considered in the estimates of
other categories of the Inventory

Figure 3-26: Share of energy consumption by source & Greenhouse gases emissions intensity

Regarding the Intensity of GHG Emissions, the sector underwent a reduction in intensity when transitioning
from oil-based fuels to natural gas. There is a significant increase after 2011, due to the sharp decrease in the
consumption of Biomass in the ceramic industry.

In the next figure it is possible to observe in greater detail the energy consumption of the main subsectors of
category 1.A.2.f. It is evident that both the Ceramic Industry, Lime Production and Glass Production had a
transition between liquid fuels and natural gas, however in the cement production industry the transition
happened differently.
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Figure 3-27 Energy consumption for the 4 main sub-sectors of category 1.A.2.f broken down by fuel type.
3.4.2.3.7 Other Industries

This category comprises several industrial subsectors that are classified as light industry. This allows for
greater electrification of energy consumption, with electricity accounting for around 35%-40% of the total
energy consumed. Regarding fossil fuels, here it is also possible to identify an option for more "lighter" fuels,
with LPG and Gasoil being used more prominently than fuel oil. The introduction of Natural Gas in Portugal
in 1997 initiated a transition process for these industrial sectors, thus exchanging petroleum-based fuels for
Natural Gas. Currently, only Diesel remains as a prominent fuel to be consumed preferably in the extractive
and construction industry.

Regarding the Intensity of GHG Emissions, the sector saw a reduction in intensity when transitioning from
oil-based fuels to natural gas with lower carbon content.

Energy|3-57



National Inventory Report - Portugal

o} o]
1.A.2.g: Energy consumption - by Source (%) GHG's Emission Intensity @
tCO2eq/ T) Energy
100%
90% 50
80% 45 mon ]l
70% 40 -
60% 35
50% 0
40% 25
30% 20
20% 15
10% 10
0% .
(] ™~ < (Y] [+.+] (] ~ (Ve [+ o ~ < (Ve o0 o ~ =
h N [+2] [+2] (2] o (=] [+ [+ [+ — J | i = ~ ~
h [+ [+)] [+2] (2] o -] (=] [+ o o (=] (=] o o o (-]
- e = = S Y NN N M N N N N N 0
8 2 8 & 2 2 7
Liquid fuels m Solid fuels Gaseous fuels Biomass Electricity & & 8 8 8 8 8
i — (o] (o] o~ o~ (o]

a) GHG’s Emission Intensity is estimated considering the total emissions of greenhouse gases (CO2, CHs and N2O) reported in category 1.A.2.g Other
Industries in relation to the total energy consumed (fossil fuels, biomass and electricity) . CO2 emissions from biomass as well as GHG's emissions
associated with electrical production are not included in the calculation of this parameter, as they are considered in the estimates of other
categories of the Inventory.

Figure 3-28: Share of energy consumption by source & Greenhouse gases emissions intensity

3.4.2.4 Comparison of LPS data vs. Energy Balance

Total consumption in LPS per sector was compared with the correspondent value in the energy balance for
the most important fuels, in order to verify the applicability of the methodology in use, which mixes a top-
down approach (EB) with a bottom-up approach (LPS data). The following figures present the comparison
done for sectors: (1) Paper Pulp; (2) Chemical Manufacturing; (3) Cement Industry and (4) lron and Steel
Plants.

Before hand, it must be realized that to conclude for consistency between both distinct datasets, the
comparison should result in higher or equal consumption in the EB than in the inventory, because apart from
specific fuels (black liquor in the paper and pulp industry, coke oven gas and blast furnace gas in the iron
industry, and coal, coke and tires in the cement industry) the universe considered by the Energy Balance
covers more units than the set of LPS (E.g. the paper and paper pulp sector also includes consumption in the
manufacturing of paper, for which there are several small units).
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Figure 3-29: Comparison of total LPS consumption in Paper Pulp units with the reported consumption in the EB for
the sector “Paper pulp and paper production”

The comparison made for the paper and pulp industry shows that differences occur but are not substantial
for the major fuels: black liquor and biomass. Part of the differences were analysed before (DGEG,2003) and
could be explained by the use of different LHV in the Energy Balance, which occurs commonly for biomass
fuels, given the variability in water content. Careful estimations were made not double count the emissions.
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Figure 3-30: Comparison of total LPS consumption in Petrochemical units with the reported consumption in the EB
for the sector “Chemical and Plastics” 5.

For the Petrochemical industry the comparison shows that the share of LPS in the consumption of residual
fuel o0il*® is about 50 % until 2005. The two values show a tendency to converge in the later years. Also
important to note that in 2012 LPS values surpasse energy balance data by 8 %. Consumption of fuel gas as
reported from the LPS data shows much higher values than in the EB. After consultation with DGEG it was
realized that the EB does not covers consumption of fuel gas that is not traded or used in co-generation.

The match for the iron and steel industry shows a good consistency, except for intermediate years, and for
the slightly higher consumption of Blast Furnace Gas. This last difference may result from the use of different
LHV values.

5 Units in the vertical axis are not indicated due to confidentiality issues.

16 This category includes residual fuel oil, a traded fuel, and fuel pyrolisis, a non-traded by product fuel, used inside the industrial unit that produces
it.

Energy | 3-60



National Inventory Report - Portugal

o}
FO
L EESE LS EESE T FF ST 55 5555
‘ OINERPA BEE
Coal

=

FEPE S S P LL I EFE S FE 5
| OINERPA  mEB |

Coke

FEFLI LS EEF I TS T P
OINERPA  mEB |

Figure 3-31: Comparison of total LPS consumption in Cement Plant with the reported consumption in the EB for the
sector “Cement and Lime” (Due to confidentiality issue y axis values are not shown)

Concerning the cement industry, an acceptable coherence exists between both information sources, except
for fuel oil consumption which can be explained by the inclusion of lime production in this energy balance

category.

In conclusion, the analysis indicates that albeit certain differences, there is an acceptable agreement between
both data sets. Nevertheless, efforts should be maintained in order for the streamlining of data between the
inventory and the energy balance, and for the inclusion of all fuels, either traded or not, in the energy

balance.

3.4.2.5 Production Data
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The production activity rates that were used to estimate of air emissions (production approach) are
presented in the tables below. Although for some activities, such as cement production, emissions were
estimated at plant level with plant specific emission factors this information was considered confidential and
may not be published in NIR.

Total production of paper pulp is reported in Table 3.61. Production data for Kraft paper pulp was obtained
fro the following data sources:

- LCP Directive — 1990 to 2000;

CELPA — 2003 to 2009 (Kraft paper pulp);

INE industrial production data — 2003 to 2009 (Acid sulphite paper pulp);
- EU-ETS - 2010 onwards.

Even though different sources were used the ultimate data source was the same: the industrial plants.

Table 3-24: Total Paper Pulp Production (Kraft and sulphide paper pulp)

Product Unit 1990 2005 2020 2021 2022
Pulp Production kt 1,398 2,010 2,679 2,808 2,872
3500
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Figure 3-32: Total paper pulp production: Kraft and sulphide paper pulp

Clinker production values cannot be reported due to confidentiality issues.

Data on annual manufacturing of ceramic products is available from 1990 to 2021 from INE statistical
database. The time series for total production is shown in Table 3.62 and Figure 3.57, according to type of
ceramic.

Table 3-25: Ceramic Production according to type of ceramic (kt)

Product Unit 1990 2005
Bricks & roof tiles kt 2,290 3,923 1,731 1790 1790
Tiles & other const kt 478 1,327 811 811 811
Refractory kt 31 100 15 14 14
Other ceramic kt 104 278 319 345 345
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Figure 3-33: Ceramic Production according to type of ceramic

The production values for container glass and lead crystal glass are presented in Figure 3.58 and in Table
3.63, and they were established from the INE statistical databases and information received from Technology
Centre for Ceramics and Glass (CTCV). More detailed discussion of the origins of data sources should be
consulted in chapter 4.2.A.5. Because of confidentiality concerns the production of flat glass may not be
published in NIR.
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Figure 3-34: Glass production by glass type (excluding flat glass production)
Table 3-26: Glass production by glass type (kt/yr) excluding flat glass production

Product ‘ Unit ‘ 1990 2005 2020 2021 ‘ 2022
Container Glass kt 508 1,201 1,615 1,743 1780
Lead Crystal Glass kt 16 45 25 42 44

Sinter and lime production in iron and steel integrated plan are reported in chapter 2.C.1 — Industrial

Processes: Iron and Steel Production.

3.4.3 Emission Factors

The emissions factors that were used are dependent, in the majority of cases, on the fuels characteristics and
do not vary with the typology of equipments, except in what concerns the division between fuel use in
boilers/furnaces and static engines. It is still not possible to differentiate emission factors for boilers and

process furnaces. These emission factors are presented in a separate table where relevant.
In the great majority of cases emission factors were taken from international sources:

- 2006 IPCC Guidelines (IPCC,2006);
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The set of following tables present the emission factors that were used as default national emission factors
in all cases where no specific emission factors may be used, either because there are no specific
methodologies and emission factors available in the bibliography or either because country specific emission
factors were not developed from national studies and monitoring data. They are presented in the subsequent
tables.

The CO, emission factors presented in the tables below correspond to values prior multiplication with the
corresponding oxidation factor, unless specified otherwise.

Table 3-27: Default emission factors of Greenhouse gases for combustion equipments in Manufacturing Industry

Oxidation

Equipment co, (M tactor % c CH,4 () N,O (@
(kg/G)) (ratio) fossil (g/G)) (g/G))
Steam Coal S 102 98.3 1.00 100 10.0 1.5
Brown Coal/Lignite S 105 101.0 1.00 100 10.0 1.5
Coke from Coal S 107 94.6 1.00 100 10.0 1.5
LPG L 303 63.1 1.00 100 0.9 4.0
City Gas G 308 44.4 1.00 100 1.0 0.1
Coke Oven Gas S 304 44.4 1.00 100 1.0 0.1
Blast Furnace Gas S 305 260.0 1.00 100 1.0 0.1
Boilers
Fuel Gas, Hydrogen G 399 63.1 1.00 100 0.9 4.0
Biomass Wood B 111 112.0 1.00 0 11.0 7.0
Kerosene L 206 71.9 1.00 100 3.0 0.6
Diesel Oil L 204 74.1 1.00 100 3.0 0.6
Residual Oil L 203 77.4 1.00 100 3.0 0.6
Natural Gas G 301 56.4 (i) 1.00 100 1.0 1.0
Biodiesel B 223 70.8 1.00 0 3.0 0.6
Gasoline L 208 69.3 1.00 100 3.0 0.6
Static Gas Oil L | 204 74.1 1.00 100 3.0 0.6
Engines Biogas B 309 54.6 1.00 0 1.0 0.1
Biodiesel B 223 70.8 1.00 0 3.0 0.6

(i) IPCC (2006); (ii) Country Specific
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Table 3-28: Emission factors of Greenhouse gases in the extractive industry

Oxidati
Equipment );Iac:oll?n i MY
(8/G)) | (8/G))
LPG L 303 63.1 1.00 100 1.5 1.4
Gasoline L 208 68.6 1.00 100 0.1 0.6
Kerosene L 206 71.9 1.00 100 0.6 0.6
Boilers Diesel Qil L 204 74.1 1.00 100 0.6 0.6
Residual Oil L 203 76.6 1.00 100 1.4 0.6
Natural Gas G 301 56.4 (i) 1.00 100 1.4 1.4
Lignite S 105 101.2 1.00 100 2.4 0.7
Gasoline L 208 69.3 1.00 100 60 0.6
Static Engines
Gas QOil L 204 74.1 1.00 100 60 0.6

(i) IPCC (2006); (ii) Country Specific

Table 3-29: Emission factors for Greenhouse gases in the building and construction industry

CO; CHa N;O
Residual Oil L 203 77.4 1.00 100 3.0 0.6
Gas Oil L 204 74.1 1.00 100 3.0 0.6
Kerosene L 206 71.9 1.00 100 5.0 0.6
Motor Gasoline L 208 69.3 1.00 100 9.9 0.6
LPG L 303 63.1 1.00 100 1.0 0.1
Natural Gas G 301 56.4 (i) 1.00 100 1.0 0.1

(i) IPCC (2006); (ii) Country Specific

Other specific emission factors were used for some industrial units, several of them obtained from direct
measurements in LPS or as a result from bibliographic references specific of the industrial sector. Some of
the emission factors are used in the process approach and are applied to production data instead of fuel
consumption data. These emission factors are listed in the tables below, arranged by sector and indicating if
they only apply to LPS.

Table 3-30: Emission factors for use in LPS units in the iron and steel sector

Fuel
(], []]
Fuel Oil Coke Oven Gas = Blast Furnace Gas Coal Tar Natural Gas Diesel
Cco; 77.40 44.4 260 80.7 55.56-57.43 (1) 63.1 74.1 kg/G)
CHg 3.00 1.00 1.00 1.00 1.00 1.00 3.00 g/GJ
N,O 0.6 0.1 0.1 1.5 0.1 0.1 0.6 g/GJ

Source: Table 2.2 of Chapter 2 of the 2006 IPCC Guidelines
(1) Country specific; EU-ETS
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Table 3-31: Emission factors for use in LPS units in the Chemical Industry: Greenhouse Gases from combustion

- Oxidation % C CH,4 N,O
Equipment NAPFUE | CO; (kg/GJ)®
A 2 (kg/Gl) Factor (ratio) fossil (g/G)) (g/G))
Residual Fuel Oil L 203 77.4 1.00 100 3 0.6
Boilers Pyrolysis Fuel Oil L 203 77.4 1.00 100 3 0.6
Fuel Gas L 307 47.6 - 50.7 1.00 100 1.0 0.1
Fuel Gas L 307 47.6 - 50.7 1.00 100 1.0 0.1
Furnaces
Propane L 303 63.1 1.00 100 1.5 1.4
Residual Fuel Oil L 203 77.4 1.00 100 3 0.6
Static Engines
Diesel Qil L 204 74.1 1.00 100 3 0.6
Flares Flare Gas L 307 55.0-74.4 1.00 100 1.0 0.1

(i) 2006 IPCC Guidelines

In the 2012 inventory, for the paper and pulp industrial sector, efforts were made to improve the emission
estimation by reviewing and update emission factors when possible. To this end new EF data sources were
used (EEA, 2009) as well as an in depth revision of the plant specific emission factors for non-direct GHG. The
EF used for this industrial sector (LPS estimation only) can be found in the tables below.

Table 3-32: Emission factors used in LPS units in the Paper Pulp Industry: Greenhouse Gases from combustion —
Energy Approach

co20) CH4 N20

Equipment NAPFUE — — — — — — —

EF (kg/GJ) %C fossil EF (g/GJ) EF (g/GJ)
Auxiliary Residual Oil L | 203 77.4 100 3.0 0.6
Boilers Natural Gas G | 301 56.4 (i) 100 1.4 1.4
Wood Waste B 111 112.0 0 30.0 4.3
Biomass Residual Oil L | 203 77.4 100 3.0 0.6
Boilers Natural Gas G 301 56.4 (i) 100 14 14
LPG L 303 63.1 100 14 14
Residual Oil L 203 77.4 100 3.0 0.6
Natural Gas G | 301 56.4 i) 100 - 1.4
Recovery Gas Oil L | 204 74.1 100 - 0.6
Boilers Bisulfite Liquor B | 215 95.3 0 30.0 0.6
Black Liquor B 215 95.3 0 - 0.6
Methanol B 111 63.1 0 - 1.4
Flare LPG L 303 63.1 100 14 14
Gasified Biomass B 111 112.0 0 - 4.3
Residual Oil L 203 77.4 100 - 0.6
Natural Gas G 301 56.4 (i) 100 - 14
Lime Kiln

Gas Oil L 204 74.1 100 - 0.6
NCG B 111 56.4 (i) 0 - 1.4
Tall-oil B 111 74.1 0 = 0.6
Static Engine Gas Oil L 204 74.1 100 9.9 0.6
Gas Turbine Natural Gas G | 301 56.4 (i) 100 1.4 1.4

(i)The CO2 emission factors presented in this table include the corresponding oxidation factor; (ii) Country Specific; NCG- Non-condensable gases
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Table 3-33: Emission factors used in LPS units in the Paper Pulp Industry: Greenhouse Gases from combustion —
Production Approach

EF (kg/t pulp)

Recovery Boilers 0.23
Lime Kiln 0.029
(i)Source EEA, 2002.

For the cement source, sector emissions were estimated using either activity data as energy consumption
(energy approach) or either cement produced (production approach), although both represent similar
emissions in cement kiln. Emission factors will not be presented in this report because of confidentiality
issues (please see Activity Date chapter for more explanations). Most emission factors result from plant
specific emission factors developed from monitoring at each installation, as reported to EPER exercise.

Table 3-34: Greenhouse Gases Emission Factors for ceramic production using the Production Approach: Greenhouse
gases

CO, (k) CH, (@

ceramic (ke/t) | (ke/t)
Bricks and roof tiles 0.14 0.029
Til her construction

m:tsef;acl): er constructio 1857 | 0.022
Refractory - 0.029
Other ceramic - 0.022

Source: (a) 10 % of VOC emissions; (b) EU-ETS

Table 3-35: Emission Factors for glass production using the Production Approach: SOx and Indirect Precursor gases
(kg/t glass)

Type of Glass ‘ SO [0 ‘ NMVOC co
1.5 4

Flat Glass 0.1 0.1
Container Glass 1.7 3.1 4.5 0.1
Lead Crystal Glass 2.8 4.3 4.7 0.1
Other Glass 2.8 43 4.7 0.1

Source: USEPA (1986)

Table 3-36: Emission Factors for glass production using the Production Approach: Greenhouse Gases

Type of Glass co. CH

kg/t kg/t
Flat Glass 126 0.01
Container Glass 130 0.45
Lead Crystal Glass 239 0.47
Other Glass 239 0.47

Source: CH4 USEPA (1986); CO2 EUTS data

Emission factors for sinter and lime production in iron and steel integrated plan are reported in chapter 4.4.2
of Industrial Processes sector: Iron and Steel Production.

Table 3-37: Greenhouse Gases Emission Factors for Cement Industry using the Energy Approach

Cement Industry oz %C Fossil
(kg/GJ)

Tires 85.0 72 %

Industrial Waste 81.4 52%

Hazardous Industrial Waste 66.2 -149.0 100 %

Animal + Wood Waste 109.6 0%
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Table 3-38: Greenhouse Gases Emission Factors for Off-road vehicles and other machinery

Cement Industry €. CH N.0

(kg/GJ) (kg/TJ) (kg/TJ)
Motor Diesel 74.1 4.2 28.6 Table 3.3.1 — 2006 IPPC GL — Vol.2 Mobile Combustion
Motor Gasoline 4-stroke 69.3 50.0 2.0 Table 3.3.1 — 2006 IPPC GL — Vol.2 Mobile Combustion
Motor Gasoline 2-stroke 69.3 130 0.4 Table 3.3.1 — 2006 IPPC GL — Vol.2 Mobile Combustion

3.4.4 Uncertainty Assessment

Different uncertainty values were attributed to different types of sub-sources considering that different
sources of information have diverse error and also assuming that industries for which energy consumption
is a more important factor (Energy intensive industries) tend to have and report more accurate data.
Consequently, in concordance to what is proposed in IPCC (2000) but always assuming a conservative
posture, the following rules were used to establish the uncertainty associated with activity data:

- when fuel consumption was obtained directly from a Large Point Source (LPS) the uncertainty
of activity data was set at 3 % for energy intensive industrial sectors (iron and steel, cement,
paper pulp, glass and ceramics) and 5 % for all other sources;

- if fuel consumption, other than biomass, results from statistical information gathered from
the National Energy balances then uncertainty is 5 % for energy intensive sectors and 10 %
for all other sectors;

- the uncertainty in biomass consumption is always higher, at least because the moisture
content is always doubtful, and the uncertainty was set in all area sources as 60 %.

The uncertainty of CO, emission factors is 5 % for all situations, which is consistent with GPG
recommendations. Finally the uncertainty for methane is 150 % and an order of magnitude for N,O.

3.4.5 Category-specific QA/QC and verification

Similar to 1.A.1.a, the majority of the QA/QC procedures were implemented to check consistency between
years for the fuel consumption time series of all industrial sectors. Since LHV for several industries show
variability between years, a general consistency check was also made.

For industrial sectors where fuel consumption data for individualized plants was available: Paper Pulp,
Chemical Manufacturing, Cement Industry and Iron and Steel Plants, a comparison between plant specific
data and energy balance fuel consumption was made (see the appropriate chapter for more information).

To further improve the QA/QC analysis, a comparison between fuel consumption values reported by DGEG
and IEA (International Energy Agency) was made (please see the chapter Comparison of Energy Balance vs.
IEA Energy Statistics). Several differences were identified between data sources for this sector, which may
imply problems in the fuel consumption classification for IEA values. Also DGEG reported that there were
compilation errors in the information sent to IEA, which may explain the differences found.
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3.4.6 Recalculations

In the 2024 submission, the main recalculations relating to GHG emissions in category 1.A.2 concern
corrections to the fuel consumption series. In particular:

e Natural Gas consumption in sub-category 1.A.2.c Chemicals in 2021
e Natural Gas consumption in sub-category 1.A.2.d Pulp from 2010 to 2021
e Natural Gas consumption in sub-category 1.A.2.f Non-metallic minerals 2018-2021

The following recalculations also took place, although with less impact on the category's total emissions:

o New final version of Energy Balance from 2014-2020

e Update of LHV for Biomass

e Update in 2014-2021 fuels consumption in in sub-category 1.A.2.a Iron and Steel

e Update in 2020-2021 consumption of Other Fuels in sub-category 1.A.2.f Clinker production

e Update in 2017-2021 fuels consumption in sub-category 1.A.2.f Lime production

e Update in 2014 and 2017 electricity consumption and update in 2015-2016 biomass consumption in
sub-category 1.A.2.f Ceramics production according to the Energy Balance

e Update in natural gas consumption for the whole time series in sub-category 1.A.2.g.i Iron and Steel

The figure below displays the main differences for the subcategories between the 2023 submission and the
2024 submission.

1.A.2.a- Iron and Steel 1.A.2.c - Chemicals 1.A.2.d - Pulp & Paper
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A
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Figure 3-35: 2024 Submission recalculations for category 1.A.2
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Table 3-39: Recalculated data for category Manufacturing industries and construction (CRF 1.A.2)

Recalculated data Previous Latest Difference | Difference :)mn’:?J::\I n

CRF 1A2 submission | submission emissions
Year GHG’s C02 eq (kt) %
1990 co2 8 855 8853 -1 -0.01 0.00
2005 Cco2 10 407 10 382 -25 -0.24 -0.03
2019 COo2 7677 7663 -14 -0.18 -0.02
2020 Cco2 7 465 7484 19 0.25 0.03
2021 CO2 7 166 7 402 237 3.30 0.47
1990 CH4 36 35 -1 -3.22 0.00
2005 CH4 54 52 -2 -3.52 0.00
2019 CH4 57 56 -1 -2.17 0.00
2020 CH4 55 54 -1 -1.87 0.00
2021 CH4 59 59 0 0.61 0.00
1990 N20 112 106 -6 -5.71 -0.01
2005 N20 152 145 -7 -4.90 -0.01
2019 N20 100 97 -3 -2.61 0.00
2020 N20 101 99 -2 -1.79 0.00
2021 N20 111 110 -1 -0.60 0.00

(1) Total emissions refer to total aggregate GHG emissions expressed in terms of CO2 equivalent, excluding GHGs from the LULUCF sector.

3.4.7 Further Improvements
For the Manufacturing industries and construction category, the main issues to be improved are:

o Make efforts to develop TIER 2 CO; emission factors for liquid fuels, since it is a key category of the
Inventory. This is a cross-cutting problem for all categories of the Energy Chapter, and is identified as
one of the main priorities in the Methodological Development Plan.

e Increase the amount of information that is collected from the premises, using EU-ETS data
preferably, but also through E-PRTR information and other sectoral sources. In particular for the
Food, beverages & tobacco (1.A.2.e) and Other Industries (1.A.2.g) subsectors.

e Further investigate the sharp decrese in energy consumption of biomass that occurs between 2011
and 2012, with a particular impact on the ceramic industry.

e Continue to develop the estimates for category 1.A.2.g.vii Off-road vehicles and other machinery.
We intend to continue to identify and correctly allocate energy consumption that occurs in the
Industry and that originates from mobile sources.

e The updating and improvement of the explanation of the methodology and clarifications present in
this chapter of the NIR was identified as a task that allows the improvement of the inventory report.
However, it is a time consuming task that we believe will be accomplished through a stepwise
approach. It is then expected that the next NIR submissions will contain some changes in content and
structure.
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3.5 Transport (CRF 1.A.3)
3.5.1 Civil Aviation (CRF 1.A.3.3)
3.5.1.1 Category description

In 2022 emissions from Civil Aviation in Portugal amounted to 4 619 kt CO, eq, from which 419 kt CO, eq are
from domestic flights and 4 199 kt CO; eq are from international flights. Emissions from aviation come from
the combustion of jet fuel and aviation gasoline. Emissions from combustion in aircraft mobile activities
comprehend all air emissions associated with fuel combustion in airplanes, either realized in passenger or
freight planes, and either realized during flight or in land activities: idle and taxi. Aircraft operations are
divided into:

- Landing/Take-off cycle and;

- Cruise.

Emissions from military aircraft are included in sector 1.A.5.b Other Mobile Sources.

Table 3-40: Estimated emissions from Civil Aviation (kt CO2 eq).

Domestic Aviation 180.23 221.19 322.96 392.78 404.60 369.06 259.49 343.01 419.23
CO, 177.82 218.41 319.75 389.14 401.08 365.96 257.30 340.11 415.82
CH,4 1.10 1.16 0.84 0.75 0.54 0.39 0.28 0.38 0.32
N,O 1.32 1.62 2.37 2.88 2.97 2.71 1.91 2.52 3.08

International Aviation* 1547.57 | 1646.19 | 2019.87 | 2298.55 | 2658.75 | 3166.80 | 1581.62 | 2012.06 | 4199.41
CO, 1532.67 | 1630.47 | 2002.31 | 2279.59 | 2637.08 | 314139 | 1568.89 | 1995.68 | 4 165.94
CHg 3.54 3.63 2.72 2.06 2.12 2.13 1.10 1.59 2.59
N,O 11.36 12.09 14.84 16.90 19.55 23.29 11.63 14.79 30.88

*Memo item. Emissions not included in national totals.

For the elaboration of the greenhouse gases emissions inventory which is reported to the EUY and to the
UNFCCC, emissions from flights to and from the autonomous regions of Azores and Madeira islands are
included in national totals.

Emissions of domestic and international flights must be reported separately to UNFCCC. In order to strictly
follow UNFCCC good practice, the separation is done according to the following table.

Table 3-41: IPCC 2006 source categories.

Source Category Coverage

Emissions from civil domestic passenger and freight
traffic that departs and arrives in the same country
(commercial, private, agriculture, etc.), including take-
offs and landings for these flight stages.

1 A 3 a Domestic Aviation

Emissions from flights that depart in one country and
arrive in a different country. Include take-offs and
landings for these flight stages.

1 D 1 International Aviation (International
Bunkers)

1 A5 b Mobile (aviation component) Emissions from military aviation.

3.5.1.2 Methodology

17 Decision 2004/280/CE
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The methodology that is used in the inventory to estimate emissions from jet fuel is a Tier 3 according with
2019 EMEP/EEA Guidebook (see figure below). This method uses data from individual flights with information
on the origin and destination, aircraft type, engines type, and date of the flight. This method provides a good
accurate separation between domestic and international flights.

Are data
on start and
final destination by
aircraft type
available

Are TOL
data, ideally by
aircraft type
available

Apply Tier 1
default EFs
based on fuel
consumption

Use Tier 3 EFs for each flight
(by components) stratified
by engine technology

Use Tier 2 EFs for fuel
consumption used for domestic/
international flights, LTO/cruise

activity and aircraft type
L

Yes

Collect data on TOL for
domestic and Intemational
Flights, ideally by aircraft type

Decision tree for Aviation

Figure 3-36: Decision tree for emissions from aviation (EMEP/EEA, 2019)

The method to estimate emissions from aviation gasoline is a Tier 1 according with IPCC 2006 which is based

primarily in energy statistics.

The choice of methods allows the harmonization between inventories covering greenhouse gas emissions

and inventories covering other air pollutants.

Emissions are calculated separately for:

Landing and Take-off Cycle emissions (LTOcycle). Emissions from activities realized near airport
in the ground and on flight under an altitude of 3000 feet (914 m): idle, taxi-in, taxi-out, take-
off, climbing and descending;

Cruise emissions. All emissions realized above 3000 feet, including ascend and descend
between cruise altitude and 3000 feet;

Fuel type: jet fuel and aviation gasoline. Jet fuel is used mostly in large commercial aircraft.
Aviation gasoline is used in piston engine aircrafts;

Origin and destination of the flight;
Movement type: arrival and departure;

Aircraft type.
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3.5.1.2.1 Landing/Take-off Cycle

The general approach to estimate emissions during LTOcycle is:

Emission LTO(p,d.a,s,y) — Emission Arrivalp.d.a,s.y) +Emission Departure(p,d,a,s,y)
. . -3
Emission Arrivalp.d.,a,s,y) = NArriv ald,a,s,y) x EFArriv alp.s) =10

. . -3
Emission Departure(p.d.a.s.y) NDepar(ure(d‘a,s,y) < EFDepar(ure(p,s) =10

Where:

Emissioncro (p,d,a,5,y) — EMissions of pollutant p from origin/destiny d in airport a performed by aircraft s during
yeary (t/yr);

EmissioNnarivai(p,das,y), EMIiSSiONDeparture(p,d,asy) — Arrival and departure emissions of pollutant p from,
respectively, origin and destiny d in airport a performed by aircraft s during yeary (t/yr);

Narrival, Ndeparture — Number of arrival and departure movements performed in year y, by aircraft s in airport a
from origin/destiny d;

EFarrival(p,s) — Sum of approach and taxi-in emission factor for pollutant p and aircraft s (kg/movement);
EFpeparture(p,s)— SUm of taxi-out, take-off and climb emission factor for pollutant p and aircraft s (kg/movement);
p — pollutant;

d — origin/destination;

a—airport;

s — aircraft;

y —year.

However, the aircraft type is not always available. For these cases the approach is based on an airport specific
emission factor as follows:

Emission LTO(p.day) = Emission Arrivalp.ds,y) T Emission Departure(p,d,a,y)

EMIssion . ap.aay) =N )y <EF, yx107°

Arrivald.,a,y rrivalp.a

faai -3
Emission Departure(p.d.a.y) NDeparture(d,a,y) < EFDepadure(p,a) =10

The next figure outlines the process whereby LTOc,ce emissions are estimated.
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Figure 3-37: Decision tree for LTOCycle emission calculation.
3.5.1.2.2 Cruise

Domestic cruise emissions are estimated based on aircraft movement data. The approach relies on a origin
and destination matrix. The distances between airports are calculated from an airport coordinates database
(Partow, 2003) applied to a great circle distance algorithm (GCD) assuming the Earth as a perfect sphere.
Emission factors are given for each aircraft type and for a specific flight distance. International cruise
emissions are estimated from fuel consumption. The international fuel consumption is estimated by
subtracting the LTOcyce and the domestic cruise fuel from the total fuel sales.

. . -3
Emission cruise(p,d,a,s,y) = NLTO(d,a,s,y) X EFcruise(p,d,s,t,y) x10

Where:

Emissioncruise(p,d,a,s,y) — Domestic cruise emissions of pollutant p resulting from flight with origin/destiny
d in airport a performed by aircraft s during year y (t/yr);

NLTO(d,a,s,y) — number domestic LTOcye from origin/destiny d in airport a performed by aircraft type s
during yeary;

EFcruise(p,d,a,s,t,y) — Emission factor for pollutant p specific for flight with origin/destination d taking time t
performed by aircraft type s in year y (kg/LTO).

In national airports the same national flight is registered in origin airport as a departure and in destiny airport
as an arrival therefore the number of national movements must be divided by two to avoid double counting.
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3.5.1.3 Emission Factors
3.5.1.3.1 LTO
3.5.1.3.1.1 Aircraft Based LTO Emission Factors

Emissions factors for LTO were set for each aircraft type according to information from ICAO Emission Factor
Databank which contains emission factors for each operation condition: idle, take off, climb out and approach
conditions. Emissions factors for arrival and departure were than set from the default time in mode proposed
by FAEED table and from the emission factor for each operation condition where:

Departure includes taxi-out (idle), take off and climb out modes;
Arrival includes approach and taxi in (idle) conditions.

Table 3-42: Emissions factors for most common aircraft movements in national airports.

. Take-off (kg/movement) Land (kg/movement)
Airbus A318/319/320/321 674.7 1.8 | 156 | 26.5 6.3 273.0 0.7 6.1 4.7 3.0
Airbus A320-100/200 6747 | 1.8 | 15.6 | 26.5 6.3 | 273.0| 0.7 6.1 4.7 3.0
Airbus A319 546.4 0.8 8.7 15.1 5.1 224.6 0.3 3.7 29 2.4
British Aerospace ATP 813.2 14 | 155 | 273 7.6 354.5 0.6 6.6 5.7 3.9
Boeing 737 all pax models 685.2 44 | 163 | 134 6.3 287.4 1.9 7.8 2.9 3.1
Fokker 100 481.0 19 | 124 9.5 4.4 202.8 0.8 5.3 1.7 2.1
Shorts SD.360 63.9 87 | 100 | 05 0.6 34.1 4.0 4.9 0.2 0.4
Embraer RJ135 / RJ140 / RJ145 2325 0.8 5.3 4.9 2.2 105.2 0.4 2.4 1.2 1.1
Airbus A321-100/200 6747 | 1.8 | 156 | 26.5 6.3 | 273.0| 0.7 6.1 4.7 3.0
Embraer RJ145 Amazon 2325 | 0.8 | 53 4.9 22 | 1052 | 04 2.4 1.2 1.1
Boeing 757 all pax models 804.2 14 | 155 | 273 7.5 328.7 | 0.6 6.5 5.2 3.6
Boeing 737-800 (winglets) pax 581.4 | 13 | 113 | 16.7 54 | 2432 | 0.5 4.7 3.9 2.6
Airbus A310-200 Freighter 996.1 4.7 | 20.7 | 37.3 9.4 421.2 1.9 8.9 6.9 4.7
Airbus A310 all pax models 11369 | 1.3 | 9.0 | 50.1 | 10.5 | 499.0 | 0.5 3.8 8.0 5.4
Cessna 172 Mescalero 2.5 0.1 2.2 0.0 0.0 14 0.0 1.5 0.0 0.0
Boeing 757 Mixed Configuration 804.2 14 | 155 | 273 7.5 328.7 0.6 6.5 5.2 3.6
Fairchild Dornier Do.228 1113 | 54 | 147 | 23 1.0 54.2 24 7.7 0.6 0.6
Boeing 737-300 Freighter 548.5 12 | 184 | 113 5.1 235.0 0.5 7.6 3.1 2.5
McDonnell Douglas MD80 656.6 | 2.7 | 9.3 | 16.5 6.1 | 2819 | 1.5 4.6 3.8 3.0
Beechcraft 1900/1900C/1900D 1316 | 16.2 | 16.2 1.5 1.2 60.5 6.8 8.7 0.4 0.6
Boeing 737-700 (winglets) pax 505.6 | 1.5 | 12.1 | 12.1 47 | 2155 | 0.5 5.2 3.2 2.3
CASA / IPTN 212 Aviocar 378.0 | 42 | 142 | 11.0 35 | 1711 | 1.9 7.0 2.3 1.9
Boeing 737-500 pax 548.5 1.2 | 184 | 113 5.1 235.0 0.5 7.6 3.1 2.5
Beechcfrat 1900/1900C 1316 | 16.2 | 16.2 | 1.5 1.2 60.5 6.8 8.7 0.4 0.6
Aerospatiale Fennec (AS-550) 94.1 15 3.4 1.3 1.0 94.1 1.5 3.4 1.3 1.1
E:Iizan”'t (Breguet Mystere) 422 | 04 | 20| 09 | 04 | 341 | 04 | 24 | 03 | 03
Airbus A340 all models 1376.4 | 11.8 | 74.4 | 106.1 | 12.8 | 557.3 | 4.4 286 | 182 | 6.1
Boeing 767 all pax models 996.1 4.7 | 20.7 | 37.3 9.4 421.2 1.9 8.9 6.9 4.7
Mooney M-20 3.0 01 | 31 0.0 0.0 2.1 0.0 2.5 0.0 0.0
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3.5.1.3.1.2 Airport Based LTO Emission Factors

Specific airport LTO emission factors were needed for movements where information about the aircraft type
was not available. Therefore weighted averaged departure and arrival emission factors were estimated from
the fleet composition for each airport and year. This set of averaged airport based LTO emission factors, was
used mainly in movements from 1990 to 1999 since this was the period for which information on aircraft
characteristics was scarce.

Table 3-43: Airport based LTO emission factors (kg/movement).

Airpo Operatio Paramete 990 99 000 00 010 0 020 0 0

Fuel Consumption | 670.2 | 608.9 | 567.4 | 452.6 | 451.6 | 468.4 | 453.3 | 368.4 | 415.5
vocC 16.4 14.9 15.2 9.3 2.8 2.3 2.5 2.0 2.1
Take-off co 37.1 33.7 354 21.5 13.8 12.8 13.7 10.0 11.7
NOx 26.3 23.9 23.6 16.2 15.9 17.1 16.1 12.0 14.6
Lisboa (LIS} PMjio 6.2 5.6 5.2 4.2 4.2 4.4 4.2 34 3.9
Fuel Consumption | 291.0 | 264.4 | 240.2 | 204.2 | 206.6 | 223.7 | 194.7 | 165.3 | 182.2
vocC 7.0 6.4 6.0 4.4 1.5 1.2 13 11 1.2
Landing co 17.8 16.2 16.3 111 7.0 6.5 6.4 5.2 5.8
NOx 4.9 4.4 4.3 33 34 3.8 33 2.6 3.0
PMjyo 3.1 2.8 2.6 2.2 2.2 2.4 2.1 1.8 2.0
Fuel Consumption | 530.0 | 481.5 | 401.1 | 374.4 | 427.6 | 358.1 | 3740 | 301.1 | 352.1
vocC 8.2 7.5 6.5 4.1 33 2.6 2.2 2.1 2.2
Take-off co 26.3 23.9 23.0 13.7 12.8 10.7 11.2 9.1 10.6
NOx 19.1 17.3 15.0 11.9 14.7 11.9 12.5 9.2 11.4
Porto (OPO) PMjio 4.9 4.5 3.7 35 4.0 33 35 2.8 33
Fuel Consumption | 236.2 | 214.6 | 1813 | 1729 | 191.7 | 1711 | 170.8 | 138.3 | 161.3
vocC 3.7 33 2.9 2.2 1.6 14 13 13 1.2
Landing co 12.7 11.5 111 7.2 6.3 5.8 6.0 5.1 5.6
NOx 3.8 3.5 3.0 2.6 3.2 2.8 2.9 2.1 2.6
PM1o 25 23 1.9 1.9 21 1.8 1.8 1.5 1.7
Fuel Consumption | 514.8 | 467.7 | 443.6 | 348.7 | 339.1 | 263.5 | 2458 | 2089 | 205.8
vocC 5.3 4.8 4.9 3.0 24 2.1 2.1 2.1 1.9
Take-off co 19.2 17.4 17.2 12.2 11.0 8.5 8.0 7.4 7.4
NOx 17.4 15.8 16.0 11.0 10.0 7.7 7.2 5.8 5.6
Faro (FAO) PMjio 4.8 4.3 4.1 3.2 31 2.4 23 1.9 1.9
Fuel Consumption | 231.8 | 210.6 | 1989 | 158.2 | 161.1 | 139.3 | 119.1 | 100.7 | 106.8
vocC 2.7 25 25 1.7 1.4 14 1.5 1.5 1.4
Landing co 10.0 9.1 9.0 6.5 5.9 5.0 4.8 4.6 4.6
NOx 35 3.2 3.1 2.3 24 2.0 1.7 14 15
PMyo 2.5 2.3 21 1.7 1.7 1.5 13 11 11

3.5.1.3.2 Cruise Emissions
3.5.1.3.2.1 Aircraft Based Cruise Emissions

Cruise emissions were estimated from EMEP/CORINAIR detailed methodology. Cruise emissions are given for
typical cruise distances (see EMEP/CORINAIR Emission Inventory Guidebook, December 2001: ppB851-22,
Table 8.4; Annex 1; Annex 2). This information was used to derive emissions for specific distances according
with a trend line established between discrete samples provided in the EMEP/CORINAIR Emission Inventory
Guidebook
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The table below shows an example of cruise emission for Airbus and Boeing models.

Table 3-44: Cruise emissions and fuel consumption.

Fuel
Aircraft Distance (km)  Consumption NOX (kg) HC (g)
(kg)
0 0 0 0 0
232 1270 30 290 1587
463 2359 49 490 2651
926 4 450 64 763 3848
P el 1389 6541 89 1026 4913
et Ly 1852 8632 113 1288 5977
models
2778 12 992 166 1836 8193
3704 17 441 214 2378 10345
4630 22 159 273 2960 12678
5556 27 135 340 3585 15206
6482 32223 408 4223 17790
0 0 0 0 0
232 842 17 149 1096
463 1695 27 267 1742
926 2 858 45 508 3108
Airbus
1389 3903 56 684 3571
A318/319/320/321
1852 5225 73 915 4688
2778 7 530 99 1311 6166
3704 10 064 130 1747 7849
4630 12 639 159 2189 9532
0 0 0 0 0
2315 1303.9 11 907 3459
463 2341.8 17 2206 5869
926 4247.3 43 2311 8837
Boeing 727 all pax
1389 6080.4 58 3072 11842
models
1852 8058.3 74 3746 14568
2778 12131.4 108 5279 20688
3704 16459.4 147 6871 27075
4630 20825.2 185 8477 33515

Source: EMEP/CORINAIR
3.5.1.3.2.2 Airport Based Cruise Emissions

Averaged airport cruise emission factors were needed for movements where information about the aircraft
type was not available. For this purpose, weighted averaged cruise emission factors were estimated from the
fleet profile in each airport, year and origin/destination.

Again, this set of averaged airport based cruise emissions, were used mainly in movements from 1990 to
1999 since this was the period for which information on aircraft characteristics was scarce.

3.5.1.3.3 Correspondence between aircraft type and representative aircraft

The availability of emissions factor is limited to a certain number of engines and frames. Therefore, a
representative aircraft is needed when an emission factor is not available for a specific airplane. Annex B
shows the correspondence between aircrafts and representative aircrafts for LTO and cruise emissions
factors.
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3.5.1.3.4 Fuel dependent emission factors

Fuel dependent emission factors were set for CO, and N»,O. Emission factors for CO, and N,O are IPCC default.
The LHV were obtained from the national energy authority (DGEG).

Table 3-45: Fuel dependent emission factors

AvViatio
»
O

LHV (MJ/kg) 44.0 43.0
CO, (t/T)) 70 715
N,O (kg/TJ) 2.00 2.00

Source: IPCC 2006; DGEG
3.5.1.4 Activity Data
3.5.1.4.1 Flight movements in Airports

Very important activity data for this source activity is the number of arrival and departure movements. The
number of movements by airport, aircraft, origin/destiny and movement type (arrival or departure) for the
period between 1990 and 2022 was provided by the Autoridade Nacional da Aviagdo Civil (ANAC). This
database is being improved and the coverage of it is increasing as new airports (mostly regional and local
airports) are connected to the movements’ database from ANAC.

Table 3-46: LTOcycle per airport.

Region | Airport Code 1990 1995 2000 | 2005 2010 2015 2020 2021 | 2022
Lis 30862 | 34932 | 56073 | 68168 | 73783 | 84385 | 45980 | 51600 | 56073
N 0oPO 11574 | 13348 | 23280 | 25910 | 28502 | 35248 | 22317 | 21426 | 23280
FAO 11252 | 13067 | 18243 | 20397 | 22359 | 22330 | 12560 | 14902 | 18243
TOTAL 53688 | 61347 | 97596 | 114475 | 124643 | 141963 | 80856 | 87927 | 9759
eglo AIrpo ode 990 99 0]0]0 00 010 0 020 0 0

FNC 6475 9460 | 12040 | 15952 | 12697 | 12442 | 6180 | 10563 | 12040
TER 3801 4049 4501 4875 4988 4755 3819 4221 4501
PDL 2954 3382 4134 7196 8182 8499 8111 4318 4134
s PXO 2403 4243 3788 3688 2325 2103 1093 2854 3788
HOR 1237 1542 1756 2964 2919 2331 2107 1799 1756
SMA 634 893 1557 1649 1275 1073 1203 639 1557

FLW 281 357 552 1101 1136 1002 1104 477 552
TOTAL 17785 | 23924 | 28327 | 37425 | 33521 | 32204 | 23616 | 24870 | 28327

Source: ANAC

Data concerning aircraft operation characteristics, particularly, the origin/destiny, the aircraft type and the
movement type was sometimes not included in the records database. The worst case refers to the period
between 1990 and 1994, for this period the only information available was the number of operations, all
other information was missing. There is also the period between 1995 and 1999 with missing data on aircraft
type. For all these cases an alternative approach had to be set.

An alternative database was however available with information on the number of operations and the
aircraft types. This data was very useful to determine the aircraft fleet profile in each airport between 1990
and 1999 whereby airport representative arrival and departure emission factors were determined.

On the other hand, for records with missing information on origin and destiny, a yearly fraction of
international, domestic and European flights was derived for each airport relying on the movements which
had this information. This was necessary to differentiate emissions between domestic and international.
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Figure 3-38: Decision tree for distinction between domestic and international emissions.

3.5.1.4.2 Fuel Consumption

Fuel consumption is available from fuel sales statistics from DGEG for main territory and islands. LTO¢yce and
domestic cruise fuel consumption is estimated with a bottom-up approach. International cruise consumption

is estimated as the difference to the total fuel sales. This approach guarantees that the total fuel for aviation
equals the fuel sales.
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Figure 3-39: Total Fuel consumption of aviation gasoline and jet fuel (Source: DGEG).
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3.5.1.5Uncertainty Assessment

Activity level refers to the fuel domestic consumption wich was estimated for LTO and Cruise separately
according with the following couple equations.

U,..=U%.  +U +U

cruise movements time FCcruise

Ulto = \/U2 + U;Clto

movements

The activity level uncertainty (Ugobal) is therefore obtained from:

\/(Ecruise X Ucruise)2 + (Elto X Ulto )2
E_..tE

Uglobal =

cruise Ito

Where:

Ecruise, Elto = domestic energy consumption under cruise and LTO (G)).

Table 3-47: Aviation activity level uncertainty.

Source Parameter Unit 1990 1995 | 2000 2005 | 2010 2015 2017 2020 | 2021 2022

All Uglobal % 71 72 35 36 35 35 34 34 36 38
Cruise Ucruise % 99 99 47 49 48 47 45 46 48 50
LTO Ulto % 100 100 48 49 48 47 46 45 46 46

The uncertainties of emissions factors were set at 5% for CO,, 100% for methane and one order of magnitude
for N,0O, following the recommendations from GPG.

3.5.1.6 Category-specific QA/QC and verification

Energy consumption was compared with data from the energy balance reported by DGEG. No differences
were found between total fuel estimated with the described methodology and total fuel reported in the
energy balance.

3.5.1.7 Recalculations
No recalculations were made.
3.5.1.8 Further Improvements

No further improvements are planned for this sector.
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3.5.2 Road Transportation (CRF 1.A.3.b)

3.5.2.1 Category description

Road Transportation is one of the most important emitter of greenhouse gases (GHG) such as carbon dioxide
(CO2), methane (CH4) and nitrous oxide (N,0O).

Exhaust greenhouse gases emissions from Road Transportation were estimated at about 16 338 Kt CO,eq in
2022, representing an increase of 61% when compared to 10 179 Kt CO; eq estimated for 1990.

Emissions of N,O have doubled since 1990 due to the introduction of catalytic converters. These emissions
increased by a factor of 4.6 between 1990 and 2000 and have since then been slowly diminishing to less than
half that record value. The introduction of catalytic converters has some disadvantages including the increase
of CO, and NH; emissions which contribute to climate change and acid deposition. It is difficult to assess the
extent to which CO, emissions have increased as a result of fitting catalytic converters, because
improvements in fuel economy have been made at the same time as development of the engine
management systems that are required to minimize NOx and VOC emissions.

Table 3-48: Estimated emissions from Road Transportation (Kt CO2 eq).

Source Category/Pollutant 1990 1995 2000 2005 2010 2015
1A3b - CO2 Fossil 10000.59 | 13261.92 | 18629.75 | 19013.95 | 18102.17 | 15523.36 | 14195.28 | 15174.09 | 16 165.98
1A3b - CO2 Biomass* 0.00 0.00 0.00 0.00 859.02 899.84 688.41 970.78 948.09
1A3b - CH4 108.80 113.88 97.82 67.38 43.76 28.39 19.14 20.54 21.94
1A3b - N20 69.85 169.18 323.63 171.18 140.48 130.87 126.79 138.92 150.20

1A3b - Road Transportation | 10179.25 | 13544.98 | 19051.20 | 19252.52 | 18286.40 | 15682.62 | 14341.22 | 15333.55 | 16 338.13

2D1 - Lubricants in 4-stroke 20.75 25.87 33.62 34.41 35.49 31.55 28.58 30.88 32.69

2D3c - Urea 0.00 0.00 0.00 0.00 3.13 5.73 8.95 10.29 11.45

*Information item. Emissions not included in national totals.

Exhaust emissions from Road Transportation include emission from the combustion of lubricant use in two-
stroke engines, which represent, in 2022, 0.01% of the total exhaust emissions from Road Transportation.

Greenhouse gases emissions from Road Transportation also include non-combustive CO, emissions from the
use of urea-based additives in catalytic converters (reported under 2D3c) and from lubricants that enter
accidentally in the four-stroke engines combustion chambers (reported in 2D1). In 2022, these emissions
represented respectively 0.07% and 0.2% of the total emissions from Road Transportation.

3.5.2.2 Methodology

Emissions from Road Transportation are estimated using the COPERT 5% (Version 5.4.36 - October 2020) and
includes the following type of emissions:

e Exhaust Emissions from Fuel (1A3bi, 1A3bii, 1A3biii, 1A3iv) - CO,*°, CHs and N,0;

e Exhaust Emissions from Lubricants use in two-stroke engines (1A3iv) — CO,,

e Emissions from Lubricants use in four-stroke engines (2D1) — CO;

e Urea based catalytic converters emissions - SCR (Selective Catalytic reduction) (2D3c) — CO,.

18 https://www.emisia.com/utilities/copert/
9 Exhaust emissions from fuels include estimation of the CO2 emissions from the fossil part of biofuels.
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For the calculation of these emissions, beyond COPERT 5 emission factors, several National Activity Data and
Input Variables are used:

e Environmental Information (Temperature, Humidity)

e Trip Characteristics (Trip length, Trip duration)

e  Fuel Characteristics and Specifications

e Energy Consumption

e Vehicle Fleet

e Distance travelled (Mean Activity - Km)

e Circulation Data (Average Speed, Mileage % per driving mode)

An additional tool was developed by APA to calculate the vehicle fleet and distance travelled with information
from vehicle inspection centers, sales and abatements.

The energy consumption is provided by the national energy authority. To ensure that the statistical energy
consumption match the calculated energy consumption, COPERT 5 adjust the blend type and share, and the
annual distance travelled (mean activity).

Estimated emissions from Road Transportation are based in Tier 1 method for CO, emissions and Tier 3 for
non-CO, emissions.

3.5.2.3 Emission Factors

Emissions factors for Exhaust Emissions and non-combustive CO2 emissions from the use of urea-based
additives in catalytic converters were determined using COPERT 5.

3.5.2.3.1 Implied Emission Factors

Distance Implied Emission Factors were calculated for Vehicle Category and Fuel and are presented in the
next table.

Table 3-49: Road Transportation distance based implied emission factor for 2022 (g/km and mg/km).

Passenger Cars Petrol 200.01 27.23 3.59
Passenger Cars Petrol Hybrid 139.45 19.92 2.01
Passenger Cars Diesel 193.43 1.10 7.13
Passenger Cars LPG Bifuel 191.98 32.85 0.00
Light Commercial Vehicles Petrol 256.11 81.14 8.72
Light Commercial Vehicles Diesel 233.16 2.50 6.38
Heavy Duty Trucks Diesel 562.22 17.55 25.73
Buses Diesel 1203.84 36.52 22.93
Buses CNG 1341.43 990.16 1000.00
L-Category - Mopeds Petrol 70.25 117.40 1.00
L-Category - Motorcycles Petrol 123.64 52.34 2.00

More detailed Implied Emission Factors based on distance (g/km and mg/km) and different Vehicle Category,
Fuel, Segment and Euro Standard, for 2022, are presented in Annex B.

The Implied Emission Factors based on energy (t/TJ), for 2022, were determined for different Vehicle
Category, Fuel, Segment and Euro Standard and are also presented in Annex B.

3.5.2.4 Activity Data and Input Variables
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3.5.2.4.1 Environmental information

The monthly average ambient minimum and maximum temperatures and monthly average relative air
humidity were inputted into COPERT 5. The temperature data was received from 15 climatological stations
of the Portuguese Sea and Atmosphere Institute (IPMA) and concerns a long period average from 1971 to
2000. The humidity information is related to modeled historical data from 1971 to 2000. The same values
were used for all years in analysis.

Table 3-50: Monthly average ambient temperatures (2C) and relative air humidity (%).

Minimum Maximum Relative
Temperature Temperature Humidity

January 4.5 13.1 85

February 5.6 14.6 82
March 6.8 17.0 79
April 8.1 18.2 76
May 10.5 21.0 72
June 13.5 25.4 65
July 15.6 28.7 57
August 15.5 28.8 56
September 14.2 26.3 63
October 11.2 21.2 76
November 7.9 16.8 83
December 6.1 13.9 85

Source: (http://portaldoclima.pt/en/)

3.5.2.4.2 Trip Characteristics

According to COPERT 5 methodology some country properties related with trip characteristics are necessary.
For Portugal the average trip length considered was 10 km (as described in the EMEP/EEA Guidebook 2019,
table 3.35) while the average trip duration is 12 minutes.

3.5.2.4.3 Fuel Characteristics and Specifications

Some fuel specifications used, like energy content, density, H:C and O:C ratio, were default COPERT 5 values
set accordingly with EMEP/EEA Guidebook 2019.

Table 3-51: Fuel specifications.

Energy Content Density ) )
(Mi/kg) (kg/m3) H:C Ratio 0O:C Ratio
Petrol 43.77 750.00 1.86 0.00
Diesel 42.70 840.00 1.86 0.00
LPG 46.56 520.00 2.53 0.00
CNG 48.00 175.00 4.00 0.00
Biodiesel 37.30 890.00 1.95 0.11
Bioethanol 28.80 794.00 3.00 0.50

The Sulphur content in Petrol and Diesel was set in line with National Legislation values. For LPG, CNG,
Biodiesel and Bioethanol it was assumed a 0% Sulphur content.
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Table 3-52: Sulphur content in petrol and diesel (ppm wt).

Fuel 1990-1999

Leaded Petrol 1000

‘ 1990-1995 1996-2001 2002-2004 2005-2008 2008-2022

Unleaded Petrol 1000 500 150 50 10

Fuel 1990-1994 1995 1996-2000 2001-2004 2005-2008 2009-2022

Diesel 3000 2000 500 350 50 10

Source: National Legislation (Portaria n.2124/89, Portaria n.2125/89, Portaria 949/94, Portaria n.21489/95, Decreto-Lei n2 104/2000, Decreto-Lei n?
235/2004, Decreto-Lei n2 142/2010 e Decreto-Lei n® 214-E/2015).

Monthly values of fuel volatility (RVP - Reid Vapour Pressure) were established from Portuguese Legislation.

Table 3-53: Reid Vapour Pressure (kPa).

Month ‘ 1990 to 1995 1996 to 1999 2000 to 2022
January 98 95 90
February 98 95 90
March 98 95 90
April 83 80 90
May 83 80 60
June 70 70 60
July 70 70 60
August 70 70 60
September 70 70 60
October 83 95 90
November 98 95 90
December 98 95 90

3.5.2.4.4 Energy Consumption

Fuel consumption from Road Transportation sector is available from the Energy Balances from DGEG while
the lubricant consumption is calculated by COPERT 5. Fuel and lubricant consumption is presented in the
following figure and Annex B.
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Figure 3-40: Fuel and lubricant consumption from Road Transportation sector (TJ).
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In adition to the “10.05.04 Road Transport” category of the Energy Balance the Road Transportation sector
also considers petrol from “10.4 services” category and part of diesel from “10.01.01 Agriculture” category
as described in 3.6 Other Sectors (1A4).

Lubricant consumption that contributes to exhaust emission in Road Transportation includes lubricant
consumed as energy in two-stroke engines.

Emission from lubricants used in vehicle engines to reduce friction and cool components that are not
combusted and emissions from lubricant that enters accidentally in the four-stroke engines combustion
chambers are included in section related to Lubricants Use (CRF 2.D.1).

In Portugal the incorporation of Biodiesel in Diesel starts in 2006 and the incorporation of Bioethanol in Petrol
starts in 2012. The incorporation rates in the Road Transportation Sector are presented in the next tables.

Table 3-54: Incorporation rate of Biodiesel in Diesel (%).

2006 =~ 2007 2008 2009 2010 | 2011 2012 | 2013

2014 ‘ 2015 ‘ 2016 2017 2018 ‘ 2019 2020 ‘ 2021 2022

Source: DGEG

Table 3-55: Incorporation rate of Bioethanol in Petrol (%)

2019 2020 2021 2022

0.09% 0.16% 0.16% 1.73% 1.89% 0.28% 0.52% 0.68% 0.55% 1.99% 2.56%
Source: (DGEG)

3.5.2.4.5 Vehicle Fleet

The active fleet of Passenger Cars, Light Commercial Vehicles, Heavy Duty Trucks and Buses, for the period
between 2003 and 2022, was obtained from data from the national vehicle inspection centres from Instituto
da Mobilidade e dos Transportes (IMT) complemented with data on vehicle sales from Associagdo Automovel
de Portugal (ACAP).

For the period between 1990 and 2002, due to the absence of information from the inspections centers, to
determine the active fleet per year for Passenger Cars, Light Commercial Vehicles, Heavy Duty Trucks and
Buses was applied a function that considers the vehicle survival rates. The backcasting for the estimation of
the active fleet, for the period between 1990 and 2002, was estimated taking into account the survival rates
of the data from the national vehicle inspection centers, between 2003 and 2016, and the vehicle fleet for
2003 for the different vehicle and fuel categories.

Despite the different splicing techniques to resolve data gaps presented in the 2006 IPCC Guidelines Volume
I, we considered that due to the fact that technical conditions changes throughout the time series and that
the backcast was not applied directly to the emission estimation but to one of the activity data considered,
was necessary to develop this customised approach for the vehicle fleet estimation for the period between
1990 and 2003.

The number of mopeds and motorcycles was obtained from insurance data from Autoridade de Supervisédo
de Seguros e Fundos de Pensdes (ASF) since these vehicles are excluded from the vehicle inpection programe.
The classification by type of segment and age was possible with data from Instituto da Mobilidade e dos
Transportes (IMT) and Associagdo Automével de Portugal (ACAP).

The application of COPERT 5 vehicle segment to the data from vehicle inspection centers was based on
Associagéio Automovel de Portugal (ACAP) segmentation data considering weight and/or cylinder power
ranges.
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Table 3-56: COPERT 5 segments.

COPERT 5 Vehicle

Cylinder Power

COPERT 5 Vehicle Segment Fuel Weight (kg)
Category (cm3)
Mini Petrol <1400 <1000
Small Petrol Hibrid <1800 <1600
Passenger Cars : .
Medium Diesel <2400 <1900
Large-SUV-Executive LPG Bifuel > 2400 >1900
) ) N1-I <1900 -
ngh.t Commercial Nl P(.etrol 1900 -2 600 a
Vehicles Diesel
N1-111 >2 600 =
Rigid <=7,5t <=7500 -
Rigid 7,5-12t 7 500 - 12 000 -
Rigid 12-14 t 12 000 - 14 000 -
Rigid 14-20t 14 000 - 20 000 -
Rigid 20- 26t 20000 - 26 000 -
Rigid 26 - 28 t 26 000 - 28 000 -
Rigid 28 -32 t ) 28 000 - 32 000 -
Heavy Duty Trucks — Diesel
Rigid >32 t > 32000 -
Articulated 14-20t <20000 -
Articulated 20 - 28 t 20000 - 28 000 -
Articulated 28 - 34 t 28 000 - 34 000 -
Articulated 34 -40t 34000 - 40 000 -
Articulated 40-50t 40 000 - 50 000 -
Articulated 50 - 60 t >50 000 -
Urban Buses Midi <=15t <=15 000 -
Urban Buses Standard 15 - 18 t 15 000 - 18 000 -
Buses Urban Buses Articulated >18 t Diesel >18 000 -
Coaches Standard <=18 t <=18 000 -
Coaches Articulated >18 t >18 000 -
Urban CNG Buses CNG - -
Mopeds 2-stroke <50 cm? - <50
Mopeds 4-stroke <50 cm? - <50
Motorcycles 2-stroke >50 cm? - >50
L-Category Motorcycles 4-stroke <250 cm? Petrol - <250
Motorcycles 4-stroke 250 - 750
m? - 250 - 750
Motorcycles 4-stroke >750 cm? - >750

Vehicle technology was determined according with European and National legislation and the vehicle first

registry year as presented in table below.
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Table 3-57: Technology classification according to first registry year.

Vehicle Category

Euro Standard

First Registry year

from
PRE ECE 1971
ECE 15/00-01 1972 1977
ECE 15/02 1978 1980
ECE 15/03 1981 1985
Petrol
ECE 15/04 1986 1992
Euro 1 1993 1996
Euro 2 1997 2000
Euro 3 2001 2005
Euro 4 2006 2010
Euro 5 2011 2014
Petrol / Petrol Hybryd Euro 6 a/b/c 2015 2018
Euro 6 d-temp 2019 2020
Euro6d 2021
Conventional 1992
Euro 1 1993 1996
Passenger Cars Euro 2 1997 2000
Euro 3 2001 2005
Diesel Euro 4 2006 2010
Euro 5 2011 2014
Euro 6 a/b/c 2015 2018
Euro 6 d-temp 2019 2020
Euro6d 2021
Conventional 1992
Euro 1 1993 1996
Euro 2 1997 2000
Euro 3 2001 2005
LPG Bifuel Euro 4 2006 2010
Euro 5 2011 2014
Euro 6 a/b/c 2015 2016
Euro 6 d-temp 2017 2019
Euro6d 2020
Conventional 1994
Euro 1 1995 1997
Euro 2 1998 2000
Euro 3 2001 2005
Petrol Euro 4 2006 2010
Euro 5 2011 2015
Euro 6 a/b/c 2016 2017
Euro 6 d-temp 2018 2020
Light Commercial Vebhicles - Euro6d 2021
N1-I Conventional 1994
Euro 1 1995 1997
Euro 2 1998 2000
Euro 3 2001 2005
Diesel Euro 4 2006 2010
Euro 5 2011 2014
Euro 6 a/b/c 2015 2017
Euro 6 d-temp 2018 2020
Euro6d 2021
. . . Conventional 1994
Light Commercial Vehicles - Petrol Furo 1 1995 1998
N1-1I/N1-11
Euro 2 1999 2001
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o} o]
Vehicle Category Euro Standard First Registry year
Euro 3 2002 2006
Euro 4 2007 2011
Euro 5 2012 2015
Euro 6 a/b/c 2016 2017
Euro 6 d-temp 2018 2020
Euro6d 2021
Conventional 1994
Euro 1 1995 1998
Euro 2 1999 2001
Euro 3 2002 2006
Diesel Euro 4 2007 2011
Euro 5 2012 2014
Euro 6 a/b/c 2015 2017
Euro 6 d-temp 2018 2020
Euro6d 2021
Conventional 1993
Euro | 1994 1996
Euro Il 1997 2001
. Euro I 2002 2006
Heavy Duty Trucks and Buses Diesel
Euro IV 2007 2009
EuroV 2010 2013
Euro VI A/B/C 2014 2018
Euro VI D/E 2019
Euro | 1994 1996
e NG Euro Il 1997 2001
Euro llI 2002 2006
EEV 2007
Conventional 2000
Euro 1 2001 2002
Euro 2 2003 2006
Mopeds Petrol
Euro 3 2007 2017
Euro 4 2018 2020
Euro 5 2021
Conventional 2000
Euro 1 2001 2003
Euro 2 2004 2006
Motorcycles Petrol
Euro 3 2007 2016
Euro 4 2017 2020
Euro 5 2021

The following table shows the vehicle fleet by vehicle category.
Table 3-58: Vehicle fleet synthesis.

Vehicle Category ‘ 1990 1995 2000 2005 ‘ 2010 2015 2020 2021 2022

Passenger Cars 1552912 | 2516415 | 3546152 | 3962031 | 4386247 | 4611618 | 5006277 | 5136051 | 5198427

Light Commercial Vehicles 290 461 591823 960 124 1177894 | 1255037 | 1210303 | 1200552 | 1230501 | 1240029

Heavy Duty Trucks 52 054 79076 108 924 115517 107 452 93413 102 618 107 021 110983
Buses 6209 8 405 11946 13851 14 666 14 255 14 464 14 698 14 807
L-Category 900 822 774 282 673 994 487 589 497 024 527431 674 100 731859 766 164
Total 2802458 | 3970001 | 5301140 | 5756882 | 6260426 | 6457020 | 6998011 | 7220130 | 7330410

Detailed information, regarding vehicle fleet, with information of Vehicle Category, Fuel, Segment and Euro
Standard is presented in Annex B.
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Figure 3-41: Number of Passenger Cars by fuel type.

The number of gasoline passenger cars has decreased over the last years. It was observed a decrease in the
number of this type of vehicles while diesel passenger cars have increased. After an initial growth, LPG fuelled
vehicles have stabilized as a small percentage of passenger cars.

3.5.2.4.6 Distances Travelled

Distance travelled for each year for Passenger Cars, Light Commercial Vehicles, Heavy Duty Trucks and Buses
was established using a model based on data from vehicle inspection centers. This model uses the total
number of km made by each vehicle segment, considering the first registration date, and estimates the total
kilometers traveled in a year, dividing the total km of a given vehicle by its age. For the period between 2003
and 2022 the total mileage figures are obtained directly from the inspection centers, while for the period
from 1990 to 2002 a backcast method is used to estimate the km made by different vehicle category
considering its age. This approach, although more complex and detailed, can be considered a trend
extrapolation as defined in point 5.3.3.4. of Section 5.3 "Resolving Data Gaps" in Volume 1: General Guidance
and Reporting Guidelines of the IPCC 2006 Guidelines In addition, an adjustment is made to the km traveled
by each vehicle considering the national fuel sales reported in the energy balance, using an approach similar
to that described in point 5.3.3.2 Surrogate Data.

For Mopeds and Motorcycles the average distance travelled was obtained by the TRACCS Project
(http://traccs.emisia.com/index.php).

Total road traffic activity has increased 98% between 1990 and 2022.
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Figure 3-42: Kilometers travelled by vehicle type (vkm).

Detailed information on total activity, for the period between 1990 and 2022, regarding different Vehicle
Categories, Fuel types, Segments and Euro Standard is presented in Annex B.

3.5.2.4.7 Circulation data
Three driving modes were individualized: urban, rural and highway.

The distance travelled were allocated to the driving modes. Information on Vehicle-kilometers (vkm) driven
under highways derives from the Instituto da Mobilidade e dos Transportes (IMT) which is the technical
regulator for mobility and transport. Originally this data is communicated to IMT by the highway service
providers. The remaining vkm are allocated to urban and rural driving modes according with the population
living in each area.
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Table 3-59: Assumed mileage percentage driven by driving mode and vehicle type for 2022.

Driving Mode Vehicle Type Assumed share

Passenger Car 30.09%
Light Duty Vehicles 30.09%
Heavy Duty Vehicles 47.13%

Highway Urban Buses 0.00%
Coaches 47.13%
Mopeds 0.00%
Motorcycles 30.09%
Passenger Car 24.32%
Light Duty Vehicles 24.32%
Heavy Duty Vehicles 18.39%

Rural Urban Buses 0.00%
Coaches 52.87%
Mopeds 34.79%
Motorcycles 24.32%
Passenger Car 45.59%
Light Duty Vehicles 45.59%
Heavy Duty Vehicles 34.47%

Urban Urban Buses 100.00%
Coaches 0.00%
Mopeds 65.21%
Motorcycles 45.59%

For each driving mode average speeds had to be set by vehicle type whereas vehicle fuel consumption and
exhaust emissions are strongly dependent on speed.

Table 3-60: Assumed vehicle speeds by driving mode and vehicle type.

Driving Vehicle Type Assumed Source
Mode Speed (km/h)
Passenger Car 124 Lemonde, 2000
Light Duty Vehicles 124 Lemonde, 2000
Highway Heavy Duty Vehicles 103 LNEC, 2002
Coaches 103 LNEC, 2002
Motorcycles 124 Lemonde, 2000
Passenger Car 61 LNEC, 2002
Light Duty Vehicles 61 LNEC, 2002
Heavy Duty Vehicles 56 LNEC, 2002
Rural Coaches 56 LNEC, 2002
Mopeds 40 Maximum Legal Value
Motorcycles 61 LNEC, 2002
Passenger Car 24.9 Gois et al., 2005
Light Duty Vehicles 24.9 Gois et al., 2005
Heavy Duty Vehicles 24.9 Gois et al., 2005
Urban Buses 14.8 Carris, 2005
Coaches 24.9 Gois et al., 2005
Mopeds 24.9 Gois et al., 2005
Motorcycles 24.9 Gois et al., 2005
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3.5.2.5Uncertainty Assessment

In accordance with the chapter of Road Vehicles in the GPG, the uncertainty of methane emission factor is
40% and the uncertainty for nitrous oxide should be at least 50%. The uncertainty in CO; is 5%, also in
accordance with the same source of information. The uncertainty of activity data was assumed to be 5%.

3.5.2.6 Category-specific QA/QC and verification

Energy consumption data from the Energy Balance reported by DGEG, the Total Fuel Sales imported to
COPERT and the Total Fuel Consumption exported from COPERT were compared and no significant
differences were found.

3.5.2.7 Recalculations
The major changes between submissions result from the update of activity data, namely:

- Revision of the stock and distances travelled data from 2017 to 2021;
- Revision of the incorporation rates of biofuels between 2018 and 2021;
- Revision of the 2020 and 2021 Energy Balances data provided by DGEG.

3.5.2.8 Further Improvements

Continue with the efforts to develop country-specific parameters for gasoline and diesel oil in order to follow
the UNFCCC recommendations.

We are planningto to update the latest version of COPERT in a future submission.
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3.5.3 Railways (CRF 1.A.3.c)
3.5.3.1Category description

Although there has been a growing electrification of railway lines in Portugal during latest years, locomotives,
shunting locomotives and railcars are still responsible for substantial part of rail transport and consequent
emission of GHG in exhaust.

Table 3-61: Estimated emissions from Railways (Gg CO:ze).

Railways 197.8 91.9 28.6 28.3 24.4

CO2 177.2 82.3 25.7 25.5 21.9
CHa 0.3 0.1 0.0 0.0 0.0
N20 18.1 8.4 2.8 2.8 24

*Information item. Emissions not included in national totals.
3.5.3.2 Methodology

Emissions to atmosphere of ultimate CO, from fossil origin were estimated from CO; total emissions by:

Fossilcoary) = Er [EFcoz (1) * Facox f) * Crossi() ¥ CONSruelry) * LHV(y] * 107

Where:

Fossilcoay) - Emissions of carbon dioxide to atmosphere from combustion of fossil fuel f (t);
EFco2 ) — Total carbon content of fuel expressed in total CO, emissions (kgCO,/GJ);

Crossil - Percentage of carbon from fossil origin in fuel f (%);

Facox) — Oxidation factor for fuel f (ratio 0..1);

Conseuelty) - Consumption of fuel f in year vy (t/yr);

LHV (5 - Low Heating Value (MJ/kg).

For all other pollutants the following formula was used:

Emission (o) = BY[EF5p) * CoNnSruelsy)] * 107

Where:

Emission (o) - Emission of pollutant p in yeary (t/yr);
EF(p - Quantity of pollutant p emitted from fuel f (kg/t);
Conseuelnfy) - consumption of fuel f during in yeary (t/yr).
3.5.3.3Emission Factors

Emission factors were set from available proposed emission factors in IPCC 2006 Guidelines.

Table 3-62: Low Heating Value (LHV) — Railways.

Low Heating Value

Fuel Fuel type Value ‘ Unit

Sub-bituminous Coal S 24.66 MJ/kg
Coaking Coal S 30.81 MJ/kg
Diesel-oil L 43.00 MJ/kg
Biodiesel B 37.00 MJ/kg

Source: DGEG
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Table 3-63: Oxidation factor and Percentage of carbon from fossil origin in fuels — Railways.

Fuel Oxidation Factor | % C Fossil
Value Unit Value Unit
Sub-bituminous Coal 1.00 MJ/kg 100 %
Coaking Coal 1.00 MJ/kg 100 %
Diesel-oil 1.00 MJ/kg 100 %
Biodiesel 1.00 MJ/kg 100 %

Table 3-64: Emission factors for Greenhouse gases in Railways.

Sub-bituminous Coal 96.1 kg/G) 0.002 kg/G) 0.002 kg/G)
Coaking Coal 96.1 kg/GJ 0.002 kg/GJ 0.002 kg/G)
Diesel-oil 74.1 kg/GJ 0.004 kg/GJ 0.028 kg/GJ
Biodiesel 70.8 kg/GJ 0.004 kg/GJ 0.028 kg/GJ

Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Mobile Combustion (Table 3.4.1)
3.5.3.4 Activity Data

Consumption of fuel in the railway transport sector is available by fuel type from 1990 to 2020 from the
energy balance. Besides some very small use of coal and coke until 1996, the majority of combustible energy
refers to use of gas 0il®. The quantities that were consumed have been decreasing steadily since 1992 due
to electrification of the power lines, as can be seen in the next Figure.
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Figure 3-43: Consumption of fuels in the railway transport sector.

Between 1990 and 1997, there was a decrease in the consumption of coal in rail transport that accompanies
a process of electrification of the rail network. The abrupt increase since 1998 is explained by a Locomotive
that operated only for tourist purposes between 1998 and 2012 on the Douro Line. The consumption of this
locomotive would be of the order of 1.5 tons of coal per trip, having taken about 20 trips/year, so Portugal
assumed a consumption of 20 toe/year for the activity of this vehicle.

20 Gas oil represents no less than 93 % of total annual use of combustible energy.
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As of 2006, the diesel consumed by rail transport has incorporated biodiesel, similarly to what happens with
road transport, however this diesel is colored and marked and the supply is made directly at some railway
stations with their own tanks. Below is the annual import rate considered for the period between 2006 and
2022.

Table 3-65: Incorporation rate of biodiesel (% toe/toe)

2006 2007 \ 2008 \ 2009 \ 2010 2011 2012 2013 2014

2015 2016 2017 2018 2019 2020 2021 2022
Incorporation rate 6.81 5.15 5.10 5.48 5.41 5.56 5.56 5.56

3.5.3.5Uncertainty Assessment

The uncertainty of fuel consumption was set equal to the uncertainty that was also considered for road
traffic: 5 %. In a similar way the uncertainties in methane and nitrous oxide emission factors were set at 40
% and 50 % respectively, the same values that were used for road traffic. The general error of 5 %, set for
most combustion sources, was used for the calculation of uncertainties of carbon dioxide emissions.

3.5.3.6 Category-specific QA/QC and verification

General revision of time series consistency for fuel consumption and emission factors was the only QA/QC
procedure adopted for this sector.

3.5.3.7 Recalculations
No recalculations
3.5.3.8 Further Improvements

No further improvements are planned for this sector.
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3.5.4 Water-Borne Navigation (CRF 1.A.3.d)
3.5.4.1Category description

This sector refers to domestic ship transport between Portuguese ports including traffic to the Azores and
Madeira islands.

Table 3-66: Estimated emissions from Water-Borne Navigation (kt COzeq).

Source Category/Pollutant 1990 1995 2000 2005 2010 2015 2020 2021 2022

Domestic Water-Borne Navigation 265.0 229.4 203.3 211.2 231.3 285.5 203.8 208.9 280.4
CO, 262.5 227.3 201.4 209.2 229.1 282.8 201.9 206.9 277.8
CH4 0.7 0.6 0.5 0.5 0.6 0.7 0.5 0.5 0.7
N,O 1.8 1.6 1.4 1.5 1.6 2.0 14 14 1.9
International Water-Borne Navigation* | 1413.2 | 1129.4 | 1682.8 | 1567.8 | 1650.0 | 2042.8 | 2213.0 | 2167.9 | 22455
CO, 1400.0 | 1118.8 | 1667.0 | 1553.1 | 1634.5 | 2023.7 | 2192.2 | 21475 | 22244
CHq 3.6 2.9 43 4.0 4.2 5.2 5.6 5.5 5.7
N,O 9.7 7.8 115 10.7 11.3 14.0 15.2 149 15.4

*Memo item. Emissions not included in national totals

For recreational craft, since it is not possible to separate consumption in the Energy Balance, we consider
that emissions may also be included in Road Transport (1.A.3.b) and National Fishing (1.A.4.c.iii).

3.5.4.2 Methodology

The methodology used for the calculation of emissions from shipping activities is in accordance with the ship
movement methodology from the detailed methodology of EMEP/CORINAR air pollutant emission inventory
guidebook (version from August 2002). This methodology takes into account ship movement data, fuel used
as well as the type of ship, the distance travelled and the speed of vessel. Therefore, according with IPCC
Guidelines, this approach consists in a detailed method (tier 2 or 3). Since fuel consumption is used for top-
down calibration, tier 2 method could be regarded as the method used to estimate emissions from shipping
activities.

The general approach could be described as follows:
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Figure 3-44: Generic methodology flowchart.

For each dock (which includes one arrival and one departures) is possible to calculate domestic and
international distance and fuel consumtion.

Domestic and international fuel consumption is estimated with a bottom-up approach using the fuel
consumption factors and distance travelled by each ship. The fuel consumption factores, in tonne/day, is
calculated with the gross tonnage of each ship and coverted to kg/nautical mikes with the ship speed.
Detailed ship movements and ships technical information (such as gross tonnage, ship type and speed) is
provided by National Seaports.

The international fuel consumption estimated is calibrated with the total fuel sales data from the energy
balance provided by the energy authority (DGEG). This top down calibration does not affect the domestic
fuel consumption estimated whith the bottom-up approach.

Domestic navigation also takes into account the tugs fuel consumption for each maneuvering.

Since emissions factors vary according with the type of fuel, to distinguish between residual and distillate
fuel we consider the fraction of destilate fuel oil and residual fuel oil sold in marine bunkers.

3.5.4.3 Emission Factors

Emission factors and energy content were obtained from several sources. The energy content of residual and
distillate fuels was provided by the energy authority (DGEG). The carbon emission factors, expressed in t/TJ,
and the CH4 and N,O emission factors were obtained from IPCC 2006 Guidelines.
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Table 3-67: Low Heating Value (LHV) — Navigation.

Im R

Gas-oil L 204 42.60

Residual Fuel-oil | L 203 40.00
Source: DGEG

Table 3-68: Carbon content — Navigation.

G
Gas-oil 20.20 | t/TJ | IPCC 2006
Residual Fuel-oil | 21.10 | t/TJ | IPCC 2006

Table 3-69: Emission factors for Greenhouse gases — Navigation.

K Y ey Ty e M Ty
Gas-oil 74.1 t/TJ | IPCC 2006 kg/T) | IPCC 2006 kg/T) | IPCC 2006

Residual Fuel-oil | 77.4 | t/TJ | IPCC 2006 7.0 kg/TJ | IPCC 2006 2.0 kg/TJ | IPCC 2006

The fuel consumption factors (expressed in tonne per day) are dependent from the ship type and from the
gross tonnage. The equations used to derive fuel consumption factors were obtained from IPCC 2006.

Table 3-70: Consumption factors.

Shib Tvpe Consumption at full power
L (tonne/day)(@

Solid bulk 20.186 + 0.00049 x gt
Liquid bulk 14.685 +0.00079 x gt
General cargo 9.8197 +0.00143 x gt
Container 8.0552 +0.00235 x gt
Passenger/Ro-Ro/Cargo 12.834 + 0.00156 x gt
Passenger 16.904 + 0.00198 x gt
High speed ferry 39.483 +0.00972 x gt
Inland cargo 9.8197 +0.00143 x gt
Sail ships 0.4268 + 0.00100 x gt
Tugs 5.6511 +0.01048 x gt
Fishing 1.9387 +0.00448 x gt
Other ships 9.7126 +0.00091 x gt
All ships 16.263 + 0.001 x gt
Legend:

gt — gross tonnage
(@ — a factor of 0.8 was applied to obtain consumption for cruise.
Source: (IPCC 2006)

3.5.4.4 Activity Data
3.5.4.4.1 Ships movements in national sea ports

The activity data from navigation is based on ship movement for individual ships in each national seaport
comprehending nine ports in Portugal mainland and four in islands of Madeira and Azores.

The data provided by national seaports reports to the years 1990 and 1995; and to the period between 2000
and 2022. The number of movements and the distances travelled for the period 1991-1994 and 1996-1999
were estimated according with an interpolation established between years with available data.
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For most cases, data on origin and destiny was also available per movement which allowed to estimate the
distances travelled and to distinguish between domestic and international movements.

Table 3-71: Ship docks.

Location

Aveiro Mainland | docks 876 1098 1009 1028 961 1025 990 1055 1073
Canigal Madeira docks 76 76 76 178 390 241 246 241 265
Faro Mainland | docks 163 163 163 32 12 85 46 15 20
Figueira da Foz Mainland | docks 315 297 307 321 476 496 484 401 475
Funchal Madeira | docks 1063 1063 1063 948 758 664 382 502 742
Leixdes Mainland | docks 2742 2896 3050 2814 2612 2735 2477 2410 2434
Lisboa Mainland | docks 5586 4993 3869 3474 3129 2605 1661 1661* 2492*
Ponta Delgada Azores docks 1080 1080 1080 1078 1035 831 684 722 845
Portimédo Mainland | docks 34 34 37 42 136 70 4 24 61
Porto Santo Madeira | docks 402 402 402 400 392 348 318 363 392
Setubal Mainland | docks 1453 1453 1699 1592 1632 1627 1598 1576 1560
Sines Mainland | docks 1038 979 808 1124 1632 2173 1995 1949 1912
Viana do Castelo | Mainland | docks 254 293 348 214 179 198 202 250 244

* provisional data
3.5.4.4.2 Ship Fleet

The fleet from the figure below refers to all ships that docked in national seaports irrespective of domestic
or international movements.

Tugs Other Ships
1% 6%

Passenger/Ro-Ro/Cargo

3%

Passenger Container

11% 32%

Solid Bulk ‘
5%
Fishing

Liquid Bulk 0.2%

18%

General Cargo
24%

Figure 3-45: Ship fleet.
3.5.4.4.3 Fuel consumption

Fuel consumption is estimated with a bottom-up approach using fuel consumption factors combined with a
top-down calibration with the energy balance. In a first step, domestic and international consumption are
estimated with the bottom up approach. Then the international consumption is re-calculated by subtracting
the estimated domestic consumption from the total sales reported in the energy balance, this is considered
the top down calibration. This calibration does not affect the domestic fuel consumption calculated with the
bottom-up approach.

FuelConsumption,ternationar = FuelSales — FuelConsumptionpomestic
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Table 3-72: Total fuel sales (ton).

Fuel Sales NAPFUE 1990 1995 2000 2005 2010 2015 2020 2021 2022

Gas-oil L 126903 | 141272 | 125554 | 110197 | 94064 | 139277 | 157452 | 171050 | 198 044

Residual Fuel-oil | L 203 407 823 | 290920 | 475743 | 457 115 | 506320 | 603295 | 613084 | 586415 | 606 630
Source: DGEG

Table 3-73: Estimated fuel consumption (ton).

Fuel Region 1990 1995 2000 2005 2010 2015 2020 2021 2022

Residual Fuel-oil Domestic 61244 53023 46 988 48 804 53458 65 968 47037 48 312 64 802

Residual Fuel-oil | International | 431554 | 448 716 | 430253 | 411428 | 515738 | 805707 | 782099 | 688862 | 716783
Residual Fuel-oil Total 492797 | 501739 | 477242 | 460233 | 569196 | 871676 | 829136 | 737175 | 781585
Gas-oil Domestic 23132 20027 17 748 18434 20192 24917 17 766 18 248 24476
Gas-oil International | 163002 | 169485 | 162511 | 155401 | 194799 | 304324 | 295407 | 260190 | 270736
Gas-oil Total 186 135 | 189512 | 180259 | 173835 | 214991 | 329241 | 313173 | 278438 | 295213

Table 3-74: Estimated fuel consumption after top-down calibration (ton).

Fuel Region 1990 1995 2000 2005 ‘ 2010 ‘ 2015 ‘ 2020 2021 2022
Residual Fuel-oil Domestic 61244 53023 46 988 48 804 53458 65968 47037 48 312 64 802
Residual Fuel-oil | International | 346579 | 237897 | 428754 | 408311 | 452862 | 537327 | 566047 | 538103 | 541828
Residual Fuel-oil Total 407 823 | 290920 | 475743 | 457115 | 506320 | 603295 | 613084 | 586 415 | 606 630
Gas-oil Domestic 23132 20027 17 748 18434 20192 24917 17 766 18 248 24476
Gas-oil International | 103770 | 121244 | 107806 | 91763 73872 | 114360 | 139685 | 152802 | 173 568
Gas-oil Total 126903 | 141272 | 125554 | 110197 | 94064 | 139277 | 157452 | 171050 | 198 044

3.5.4.4.3.1 Tugs Fuel consumption

Data concerning tugs assistance operations within the national seaports allowed the incorporation of these
emissions in the inventory. Tug fuel consumption was estimated for each manoeuvering ship in a seaport
following the criteria shown in the next Table. Specific tug fuel consumption factors were supplied by DGRM.

Table 3-75: Criteria employed in the tugs fuel consumption estimation.

Ship Type e A?sisted Assisted N.2 Of. N.2 Of
Arrivals (%) Departures (%) Tugs/Arrival | Tugs/Departure
Small Size All 20 0 1 0
Medium Size All 50 25 1 1
Large Size All 100 100 2 1
Super Large Size | Sines and Leix0es 100 100 3 2
Super Large Size | All except Sines and Leixdes 100 100 2 2

This estimation required the ship size classification expressed in table below.

Table 3-76: Ship type classification for tugs fuel consumption estimation.

Ship Type gt
Small Size gt<1000
Medium Size 10000<gt<1000
Large Size 50000<gt<10000
Super Large Size gt>50000

gt: gross tonnage

Finally the fuel consumption was added to the ship that needed the tugs service. The fuel tables presented
above include fuel consumption in tugs operations.

3.5.4.5 Uncertainty Assessment
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Activity level uncertainty refers to the fuel consumption uncertainty which depends on the number of
movements, the distance travelled and fuel consumption factors. The global uncertainty is therefore
obtained from:

Uglobal = \/(]2 + Uz + Uf27C

movements distance

Movement’s uncertainty was assumed to be 5% as suggested in IPCC Good Practice Guidance and
Uncertainty Management. The distance uncertainty was calculated assuming that ships speeds were
constant between origin and destiny seaports. This allows the indirect assessment of the uncertainty trough
the travelling time between seaports. For the same OD it is possible to estimate uncertainty according with
differences between travelling times performed by the same type of ships. Finally, it was assumed an
uncertainty of 48% for fuel consumption factors proposed by EMEP/EEA. Activity level uncertainty was
estimated about 50% as referred in the next Table.

Table 3-77: Navigation activity level uncertainty.

Source Parameter Value
All Uglobal 50%
Movements Umovements 5%
Distance Travelled Udistance 15%
Fuel Consumtion Factor Ufc 48%

Following the recommendations of GPG the uncertainties of emission factor for CHs and N,O, and for all types
of vessels and navigation, were set respectively to 100% and 1000%.

3.5.4.6 Category-specific QA/QC and verification

Energy consumption was compared with data from the energy balance reported by DGEG. No differences
were found between total fuel estimated with the described methodology and total fuel reported in the
energy balance.

3.5.4.7 Recalculations
Minor correction to 2020 and 2021 activity data due to a compilation error detected.
3.5.4.8 Further Improvements

No further improvements are planned for this sector.

Energy|3-101




1 National Inventory Report - Portugal L

3.5.5 Other Mobile Sources (CRF 1.A.3.e)
3.5.5.1 Category description

Pipeline transportation activities in Portugal are exclusively supported by electricity, therefore no
combustion emission are considered in 1.A.3.e.i (Pipeline Transport)

Fuel consumption for off-road (1.A.3.e.ii), like ground activities in airports and offroad activities not
otherwise reported under Agriculture (1.A.4.c) or Manufacturing Industries and Construction (1.A.2), is
reported in the Portuuguese Energy Balance under the item “Servicos” and the related combustion emission
are included in the category Commercial/Institutional (under Other Sectors — 1.A.4) because is not possible
to separate the fuel consumption for this sectors in the Energy Balance.
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3.6 Other Sectors (CRF 1.A.4)
3.6.1 Category description

This source category refers to combustion in stationary and mobile sources (off-road) equipments that occur
in commercial/institutional, residential, and agriculture/forestry/fishing activity sectors. The following
stationary combustion equipments were included in this sector: boilers, co-generation equipment, machines
and static engines are included in sector. Also included in 1.A.4 are emissions from fisheries bunkers and off
road-road vehicles in agriculture/ forestry sector. Emissions resulting from mobile equipment associated with
the "Commercial / Institutional" and "Residential" sub-sectors are also considered.

In the 2020 submission there was a thorough review of the methodology for estimating GHG emissions for
this category. This involved estimating new sub-categories, reviewing activity data and updating emission
factors.

In the table below it is possible to consult the subcategories considered in Other Sectors (CRF 1.A.4).

Table 3-78: Subcategories considered and coverage of estimated Greenhouse gases

CRF

Categories GHG’s coverage
Category

Source Category

o Industrial & commercial combustion
. Commercial/institutional: . .
1A4ai . . CO,, CH4 and N,O Public sector combustion
Stationary combustion . . .
Railways - stationary combustion

. Commercial/institutional: . .
1A4aii . . CO,, CHgand N,O | Commercial mobile sources
Off-road vehicles and other machinery

. Residential: . .
1A4bi . . CO,, CH4 and N,O Domestic combustion
Stationary combustion

Residential:
1A4bii CO,, CHg and N,0 House and garden machiner
Household and gardening S 2 & v

Agriculture/Forestry/Fishing: Agriculture and Fishing stationary

1A4ci CO,, CHs and N,O

Stationary combustion combustion
Agriculture/Forestry/Fishing:
1A4cii 8 /. v/ g . CO,, CHgand N,O | Agriculture - tractors and mobile machinery
Off-road vehicles and other machinery
Agriculture/Forestry/Fishing:
1A4ciii . / y/Fishing CO,, CHaand N,O | Fishing Vessels

National fishing

In 2021, the Other Sectors category accounted for 4.41 Mt (7.6%) of Portugal’s total GHG emissions, with a
6.5% (0.27 Mt) increase in overall emissions since 1990 (refer to Table 3—74 for more details). Within the
Other Sectors category, 2.05 Mt (46.6%) of the GHG emissions are from the Residential sector, this
subcategory is followed by, in order of decreasing contributions, Agriculture/Forestry/Fishing (1.36 Mt,
30.9%), and Commercial/institutional (0.99 Mt, 22.5%) subcategories.
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Table 3-79: Estimated emissions from Other Sectors (Gg CO:zeq.)

A A A
1990 2005 2020 2021

2022-2021 2022-2005 2022-1990

kt CO; eq. %

1.A.4.a Commercial/institutional

CO; 704.5 3024.7 959.2 982.4 1017.9 3.6 -66.3 44.5
CHy4 1.0 1.7 0.7 0.8 0.9 13.7 -47.7 -9.3
N,O 23 10.2 6.8 7.2 8.3 15.5 -18.5 261.0
1.A.4.b  Residential
CO; 1639.9 2388.9 1907.9 1730.0 1587.5 -8.2 -33.5 -3.2
CHa 479.4 293.1 239.1 2379 235.9 -0.8 -19.5 -50.8
N,O 151.7 102.4 86.0 85.8 85.3 -0.6 -16.8 -43.8
1.A.4.c Agriculture / Forestry / Fishing
CO; 11189 1303.0 1285.0 1303.3 1230.2 -5.6 -5.6 9.9
CHgy 2.2 2.0 3.8 2.6 2.6 2.2 28.9 17.7
N,O 38.9 55.6 55.4 56.9 54.3 -4.6 -25 39.6
Total CO, 3463.3 6716.6 4152.2 4015.7 3835.6 4.5 -42.9 10.7
CHa 482.6 296.8 243.6 241.3 239.4 -0.8 -19.3 -50.4
N,O 192.8 168.2 148.1 149.9 147.8 -1.4 -12.1 -23.4
Total All gases 4138.8 7181.6 4544.0 4 406.8 42229 -4.2 -41.2 2.0

Note: Totals may not sum due to independent rounding. Emissions values are presented in CO2eq mass units using IPCC AR5 GWP
values (CH4 - 28; N20 - 265).

Key categories

Four key categories have been identified for this sector in 2022, for level and trend assessment, using both
the IPCC Approach 1 and Approach 2:

Table 3-80: Key categories in Other Sectors (CRF 1.A.4) and methodologies used in emission estimates

IPCC category Gas Criteria | Method

1.A.4 Combustion Other Sectors - Liquid fuels CO, LT T1
1.A.4 Combustion Other Sectors - Gaseous fuels | CO; LT T2
1.A.4 Combustion Other Sectors - Biomass CHg4 LT T2,T1
1.A.4 Combustion Other Sectors - Liquid fuels N,O LT T2,T1
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3.6.2 Methodology

This category underwent profound methodological changes during this submission, which allow to apply
higher methodological tiers for estimating CHs and N,O emissions for key categories. It also allowed the
separation between stationary combustion and mobile combustion for the Commercial / institutional and
Residential subcategories. The table below summarizes the methodological approaches adopted and the
main source of emissions for each sub-category.

Table 3-81: Methodological approaches and main source of emissions for each sub-category
Categories Method Approach Main source of emissions

Commercial/institutional

TIER 2 - Technology-specific
1A4ai - Stationary combustion TIER 2 - Country specific
TIER 1 - Energy consumption

Combustion of diesel and natural gas in Commercial
and Public plants for space heating

1A4aii - Mobile TIER 1 - Energy consumption | Combustion of liquid fuels in mobile sources

Residential

TIER 2 - Technology-specific
1A4bi - Stationary combustion TIER 2 - Country specific
TIER 1 - Energy consumption

Combustion of wood and LPG in households for
space heating, water heating and cooking

1A4bii - Household and gardening TIER 1 - Energy consumption | Combustion of Liquid fuels in mobile sources

Agriculture / Forestry / Fishing

TIER 2 - Technology-specific
1AA4ci - Stationary combustion TIER 2 - Country specific Combustion of diesel for heating purposes
TIER 1 - Energy consumption

1AA4cii - Off-road vehicles and other . Combustion of diesel in tractors and other
. TIER 1 - Energy consumption . .
machinery agricultural machinery

Combustion of diesel in deep sea and coastal fishing

1A4ciii - National fishin TIER 1 - Energy consumption
& &Y P vessels

To apply a TIER 2 methodology its required information on the fuels and technologies used in the sector.
While fuel consumption, by this type of fuel, is easily obtained through the National Energy Balance, a
consistent time series that correctly characterizes the split technology of this sector is not available.

Previously, the Inventory used as a source of information for the technological split, a survey on energy
consumption in the Residential Sector (DGEG), which characterized only the year 2010.

Although the information was detailed regarding some of the thermal uses and equipment used, it failed in
the task of portraying the time series.

Thus, in order to apply the Tier 2 methodology to these key categories, the Inventory relied on two sources
of information:

- Appliance type split according to IIASA GAINS?! model for years 2000, 2005 and 2010

21 Tables 3.36, 3.37 and 3.38 of EMEP/EEA Guidebook — 1A4 Small Combustion 2016
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- Thermal uses split according to JRC-IDEES *’database between 2000 and 2015

In both cases, since this information does not cover the entire time series, the missing years have been
estimated through interpolations and extrapolations. The result of this estimate can be found ahead in
section 3.6.3.1 Technology Split.

[IASA’s Appliance type split was applied only to wood combustion in the residential sector, and allowed to
disaggregate the consumption of wood by type of equipment.

The JRC-IDEES Database allowed to apply a split based on Thermal Use (space heating, water heating and
cooking) for the most significant fuels in each sub-sector. In order to apply technology dependent emissions
factors, it was chosen based on the 2010* Survey to the residential sector, which equipment is associated
with each type of thermal use, thus having a better characterization of the appliances used in Portugal. The
choice of end-use technology can be found in the section 3.2.6.4 Emission Factors.

Below we describe the methodological approaches considered for the estimation of emissions.

General Approach for Tier 2 Method

The Tier 2 approach for emissions from category 1.A.4 uses the general equation:

Ei=>>k EFijk - Ajk

where
E i — annual emission of pollutant i,
EF ix; — default emission factor of pollutant i for appliance type j and fuel k,

A jx —annual consumption of fuel k in appliance type j.

General Approach for Tier 1 Method

The Tier 1 approach for emissions from category 1.A.4 uses the general equation:

E pollutant = AR fuelconsumption X EF pollutant

where
E pollutant — the emission of the specified pollutant,
AR fyelconsumption — the activity rate for fuel consumption,

EF poilutant — the emission factor for this pollutant.

22 JRC-IDEES is developed by the European Commission's Joint Research Centre and offers a consistent set of disaggregated energy-economy-
environment historical time series from the year 2000 onwards for all EU Member States
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3.6.3 Activity Data
3.6.3.1Technology Split

As explained in the previous point the technological split was made based on two different sources - [IASA
GAINS Model and JRC-IDEES Database.

Commercial and Institutional sector, it is characterized on the one hand by the heating needs supplied by
Diesel and Natural Gas in small plants of heat generation and by the other side by the consumption of LPG
and Solid Biomass in the Restoration sector.

Liquefied Petroleum Gases Natural Gas?

Gas Qil/Diesel Wood
iy : e
100 DOARAR AR RARAR

OSpace heating O Water heating Cooking
1 Include Gas Work Gas

Figure 3-46: Split in Thermal Uses for Commercial/Institutional Sector

In the residential sector, the main fuels consumed are LPG and solid Biomass. Between the two are covered
the three types of thermal uses. Since LPG is preferentially used in stoves intended for cooking, and the wood
is burned in stoves, boilers and fireplaces for the purpose of space heating. Another trend observed between
these two fuels is the use of wood in the heating of water from 2010, coinciding with the reduction of LPG
consumption for this purpose. See figure below.
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Figure 3-47: Split in Thermal Uses for Residential Sector

The figure below shows the split in appliances/tecnhologies considered for the residential combustion of
wood. The main trend observed is the replacement of Conventional Stoves with more modern technologies
like pellets stoves, pellets boilers and automatic boilers. Even so, the appliances used in Portugal can be
considered as traditional since, even in recent years, conventional stoves and boilers as well as open
fireplaces represent about 80% of the consumption of wood.
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Figure 3-48: Split in appliances/technologies for Residential Sector — Wood Burning

The methodological update made this year, allowed to separate more correctly the consumption of Diesel in
the Agriculture sector. Until then, it was considered that all Diesel consumed in this sector was attributed to
combustion in tractors and other off-road machines.
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Using the information from JRC-IDEES Database, we can conclude that this assumption would be incorrect,
and diesel consumption of these vehicles represents about 50% of the total diesel consumption of
agricultural sector.

This correction in diesel consumption resulted in the allocation of emissions from the category Off-road
vehicles and machinery (1A4cii) to the category Agriculture/Forestry/Fishing: Stationary (1A4ci). Assuming
these allocated emissions refer to heating and pumping activities by stationary sources in agriculture.

Gas Qil/Diesel

O Farming machine drives @ Low enthalpy heat @ Specific heat uses @ Pumping devices

Figure 3-49: Split in Thermal Uses for Agriculture Sector - Diesel

3.6.3.2Energy consumption

Data on fuel consumption was obtained from the annual energy balances compiled by DGEG and are
presented in the following figures and ANNEX A.

Commercial/Institutional

Natural Gas, more recently, and Diesel, until 2010, are the main fuels used in the combustion that occurs in
the Commercial sector. Both are generally used in the production of heat by small plants. As mentioned
above, the consumption of diesel was higher in the period between 1990 and 2010, after which it was
replaced by natural gas and electric heating solutions. This electrification trend also leads to a small increase
of the cogeneration share in this sector.

Another use that has gained some preponderance in the last years has been the combustion for the purpose
of cooking. Here the main fuel is the LPG that is supplied to the restaurant now through piped LPG or through
propane and butane jars.

The Diesel/Gas Qil time series show a drop in consumption from 2005 to 2006. This fact results from
reallocation, in the energy balance, of road gas oil from services not specified to agriculture (DGEG). There is
a decrease in diesel oil consumption in 2010 for the services sector that results from the incorporation of
data from the 2010 Survey on Energy Consumption in the Residential Sector. This decrease is coupled with
an increase in diesel consumption in the residential sector.
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Figure 3-50: Energy consumption in Comercial/Institutional sector - by Fuel, Source and Final Use

Residential

In the Residential sector, solid biomass and LPG are the main fuel consumed. With LPG being mainly used for
the purpose of cooking, and the solid biomass being used for heating both water and space.

The trend of decreasing energy consumption in this sector has been largely due to its electrification. This
situation has main importance in the reduction of wood consumption, since nowadays, the Portuguese
population uses more electrified equipment’s for space heating than in the 90s.

Also, Natural Gas has some highlight in the consumption of this sector, having gained market share through
solutions that cover the entire spectrum of thermal solutions (space heating, water heating and cooking)

There is an increase in diesel oil consumption in 2010 for the residential sector that results from the
incorporation of data from the 2010 Survey on Energy Consumption in the Residential Sector. This increase
is coupled with a decrease in diesel consumption in the services sector.

Energy|3-110



o
n

O .
e National Inventory Report - Portugal
A¥ H
Energy Consumption in Residential Sector - by Fuel (TJ)
90 000

80 000
B Wood
70 000

m Gas Works Gas
60 000

m Natural gas
50 000

Liguified petroleum gas

40 000

B Fuel oil
30 000

M Other kerosene

20 000
B Gasoline
10 000
m Gas/diesel oil
0 === o es --...----------- f
DA TN O NN TN WSO O AN T NO 00O
[ O T T o Ty o T T T s e e Tt I s e T e e I e It R T O O I I B o B B o B B |
L T 3 T 3 T T T O T 3 T o [ e s e I e o I e Y e e e e I s e I e Y e [ e e e T s e [ e e [ e |
L B B B B I I T N I o I o I I o I o I o I o I o o I o I I o I o I o A o I o I o I o}
Share by Source (%) Share by Final Use (%)
100% 100%
90% | 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0%
o T Y I S T v+ B o T N L S e I+ B o= Y SN R T+ I - T Lo T Y I S N+ I o T e N SN = S+ + N o~ R oV N S €= B v+ B o= TR ¥ |
Lo T T R o T o IO e R e T e I e e T T e T e e B e B | Lo TR TR 3 T o T o T e R e [ e T e T e O T e T e e O e O s O o |
L0 T 0 TR o R o T o TR b Y b T b [ e Y e T e Y e Y e T e Y e Y e T o G o G G G O O O O O O O O O O O O
L B e T T T Y o Y o T Y I o A oo IO Y I oV o I Y Y B o Y Lo B B B R e Y o Y o Y o T Y o Y T o Y o Y o' Y oo IO o Y o
m Liquid Fuels = Gaseous Fuels* = Wood = Electricity mS HEAT mW_HEAT COOK wmOTH_COMB = MOBILE

S_HEAT: Space Heating; W_HEAT: Water Heating; COOK: Cooking; OTH_COMB: Other Combustion
Figure 3-51: Energy consumption in Residential sector - by Fuel, Source and Final Use
Agriculture

In this sector the main fuel is diesel, the consumption of which is distributed by both stationary and mobile
sources.

There is still some electrification in this sector, with consumption referring to stationary consumption. And a
residual portion of cogeneration, currently produced through the combustion of natural gas and biogas.

One of the main end uses of fossil fuels in these subsectors are agricultural machines and tractors,
responsible for more than 40% of energy consumption. These mobile sources have a particular
preponderance in the N,O emissions of the subcategory 1.A.4.c Agriculture / Forestry / Fishing.
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Figure 3-52: Energy consumption in Agriculture sector - by Fuel, Source and Final Use

Fishing

In fishing sector like in agriculture sector, diesel is the main fuel consumed, being used by both mobile and
stationary sources. Electricity consumption in this sector is very low, but the share has nevertheless increased

in the last decade. The trend of growth of consumption by source sources needs to be clarified because it
may result from an inefficient separation between costal fishing consumption and stationary sources.
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Figure 3-53: Energy consumption in fishing sector - by Fuel, Source and Final Use
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3.6.4 Emission Factors

Table 3-82: Emissions factors for Category 1.A.4.a.i — Commercial/Institutional: Stationary

Technology CO, ! CH,!
kg/G) g/GJ
. . Medium Boilers 2 63.1 0.9 4.0

Liquefied Petroleum Gases

Stove, Hobs and Ovens 2 63.1 0.9 4.0

Medium Boilers 56.4 1.0 1.0

Heat Pump 56.4 1.0 1.0
Natural Gas 4

Stove, Hobs and Ovens 56.4 1.0 1.0

Gas Turbines 3 56.4 0.3 0.1

Medium Boilers 44.4 5.0 0.1

Heat Pump 44.4 5.0 0.1
Gas Work Gas

Stove, Hobs and Ovens 44 .4 5.0 0.1

Gas Turbines 44.4 5.0 0.1
Gas Oil Medium Boilers 2 74.1 0.7 0.4
Wood and Medium Boilers 2 112.0 11.0 7.0
Wood Waste Ovens ? 112.0 11.0 7.0
Fuclo Boilers (> 50KWth <1IMWth)3 77.4 3.0 0.6

ueloi
Boilers (> 1IMWth <50MWth) 77.4 10.0 0.6

1 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Stationary Combustion [Table 2.4]
2 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Stationary Combustion [Table 2.10]
3 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Stationary Combustion [Table 2.2]
4 CO; EF for Natural Gas is Country Specific

Table 3-83: Emissions factors for Category 1.A.4.b.i — Residential: Stationary

Fuel Technology CO, ! CH,! N,O!
| ke/G) g/GJ g/GJ

LPG Heaters 2 63.1 1.1 4.0

Liquefied Petroleum Gases Condensing boilers 3 63.1 0.9 4.0

Stove, Hobs and Ovens 63.1 5.0 0.1

Small Boilers 56.4 1.0 1.0

Natural Gas 4 Condensing boilers 56.4 1.0 1.0

Stove, Hobs and Ovens 56.4 1.0 1.0

Small Boilers 44.4 1.0 1.0

Gas Work Gas Condensing boilers 44.4 1.0 1.0
Stove, Hobs and Ovens 44 .4 1.0 1.0

Gas Oil Small Boilers 3 74.1 0.7 0.4
Heating stoves 25 112.0 428.5 11.3

Open fireplaces? 112.0 300.0 9.0

Wood and Conventional boilers <50 kWth 3 112.0 11.0 7.0
Wood Waste Pellet stoves and boilers 3 112.0 11.0 7.0
Automatic Boilers <IMW 3 112.0 11.0 7.0

Manual Boilers <1MW 3 112.0 11.0 7.0

Fueloil 1 - 77.4 10.0 0.6
Other Kerosene t - 71.9 10.0 0.6

1 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Stationary Combustion [Table 2.4]
2 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Stationary Combustion [Table 2.9]
3 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Stationary Combustion [Table 2.10]
4 CO; EF for Natural Gas is Country Specific

5 Average of non-catalytic and catalytic EF’s for wood stoves
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Table 3-84: Emissions factors for Category 1.A.4.c.i — Agriculture / Forestry / Fishing: Stationary

Fuel Technology CO, 1! CH,! N,O!
| kg/G) g/GJ g/G!
Gas Ol Boilers (> 50KWth <1MWth) 2 74.1 0.7 0.4
Reciprocating engines 2 74.1 0.7 0.4
Liquefied Petroleum Gases Boilers (> 1IMWth <50MWth) 63.1 5.0 0.1
Boilers (> 1IMWth <50MWth) 56.4 5.0 0.1
Natural Gas 4
Gas Turbines 3 56.4 0.3 0.1
Wood Waste Medium boilers (> 50kWth) 112.0 300.0 4.0
Fueloil Boilers (> 50KWth <1MWth) 3 77.4 3.0 0.6
Boilers (> 1IMWth <50MWth) 77.4 10.0 0.6
Other Kerosene - 71.9 10.0 0.6

1 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Stationary Combustion [Table 2.4]
2 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Stationary Combustion [Table 2.10]
3 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Stationary Combustion [Table 2.2]

4 EF for Natural Gas is Country Specific

Table 3-85: Emissions factors for Categories 1.A.4.a.ii, 1.A.4.b.ii and 1.A.4.c.ii — Mobile sources

Fuel Technology CO, ! CH,! N,O!
kg/G)J g/G) g/G)
Gas Oil Tractors, Harvesters, Others 74.1 4.2 28.6
Motor Gasoline 4-Stroke Commercial: mobile 69.3 50.0 2.0
Other Kerosene Commercial: mobile 719 50.0 2.0
Motor Gasoline 2-Stroke Residential: mobile 69.3 180.0 0.4
Other Kerosene 2 Residential: mobile 719 180.0 0.4
Motor Gasoline 4-Stroke Agriculture: mobile 69.3 80.0 2.0
Other Kerosene 2 Agriculture: mobile 71.9 80.0 2.0
1 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Mobile Combustion [Table 3.3.1]
2 The other kerosene EFs for CHs and N2O gases were considered equal to the EFs for gasoline.
Table 3-86: Emissions factors for Categories 1.A.4.c.iii — Mobile sources
Fuel Technology | co,? CHa ! N,O 1
| keg/G) g/G) g/Gl
Gas Oil Fishing Vessels 74.1 7.0 2.0
Thick Fuel Oil Fishing Vessels 77.4 7.0 2.0
Thin Fuel Oil Fishing Vessels 77.4 7.0 2.0

1 Source: 2006 IPCC Guidelines - Volume 2: Energy - 1A Mobile Combustion [Table 3.5.2]
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3.6.5 Uncertainty Assessment

The uncertainty in activity data was establish from the knowledge of the way that activity data information
was collected in the inventory but nevertheless trying as much as possible to make an assessment consistent
to what is proposed in the GPG. Therefore, for fuel consumption except biomass, uncertainty was set at 10
%. For biomass fuels, considering that the quantification error is higher, namely due to lack of clarification of
the actual moisture content in which biomass is reported, the uncertainty was assumed to be 60 %.

The uncertainty of CO, emission factors was assumed to be 5 % for all situations, in coherence with the other
stationary combustion sources. In a similar mode, the uncertainties for methane and N,O were set
respectively at 150 % and an order of magnitude.

3.6.6 Category-specific QA/QC and Verification

To further improve the QA/QC analysis a comparison between fuel consumption values considered by the
Inventory, reported by DGEG in Energy Balance and Eurostat Energy Balance was made.

The QA/QC analysis makes it evident that there are issues related to the allocation of consumption,
consistency of the activity data series, both in the Eurostat and Energy Balance databases (see figure below).

The main problems identified in the “Other sectors” category relate to:
- Gasoline consumption in the Commercial / institutional subcategory (1990 — 2007)
- Biomass consumption in the Residential subcategory (1996 — 2010)

- Diesel consumption in the Agriculture / Forestry subcategory (1990 — 1997 & 2003 — 2004).
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Figure 3-54: Energy consumption comparison between Inventory, National Energy Balance and EUROSTAT data by
sector

The need to improve the consistency of the activity data series had long been identified. After working
together with DGEG, the authority responsible for producing the energy balance, it was possible to obtain
extra information that allowed the Inventory team to change the consumption time series.

Gasoline consumption in the Commercial / institutional subcategory (1.A.4.3)

Until 2007, the sale of gasoline affects the "Commercial / institutiontal" sector, mainly in public
administration and defense, retail trade, machine rental, associative activities, hotels, post and
telecommunications, diplomatic corps, etc. The end use of gasoline in these economic activities was
essentially in transport.

Since 2008, with the entry into force of the methodological revision of the category classification, DGEG
started to reallocate gasoline sales made to public gas stations, for the transport sector. Between 2008 and
2011, insignificant consumption of gasoline continues to be reported in this category of the Energy Balance.
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In order to ensure consistency and accuracy, all gasoline sales reported in the "10.4 Services" category of the
Energy Balance has been allocated to the Road Transport sector, with emissions from these gasoline
consumption now estimated and reported in CRF category 1.A.3.b.

Biomass consumption in the Residential subcategory (1.A.4.b)

The inventory uses the Energy Balance as a source of information for the consumption of wood and wood
products in the residential sector. The data published in the EB, originated in the publication "Survey on
Energy Consumption in the Domestic Sector", which was carried out on three different dates 1989, 1996 and
2010. The results of the 2010 Survey show that there was a significant decrease in wood consumption
between 1996 and 2010 (around -40%). The 2010 survey also concludes that, in relation to the energy
consumption data reported in the 2009 Energy Balance: "Globally, the deviation stood at -8.9%, mainly due
to wood, thus meeting expectations, given the known changes in consumption habits and the outdated
information in previous editions of ICESD (used as a basis for preparing EB)".

In order to guarantee consistency throughout the time series, thus avoiding the series break between 2009
and 2010, it was assumed that there is a linear decrease in consumption between 1996 and 2010. This
adjustment is the main reason for the differences in energy consumption between Inventory data and Energy
Balance and Eurostat data.

Diesel consumption in the Agriculture / Forestry subcategory (1.A.4.c)

The introduction of colored and marked diesel for agriculture occurred in mid-1997. Until then, access to
diesel for agriculture (cheaper than what was used for transport), was done through the presentation of a
card (at gas stations), which proved that the buyer was engaged in this agriculture activity, with diesel fuel
being the same as road diesel oil (without any marker). This method did not prevent the misuse of this fuel
in automobiles. If we compare consumption in 1996 (last year that used this method in full) with consumption
in 1998 (first year in which marked diesel was used) consumption in agriculture dropped to about half.

In order to identify the amount of diesel consumed in automobiles and other means of transport and
reported incorrectly in the Energy Balance category "10.1.1 Agriculture”, the ratio between diesel
consumption and the Gross Value Added (GVA) of the sector was used between 1998-2016 to estimate
consumption for the period 1990-1997.

The consumption of diesel considered in over-counting was allocated to the road transport sector, with
emissions from these gasoline consumption now estimated and reported in CRF category 1.A.3.b.

Differences are also identified for the years 2003 and 2004. Coincident with the introduction of colored and
marked heating oil, the entry of this new category of diesel was responsible for incorrect allocations between
the Commercial / institutional sector and the Agricultural sector, due to confusion between colored
agricultural diesel and colored and marked diesel for heating.

The figure below compares fuel energy consumption for category 1.A.4 Other sectors. The differences found
reflect the clarifications provided in the previous paragraphs.
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Figure 3-55: Energy consumption comparison between National Energy Balance and Inventory data by fuel type
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3.6.7 Recalculations

There are no significant recalculations for category 1.A.4. Main changes in GHG emissions are due to updated
data from the Energy Balance, which republished definitive versions of the balances between 2014 and 2020.

3.6.8 Further Improvements
Future improvements for this category include:

- Improvement of the consistency of energy consumption series. We intend to continue working together
with the national authority responsible for producing the Energy Balance, to explain consumption trends
and correct inconsistencies in the reporting and allocation of energy consumption. Currently, the
consumption of biomass in the residential sector is identified as the main priority;

- Improve the detail in the Diesel consumption series, namely the separation between road diesels,
agricultural diesel, heating diesel, also taking into account the different rates of incorporation of
biodiesel in different types of diesel,

- Despite the great effort made during in past submissions to distribute the energy consumptions by the
thermal uses and combustion equipment, it is our intention to improve this distribution of energy
consumptions through the information being made available.
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3.7 Other (Not Else-where specified) (CRF 1.A.5)

Emissions reported under category 1A5 refer to mobile military aviation. There is no information to
disaggregate stationary emissions of military origin and therefore it is considered that these fuel
consumption and associated emissions occur in category 1.A.4.ai Commercial, services and institutional and
therefore the notation key "IE" - Included Elsewhere is applied to category 1.A.5.a.

3.7.1 Military Aviation (CRF 1.A.5.b)
3.7.1.1 Methodology

The energy balance does not provide a specific fuel consumption classification for military operations. Fuel
consumed in military operations is reported under category “Servicos”. Therefore emissions from military
operations, except military aviation, are reported under category 1.A.4.ai Commercial, services and
institutional. For military aviation it was assumed that all jet fuel reported under category “Servigos” was
used for military aviation since jet fuel could be considered as an aviation specific fuel.

According with the IPCC Guidelines 2006, all the jet fuel for military operations was considered to be domestic
since there is no information available regarding origins and destinies of the military aircraft movements that
could be used to distinct domestic from international consumption.

3.7.1.2 Emission Factors
The emission factors used to estimate emissions are IPCC Guidelines 2006 default emission factors.

Table 3-87: Emission factors.

CO; CH4 N.O
Fuel

Value Unit Reference | Value | Unit | Reference | Value | Unit | Reference

Jet Fuel 71.5 | tCO2/T) | IPCC 2006 0.5 kg/TJ | IPCC 2006 2.0 kg/TJ | IPCC 2006

3.7.1.3 Activity data

The following table shows the amount of jet fuel used for military operations provided by the national energy
balance under the Servigos classification. All fuels under Servicos were already considered in the inventory
besides jet fuel. Energy was estimated using a country specific LHV of 43.00 MJ/kg reported by the national
energy authority.
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Figure 3-56: Energy Consumption in Military aviation.
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The fluctuations in Jet Fuel consumption is related to the budget availability and frequency of training and
missions of the military aviation activities.

3.7.1.4Uncertainty Assessment

The uncertainty of fuel consumption was set equal to the uncertainty that was considered for road traffic:
5 %.

In a similar way, the uncertainties for emission factors used were the same as for road transportation:
methane and nitrous oxide emission factors were set at 40 % and 50 % respectively. The general error of 5 %
was used for the calculation of uncertainties of carbon dioxide emissions.

3.7.1.5Recalculations
No recalculation were made.
3.7.1.6 Further Improvements

No further improvements are planned for this sector.
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3.8 Fugitive Emissions from Fossil Fuels (CRF 1.B)
3.8.1 Solid Fuels: Coal Mining and Handling (CRF 1.B.1.a)

3.8.1.1Category description

Coal contains some fraction of CO, and CHs trapped in its structure that is usually emitted to atmosphere
during and after extraction of coal from surface mines. Emissions at extraction result from ventilation of mine
gas which is done for safety reasons at underground mines. Post-mining emissions result from the slower
liberation of CH, still entrapped in coal after it is extracted and stored at surface in piles, or from crushing
and drying operations applied to modified and improve coal characteristics. In underground mines, post-
mining emissions may occur in fact during extraction if degasification systems are installed but, nevertheless,
total emissions remain relatively unaffected.

Portugal lacks coal exploration potential. Nonetheless, the main coal mining activities identified occurred in
XIX and XX centuries, due to the two world wars, and were located in:

- Santa Susana Basin, in the south region;

- Mondego Basin, in the centre region;

- Vale do Lena Carboniferous Basin, in the centre region;
- Rio Maior Basin, in the centre region;

- Douro Carboniferous Basin, in the northwestern region.

In Santa Susana Basin, the main coal group mines were named Moinho da Ordem, of the underground type.
The coal (bituminous coal) extraction began in 1839 and was latter closed down in 1944.

In Mondego Basin, the main coal group mines were located in Cabo Mondego and Buarcos group of
underground mines. The coal (lignite) extraction began in 1750 and was latter closed down in 1967 due to a
fire.

In Vale do Lena Carboniferous Basin, the main coal underground group mines were located in Porto de Mds
and Batalha municipalities. The coal (lignite) extraction began around 1740, however, its operation has been
inconstant over time and was latter closed down in 1959.

In Rio Maior Basin, the main coal group mines were located in Espadanal and Quinta da Varzea, of the
underground type. The coal (lignite) extraction began in the early XX century and was latter closed down in
1970.

In Douro Carboniferous Basin, the main coal group mines were located in S. Pedro da Cova and Pejdo. The
coal extraction began in the XIX century, was latter closed down in 1992 and 1994, respectively, and did not
resume activity since. Both groups of mines are of the underground type and are located in northern region
of Portugal. Coal from these mines is classified as hard-coal (anthracite), it has a low energy value and it was
used mainly as fuel for one public power energy plant near Porto (Tapada do Outeiro power plant). Moreover,
the coal production during the exploration period was of small importance (less than 300 kt in 1990, see
figure in Activity Data section).

Available information gathered states that all coal mines in Portugal were of the underground type.
From 1995 onwards all coal mines in Portugal were abandoned.
CO; and SO emissions from mining activity may occur when:

- burning of coal deposits occurs or;
- flaring is used to control air emissions or recover energy.
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Because the occurrence of coal burning on-site or flaring is unknown for Portuguese mines, we assume these
activities do not occur, hence, emissions of these pollutants from this source are not included in the
inventory.

Emissions of CH4 from abandoned mines may still continue after mine closure, even if mines are sealed.

Emissions from fuel consumption in coal extraction are included in category 1.A.2.g iii (see Section
3.3.2.2.1.2.15 Extractive Industry).

3.8.1.2 Methodology
Emission estimates include:

- CO; and CH4 emissions from extraction of coal in the period 1990-onwards (mining);
- CHsemissions resulting from coal processing (post-mining);
- CHsemissions from abandoned underground mines (from 1901 onwards).

Emissions were estimated based on a Tier 1 approach for undergroung coal mines proposed in 2019
refinement to the 2006 IPCC Guidelines, which was considered sufficient given the scarcity of technical
information concerning these mines and because this emission source is of small relevance (it was not
identified as key category). There is no available data on CO; or CHsrecovered from drainage, ventilation air,
or abandoned mines in Portugal, so we assumed that none of these GHG is recovered and utilized for energy
production or flared.

Mining related to underground coal mines

CO; and CHsemissions from mining were estimated according to the following equation:

Emi = EFy® * Coaly * CF * 103

Where:

Emi: Emissions (t)

EFu®: Emission factor for extraction in underground mining (m3/t)

Coaly: Quantity of coal extracted from underground mines (t)

CF: Conversion factor - density of GHG at 202C and atmospheric pressure (kg/m?3)

Post-mining related to underground coal mines

CH4emissions related to these activities were estimated using the following equation:

Emicua = EFyP>* * Coaly * CF * 1072

Where:

Emicna: Methane emissions (t)

EFuP°t: Emission factor for post-extraction emissions in underground mining (m?3/t)
Coaly: Quantity of coal extracted from underground mines (t)

CF: Conversion factor - the density of methane at 202C and atmospheric pressure (0.67 x 10°® Gg/m?3)
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Abandoned underground coal mines

To estimate CH4 emissions related to this item, it was applied a Tier 1 approach proposed in equation 4.1.10
of 2006 IPCC Guidelines:

Emicha = NumberAc.V. * chm* EF * CF * ].03

Where:

Emicua: Methane emissions (t)

Numberacm: Number of abandoned coal mines remaining unflooded (number)

fecm: Fraction of gassy Coal Mines (adimensional)

EFca: CHs emission factor for abandoned underground mines (10® m3 CHs/mine)

CF: Conversion factor - the density of methane at 202C and atmospheric pressure (0.67 x 10® Gg/m?3)
3.8.1.3 Emission Factors

Mining and Post-mining related to underground coal mines

According to 2006 IPCC Guidelines, countries using Tier 1 approach should consider country-specific variables
such as the depth of major coal seams to determine theCH,4 emission factor to be used. Available information
states that both Pejdo and S. Pedro da Cova group of underground mines (the only ones that remain active
in the period 1990-1994) had around 420/450 m depth, hence, the higher default emission factors were used
for both mines, which are presented in the table below (Chapter 4.1.3.2 Volume 2 of the 2006 IPCC
Guidelines).

According to Chapter 4.1.3.2 of the 2019 Refinement to the 2006 IPCC Guidelines, countries should use the
Average CO; Emission Factor unless there is country-specific evidence to support use of an alternative factor
within the low/high range. Therefore, given that there is no available information at national level, the
average EF for CO> (5.9 m3/ton) was applied.

Table 3-88: Emission Factors for coal extraction and processing

Type of Emission

Parameter . Value

Emission Factor

Extraction | EFy® 25 m3/ton
CHa Post- s

o EFpost 4.0 m3/ton 2006 IPCC Guidelines
mining

CH4 density - CF 0.67 kg/m3
CO, Extraction EFy®* 5.9 m3/ton 2019 Refinement to the
CO, density - CF 1.84 kg/m3 2006 IPCC Guidelines

Abandoned underground coal mines

One of the parameters for this item is the total number of abandoned mines in each time band since 1901
remaining unflooded. According to 2006 IPCC Guidelines, if there is no knowledge on the extent of flooding
it is good practice to assume that 100 % of mines remain unflooded. In Portugal there is no available data
concerning mines that remain unflooded. The table below identifies the total number of abandoned mines
in each time band since 1901.
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Table 3-89: Total number of abandoned mines in each time band since 1901

Time Interval No. abandoned mines

1901-1925 0
1926-1950 1
1951-1975 3
1976-2000 2
0
6

2001-Present
TOTAL

Given that there is no available data concerning mines that, when were actively producing coal, were
considered gassy, the fraction of gassy coal mines was estimated assuming the average values for abandoned
underground mines, provided in Table 4.1.5 of Chapter 4 of Volume 2 of the 2006 IPCC Guidelines.

Table 3-90: Percentage of abandoned underground coal mines that are gassy

2006 IPCC Range

Time Interval Unit Medium value
Low ‘ High

1901-1925 % 0 10 5

1926-1950 % 3 50 26.5

1951-1975 % 5 75 40

1976-2000 % 8 100 54

2001-Present % 9 100 54.5

The CH, emission factors for abandoned underground mines were obtained from the updated Table 4.1.6 of
Chapter 4 of 2019 Refinement to the 2006 IPCC Guidelines.

3.8.1.4 Activity data
The activity data for mining and post-mining activities is the amount of coal extracted.

For mining and post-mining activities from 1990-onwards we considered the only two coal mines still active
in Portugal (specifically, in the period 1990-1994), both of the underground type. The amount of coal
extracted decreased towards the final closure of both mines in 1993 and 1994, respectively, as may be seen
in the figure below. Statistical information on the amount of coal extracted was obtained from Geological
Resources reports from DGEG.
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Figure 3-57: Amount of coal extracted from mines in Portugal
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The activity data for abandoned underground mines is the number of abandoned underground coal mines
(or group of mines), as mentioned in section 3.3.6.1.1.3 Emission Factors, Table 3.132, obtained from LNEG.

In CRF tables, activity data for underground mines (Table 1.B.1, category 1.B.1.a.i) is the amount of fuel
produced. However, from 1995 onwards all coal mines in Portugal were abandoned, hence, no amount of
fuel produced. Furthermore, the activity data for abandoned underground mines (in the period 1995-
onwards there are only abandoned underground mines) is the number of abandoned underground coal
mines (or group of mines). For these reasons, for the period 1995-onwards the AD is reported as NO.

3.8.1.5 Uncertainty Assessment

A value of 5 % was considered for the uncertainty of coal production (activity data) which is a conservative
factor according to the proposed values by IPCC (2000). Also in accordance with table 2.14 of the GPG, the
uncertainty values for CH; emission factors were set at 100 % for underground mines. The uncertainties in
CO, emission factors were set equal to uncertainties of CH, emission factors, considering that CO; emissions
are simply atmospheric conversion of methane emissions.

3.8.1.6 Recalculations
No recalculations were made.
3.8.1.7 Further Improvement

No further improvements are planned for this sector.
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3.8.2 Solid fuels: Solid fuel transformation (CRF 1.B.1.b)
3.8.2.1Category description

Metallurgical Coke was produced in the coke plant of the integrated iron and steel facility that existed from
1990 to 2001. This category includes CH,4 fugitive emissions from coke production in the coke plant. We
assumed no flaring in coke production. Detailed info regarding all emission streams for iron and steel
operations, as well as the categories under which emissions are reported can be found in Table 4-36 and
section 4.4.2.1 of the IPPU chapter.

3.8.2.2 Methodology

CH, fugitive emissions from coke production were estimated based on a Tier 1 production approach of the
2019 Refinement to the 2006 IPPC Guidelines, according to the following equation:

EMicha = EFcra X Cokeprod X 103

Where:

Emicna: CH4 fugitive emissions (t)

EFcna: CHsemission factor (kg/t coke)
Cokeprog: Quantity of coke produced (t)
3.8.2.3 Emission Factors

CH4 emission factor for coke production in the period 1990-2001 appplied was 0.049 kg/ton coke and was
taken from Table 4.3.5 of the 2019 Refinement to the 2006 IPPC Guidelines.

3.8.2.4 Activity data

Annual coke production was obtained from DGEG (Coke plant Balance) from 1990 to 2001. From 2002
onwards, there is no coke production in the iron and steel industry in Portugal.
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Figure 3-58: Coke production in the coke plant

3.8.2.5 Uncertainty Assessment
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A value of 5 % was considered for the uncertainty of coke production (activity data). CH,emission factor was
set at 100 %.

3.8.2.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

3.8.2.7 Recalculations
No recalculations were made.
3.8.2.8 Further Improvement

No further improvements are planned for this sector.
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3.8.3 Oil and natural gas and other emissions from energy production: Oil (CRF 1.B.2.a)
3.8.3.1Category description

Extraction and production of crude oil never occurred in the Portuguese territory. Therefore, fugitive
emissions are related to those resulting from refining, storage and transport of crude oil, other raw materials,
intermediate products and final products - particularly gasoline - from terminal receiving of crude oil and
other petroleum products till delivering to final consumer. According to available methodologies air
emissions considered include:

- Marine Terminals and Ballast water;

- Emissions from refinery operations not including emissions from combustion of fuels, such
as: Flaring and venting in oil refining and;

- Emissions due to storage of raw materials, intermediate products and final products in the
refinery;

- Emissions from refinery dispatch station;

- Emissions from the transport and distribution of petroleum products in the Portuguese
Territory, including transport depots and service stations.

3.8.3.2Exploration (CRF 1.B.2.a.1)
There is no oil exploration in Portugal.
3.8.3.3 Production (CRF 1.B.2.a.2)

There is no crude oil production in Portugal.
3.8.3.4Transport (CRF 1.B.2.a.3)
3.8.3.4.1 Category description

In 1990 there were three oil refining plants in Portugal: Porto, Lisbon and Sines. After 1993, the Lisbon unit
was closed. Porto has terminated its refining activities in April 2021. Only Sines unit remains in operation.

Emissions from this source consist mainly of volatile organic compounds, including methane, that escape to
atmosphere during transport of crude oil to refineries for processing. The three oil refineries considered in
the inventory where all located at a small distance from the sea coast. Crude oil is received near refineries
by sea tankers and transported directly to each refinery by small connecting pipelines.

3.8.3.4.2 Methodology

CO; and CH,4 emissions were estimated according to the following equation:

(Crudecons X EFCOZ)
1x10°

EmiSCOZ =

Where:
Emip: GHG p emissions (kt)
Crude cons: Crude received in refineries (m?3)

EF,: GHG p emission factor (kg/m?3)
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3.8.3.4.3 Emission Factors

Table 3-91: Emission Factors

Emission

Parameter Source
Factor

Table 4.2.4 of Volume 2: Energy of 2006 IPCC Guidelines for

Cc0o2 kg/m3 crude 49x 107 National Greenhouse Gas Inventories (Developed Countries;

Category: Oil Transport; Sub-category: Pipelines)

kg/ 1000 m? Table 4.2.4 of Volume 2: Energy of 2006 IPCC Guidelines for

CH4 crude 5.4x103 National Greenhouse Gas Inventories (Developed Countries;
Category: Oil Transport; Sub-category: Pipelines)

3.8.3.4.4 Activity data

Activity Data reported under this subcategory concerns crude that arrives in marine terminals, before being
consumed in the refineries, and is presented in the figure below. In the period 1990 to 2004, data on crude
received was obtained from DGEG. From 2005 onwards, data was obtained from refineries.
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Figure 3-59: Total amount of crude arriving in Marine Terminals
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3.8.3.4.5 Uncertainty Assessment

An uncertainty value (3 %) similar to that that was considered for fuel consumption data in industrial LPS was
also used for quantification of uncertainty of activity data for this source sector reflecting the fact that in this
case data was also collected directly from refinery plants, where crude oil is uploaded, and used to build the
energy balance of DGEG. The uncertainty of CO, emissions was considered to be 50 %, which is the double
(conservative approach) of the value proposed in chapter 2.7 of GPG for high quality emission factors for
most gases.

3.8.3.4.6 Recalculations

Minor recalculations in CO; and CH; emissions resulted from the update of crude density time series of
values, according to information provided from the refining facilities.

3.8.3.4.7 Further Improvement
No further improvements are planned for this sector.

3.8.3.5Refining and Storage (CRF 1.B.2.a.4)
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3.8.3.5.1 Category description

In 1990 there were three oil refining plants in Portugal: Porto, Lisbon and Sines. After 1993, the Lisbon unit
was closed. Porto has terminated its refining activities in April 2021. Only Sines unit remains in operation.

The refining process converts crude oil - which is a complex mixture of hydrocarbon compounds with
impurities of sulphur, nitrogen, oxygen and heavy metals - into oil products used as fuels, asphalts, lubricants
or feedstock for the organic and inorganic chemical industry. Processes included in Portuguese refineries
include:

- Separation process: isolation of individual constituents of crude using differences in boiling-
point, using atmospheric and vacuum distillation and recovery of light end gases;

- Conversion process. These may be also classified as:

Cracking - Chemical transformation of separated fractions breaking molecules of heavy
molecular weight into smaller ones, including visbreaking;

Polymerization of small molecules combined in bigger molecules with different
characteristics. Alkylation has similar purposes;

Chemical transformations that change molecular structure such as Isomerization,
reforming and asphalt blowing;

- Treatment processes. Operations which include hydrodesulphurization, hydrotreating,
chemical sweetening, acid gas removal, deasphalting and desalting, that are used to remove
impurities, the most important is sulphur;

- Blending of individual fractions and intermediate products to obtain final commercial
products with characteristics as desired.

Emissions of storage of crude oil and other materials, intermediate products and final products are also
included in this source sector as they are fugitive emissions occurring as part of the refining process. Because
emissions from organic liquids in storage occur both from the evaporative loss of the liquid as well as from
changes in the liquid level, the emission sources vary significantly with tank design. Six basic tank designs are
usually used for organic liquid storage vessels: fixed roof (vertical and horizontal), external floating roof,
domed external (or covered) floating roof, internal floating roof, variable vapour space, and pressure (low
and high).

NMVOC and CH4 emissions may also result from “normal” leaks?® scattered through the refinery site in
pneumatic devices such as valves, failure of connections, flanges, pump and compressor shafts, seals and
instruments. Release of gases may also follow system failure, that usually occurs during unplanned events,
such as sudden pressure surge from failure of a pressure regulator, and pressure relief systems that protect
the equipment from damage. In Portuguese refineries, pressure relief systems are usually connected to
collection system and transported to a flare. There may be also NMVOC emissions resulting from non-
condensable fraction at the steam ejectors or vacuum pumps of the Vacuum distillation. Emissions in flares
are discussed in “Venting and Flaring in Oil Industry” below.

Use of some catalytic converters, such as Fluid Catalytic Cracking and Platforming units, are used to convert
heavy oils into lighter products, by action of heat, pressure and catalysts. Fluidized-bed Catalytic Cracking
(FCC) use finely divided catalysts suspended in a riser with hot vapour from the fresh feed.

2 Sometimes only these emissions are referred as fugitive emissions from refineries.
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Catalytic processes result in operations emissions, when the coke that is deposited in the catalytic bed over
time has to be burned in the regenerator equipment. Emissions from catalyst regeneration are also included
in this source category.

3.8.3.5.2 Fluid Catalytic Cracking (FCC)
3.8.3.5.2.1 Methodology

CO, emissions were estimated according to the following equation:

Emi = Cokecons X EFcoax 1073

Where:

Emi: CO; emissions (kt)

Cokecons: Coke burned in fluid catalytic cracking (t coke)
EFcoz2: CO; emission factor (t CO,/t coke)

3.8.3.5.2.2 Emission Factors

CO, emission factor was obtained from EU-ETS and is presented in the table below.

Table 3-92: COz emission Factor

Pollutant
CO, t CO,/t coke 3.25-3.44

3.8.3.5.2.3 Activity Data

There is only one refinery with a fluid catalytic cracking unit in Portugal since 1994. Given so, we present data
in the figure below as an index value related to the amount of coke burned in 1994.

From 2005 onwards, the amount of coke burned was obtained from EU-ETS. From 1994 to 2004 we use data
provided by the refinery on coke burned in fluid catalytic cracking unit.
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Figure 3-60: Coke burned in the Fluid Catalytic Cracking Unit

3.8.3.5.2.4 Uncertainty Assessment

Most of the activity data that was obtained to estimate emissions comes directly from the refinery units.
Therefore a low uncertainty of 3 % may be assumed for this sub-source in a similar mode to other LPS
combustion data.
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Uncertainty of emission factors for CO, were set as 50 %, at the higher range of possible uncertainties
proposed by IPCC (2000), although the fact that some emission factors use plant specific information.
3.8.3.5.2.5 Recalculations

No recalculations were made.

3.8.3.5.2.6  Further Improvement

No further improvements are planned for this sector.

3.8.3.5.3 Platforming/Continuous Catalyst Regenerators (CCR)
3.8.3.5.3.1 Methodology

CO, emissions were estimated according to the following equation:

Emi = Cokecons X EFcoa x 1073

Where:

Emi: CO; emissions (kt)

Cokecons: Coke burned in continuous catalyst regeneration (t coke)
EFcoz2: CO; emission factor (t CO,/t coke)

3.8.3.5.3.2 Emission Factors

CO;, emission factors were obtained from EU-ETS from Sines refinery and regeneration of catalysts at Porto
refinery.

Table 3-93: COzemission factors

Pollutant \ Unit EF
co, t CO/t coke 3.63-3.66

3.8.3.5.3.3 Activity Data
Porto has terminated its refining activities in April 2021. Only Sines unit remains in operation.

Data regarding coke burned in Platforming/Continuous Catalyst Regenerators was provided by the refineries
and is presented in the figure below.
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Figure 3-61: Coke burned in Platforming/Continuous Catalyst Regeneration (CCR)
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3.8.3.5.3.4 Uncertainty Assessment

Most of the activity data that was obtained to estimate emissions comes directly from the refinery units.
Therefore a low uncertainty of 3 % may be assumed for this sub-source in a similar mode to other LPS
combustion data.

Uncertainty of emission factors for CO, were set as 50 %, at the higher range of possible uncertainties
proposed by IPCC (2000), although the fact that some emission factors use plant specific information.

3.8.3.5.3.5 Recalculations
No recalculations were made.
3.8.3.5.3.6  Further Improvements

No further improvements are planned for this sector.

3.8.3.5.4 Hydrogen production in the Steam Reformer
3.8.3.5.4.1 Methodology

Only Sines refinery has Hydrogen units. There are two Hydrogen Production Units in Sines: one began in 2004
(in pilot phase during 2004 and full operation from 2005 onwards) and produces the hydrogen required to
the desulphurisation of gas oils and gasolines; the other one began in 2013 and produces the hydrogen
required for the hydrocracking unit. They both remain in operation ever since.

CO, emissions from Hydrogen production in the Steam Reformers were estimated according to the following
equation:

Emi = Fuelcons X EFco2x 1073

Where:

Emi: CO; emissions (kt)

Fuelcons: Fuel consumption in steam reformers (t fuel)
EFcoa: CO; emission factor (t CO,/t fuel)

3.8.3.5.4.2 Emission Factors

CO, emission factors applied to fuel consumption in the steam reformer units in Sines refinery were obtained
from EU-ETS from 2005 onwards and are indicated in the table below.

Table 3-94: CO:z emission factors

Pollutant | Unit EF
CO, t CO/t fuel 2.75-2.80

3.8.3.5.4.3 Activity Data

These units use natural gas as input. 2004 fuel consumption data was obtained directly from the facility. From
2005 onwards, fuel consumption in the steam reformers is obtained from EU-ETS data.

Given that there is only one refinery producing hydrogen in steam reformer units, due to confidentiality
constrains, data is presented in the figure below as an index related to 2004 fuel consumption value. From
1990 to 2003 there was no hydrogen production unit operating. From 2013 onwards fuel consumption
increases significantly due to the entry into full operation of the new hydrocracking unit in 2013.
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Figure 3-62: Fuel consumption and Hydrogen production in the hydrogen steam reformers

3.8.3.5.4.4 Uncertainty Assessment

o

[
o

0A0

Both activity data and CO, emission factors used to estimate emissions come directly from the refinery
facility, therefore, a low uncertainty of 3 % may be assumed for this sub-source in a similar mode to other

LPS combustion data.

3.8.3.5.4.5 Recalculations

No recalculations were made.
3.8.3.5.4.6 Further Improvements

No further improvements are planned for this sector.

3.8.3.5.5 OQil-Water collection and treatment systems

3.8.3.5.5.1 Category description

There are only indirect CO, emissions related to NMVOC emissions. Please check Portugal IIR for NMVOC

emissions estimates.
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3.8.3.5.6 Storage Tanks
3.8.3.5.6.1 Category description
Regarding Storage tanks, there are only indirect CO, emissions related to NMVOC emissions.

In order to estimate NMVOC emissions from this category, it was used Total throughput from storage and
tanks in each refinery as activity data. Total throughput represents not only crude oil entered into the refinery
(which constitutes the activity data for category 1.B.2.a.3) but also other petroleum products that are
imported or moved between refineries.

Since in this category there are only indirect CO2 emissions related to NMVOC emissions, information on the
activity data, methodology and emission factors is provided in the Portuguese 2020 IR submission.

3.8.3.5.7 Fugitive emissions from oil refining/storage
3.8.3.5.7.1 Category description

Emissions from this source consist mainly of methane, that escapes to atmosphere during refining and
transport operations. Crude oil is refined and storaged in each of the three oil refineries existing in Portugal.

3.8.3.5.7.2 Methodology

CH,4 emissions were estimated according to the following equation:

(Crudecons X EFCH4)
10"6

EmiCH4, =

Where:

Emicna: CH4 emissions (t)

Crude cons: Crude throughput in refineries (m?3)
EFcna: CH4 emission factor (Gg/103 m3)
3.8.3.5.7.3 Emission Factors

Given that there is no available data concerning plant or country specific emission factors for fugitive
emission from oil refining and storage, CH. fugitive emission factor was estimated assuming the average
value of the range provided in Table 4.2.4 of Chapter 4 of Volume 2 of the 2006 IPCC Guidelines for Developed
Countries (Category: Qil Refining; Sub-category: All).

Table 3-95: CH4 emission factor for fugitive emissions in oil refining

2006 IPCC Range
Parameter Medium value

\ CH. \ Gg/10% m? oil refined \ 2.6x 106 ] 41.0x 10 \ 2.18 x 10

The emission factor provided by the 2006 IPCC Guidelines is related to the amount of oil refined, however,
we assumed that all crude throughput arriving at the refineries is refined. Therefore, the activity data used
was crude throughput in the refineries, in m3.
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3.8.3.5.7.4 Activity data
Data on crude throughput was obtained from refineries for the whole time series.
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3.8.3.5.7.5 Uncertainty Assessment

Most of the activity data that was obtained to estimate emissions comes directly from the refinery units.
Therefore a low uncertainty of 3 % may be assumed for this sub-source in a similar mode to other LPS
combustion data.

Uncertainty of emission factors for CH, were set as 50 %, at the higher range of possible uncertainties
proposed by IPCC (2000).

3.8.3.5.7.6  Recalculations
No recalculations were made.
3.8.3.5.7.7 Further Improvement

No further improvements are planned for this sector.

3.8.3.6 Distribution of Oil Products (CRF 1.B.2.a.5)
3.8.3.6.1 Category description
This sub-source sector includes emissions from distribution of refinery products, mainly gasoline in:

- (1) Terminal Dispatch Stations in Refineries. Emissions of volatile organic compounds
occurring inside refineries during filling of transport vehicles - trucks, rail cars - when
dispatching products of the refining unit. Most emissions occur when light products with high
level of volatile compounds are dispatched;

- (2) Transport and Depots, occurring in storage tanks outside the refineries and over the
country;

- (3) Service Stations, including emissions from tank loading from trucks and when refuelling
consumer cars.

Energy|3-138



National Inventory Report - Portugal

Emissions may result from:

- Leakage. Evaporation of liquid products by flaws and seal leakage, pumps and valve systems;

- Displacement emissions, due to displacement of air in tanks by the incoming liquid;

- Breathing emissions in tanks;

- Vapours emitted when filling vehicles in result of displacement of filling air and from
splashing and turbulence during filling;

- Unwanted spillage.

There are only indirect CO, emissions related to NMVOC emissions. Please check Portugal IIR for NMVOC
emissions estimates.
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3.8.4 Oil and natural gas and other emissions from energy production: Natural Gas (CRF
1.B.2.b)

3.8.4.1Category description

There is no production of natural gas in Portugal. The use of natural gas in Portugal was initiated only in 1997
(DGEG). At that time this energy source was received by ship from Algeria and used mainly in electric power
production and in combustion in industry. Since then its use has become more widespread and it is now
consumed also in the manufacturing industry, domestic, service, institutions, commerce, building and
construction, agriculture and even a small quantity in road transport. All natural gas is imported and received
through shipping transport from Algeria and Nigeria as Liquefied Natural Gas (LNG). There are also no major
processing operations in Portugal.

Natural gas pipelines may be classified in two different sub-groups:

- Transmission lines. Operating at high pressure, are used to transport natural gas in bulk over
large distances till distribution centres;

- Distribution networks. Comprehend the network of extensive pipelines that convey natural
gas to the end-user. They tend to work on lower pressure and with smaller diameter lines.
There are distribution networks of natural gas distributing for industrial consumers, services
and domestic users.

The gas received from Algeria in ships is re-gasified in a plant in Sines, in southern Portugal.

Methane emissions from natural gas result mostly from leaks of unmodified natural gas, in pipes or in the
plant. Although these losses happen as result of maintenance operations or abnormal accident situations
(pressure surges due to failure of equipment that controls pressure), they occur also constantly as result of
normal operations of the system in operation valves or in chronic leaks due to seal failure, flawed valves,
small cracks and holes in the lines or reservoirs.

Fugitive Emissions from Natural Gas
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Figure 3-64: Fugitive Emissions from Natural Gas

3.8.4.2 Methodology

Estimates of fugitive emissions related to the transport of natural gas are separated into two categories. One
relates to fugitive emissions during transport of Natural Gas to High Pressure and is reported in code CRF
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1.B.2.b.4. - Transmission and Storage. The other refers to the distribution networks operating medium and
low pressure, these are reported in code CRF 1.B.2.b.5. — Distribution.

Losses of natural gas through leaks are estimated through adjustment factors published by ERSE - National
regulatory body of the Natural Gas market. This adjustment factors are published to estimate own
consumption and leakage occurring along the national natural gas network. Including:

e National Natural Gas Transportation Network - (Leakage during maintenance interventions, or
resulting from incidents affecting the infrastructure)

e Reception, storage and regasification terminals for Natural Gas Liquid - (Purges and natural gas
burning)

e Underground Storage (mostly own consumption)

o Distribution networks (gas released in safety valves, incident on distribution networks).

The CO2 and CH4 emissions are estimated considering the composition of Natural Gas imported by Portugal.

Transmission and Storage (1.B.2.b.4)

The adjustment factor considered for the National Natural Gas Transportation Network at High Pressure
simultaneously considers the transmission processes and storage processes.

In order to obtain the amount of Natural Gas circulating in a year in the National High-Pressure Natural Gas
Transport Network, it is necessary to remove from the total imported NG the one that arrives in the country
via trucks directly to autonomous units that intrude the gas directly into the networks of distribution.

NG Transmission Network HP = NG Imported — NG from Autonomous units
NG Transmission Network Leaks = NG Transmission Network HP * Adjustment Factor HP
Transmission CH4 Fugitive Emissions = NG Transmission Network HP Leaks * % of CH4 in National NG

Transmission CO2 Fugitive Emissions = NG Transmission Network HP Leaks * % of CO2 in National NG

Distribution (1.B.2.b.5)

ERSE publishes differentiated adjustment factors for medium and low pressure distribution networks. Thus
the natural gas consumptions reported in the energy balance were divided according to the type of supply
network.

NG Distribution Network Leaks = NG Distribution MP Leaks + NG Distribution LP Leaks

The quantities of Natural Gas distributed by the two types of network are obtained through the Energy
balance, which differentiates consumption by sector. Therefore:

NG Distribution Medium Pressure: Manufacturing industries

NG Distribution Low Pressure: Residential, Services, Commercial, Agriculture & Fisheries

The amount of natural gas leaks is estimated as follows:

NG Distribution LP Leaks = NG Distribution MP * Adjustment Factor MP

NG Distribution MP Leaks = NG Distribution HP * Adjustment Factor LP

Distribution CH4 Fugitive Emissions = NG Transmission Distribution Leaks * % of CH4 in National NG

Distribution CO2 Fugitive Emissions = NG Transmission Distribution Leaks * % of CO2 in National NG
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3.8.4.3 Emission Factors

The adjustment factors for losses and self-consumption are applied for the purpose of determining the
quantities of natural gas that market agents must place at the entrance of the Portuguese Natural Gas
Network infrastructures, in order to guarantee the delivery of the natural gas necessary to supply the
expected consumption for the Customers. These adjustment factors derived from the losses and self-
consumption recorded by the different operators.

Table 3-96: Ajustment Factor for Natural Gas Leaks

Adjustment Factor Value Unit
Leaks in Natural Gas Transportation Network (high pressure) 0.0015 % of Natural Gas Transmitted
Leaks in Natural Gas Distribution Network (medium pressure) 0.07 % of Natural Gas Distributed (med)
Leaks in Natural Gas Distribution Network (low pressure) 0.34 % of Natural Gas Distributed (low)

The leakage values in the high pressure transport network are low because in this system the total losses are
marginal (0.11% of all Natural Gas transmitted) and only a small part are NG leaks (1.33% of all losses), the
remaining losses Are self-consumption that are considered in the chapter of the combustion of energy.

In the NG distribution network, leaks are associated with leaks in mechanical elements such as valves, purges,
reduction stations, reduction and counting stations, mechanical connections, etc. In addition, losses are also
associated with the network operation resulting from the purge for commissioning of new sections, the
commissioning of new customers, gas emissions into the air resulting from the operation of safety systems,
network maintenance operations, etc.. Also included in the technical losses are the possible leakages of
natural gas, in the particular installations of the consumers, upstream of the meters.

The verification of natural gas characteristics is carried out by ORT - Transmission System Operator (REN
Gasoduto), which periodically publishes the parameters on reference natural gas distributed in Portugal. The
final composition of the natural gas varies according to its provenance and mixture, and the national average
values are presented according to the following table.

Table 3-97: Characteristics of natural gas

Methane mole % 90.05
Ethane (COVNM) mole % 6.45
Propane (COVNM) mole % 1.74
i-butane (COVNM) mole % 0.23
n-butane (COVNM) mole % 0.27
i-pentane (COVNM) mole % 0.02
n-pentane (COVNM) mole % 0.01
n-hexane (COVNM) mole % 0.01
Nitrogen mole % 0.58
C02 mole % 0.63
3.8.4.4 Activity data
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According to the above explained methodology, activity data comprehends:
- Imports of natural gas, obtained from the DGEG’s Energy Balances;

- Consumption of Natural Gas.
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Figure 3-65: Natural Gas transported by High, Medium and Low Pressure Networks
3.8.4.5 Uncertainty Analysis

The uncertainty in activity data was considered to be 5 %, the value that was used for other statistical
information gathered from the Energy Balance as area sources. The uncertainty in CH, emission factor,
considering a low quality inventory, was assumed to be 150 %, and the same value was considered for CO,
emissions which were determined simply from simple conversion of emissions in methane form.

3.8.4.6 Category-specific QA/QC and verification

General revision of time series consistency for fuel consumption and emission factors was the only QA/QC
procedure adopted for this sector.

To further improve the QA/QC analysis a comparison between fuel consumption values reported by DGEG
and IEA (International Energy Agency) was made (please see the chapter Comparison of Energy Balance vs.
IEA Energy Statistics). No significant differences were found between data sources for this category.

3.8.4.7 Recalculations
No recalculations in this submission.
3.8.4.8 Further Improvements

We intend, if possible, to obtain information on leaks in the transportation and distribution of Natural Gas
related to the period prior to 2009.
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3.8.5 Oil and natural gas and other emissions from energy production: Venting and
Flaring (CRF 1.B.2.c)

3.8.5.1 Category description
Venting activities do not occur in Portugal.

Regarding flaring activities in Portugal, flaring of natural gas and waste gas/vapor streams at gas facilities do
not occur in Portugal, they occur only in oil industry. Flares were used at the three refineries in Portugal to
control and burn non-condensable gases recovered from leakages and blow down operations, which would
otherwise be emitted as volatile organic compounds. Although smokeless and complete combustion is
always an objective, sometimes the gas influx exceeds flare combustion capacity and partly unburned organic
compounds are emitted: NMVOC, CH; and CO.

3.8.5.2 Methodology

All carbon emitted in compounds, such as CO, NMVOC and CH,, has fossil origin and must be included in the
estimate of ultimate CO, emissions. Individual pollutants (end of pipe CO,, NMVOC, CHs and CO) are
converted into ultimate CO; according to:

Ucoz = EndofPipecos + 44/12 X (0.60 X NMVOC + 12/16 X CH4 + 12/28 X CO) X 10

Air emissions in flaring, resulting from combustion of gas collected from leaks and blowdown system, were
estimated either from the quantity of gas flared or total feed to refinery.

CO, emissions were estimated according to the following equation:

Emicoz(y) = FIareGas(y) X LHVGas(y) X EFC02 X OFGas(y) X 10_3

Where:

Emicoagy): Emission of CO; in yeary (t/yr)

Flarecasyy): Quantity of gas flared in year y (t/yr)

LHVaasiy): Low Heating Value of gas flared in year y (GJ/t)

EFco2: Emission factor of CO, (kg/G))

OFaas(y): Oxidation factor of gas flared in year y (dimensionless)

CH,4 emissions were estimated according to the following equation:

Emip,y) = EF(p) X Flarecas(y) X M(p,y)/M(gas,y) X 102

Where:

Emicna(y): Emission of CH4 in yeary (t/yr)
Flaregasiy): Quantity of gas flared in year y (t/yr)
EFcna: Emission factor of CH4 (Kg/t gas)

MicHa,y)/Migas,y): Mass fraction of CHa in yeary
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N,O emissions were estimated according to the following equation:

EmiNzo(y) = EFn20 X Crude

Where:

Eminzogy): Emission of N>O in year y (t/yr)

EFn20: Emission factor of N,O (Gg/10% m3)

Crude: Total amount of crude throughput (t)

For NMVOC and CO emissions, please check Portugal IIR.
3.8.5.3 Emission Factors

Emission factors for CO, were derived from EU-ETS data for Sines and Porto refineries and from US-EPA
(1991) for Lisbon refinery.

Emission factors for CHs were set from “Concawe — Air pollutant emission estimation methods for E-PRTR
reporting by refineries — report no. 4/17 (2017 Edition)”.

N,O emission factor was taken from Table 4.2.4 of Chapter 4 of Volume 2 of the 2006 IPCC Guidelines.
Feed density was assumed equal to 0.85 t/m3 for API crude oil 30-402C.

Table 3-98: Emission Factors for flaring in refineries

Pollutant EF Unit EF

€02 (kg/G)) Kg/GJ 46.6 - 62.6

CH, kg/t gas 5

N,O Gg/103 m3 6.4E-07
3.8.5.4 Activity data

Porto has terminated its refining activities in April 2021. Only Sines unit remains in operation.

For estimating CO,and CH4 emissions, total flare gas consumed in the three units and Low Heating Value was
made available from PETROGAL for the period 1990-2004. From 2005 onwards data is obtained from EU-ETS.
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Figure 3-66: Total consumption of flare gas in Portuguese refineries and Low Heating Value

Activity data used for estimating N.O emissions was the total amount of crude throughput, which was
obtained from DGEG for the whole time series.
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Figure 3-67: Total amount of crude throughput in refineries
3.8.5.5 Uncertainty Assessment

The uncertainty in activity data was considered to be 3 %, the value used when activity data refer data directly
collected from the units. The uncertainty in NMVOC/CO; emission factor is 50 % and the double of that value
for CHs and N,O emissions.

3.8.5.6 Recalculations
No recalculations were made.
3.8.5.7 Further Improvement

No further improvements are planned for this sector.
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3.8.6 Other Fugitive Emissions (Geothermal Electricity Production) (CRF 1.B.2.d)

3.8.6.1 Category description

A small amount of electricity is produced from two geothermic sources in Azores archipelago: Pico Vermelho
(commissioned in 1980) and Ribeira Grande (commissioned in 1994) Plants, and they are assumed to
increment the release of carbon dioxide to atmosphere.

The available reporting (CRF) categories do not consider a specific place to report CO; emissions from
geothermal electricity production. Nevertheless, emissions from these activity are clearly related to sector 1
(Energy) and must be better considered as fugitive emissions. However, for fugitive emissions the CRF
nomenclature allows only the classes Solid Fuels (1B1) and Oil and Natural Gas (1B2), which are not exactly
suitable for this activity. Sector 7 (Other) could be used in principle, but would imply that emissions from this
category would be no longer included in the energy sector.

Fugitive emissions from geothermal electricity production are therefore reported in category 1B2d (Other
fugitive emissions from oil and natural gas).

The category has been identified as key in the KC analysis in previous submissions and was included the 2014
Methodological Development Plan (PDM), which lead to the revision of estimates based on new data
collected by the Autonomous Region of Azores.

3.8.6.2 Methodology

From 1994 till 1999, the Regional Authority of Economy (Secretaria Regional da Economia. Direc¢do Regional
do Comércio, Industria e Energia) performed estimates of carbon dioxide released to atmosphere from
geothermic units and these were considered in the National Inventory.

These data have been considered as inadequate and not consistent with reality by the authorities of the
Autonomous Region of Azores, who made available new data referring to the characterization of a real
situation of the Geothermal Electricity Production in Azores for 2008-2011 period.

The fraction from steam geothermal fluid captured in geothermal wells was chemical analysed. Those results
allowed the estimation of CO2 mass released to the atmosphere and the calculation of a CO2 emission factor
for unit of electricity produced.

Since the 2010 inventory all data concerning geothermal production is obtained from the Azores
environmental entity (this time series starts in 2003). For the years prior to 2003emissions of CO2 were
estimated from electricity production reported by DGEG.

3.8.6.3 Emission factors

Measurements of carbon dioxide emissions available from Ribeira Grande and Pico Vermelho from 2008 till
2011, presented in next table, were provided by the regional authority of the Autonomous Region of Azores?*.
These results were used to estimate an average emission factor applied to the whole period on both plants
(Ribeira Grande and Pico Vermelho).

The calculation of the amount of CO2 released by a geothermal power station is based on point-by-point
chemical analyzes carried out on the gas fraction of the geothermal fluid, the results of which are
extrapolated for the year.

24 Secretaria Regional dos Recursos Naturais — Direcgdo Regional do Ambiente.
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Thus, the calculation of the CO2 emission is significantly influenced by the exploration effort of the plants,
being directly affected by the unavailability of the geothermal wells of the production and of the auxiliary
generating groups in the presence of maintenance needs.

In order to minimize the influence of these factors in the determination of the emission factor, a period of 3
years was defined for this calculation, considering that it is a reasonable time horizon to represent the
evolution of the extraction effort and consequently of the Co2 emissions in the course Of the operation of
the Ribeira Grande and Pico Vermelho geothermal plants.

Table 3-99: Emission Factors for Geothermal Electricity Production

Parameter 2008 2009 2010 2011
Production (GWh) 171 162 174 186
CO; (t) 19573 28 206 36 054 40 094
Emission Factor observed (t/GWh) 115 174 207 215
Emission Factor to Geothermal Electricity Production (tCO2/GWh) 198.7
(Average of last three years)

Source: Grupo EDA — Energia dos Agores

The variation of the emission factor observed is due to the different flow of CO2 emitted by each geothermal
well and flexible operating regime of the geothermal plants. The CO2 emission factor adopted for geothermal
power plants is the average of the last three years, 199 tCO2/GWh.

3.8.6.4 Activity Data

Activity data consists of geothermal production. The time series was constructed using data from the regional
authority in Azores:

- Pico Vermelho (old power plant) — from 1990 to 2005;
- Pico Vermelho (new power plant) — from 2006 to 2022;
- Ribeira Grande — from 1994 to 2022.

- Pico Alto —from 2017 to 2022.

Data from DGEG was used to fill in information gaps mainly for Pico Vermelho 1990 to 1999 geothermal
production. The following figure shows the total geothermal production time series in Azores.
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Figure 3-68: Total Geothermal Production in Azores
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In 2006 a new power plant was commissioned in Pico Vermelho following the decommissioning of the old
installation. This new plant tripled the installed power of Pico Vermelho (from 3 MW to 10 MW). For Ribeira
Grande improvements were made in 1998 to the existing instalation that almost tripled the installed power
(from 5MW to 13 MW).

3.8.6.5 Uncertainty Analysis

The uncertainty of the activity data is 5 % considering that the statistical information is reliable but some
extrapolations have been performed for earlier years, namely to separate data per power plant.

The uncertainty in the emission factor has been estimated as 21.9 % on the basis of the variation of the EF
(measured data).

3.8.6.6 Recalculations
No recalculations were made.
3.8.6.7 Further Improvements

No further improvements are planned for this sector.
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3.8.7 Other Fugitive Emissions (City Gas Production) (CRF 1.B.2.d)
3.8.7.1Category description

According to the energy balances from DGEG, this activity has used fuel oil, naphtha and, more recently,
natural gas as energy sources under co-generation process, from 1990 till 2001. Explanations concerning the
combustion emissions associated with the production of City Gas are explained in chapter 1.3.1.2
Manufacture of solid fuels and other energy industries (CRF 1.A.1.c.).

The 2006 IPCC guidebook does not provide CH4 and CO2 emission factors for the estimation of emissions for
the city gas production sector. Therefore, we decided to report the Notation Key "NE" category for the 1990-
2001 period and thereafter "NO".
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3.9 Sector-specific QA/QC and verification

A Streamline of Emission Factors and Low Heating Values used in the estimation of CO, emissions was
implemented to the Energy Sector, the goal of this activity was to bring closer the estimation process in this
sector.

CO2 Emission Factor (EF) and the Low Heating Value (LHV) for specific fuels were compared for the different
categories in the Energy Sector:

- Electricity and Heat Production (1.A.1.a)
- Manufacturing Industries (Combustion) (1.A.2)
- Transports (1.A.3)
Low Heating Value:
The main sources of LHV data used in the inventory come from
- Energy Balance (DGEG)
- Operators measuring’s for specific unit (CELE)
- Operators reporting’s (Autocontrolo)

No major differences in values were detected between sub-sectors. Although, a deeper analysis to the solid
fuel was needed to clarify different fuel nomenclature and the respective LHV’s.

Whenever available, the operators measured data was kept for energy consumption estimations in specific
units. The LHV data from DGEG was used as a default for the inventory.

CO2 Emission Factor:

In the inventory the CO2 EF from 2006 IPCC Guidelines was used as default; when available, measured data
from operators (CELE and Autocontrolo) was used instead.

No major differences were detected.
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3.10 Further Improvements

Considering that the energy sector is the most prevalent emission source, special efforts must always be
made to improve emission estimates, even if they affect smaller energy sub-sectors. Future improvements
to the inventory will depend on the conclusions of the PDM in the scope of SNIERPA’s implementation, which
is being made with direct contact with the main stakeholders of the energy sector, and in close collaboration
of the inventory team from APA. Although the main conclusions from this report are still not set in a final
report and plan, the following preliminary routes may be here identified.

- Better integration between activity data in the air emissions inventory and other surveys
such as LCP directive, Autocontrolo program, EPER/E-PRTR, the EU-ETS and the energy
surveys (co-generation) made annually by DGEG. Contacts are being made to implement it.
Particular work is being done to streamline the collection of data and emission estimates
between the inventory and the EU-ETS, following the promotion efforts that are being made
by the European Commission;

- Determination of country-specific emission factors (SOx and NOx) from monitoring data
collected from the Autocontrolo program and CO2 emission factors for information collected
under carbon market;

- Consistency Checks on Refining/Storage timeseries.
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3.11 Reference Approach
3.11.1 Category description

The reference approach consists in the estimate of CO, emissions using the simple approach tier 1 of IPCC.
Although the Portuguese National Inventory uses an sectoral approach (National Approach) of higher tier
level, nevertheless the UNFCCC reporting guidelines request that parties make also a top-down “reference
approach”? for estimation of CO, emissions from fossil fuel combustion, in addition to the bottom-up
sectoral methodology.

The Reference Approach is a top-down approach, using a country’s energy supply data to calculate the
emissions of CO2 from combustion of mainly fossil fuels. The Reference Approach is a straightforward
method that can be applied on the basis of relatively easily available energy supply statistics. Excluded carbon
has increased the requirements for data to some extent. However, improved comparability between the
sectoral and reference approaches continues to allow a country to produce a second independent estimate
of CO2 emissions from fuel combustion with limited additional effort and data requirements. It is good
practice to apply both a sectoral approach and the reference approach to estimate a country’s CO2 emissions
from fuel combustion and to compare the results of these two independent estimates (IPCC. 2006).

The Reference Approach requires simple statistics for production of fuels and their external trade as well as
changes in their stocks. It also needs a limited number of values for the consumption of fossil products used
for non-energy purposes, where carbon may be stored.

3.11.2 Methodology
The following methodological steps were made in accordance with IPCC (2006):

- Step 1: Estimate Apparent Fuel Consumption in Original Units;

- Step 2: Convert to a Common Energy Unit;

- Step 3: Multiply by Carbon Content to Compute the Total Carbon;
- Step 4: Compute the Excluded Carbon;

- Step 5: Correct for Carbon Unoxidised and Convert to CO2 Emissions.

3.11.2.1 Fuel consumption

Apparent consumption was estimated from energy balances from DGEG according to:
Apparent Consumption = Production + Imports - Exports- Stock Change.

for primary fuels and,

Apparent Consumption = Imports - Exports- Bunkers - Stock Change.

for secondary fuels.

National production is not considered because the carbon in these fuels was already included in the supply
of primary fuels from which they were derived.

3.11.2.2 Energy Consumption

2 This does not mean that a “bottom-up” approach should not be followed for estimating CO. emissions but the total emissions must be compared
with those obtained from the Reference Approach.
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The Portuguese National Balance reports consumption in energy units (toe?®), apparent consumption needs
only to be converted to TJ using the multiplier 41.868 GJ/toe.

3.11.2.3 Carbon Content of Fuels

Carbon content in apparent consumption is estimated in reference approach from:

Apparent Consumption(sgc) = Apparent Consumption (r) * Carbon Content (igc/m) * 103

The carbon content of fuels was determined using the Carbon Emission Factors used in the sectoral approach,
which are presented in Table 3.144.

Table 3-100: Carbon content of fuels and Oxidation Factor used in the Reference Approach

Fuel ‘ C content Facox
(to/m) 0-1
Crude Qil 20.0 1.00
Primary Fuels Orimulsion 21.0 1.00

Natural Gas Liquids - -
Gasoline 18.9 1.00
Jet Kerosene 19.5 1.00
Other Kerosene 19.6 1.00

Shale Oill - -
Gas / Diesel Oil 20.2 1.00
Liquid Fossil Residual Fuel Oil 21.1 1.00
Secondary Fuels LPG 17.2 1.00

Ethane - -
Naphtha 20.0 1.00
Bitumen 22.0 1.00
Lubricants 20.0 1.00
Petroleum Coke 26.6 1.00
Refinery Feedstocks 20.0 1.00
Other Oil 20.0 1.00
Anthracite (a) 26.8 1.00
Coking Coal 25.8 1.00
. Other Bit. Coal 25.8 1.00

Primary Fuels :

Sub-bit. Coal 26.2 1.00
Solid Fossil Lignite 27.6 1.00
Qil Shale and tar sand 29.1 1.00
BKB & Patent Fuel 22.0 1.00
Secondary Fuels Coke Oven/Gas Coke 29.2 1.00

Coal tar - -
Gaseous Fossil Natural Gas (Dry) 15.3 1.00
Waste (non-biomass fraction) 21.8 1.00

Peat - -
Solid Biomass 29.9 1.00
Biomass Liquid Biomass 20.0 1.00
Gas Biomass 30.6 1.00

3.11.2.4 Carbon Excluded

The aim of the Reference Approach is to provide an estimate of fuel combustion emission, so the amout of
carbon which does not lead to fuel combustion emissions is excluded.Carbon excluded from fuel combustion

26 Ton of oil equivalent
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is either emitted in another sector of the inventory (industrial process emission) or is stored in a product
manufactured from the fuel.

The main flows of carbon concerned in the calculation of excluded carbon are those used as feedstock,
reductant or as non-energy products.

Feedstock - Carbon emissions from the use of fuels listed above as feedstock are reported within the source
categories of the Industrial Processes and Product Use (IPPU) chapter. Consequently, all carbon in fuel
delivered as feedstock is excluded from the total carbon of apparent energy consumption.

Non-energy products use — The Inventory excludes consumptions of bitumen, lubricants, paraffin, solvents
and propylene, these are classified as non-energy oil in the National Energy Balance.

The quantity of carbon to be excluded from the estimation of fuel combustion emissions is calculated
according to following equation:

Excluded Carbon sel (Gg C) = Activity Data el (TJ) X Carbon Content e (C/TJ) x 1073

In the figure below it is possible to observe the total energy excluded from apparent consumption during the
time series.

Apparent Energy Consumption
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Figure 3-69: Apparent energy consumption

This excluded energy concerns mainly the consumption as a feedstock of Naphtha and more recently LPG
and Natural Gas in the Industrial Processes sector and non-energetic use of Bitumen, Lubricants and Other
oil. Some losses associated with oil refining were also excluded from the reference approach, since these
were not classified as energy consumptions.
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Figure 3-70: Fuel consumption excluded from Apparent Consumption

3.11.3 Actual Carbon Dioxide Emissions

Estimated simply from:

CO; Emission = 44/12 * (Apparent Consumption - Excluded Carbon) * Oxidation Factor
3.11.4 Results - Comparison of Reference Approach and Sectoral Approach

Detailed data used in the reference approach calculation is reported in CRF tables and is not duplicated in
NIR. The emissions estimated according to reference approach and national approach are presented in the
figure below and show differences in both energy consumption and carbon emissions.
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Figure 3-71: Comparison of Energy Consumption and CO2 emissions between the National approach and the
Reference Approach

Differences are mostly explained by the following:

differences in the Energy Balance and the energy activity data used by the inventory —where
data collected directly from emission units (Large Point Sources) play a very representative
role — and a different approach to account for emissions from carbon stored in products;

specific LHV values for LPS are not always considered in the Energy Balance;

the % of feed-stocks which carbon is stored in products are default values and not specific of
the national conditions reflected in the inventory;

the energy balance as been updated in order to follow the IPCC criteria to distinguish
between domestic and international fuel use. This improvement contributes to decrease the
difference between the reference and the sectoral approach. Portugal is still developing
efforts to further improve the split between domestic and international consumption in the
energy balance.

The difference between the approaches in terms of CO,, has been reduced after 2001, which is coincident
with the efforts that were made by DGEG and APA in order to improve consistency between the different
approaches. The slight increase in the difference between the two approaches from 2008 to 2009 may be
due to the reclassification of lime production and the corrections of double counting for some co-generation
power plants. Differences in CO2 emissions are mainly associated with emissions of industrial waste and
municipal solid waste. As they are about carbon contents with great variability, it is our intention to estimate
a national value to use in the reference approach.
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3.11.5 Feedstock

Emissions of greenhouse gas emissions from feedstock use are only clearly accounted in the inventory in the
following situations:

- emission of CO; resulting from use of feedstock sub-products as energy sources. That is the
case of emissions from consumption of fuel gas in refinery and petrochemical industry;

- emission of CO, liberated as sub-product in production processes such as ammonia
production;

- emission of NMVOC from fossil fuel origin, and occurring from solvent use and evaporation.
Although in this case it is not possible to establish which part results from feedstock
consumption in Portugal in the energy balance.

However, some potential emissions are not estimated or are only partly estimated. Those that are estimated
in the reference approach but not in sectoral approach are:

- emissions from mineral oil use as lubricants;

- emissions from wear of bitumen in roads.

CO2 emissions from the NEU reported in IPPU
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2.A.3 - Glass production (Other bituminous coal)

M 2.B.8 - Petrochemical and carbon black production (Other oil)
2.B.8 - Petrochemical and carbon black production (Naphtha)
m 2.B.8 - Petrochemical and carbon black production

W 2.D.1- Lubricant use (Lubricants)

Figure 3-72: Carbon dioxide (CO2) emissions from non-energy use by sector

CRF Table 1.A. (d) reports consumption of fuels whose carbon content is excluded from the reference
approach. Non-energy uses are also associated with emissions that occur in the IPPU sector from the use of
such fuels as feedstocks, reductants and other non-energy uses. However, as explained, in the methodology
some of the excluded carbon refers to losses in the refinery sector that are reported in the energy balance.
These losses do not relate to non-energy uses and may be allocated to the fugitive emissions sector 1B. Hence
reporting NO for some of the fuels that have NEU amounts but have no associated emissions in the IPPU
sector.

The values of Natural Gas excluded from the Reference Approach analysis in Table1.A (D) refer to non-energy
consumption of natural gas that occurs in Qil Refineries and that are considered in fugitive emissions sector.
The inability to choose this category from the drop-down list in table 1.A (d) does not allow reporting this
information transparently.

In this way the values reported in cell 139 of Tablel.A(d) are considered in the Sectoral Approach in Table1.B.2
cell H13, which includes other emission sources in addition to hydrogen production.
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4 Industrial Processes and Products Use (CRF Sector 2)

Rita Silva

Updated: March 2024

4.1 Overview of the sector

Industrial Processes and Product Use (IPPU) sector generates GHG emissions resulting from the chemical and
physical transformation of raw materials in the industrial transformation processes, excluding emissions that
result from combustion processes aiming for energy productionl. GHG emissions also result from the use of
greenhouse gases in products and from non-energy uses of fossil fuel carbon. According to UNFCCC reporting
guidelines, in this sector are also included emissions of fluorinated compounds (HFC, PFC and SF6) that are
used in different applications - not solely industrial, but also in domestic and services sector - as substitutes
to ozone depleting substances (ODS).

Industrial processes, either involving combustion or not, result also in the release of other atmospheric
pollutants like acidifying gases and indirect GHG: NOx, NMVOC and SOx. Industrial processes are also relevant
sources of particulate matter (TSP, PM1o, PM2s and PM;) and local air pollutants such CO and Heavy Metals.
The methodologies and emission factors that are used in the Portuguese air emission inventory for estimating
emissions from these sources are discussed in the Inventory Informative Report (IIR)%

The year 2022 was not the expected in order to reestablish the normal functioning of markets and the
economic recovery that had been taking place, after the long period of conditioning resulting from the
COVID-19 pandemic in 2020-2021. Ukraine’s invasion by Russia, which continues to this day, and the
successive sanctions’ packages against Russia, imposed by the European Union, have brutally conditioned
the markets. Energy prices, and in particular natural gas, which had already seen a sharp increase in the
second half of 2021, reached historic highs, generating a widespread rise in costs and an increase in inflation
(7.8% in Portugal and 9.2% in the EU), which resulted in Europe's lower competitiveness compared to other
regions of the world, less affected by the proximity of war. Competition from products from outside Europe,
initially less intense due to difficulties in logistics circuits, became more acute in the second half of the year,
affecting national industry.

In 2022, the Industrial Production Index increased by 0.3%, reinforcing the 3.0% increase recorded in the
previous year. The Direct Entry of Materials into the national economy for production or consumption
decreased by 8.2%. The main products produced in 2022, considering the sales value, were products from
the Manufacturing of coke, refined petroleum products and fuel agglomerates, namely Diesel and Marine
Diesel and Gasoline for engines, followed by Other parts and accessories for vehicles automobiles, tractors
and vehicles for special uses and by Passenger motor vehicles.

1 Emissions from combustion are considered in this sector if they are considered a production process and not as a way to obtain energy, even if the
energy is used directly in the production process such as in a furnace. Emissions from combustion processes in industry with the sole purpose of
obtaining energy (boilers, furnaces, engines) are included in the Energy sector.

21IR is the report of emissions elaborated under the reporting obligations of the Convention on Long Range Transboundary Air Pollution (CLRTAP) of
the UNECE. It will be available also in https://apambiente.pt/.
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The table below presents total GHG emissions from IPPU, by sector and by gas.

Table 4-1: Total GHG emissions from IPPU

A A A
Base Year? 2005 2020

2
Source /Gas 2022-2021 2022-2005 2022-Base Year

kt COz e %

2.A Mineral Industry
CO. 3,671.6 4,920.7 3,067.1 2,910.9 3,020.3 3.8% -38.6% -17.7%

2.B Chemical Industry

CO: 1,408.5 1,523.8 622.6 637.6 478.1 -25.0% -68.6% -66.1%
CH4 28.6 30.0 29.6 30.2 22.5 -25.6% -25.1% -21.4%
N0 460.4 496.4 30.1 33.2 27.7 -16.6% -94.4% -94.0%

2.C Metal Industry
CO. 446.2 109.2 96.6 78.0 69.5 -10.8% -36.4% -84.4%

CHa 0.7 - - - - - - -

2.D Non-energy products from fuels and solvent use
CO2 275.6 267.9 212.4 203.6 209.1 2.7% -22.0% -24.1%

2.F Product uses as ODS substitutes

HFC 53.7 7797 19823 19609  1,968.5 0.4% 152.5% 3566.4%
PFC 0.1 33 23.8 265 30.0 13.0% 800.2% 29884.4%
2.G Other product manufacture and use

N>O 73.7 52.0 263 27.0 26.7 1.1% -48.7% -63.8%
SFs 14.4 275 22,0 235 253 7.9% -7.8% 76.2%
Total

o, 5,801.9 6,821.7 39987 3,8300 3,777.0 -1.4% -44.6% -34.9%
CHa 29.3 30.0 29.6 30.2 225 -25.6% -25.1% 23.2%
N>O 534.1 548.4 56.3 60.3 54.5 -9.6% -90.1% -89.8%
HFC 53.7 7797 19823 19609  1,968.5 0.4% 152.5% 3566.4%
PFC - 3.3 238 265 30.0 13.0% 800.2% -

SFs 14.4 275 22,0 235 253 7.9% -7.8% 76.2%
Total

?I?!Lizs\?:ar 1990) 6,365.3 82106 61125 59314 5877.6 -0.9% -28.4% 7.7%

Note: Totals may not sum due to independent rounding. Emissions values are presented in kt CO2e mass units using IPCC AR5 GWP values (please
consult Table 1-1 in Chapter 1).

Total GHG emissions from this source sector have decreased from about 6.3 Mt CO,e in 1990 to 5.8 Mt CO,e
in 2022, as may be seen in the table above, representing a decrease of about 8 % when compared to 1990

The majority of emissions, expressed in CO.e, are associated with Products Uses as ODS substitutes (2F),
responsible for 0.8 % of total emissions from this sector in 1995, and about 34 % of total emissions from this
sector in 2022, as may be seen in the next figure. The remaining sub-source sectors (2A, 2B, 2C, 2D, 2E, 2G
and 2H) contribute about 66 % of total emissions in 2022.

3 Base Year refers to 1990 for all GHG with the exception of F-gases (HFC, PFC and SFs), which refers to 1995.

4 Base year for F-gases reporting is, however, 1995.
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The figure below presents the contribution of IPPU’s emissions in the country’s total GHG emissions in 2022.

 Mineral Industry 51 %

,~ Chemical Industry 9 %

- Metal Industry 1 %

- [iepu-
|10,4 %

—___ Non-energy products from fuels
and solvent use 3.6 %

Product uses as ODS
substitutes 34 %

= Other product manufacture
" andusel%

Figure 4-1: IPPU emissions from total GHG emissions in 2022, by source sub-sector

Industrial processes represent about 10 % of the Portuguese emissions in 2022 and have decreased
approximately 8 % since 1990. Emissions from this sector, which are generated as by-products of many non-
energy-related activities, have been driven particularly until the mid-2000s by the evolution of the mineral
and chemical industry. From the late 2000s onwards, chemical industry contribution has been reduced
significantly, mainly due to end of ammonia production in the country. On the other hand, Products Uses as
ODS substitutes (2F) have progressively gained importance in IPPU sector, representing about 34% of total
IPPU emissions in 2022.
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Figure 4-2: Total GHG emissions from IPPU per source sub-sector (kt COze)
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Figure 4-3: Emissions of IPPU by sub-source sector in Portugal in year 1990 and 2022 (kt COze)
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The majority of GHG emissions in IPPU sector is released directly as CO,, while N,O represents a smaller
proportion of emissions and CH4 emissions are a non-relevant part, as may be seen in the figure below.
Fluorinated gases have become a relevant source of GHG emissions in IPPU sector.

N20 CH4
0.9% 0.4%

F-Gas
34.4%

!

co2
64.3%

= C02 = N20 CH4 = F-Gas

Figure 4-4: GHG Emissions from IPPU per gas in 2022

Recalculations

2.A.4.a (Other Uses of Carbonates in Ceramics): Electricity consumption data update for 2014 and 2017 and
Biomass consumption data update for 2015-2016;

2.A.4.b (Other Uses of Soda Ash): Consumption of Na2CO3 update for the whole time series in glass
production process;

2.B.8.b (Ethylene Production): 2021 Activity data update;

2.B.8.g (Other Petrochemical Production): PELD Production/PEHD Production: 2008-2021 Activity data
update;

2.C.5 (Lead Production): Activity data update in 2006-2007 and 2016;

2.D.1 (Lubricants use): Lubricants consumption update in 2014 and 2019-2020; Two-stroke engines
lubricants consumption data were updated for 2018-2021;

2.D.3.a (Solvent Use): Activity data update for some sub-categories (please consult IIR 2024);
2.D.3.b (Road Paving): Asphalt activity data update in 2020; Hot mix asphalt update in 2021;
2.D.3.c (Urea based catalytic converters): Activity data update for 2018-2021;

2.F.1.a (Commercial Refrigeration): Activity data update in 1996-2021;

2.F.1.b (Domestic Refrigeration): Activity data update in 2021;

2.F.1.e (Mobile Air Conditioning): Vehicle assembly data updated for 2017-2021;

2.F.1.f (Stationary Air Conditioning): Methodological update for the whole time series;
2.F.2 (Foam Blowing agents): Activity data update in 2021;

2.F.3 (Fire Protection): Activity data update in 2021;

2.F.4 (Other Aerosols): Activity data update in 2019-2021;

2.G.1 (Electrical Equipment): Activity data update in 2017-2021;

2.G.3 (N0 from Product Uses): Activity data update in 2021;

Several minor sub-categories: Update on surrogate data such as Gross Domestic Product (GDP) and Gross
Value Added (GVA) for 2021.

Industrial Processes and Products Use | 4-14



(]
° National Inventory Report - Portugal

Key categories

The key categories in IPPU are summarised in the tables below.

Table 4-2: Key categories in IPPU (CRF 2) and methodologies used in emission estimates

IPCC category Gas Criteria Method
2.A.1 Cement Production CO, L T3,T1
2.F.1 Refrigeration and Air Conditioning F-gases L T2, T1
2.B.8 Petrochemical and Carbon Black Production CO; L T1, T3
2.A.2 Lime Production CO, LT T3, T1
2.A.4 Other Process Uses of Carbonates CO; L T3, T1
2.D Non-energy products from fuels and solvent use CO; L T2
2.C.1 Iron and Steel CO; LT T3, T1
2.B.2 Nitric Acid Production N,O LT T1, T3
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4.2 Mineral Industry (CRF 2.A)
4.2.1 Overview

This chapter is intended to estimate process-related carbon dioxide (CO;) emissions resulting from the use
of carbonate raw materials in the production and use of a variety of mineral industry products. There are two
broad pathways for release of CO, from carbonates: calcination and the acid-induced release of CO,. The
primary process resulting in the release of CO; is the calcination of carbonate compounds, during which,
through heating, a metallic oxide is formed. According to the 2006 IPCC Guidelines, although methane (CH,)
and nitrous oxide (N2O) may be emitted from some minerals industry source categories, given current
scientific knowledge, these emissions are assumed to be negligible and thus are not addressed in this chapter.

4.2.2 Cement Production (CRF 2.A.1)

4.2.2.1 Category description
This sector is identified as key category for CO, emissions.

There are six cement production plants operating in Portugal, mostly dedicated to Portland cement
production® and almost all located in the southern half of the country. Five of these clinker producing units
use the dry process while the remaining one uses both the dry and the semi-wet process, although the dry
process is prevalent in that unit too. All dry process units have short kilns with pre-heaters, and 5 kilns in four
units are provided with pre-calciners®.

In cement production, CO, emissions occur during the production of clinker, specifically from the conversion
of CaCOs3 and MgCQOs, the main constituents of limestone, to lime (CaO) and magnesia (MgO), leaving CO; as
by product to atmosphere (decarbonisation).

Other types of carbonate inputs for Portugal's cement industry are sand, malm, mixed carbonate and
dolomite, kaolin, limestone cream, sludge with limestone, however, these are considered negligible sources
of emissions.

Category 2.A.1 only reports CO, emissions from limestone decarbonizing. CO, emissions from liberation of
carbon in fuel during combustion are addressed in the Energy chapter (3.4 - Manufacturing Industries and
Construction) and reported in the Energy sector (CRF 1.A.2). Emissions of other pollutants, although might
result from both fuel and raw material, are also addressed in the Energy chapter and reported in the Energy
sector, for simplicity’s sake. However, although combustion emissions and process emissions are estimated
separately, they are in fact emitted at same place and are inseparable in concept.

4.2.2.2 Methodology

Since there are different data sources available depending on the years, two different methodologies were
used throughout the time series.

Since 2005, when European Union Emissions Trading System (EU ETS) was set up, clinker production process
emissions are estimated by the facilities according to Method A (Kiln Input based) from No. 9 of Annex IV of
Regulation (EU) No. 2066/2018 ( ).
Emissions are estimated with a Tier 3 methodology, based on raw meal consumption and the respective
emission factor, which are determined in laboratory and provided by the facilities.

5 There is also some production of white Portland cement, which is characterized by a lower iron and manganese constant than grey cement, and it
is used mainly for decorative purposes (EPA, 1995). In Portugal, there are also smaller additional cement plants that do not produce clinker.

6 One calciner is a false pre-calciner.
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From 2005-onwards, the following equation is used:
Equation 4-1: CO:2 emissions from clinker production — 2005-onwards
Emicoz = Mi x EFi x Fi— Mg X Cq X (1-Fg) X EFg4 + My x Xk x EFy
Where:
Emicoz: Emissions of CO, from clinker production (kt)
Mi: Mass of raw meal kiln input (t)
EF;: Emission factor of raw meal kiln input (kt CO,/t of raw meal)
Fi: Fraction calcination achieved for raw meal kiln input (0 to 1)
Mg: Mass of CKD (Cement Kiln Dust) not recycled to the kiln (t)
Cq: Fraction of original carbonate in the CKD not recycled to the kiln (0 to 1)
Fq4: Fraction calcination achieved for CKD not recycled to the kiln (0 to 1)
EF4: Emission factor of the uncalcined carbonate in CKD not recycled to the kiln (kt CO»/t of carbonate)
M: Mass of organic carbon-bearing non-fuel raw meal (t)
Xi: Fraction of total organic carbon in specific non-fuel raw meal (0 to 1)
EF«: Emission factor for organic carbon-bearing non-fuel raw meal (kt CO/t of raw meal)

Considering the temperatures achieved and the residence time in the kilns, it is assumed complete
carbonates calcination (100%), hence the conversion factor Fi is 1.

During the manufacture of clinker, CKD is generated in various points of the process and captured by dust
control technology.

Until 2019, in the Portuguese cement facilities, all CKD captured was recycled to the kilns or raw meal storage
silos and, therefore, accounted for in emissions estimation through a correction in raw meal consumption
(Mi). This correction is performed by each facility and is based on the raw meal weighted before the kilns and
a recirculation factor.

As of 2020, EU-ETS approved the methodology for accounting bypass dust emissions in clinker production
facilities, which began being reported as a separate raw material input. This part of the raw meal, which is
not fully calcined, upon entering the pre-heater equipment, is dragged along with the exhaust gases and
captured by specific dust control technology. Hence, this amount has to be deducted from raw meal
consumption and has a significantly lower emission factor. This part of CKD does not return to the storage
silos or the kilns (due to excessive alkali content), instead is captured and stored separately for future
marketing.

CO, emissions from non-carbonate carbon in the non-fuel raw materials are also accounted for in total CO,
process emissions. However, non-carbonate carbon represents a fraction between 0,15% and 0,35% of raw
meal weight, therefore may be ignored in the Energy sector. Plus, these emissions cannot be disaggregated
from total CO, emissions calculated by each facility.

Given there is no EU-ETS system in the period 1990 to 2004, the splicing technique “overlap” (section 5.3.1.1
of Vol.1 of the 2006 IPCC Guidelines) was used in order to estimate CO, emissions from clinker production,
according to the following equation:
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Equation 4-2: COz emissions from clinker production — 1990-2004

Emi CO2;005-2009

Emi CO2, = Clinker Prod,, X
m Y ticer Frody Clinker Prod,o0s-2009

Where:

Emicoy,y: Emissions of CO; in yeary (kt)

Clinker Prody: Clinker production in year vy (t)

Emi CO3, 2005-2000: Average CO; emissions in period 2005-2009 (kt CO,)

Clinker Prodaoos-2000: Average Clinker production in period 2005-2009 (t)

From 1990 to 2004, clinker production (Clinker Prod,) was obtained from the facilities.

In order to ensure time series consistency between the two methodologies, CO, emissions for the period
1990-2004 (Emi CO2y) were based on the ratio between the average EU-ETS CO; emissions in the period
2005-2009 and the average clinker production in the period 2005-2009.

EU-ETS CO; emissions in the period 2005-2009 were obtained from EU-ETS according to Equation 4-2. Clinker
production in the period 2005-2009 was obtained from the facilities.

For the 1994-2004 data overlap, we decided to fix the data used as the average of the period 2005-2009, in
order to avoid yearly corrections associated to the introduction of last year ratios and given it is the closest
period with available and reliable data.

4.2.2.3 Emission Factors

From 2005 to 2012, we have used plant specific raw meal carbon content characterization to estimate CO,
emissions based on raw meal consumption in the kilns. This information was obtained from the facilities.

From 2013 onwards, cement facilities in EU-ETS system were obliged to measure CO, emission factors in
laboratory from representative samples of the raw meal. The method used is based on the direct calculation
of the CO;, emitted through heating process, between 500 and 975 Celsius degrees. The error associated with
this determination lies in the fact that the organic carbon present in the raw meal will also be accounted for
as CO,. However, since this content is always very low (approximately 0,1%), the error can be considered to
be lower than that of which would result from the calculation of emissions based on the determination of Ca
and Mg contents in the form of carbonates.

From 2005 to 2009 we have estimated plant specific average ratio between CO, emissions and clinker
production for each facility and used this average value to back cast CO, emissions in the period 1990-2004,
taking also into consideration clinker production for each facility in the period 1990-2004. We decided to fix
the data used to the retropolation as the average of the period 2005-2009 in order to avoid yearly corrections
associated to the introduction of last year ratios.

The fluctuation in the implied emission factor (IEF) from 2005 onwards is due to changes in raw meal carbon
content.

4.2.2.4 Activity Data
From 2005 onwards, EU-ETS data on raw meal consumption is used.

We do not have access to disaggregated data on the types and quantities of carbonates consumed to produce
clinker, as well as their emission factors, as recommended in Tier 3 methodology of 2006 IPCC Guidelines.
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Due to the existence of Ca and Mg in non-carbonated form in raw meal, CO, emission estimates through Ca
and Mg analysis would generate several uncertainties due to the need to account for all individual parcels
and to carry out on each of them the corresponding analysis.

CO; process emissions would thus be overestimated. Hence, since it was not possible to dissociate the
carbonates in non-carbonated form, it was decided to use the amount of raw meal.
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Figure 4-5: Raw meal consumption in Portugal

Clinker production was obtained directly from each facility for the whole time series, and the correspondent
time series may be observed in next figure.
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Figure 4-6: Total clinker production in Portugal

The decrease from 2008 to 2012 is due to a demand decrease in Portugal, Spain and North Africa market.
From 2013 to 2014 there is an overall increase in clinker production of 0.54 Mt due to exports rise to Africa
and South America. In 2015-2016 there is a sharp decrease on clinker production, due to a contraction of
external market sales, related both to supply excess in the Mediterranean area and to a consumption
decrease in Africa.
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4.2.2.5 Uncertainty Assessment

Table 4-3: Uncertainty values related to emissions reported under CRF 2.A.1

Parameter Type of Uncertainty Uncertainty Source

Table 2.3 of "Chapter 2: Mineral Industry Emissions" of "2006
IPCC Guidelines for National Greenhouse Gas Inventories":
2% - Kerogen (or other non-carbonate carbon)
Activity Data Composition 7.0% determination:

2% - Overall chemical analysis pertaining to carbonate
content (mass) & type:

3% - Assumption that carbonate species is 100% CaCO3

Uncertainty of plant-
ity P Table 2.3 of "Chapter 2: Mineral Industry Emissions" of "2006

Activity Data level weighing of raw | 2.0% o . o
. IPCC Guidelines for National Greenhouse Gas Inventories".
materials
L . Table 2.3 of "Chapter 2: Mineral Industry Emissions" of "2006

Activity Data Uncertainty on CKD 30.0% s . o
IPCC Guidelines for National Greenhouse Gas Inventories":

Activity Data Combined Uncertainty | 30.9% -
Uncertainty = [(Highest-Lowest)/Average/2]X100

COy EF Combined Uncertainty | 1.4-5.4%

Data on CO2 emissions obtained from ETS.

Uncertainty estimates based on fuel consumption are reported under CRF 1.A.2.f.
4.2.2.6 Category specific QA/QC and verification

Emissions estimates were based on a bottom-up approach with collection of plant specific clinker production
data. A comparison was made using a top-down approach based on clinker production data obtained from
national production statistics (IAPI) from 1992 onwards. There are slight differences using the two different
approaches but, generally, data is consistent.
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Figure 4-7: Clinker production data — comparison of approaches

When cross-checking 2020 EU-ETS data (process emissions) for cement production with 2020 clinker
production data from the facilities, it was noticed a deviation of about 3% from the IEF average value
compared to previous years. Following contacts with the Portuguese EU-ETS team, we learned that they had
already contacted clinker facilities regarding this issue, providing the following main clarifications:

. CO2 emissions from clinker production are estimated based on a Tier 3 approach, where the weights and
compositions of all carbonate inputs from all raw material and fuel sources, emission factors for the
carbonates, and the fraction of calcination achieved accounted for and reported by the facilities to the EU-
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ETS. Overall, in 2020 the majority of facilities consumed raw material with less carbonate content, thus,
reducing carbon content in raw meal and limiting CO2 emissions from calcination;

. Also in 2020, dust control technology was fine-tuned, consequently capturing CKD (cement kiln dust) more
efficiently. Therefore, there was an increase in the amount of CKD captured and recycled to the storage silos,
thus resulting in an increase in the recirculation factor and a decrease in raw meal consumption correction;

. Finally, in 2020 EU-ETS approved the methodology for accounting of bypass dust emissions in clinker
production facilities, which began being reported as a separate raw material input. This material, which is
not fully calcined, is generated in the pre-heater equipment, dragged along with the exhaust gases and
captured by specific dust control technology. Hence, this amount has to be deducted from raw meal
consumption and has a significantly lower emission factor, which contributes to a slight decrease in CO2
emissions. This dust does not, however, return to the storage silos or the kilns, instead is captured and stored
separately for future marketing.

4.2.2.7 Recalculations
No recalculations were made.
4.2.2.8 Further Improvements

No further improvements are planned.

4.2.3 Lime Production in dedicated plants (CRF 2.A.2)

4.2.3.1 Category description

Lime is produced through calcination in a kiln, a process of thermal conversion (at temperatures at about
900-1200 Celsius degrees) of carbonate bearing materials (mostly limestone and dolomite, but aragonite,
chalk, marble or seashells could be also used) releasing carbon dioxide and leaving lime (CaO) or magnesia
(MgO) as valuable products. The following chemical conversion equation applies, where for each mol of oxide
produced a mol of carbon dioxide is emitted:

Equation 4-3: Chemical conversion equations
CaCo03 (limestone) + heat -> CaO + CO2
CaC03.MgCO03 (dolomite) + heat -> Ca0.MgO + 2C02
Lime products include several different forms:

- Quicklime or high calcium lime: a material composed of calcium oxide (Ca0), it is produced by heating
limestone with heavy CaCOs; content (at least 50 %) to high temperatures. It is used in construction,
agriculture and chemical processes (manufacture of Na,COs, NAOH, steel, refractory material, SO,
absorption, CaC,, glass, pulp and paper, sugar and ore concentration and refining). It is also used in
waste and water treatment;

- Dolomite quicklime: produced in a similar mode to quicklime but from dolomitic limestone or magnesite
rocks that contain both calcium carbonate and magnesium carbonate (MgO is usually around 30 to 45 %
in content). Dolomite quicklime is a mixture of CaO and MgO;
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- Calcium Hydroxide, slaked lime, dead lime, burned lime or hydrated lime: Ca(OH); it is produced from
Ca0 and water. When an equivalent quantity of water is used is called slaked lime, when an excess water
is used is milk of lime and a clear solution of Ca(OH), in water is limewater. It is used as an industrial
alkali and in the preparation of mortar (slaked lime plus sand) which sets to solid by reconversion of the
hydroxide to CaCO3 (Sharp, 1981);

- Hydraulic Lime: a mixture of calcium oxide (CaO) and silicates, it is an intermediate product between
lime and cement.
There are 5 dedicated lime production plants under ETS in Portugal.

4.2.3.2 Methodology

Since 2005, when European Union Emissions Trading System (EU ETS) was set up, CO, process emissions from
lime production are Kiln Input based, estimated by the facilities according to No. 10 of Annex IV of Regulation
(EU) No. 2066/2018 ( ). Calculation is
based on the amount of carbonates in the raw materials consumed (Tier 3), according to the following
equation:

Equation 4-4: COz Emissions from lime production — 2005-onwards
Emicoz = Mi X EF; X Fi — Mg X Cq X (1-F4) X EFg4
Where:
Emicoz: Emissions of CO, from lime production (kt)
Mi: Mass of carbonate | consumed (t)
EF;: Emission factor of carbonate | consumed (kt CO»/t of raw meal)
Fi: Fraction calcination achieved for carbonate i (0 to 1)
Mag: Mass of LKD (Lime Kiln Dust) not recycled to the kiln (t)
Cq: Fraction of original carbonate in the LKD not recycled to the kiln (0 to 1)
Fq4: Fraction calcination achieved for LKD not recycled to the kiln (0 to 1)
EF4: Emission factor of the uncalcined carbonate in LKD not recycled to the kiln (kt CO,/t of carbonate)

Considering the temperatures achieved and the residence time in the kilns, it is assumed complete
carbonates calcination (100 %), hence the conversion factor Fi is 1.

During lime production, LKD is generated and can be recycled directly to the kilns or captured by dust control
technology and returned to the storage silos. Either way, for all 5 dedicated lime production plants, all LKD is
recycled and therefore accounted for in emissions estimation, through a correction in carbonate bearing
materials (Mi). This correction is performed by each facility and is based on the carbonate bearing materials
weighted before the kilns and a recirculation factor of approximately 0.2%.
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Given there is no EU-ETS system in the period 1990 to 2004, the splicing technique “overlap” (section 5.3.1.1
of the 2006 IPCC Guidelines) was used in order to estimate CO; emissions from lime production, according
to the following equation:

Equation 4-5: COz Emissions from lime production — 1990-2004

Emi CO23005-2009

Emi C02,, = Lime Prod,, X
mi y = Lime Prod,, Lime Prod;p05-2009

Where:

Emicoy,y: Emissions of CO; in yeary (kt)

Lime Prod,: Lime production in year y (t quicklime and hydraulic lime)

Emi CO3, 2005-2000: Average CO, emissions in period 2005-2009 (kt CO,)

Lime Prodaoos-2000: Average Lime production in period 2005-2009 (t quicklime and hydraulic lime)
From 1990 to 2004, lime production (Lime Prod,) was obtained from National Statistics.

In order to ensure time series consistency between the two methodologies, CO, emissions for the period
1990-2004 (Emi CO2y) were based on the ratio between the average EU-ETS CO; emissions in the period
2005-2009 and the average lime production in the period 2005-2009.

EU-ETS CO; emissions in the period 2005-2009 were obtained from EU-ETS according to Equation 4-4.
National lime production in the period 2005-2009 was obtained from National Statistics.

For the 1994-2004 data overlap, we decided to fix the data used as the average of the period 2005-2009, in
order to avoid yearly corrections associated to the introduction of last year ratios and given it is the closest
period with available and reliable data.

4.2.3.3 Emission Factors

From 2005 to 2012, CO; emission factors in EU-ETS were estimated by converting kiln input materials
composition data, using the following stoichiometric ratios (Table 1 of Annex VIII of Decision 2007/589/EC).

Table 4-4: Emission Factors considered

Raw Material Unit ‘ EF
CaCOs3 t CO,/t CaCO3 0.440
MgCOs t CO2/t MgCO03 0.522

From 2013 onwards, lime production facilities in EU-ETS system were obliged to measure CO, emission
factors in laboratory from representative samples of the raw meal. The method used is based on the direct
calculation of the CO; emitted through heating process, between 500 and 975 Celsius degrees.

From 2005 to 2009 we have estimated the average ratio between total CO, emissions and lime production
and used this average value to back cast CO, emissions in the period 1990-2004, taking also into consideration
total lime production in the period 1990-2004. We decided to fix the data used to the retropolation as the
average of the period 2005-2009 in order to avoid yearly corrections associated to the introduction of last
year ratios.

2020 UNFCCC Review identified that the implied emission factor (t CO,/t carbonate) of one facility increased
from 0.31 in the year 2009 to more than 1 in the period 2010-2013. Further analysis clarified that there were
two different sources of information for carbonates consumption (PRTR and EU-ETS) in the period 2009-2013
and this might be the reason for the significant increase in the implied emission factor identified by the ERT.
Portugal contacted the facility, confirming that there had been a reporting error.
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Therefore, in the 2021 submission, carbonates consumption values in the period 2010-2013 were corrected
according to new information obtained from the facility, in order to improve time series consistency in that
period.

4.2.3.4 Activity Data
From 2005 onwards, information on kiln type and LKD correction was obtained directly from the facilities.

From 2005 onwards, activity data used to estimate EU-ETS CO, emissions is the consumption of raw
materials, obtained from EU-ETS. From 1990 to 2004 there is no available data on consumption of raw
materials.

From 1990 to 2004, activity data used to estimate CO, emissions is lime production, obtained from National
Statistics (INE) IAPI industrial survey.

Therefore, we have two different sets of activity data (raw materials and lime production) for different
periods, but can only report one series in the CRF tables.

In order to ensure time series consistency of the activity data reported in the CRF tables, we collected national
lime production from National Statistics for the whole time series and compared it with lime production
collected from the E-PRTR (figure below). However, from E-PRTR source, we only have access to lime
production data from 2010 onwards. We contacted the facilities in order to provide us lime production data
for the missing years (1990-2009), however, quite many of them no longer possess those data due to
company restructuration or human resources allocation.
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Figure 4-8: Lime production from different sources

Given the relative consistency between the two sets of data, we decided to report in the CRF tables:
. from 1990 to 2009 - Lime production from National Statistics (INE) IAPI industrial survey;

. from 2010 onwards - Lime production from E-PRTR.

From 1990 to 2009 we decided to use lime production data by type of lime from INE rather than use an
approximate value obtained from a splicing technique. Moreover, there is no consistent plant specific lime
production data for that period. For consistency purposes, it was only considered the production of quicklime
and hydraulic lime. Slaked lime amounts were not considered, because this type of lime is produced from
quicklime and there are no CO; emissions related to calcination.
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From 2010 onwards, for each lime production plant, it was gathered information on kiln type and lime
production by type of lime (quicklime, hydraulic lime and slaked lime), based on annual environmental
reports and on additional data provided by the facilities.

Lime production is presented in the figure below for the whole time series.
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Figure 4-9: Lime production reported in the CRF tables

In the end of the second quarter of 2008, one facility terminated operation and was excluded from EU-ETS,
hence the significant decrease in lime production from 2008 to 2009.

In the end of the first quarter of 2017, a new facility began operating and was included in ETS, however, it
was on a pilot phase and, therefore, working intermittently. Formally, this facility only started fully operating
in early 2018, hence the significant increase in lime production from 2017 to 2018. In 2020 there is a slight
decrease in lime production due to COVID19 pandemic.

4.2.3.5 Uncertainty Assessment

Table 4-5: Uncertainty values related to emissions reported under CRF 2.A.2 - dedicated plants

Parameter Type of Uncertainty ‘ Uncertainty

Average of the range 1.0-2.0% of Table 2.5 of Chapter 2:
Mineral Industry Emissions of 2006 IPCC Guidelines for
National Greenhouse Gas Inventories.

Highest value of the range (25-35%) of "Default Values" of
35% (highest of | CKD/LKD in Table 2.3 of Chapter 2: Mineral Industry
25-35% range) Emissions of 2006 IPCC Guidelines for National Greenhouse
Gas Inventories.

Activity Data Combined Uncertainty 35.03% -

Average of the range 4.0-8.0% of "Table 2.5" of "Chapter 2:
Mineral Industry Emissions" of "2006 IPCC Guidelines for
National Greenhouse Gas Inventories".

"Emission factor high calcium lime" (2%) of "Table 2.5" of
CO, EF EF of High Calcium Lime | 2.0% "Chapter 2: Mineral Industry Emissions" of "2006 IPCC
Guidelines for National Greenhouse Gas Inventories".

CO, EF Combined Uncertainty 6.3% -

1.5% (average of

Activity Data Lime production data
v . 1.0-2.0% range)

Activity Data Lime Production

6.0% (average of

CO, EF Ca0inli
2 abiniime 4.0-8.0% range)
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Table 4-6: Uncertainty values related to emissions reported under CRF 1.A.2.f

Parameter Fuel Type 1990-2004 2005-2007 2008 onwards

L 10% 3% (i) 2% (i)
S 10% 3% (i) 2%
Activity Data G 10% 3% (i) 2%
B 10% () 3% (i) 2%
0] 10% @ 3% (i) 2%
L 3% (V) 3% (V) 3% ()
S 7% W) 7% W) 7% W)
CO; EF G 7% ) 7% ) 7% )
B 7% W) 7% W) 7% W)
] 7% ) 7% W 7% W)
L 100% (Vi) 100% Vi) 100% M)
S 100% () 100% (1) 100% V)
CH4 EF G 100% (Vi) 100% (Vi) 100% M)
B 100% () 100% (v 100% V)
(0] 100% (Vi) 100% Vi) 100% V)
L 150% (Vi 150% (Vi 150% (vii)
S 150% (vil 150% (vil 150% (vii)
N,O EF G 150% (vil 150% (vil 150% Wil
B 150% (Vi 150% (Vi 150% (vii)
0 150% (vil 150% (vil 150% (vii)
(i) Chapter 2: Stationary Combustion of 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Highest value
of the range 5-10% of "Extrapolation" in "Less developed statistical systems".
(ii) Chapter 2: Stationary Combustion of 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Highest value
of the range 2-3% of "Surveys" in "Well developed statistical systems".
(iii) Chapter 2: Stationary Combustion of 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Lowest value
of the range 2-3% of "Surveys" in "Well developed statistical systems".
(iv) Chapter 2: Stationary Combustion of 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Highest value
for "Oil" in "Table 2.13".
(v) Chapter 2: Stationary Combustion of 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Average value
for "Coke, oil, gas" in "Table 2.13".
(vi) Highest value of Table 2.14 of "Volume 2: Energy" of "2006 IPCC Guidelines for National Greenhouse Gas
Inventories".
(vii) Average UK value in "Table 2.14" of "Volume 2: Energy" of "2006 IPCC Guidelines for National Greenhouse Gas
Inventories".

4.2.3.6 Category specific QA/QC and verification

Emissions estimates were based on a bottom-up approach with collection of plant specific lime production
data. A comparison was made using a top-down approach based on lime production data obtained from
national production statistics (IAPI). We only present data from 2010 onwards given the significant lack of
plant specific lime production data from 1990 to 2009. Upon contact, several facilities responded that they
did not possess such old data due to company restructuration or human resources allocation. As presented
in the figure below, from 2010 onwards there are slight differences using the two approaches but, generally,
data is consistent.
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Figure 4-10: Lime production in dedicated plants — comparison of approaches

Following QA/QC procedures to the sector, lime production data series reported in CRF tables from 1990 to
2009 was revised and corrected, due to a compilation error. This correction does not affect CO, emissions
because these values were already being used, they were just not being correctly reported in the CRF tables.

Further QA/QC procedures to the sector identified a compilation error regarding 2018 and 2019 lime
production values for one facility. Again, this correction also does not affect CO, emissions because from
2005 onwards, lime production data is not used to estimate CO, emissions.

4.2.3.7 Recalculations
No recalculations were made.
4.2.3.8 Further Improvements

In the future, we intend to analyse further the consistency of the entire time series of this category in order
to address differences in the IEF in the period 2005-2007. However, for the time being, we considered we
have already made progresses towards this issue in the last submissions.
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4.2.4 Lime Production in Iron and Steel (CRF 2.A.2)
4.2.4.1 Category description

Besides the production of lime in the lime industry to furnish market requirements, lime is also produced and
consumed inside industrial sectors. That is the case of iron and steel production, whereas emissions from this
activity are also reported in this source category. There are two iron and steel facilities in Portugal. One of
the facilities has always purchased lime from national lime dedicated plants, whose emissions are accounted
forin chapter 4.2.3, above. From 1990-2001, only one iron and steel facility produced lime as a non-marketed
intermediate product, to consume internally in its kilns. Those emissions are addressed in this chapter. More
information is provided in chapter 4.4.2 — Iron and Steel Production (2.C.1).

4.2.4.2 Methodology

Emissions were estimated based on a Tier 1 approach according to chapter 2.3 of the 2006 IPCC Guidelines:

Equation 4-6: COz Emissions from lime production in iron and steel

Emi(C0,) = m(Lime) X Cont(Ca0) X M x 1073
z m(Ca0)

Where:

Emi(CO,): Emissions of CO, (kt CO,)

m(Lime): Lime production in lime kilns (t)

Cont(Ca0): CaO content in lime (dimensionless)

m(CO,)/m(Ca0): stoichiometric ratio between CO; and CaO in lime kilns (t CO,/t CaO)

According to the 2006 IPCC Guidelines (Section 2.3.1.1 of Volume 3), in a Tier 1 approach it is not necessary
for good practice to gather information on country-specific information on lime production by type, nor to
account for LKD.

4.2.4.3 Emission Factors

The following parameters were applied in order to estimate CO, emissions:

Table 4-7: Emission Factors

Parameter H Unit EF ‘ Source ‘
Table 2.4 of Volume 3: Industrial Processes and Product Use

C0O,/Ca0 t CO,/t CaO 0.785 of 2006 IPCC Guidelines for National Greenhouse Gas
Inventories

Table 2.4 of Volume 3: Industrial Processes and Product Use
t CaO/t Lime 0.950 of 2006 IPCC Guidelines for National Greenhouse Gas
Inventories

CaO content in High-
Calcium Lime

4.2.4.4 Activity Data

Regarding lime production in the integrated iron and steel facility, upon contact, the facility indicated that
does not possess information concerning consumption of limestone/dolomite for other purposes than lime
production, due to company restructuration in 2001 and consequent loss of old data. During the 2022
UNFCCC review, the ERT also referred that if half of the limestone/dolomite used for lime production were
to be used as flux in steel production, it would result in a 0.01% difference in emissions from the use of
limestone and dolomite, which is below the significance threshold established in paragraph 37(b) of the
UNFCCC Annex | inventory reporting guidelines.
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Therefore, we will continue to consider that in the period 1990-2001, all limestone/dolomite were used for
lime production and that there were no other uses for limestone/dolomite in the iron and steel facility.

Lime production in the iron and steel facility was obtained directly from the facility for the period 1991-1994.

Given there is no available lime production data for 1995-2001, the splicing technique “overlap” (section
5.3.1.1 of the 2006 IPCC Guidelines) was used in order to estimate lime production for the missing years,
using as surrogate data total steel production series:

Equation 4-7: Lime production estimated for 1990 and 1995-2001

Lime PTOd1991_1994

lme £'roa, eetrrody Steel Prodi991-1994

Where:

Lime Prod,: Lime productionin year vy (t)

Steel Prod,: Total steel production in yeary (t)

Lime Prodigei-1994: Average lime production in period 1991-1994 (t)

Steel productionigei-1994: Average total steel production in period 1991-1994 (t)

In order to ensure time series consistency between the two data sets, lime production for the period 1995-
2001 and 1990 (Lime Prod,) was based on the ratio between the average steel production in the period 1991-
1994 and the average lime production in the period 1991-1994.

Steel production from BOF (Basic Oxygen Furnace) data in the period 1990-2001 was obtained from the
facility. The rationale used to choose this dataset was that, as an integrated iron and steel facility, the close
relationship between intermediate products and steel produced from BOF is notorious, since their
production is intrinsically related to the final amount of steel produced. Therefore, we opted to use steel
production as proxy instead of fuel consumption.

30,000 500,000
450,000
25,000 400,000
20,000 350,000
300,000
15,000 250,000
200,000
10,000 150,000
5 000 100,000
50,000
0 0
1991 1992 1993 1994
. | ime prod (t) —==——Steel prod BOF (t)

Figure 4-11: Lime production and steel production from BOF in Iron and Steel

For the 1995-2001 and 1990 data overlap, we decided to fix the data used as the average of the period 1991-
2004, given it is the only available data.

Lime production data in that iron and steel plant is presented in the next figure.
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Figure 4-12: Lime production in Iron and Steel

In 2002, the iron and steel facility terminated internal lime production and the lime production line became
an independent lime dedicated plant, accounted and reported in chapter 4.2.2.

From 2002 onwards, lime used in iron and steel facilities comes from national lime production, which is
accounted for in 2.A.2, chapter 4.2.3 above (Lime production in dedicated plants). Emissions from lime
production are estimated based on a Tier 3 approach, where LKD correction is accounted for.

4.2.4.5 Uncertainty Assessment

Table 4-8: Uncertainty values related to emissions reported under CRF 2.A.2 — Iron and Steel

Parameter Type of Uncertainty ‘ Uncertainty Source
Average of the range 1.0-2.0% of Table 2.5 of Chapter 2:
- . . 1.5% (average of ) - AR
Activity Data Lime production data Mineral Industry Emissions of 2006 IPCC Guidelines for

1.0-2.0% range) . .
National Greenhouse Gas Inventories.

Average of the range 4.0-8.0% of "Table 2.5" of "Chapter 2:

Mineral Industry Emissions" of "2006 IPCC Guidelines for

National Greenhouse Gas Inventories".

EF of High Calcium "Emission facto.r high calcium Iime'.’ (?%) of "Table 2.5" of

COz EF lime 2.0% "Chapter 2: Mineral Industry Emissions" of "2006 IPCC
Guidelines for National Greenhouse Gas Inventories".

COz EF Combined Uncertainty | 6.3% -

6.0% (average of

COz EF CaOinlime
4.0-8.0% range)

4.2.4.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation, formulas verification, data and parameters
verification and the information provided in this report.

4.2.4.7 Recalculations
No recalculations were made.
4.2.4.8 Further Improvements

No further improvements are planned.

Industrial Processes and Products Use | 4-30



[ ] [ ]
° National Inventory Report - Portugal °

4.2.5 Lime Production in Paper Pulp (CRF 2.A.2)

4.2.5.1 Category description

Lime is also produced in Kraft paper pulp plants. In this case, quicklime is produced from carbonates in lime
kilns and it is used to regenerate green liquor to white liquor.

4.2.5.2 Methodology

We consider both CaCO; used to produce lime in lime kilns and Na,COs used in causticisers to convert green
liqguor in white liquor. The CaCOs produced in the causticiser from Na,COs; is subsequently transformed in
Ca0 in the lime kilns.

Equation 4-8: Chemical conversion equations

CaC03 - Ca0 + CO, (Reaction in the Lime Kiln)
Ca(OH), + Na,C03; = 2NaOH + CaCO, (Reaction in the Causticiser)

CO; emissions are estimated through a mass balance, from the quantification of carbon in CaCO; and Na,COs3
and the quantities of CO, that are liberated in the conversion process. Therefore, emissions are estimated
from consumption of carbonate materials, according to the following equation:

Equation 4-9: COz Emissions from carbonates consumption in paper pulp
Emico2 = Mi X EF; X 1073

Where:

Emicoa: CO, emissions (kt)

Mi: Mass of carbonate i consumed (t)

EF;: Emission factor of carbonate i consumed (t CO,/t of carbonate)

According to EU-ETS reporting, in 2019 an amount of CO, generated from fossil carbon from one paper pulp
facility was captured and combined with sodium hydroxide (NaOH) in order to produce calcium carbonate
(CaC0s). That amount of CO, was chemically bound to the carbonate and was not released into the
atmosphere, therefore, was discounted from the facility's reported emissions. CO, recovered emissions were
collected from EU-ETS. However, further analysis and contact with the facility showed that, in fact, these CO,
recovered emissions are mostly derived from the fuel rather than the carbonate material. Moreover, this CO»
capture was already made in some years, however, was not reported in the EU-ETS as such. For these
reasons, we decided to not include these amounts in category 2.A.2 and assess this issue more thoroughly in
the future.

4.2.5.3 Emission Factors

Table 4-9: Emission Factors

Carbonate Unit EF

CaCOs t CO,/t CaCOs 0.440
Na,COs3 t CO2/t Na2CO3 0.415

4.2.5.4 Activity Data

In the period 1990-2004, data on consumption of CaCOs (in paper pulp lime kilns) and Na,COs (in causticisers)
was obtained directly from the facilities. From 2005 onwards, these data were obtained from EU-ETS. Time
series consistency is guaranteed between the both sets of data, given the report to the EU-ETS is also made
by the facilities.
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In the estimates of CaO, we only consider additional CaCOs3 that is bought to produce CaO. The amounts of
carbonaceous sludge consumed (CaCOs) are not considered since they correspond to a closed cycle of carbon

in the liquors cycle.
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Figure 4-13: Lime Production in paper pulp
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Figure 4-14: CaCOs3 Consumption in paper pulp

4.2.5.5 Uncertainty Assessment

Table 4-10: Uncertainty values related to emissions reported under CRF 2.A.2 — paper pulp

Source

Parameter Type of Uncertainty ‘ Uncertainty

1.5% (average of

Average of the range 1.0-2.0% of Table 2.5 of Chapter 2:

Activity Data Lime production data Mineral Industry Emissions of 2006 IPCC Guidelines for
1.0-2.0% range) . )
National Greenhouse Gas Inventories.
Average of the range 4.0-8.0% of "Table 2.5" of "Chapter 2:
o 6.0% (average of V g 8 - ) " : .p
COy EF CaOinlime Mineral Industry Emissions" of "2006 IPCC Guidelines for

4.0-8.0% range)

National Greenhouse Gas Inventories".

EF of High Calcium

CO, EF .
Lime

2.0%

"Emission factor high calcium lime" (2%) of "Table 2.5" of
"Chapter 2: Mineral Industry Emissions" of "2006 IPCC
Guidelines for National Greenhouse Gas Inventories".

CO, EF Combined Uncertainty | 6.3%
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4.2.5.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.2.5.7 Recalculations
No recalculations were made.
4.2.5.8 Further Improvements

No further improvements are expected.

4.2.6 Lime production in Other Sectors (CRF 2.A.2)
4.2.6.1 Category description

Besides the production of lime in the above mentioned sectors, lime production in sugar mills and artisanal
production of lime for sanitation purposes or for whitewash may be also sources of emissions.

Currently, there are 2 operating units in Portugal (RAR and Sidul) that use milk of lime in their carbonatation
process. Portugal investigated these potential activities in order to estimate related CO, emissions. This milk
of lime refers to calcium hydroxide produced outside these units (purchased lime) and consequently do not
result in extra CO, emissions, as they are already accounted in lime production dedicated plants (chapter
4.2.3). Therefore, we consider that currently there are no emissions related to these sources.

There was another sugar mill in the past (Sociedade de Desenvolvimento Agro-Industrial/DAI, not operating
anymore), which started operating in 1996/97, and produced lime until 2008, according to its Environmental
Licence and Environmental Reports. From August 2008 to 2015, lime was purchased and consequently does
not result in extra CO, emissions, as it is already accounted in lime production dedicated plants (chapter
4.2.3). The facility terminated operations in May 2015.

Following a 2018 ESD review question, we obtained data on lime production from this facility for the period
1997-2008 (when the lime kiln operated) and made conservative CO, estimates, which were far below (max.
0.013%) the level of significance. Energy related emissions were not considered as already included in the
energy sector.

The artisanal production of lime for sanitation purposes or for whitewash does not exist anymore.

In 1997 there were still 6 or 7 traditional kilns in operation in the south region of the country. They were
intermittent ovens (unprofitable). In 2007, only 2 existed, which have since ceased to work. There are no
statistics available on this production, as it referred to artisanal and traditional small kilns. Following further
research in order to assess the relevance of the potential underestimation, rough conservative CO; estimates
were made. Artisanal production of lime was obtained for 1990-2019 from “MARGALHA, Maria Goreti - The
use of lime in mortars in Alentejo (in Portuguese). Masters thesis, Evora University, Evora, 1997” and upon
contact with some facilities. A Tier 1 CO, emission factor was applied according to 2006 IPCC Guidelines,
considering high-calcium lime (Table 2.4 of chapter "2 - Mineral Industry Emissions" Volume 3).

These estimates were found to be well below the threshold of significance (bellow 0.013%), therefore, we
consider emissions from artisanal production of lime not relevant/negligible.
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4.2.6.2 Methodology

The methodology applied regarding lime production in sugar mills was the same as previous sub-chapter
(Lime Production in Paper Pulp Production), i.e. the CO, emissions were estimated from the quantification of
carbon in CaCOs, and therefore were estimated from consumption of carbonate materials:

Equation 4-10: CO:z Emissions from lime production in other sectors
Emico, = M X EFi X 1073

Where:

Emicoz: CO,emissions (kt)

Mi: mass of carbonate i consumed (t)

EF;: Emission factor of carbonate i consumed (t CO,/t of carbonate)

4.2.6.3 Emission Factors

Table 4-11: Emission Factors

Carbonate Unit ‘ EF
CaCOs t CO,/t CaCOs 0.440
Na,COs3 t CO,/t Na2CO3 0.415

4.2.6.4 Activity Data

At the present, there are two sugar mills operating in Portugal. In their carbonatation processes, they use
calcium hydroxide produced outside the facilities (purchased lime) and, consequently, do not generate extra
CO; emissions, as these are already accounted for in lime production dedicated plants (Chapter 4.2.3).

There was another sugar mill (not operating since May 2015), that began operating in 1996/97 and produced
lime until 2008. However, from August 2008 to May 2015, lime production was discontinued and lime was
purchased during this period. We have estimated conservative CO, emissions for the period 1997-2008, when
the lime kiln operated, based on data received from the company, that are not presented due to
confidentially constraints.

4.2.6.5 Uncertainty Assessment

Table 4-12: Uncertainty values — other sectors

Parameter Type of Uncertainty ‘ Uncertainty Source

1.5% (average of | Average of the range 1.0-2.0% of Table 2.5 of Chapter 2:
1.0-2.0% range) Mineral Industry Emissions of 2006 IPCC Guidelines.
6.0% (average of | Average of the range 4.0-8.0% of Table 2.5 of Chapter 2:

Activity Data Lime production data

CO, EF CaOinlime . - s
4.0-8.0% range) Mineral Industry Emissions of 2006 IPCC Guidelines.
. . . Emission factor high calcium lime (2%) of Table 2.5 of Chapter
CO, EF EF of High Calcium Lime | 2.0%
2 et ° 2: Mineral Industry Emissions of 2006 IPCC Guidelines.
COz EF Combined Uncertainty 6.3% -

4.2.6.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.2.6.7 Recalculations

No recalculations were made.
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4.2.6.8 Further Improvements

No further improvements are planned.
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4.2.7 Glass Production (CRF 2.A.3)

4.2.7.1 Category description

Glass is normally made from sand, limestone, soda ash, and possibly recycled broken glass (cullet). It is made
submitting these materials to a high temperature which are thereafter made solid without crystallization
(semi-solid state).

Glass involves CO, emissions from decarbonizing of limestone and carbonate materials under high
temperature conditions. Carbonate materials vary with the desired product and comprehend typically
limestone, dolomite, soda ash (sodium carbonate) and other carbonate compounds of potassium, barium or
strontium.

Combustion emissions from glass production addressed and reporter in source sector 1.A.2, estimated from
fuel consumption data or production data. Some anthracite coal is used also as additive in glass production.
However, because the consumption of this material is already considered in the energy balance, to avoid
double counting of emissions from coal use are not considered here’

National glass production is essentially made up of the glass segments of packaging, flat glass and domestic
glass, differing from the verified in the European Union (EU15) as the production of glass fibers, special
glasses and high-tech products for very specific activities (optics, electronics and chemistry).

4.2.7.2 Methodology

For each type of glass except for crystal glass, CO, emissions from glass production are Kiln Input based,
estimated by the facilities according to No. 11 of Annex IV of Regulation (EU) No. 2066/2018 (

). Calculation is based on the amount of
carbonates in the raw materials consumed (Tier 3), according to the following equation:

Equation 4-11: CO; Emissions from glass production

Emissionco, = Carbonate; X EFcoyi) X Fi
Where:
Emissioncoz: CO2 emissions from consumption of specific carbonate (kt)
Carbonate;: Mass of carbonate i consumed (t)
EFco2i: Emission factor from consumption of carbonate i (t CO,/t of carbonate)
Fi: fraction calcination achieved for carbonate i (0-1)

Given the fact that there is no calcination factor monitoring in ETS, we assumed complete calcination,
therefore, Fi equal to 1 (100%).

There is only one crystal glass plant reporting data under ETS. Thus, in order to estimate national CO;
emissions related to crystal glass production, the following methodology is applied:
Equation 4-12: CO: Emissions from crystal glass production

Totalyyoq

Totalcgy, = ETScor X —m——
co2 coz ETSproq

7 They were not used to derive the country specific emission factors for instance.
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Where:

Totalcoz: CO, emissions related to national total crystal glass production (t)

ETSco2i: CO2 emissions obtained from the only crystal glass plant that reports data under ETS (t)

National Inventory Report - Portugal

Totalproq: National total crystal glass production (t)

ETSproa: Crystal glass production of the only crystal glass plant that reports data under ETS (t)
4.2.7.3 Emission Factors

The following emission factors from Annex IX of Directive 2003/87/EC were considered:

Table 4-13: Emission Factors

Raw material EF ‘ Unit EF

CaCOs 0.440 t CO,/t carbonate
MgCOs 0.477-0.523 t CO,/t carbonate
Na,COs3 0.415 t CO,/t carbonate
BaCOs 0.223 t CO,/t carbonate
Li,COs 0.596 t CO,/t carbonate
K,CO3 0.318 t CO,/t carbonate
NaHCO3 0.524 t CO,/t carbonate
XY(COs)Z var t CO,/t carbonate
Ca(OH), 0.098-0.114 | tCO,/t

4.2.7.4 Activity Data

We don’t use data from INE because not all products are reported in weight, but instead are measured in

area-units (m?) or number of produced pieces.

Data on container glass production was obtained from AIVECERV/CTCV (Container Glass National
Association). Flat Glass production data was obtained from the only industrial unit in Portugal. In 1996 there
was no flat glass production due to an interruption in the production lines. From 2009 onwards, there is no
Flat Glass production in Portugal. Crystal Glass production data was obtained from AIC (Crystal Glass National
on).

Associati

2,000

1,800

3

1,6

14

Glass Production (t)
2

1,2

8

1,000

800

6

3

4

8

2

8

0

Figure 4-15: Glass production

Due to confidentiality constraints concerning flat glass data (there was only one facility in Portugal until
2009), we don’t present glass production data by glass type.
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From 2005 onwards Na,COs, MgCOs, CaCOs, BaCOs, coal and other carbonate raw materials consumption in
the kilns are collected from EU-ETS.

Given there is no available carbonates consumption data for 1990-2004, the splicing technique “overlap”
(section 5.3.1.1 of the 2006 IPCC Guidelines) was used in order to estimate carbonates consumption for the
missing years, using glass production as surrogate data:

Equation 4-13: Carbonate consumption — 1990-2004

Carbonate,pps-2009

Carbonate, = Glass Prod,, X
arbonate,, ass Prody X = Protyons-s000

Where:

Carbonatey: Carbonate consumption in year y (t)

Glass Productiony: Glass production in year y (t)

Carbonate 2005-2000: Average carbonate consumption in period 2005-2009 (t)
Glass Production x00s-2009: Average glass production in period 2005-2009 (t)

In order to ensure time series consistency between the two data sets, carbonate consumption for the period
1990-2004 (Carbonatey) was based on the ratio between the average carbonate consumption in the period
2005-2009 and the average glass production in the period 2005-2009.

In the period 1990-2004, glass production data by type of glass (flat, container, crystal) was obtained from
national glass associations, since there is no detailed data on carbonate raw material consumption from ETS
in that period.

For the 1990-2004 data overlap, we decided to fix the data used as the average of the period 2005-2009, in
order to avoid yearly corrections associated to the introduction of last year ratios and given it is the closest
period with available and reliable data.

For flat glass and container glass, the facilities that report data under ETS correspond to the national total.
Flat glass production terminated in 2009.

For crystal glass it is used the ETS data from the largest facility that reports data under ETS and data is
extrapolated for the remaining crystal glass facilities based on crystal glass production.

According to EU-ETS, since 2019 a facility is testing the incorporation of a new raw material Ca(OH); (hydrated
lime) in its container glass production process. According to the facility, this raw material aims to improve
the quality of glass and reduce energy consumption and CO, emissions.

Raw materials consumption is presented in the figure below.
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Figure 4-16: Raw materials consumption

Cullet incorporation is not directly included in the estimates. However, the increase of cullet incorporation
leads to a decrease in other raw materials consumption, as could be observed in years 2010 and 2011. Cullet
incorporation ratio by type of glass can be checked in the figure below.
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Figure 4-17: Cullet incorporation by type of glass

4.2.7.5 Uncertainty Assessment

Table 4-14: Uncertainty values related to emissions reported under CRF 2.A.3 — Glass Production

Parameter Type of Uncertainty ‘ Uncertainty ‘ Source
Weighin or
. - .g . 2.0% (average of | Subchapter 2.4.2.2 of chapter 2: Mineral Industry Emissions
Activity Data proportioning raw L
. 1.0-3.0% range) of 2006 IPCC Guidelines.
materials
Subchapter 2.4.2.2 of chapter 2: Mineral Industry Emissions
Activity Data Glass Production 5.0% P o P y
of 2006 IPCC Guidelines.
Activity Data Combined Uncertainty | 5.4% -

2.0% (average of

Subchapter 2.4.2.1 of chapter 2: Mineral Industry Emissions

CO2 EF Stoichiometric ratio o
1.0-3.0% range) of 2006 IPCC Guidelines
CO2 EF Calcinat-ion of the 1.0% Subchapter 2.4.?.1 ?f chapter 2: Mineral Industry Emissions
carbon input of 2006 IPCC Guidelines.
CO2 EF Combined Uncertainty | 2.2% -
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Table 4-15: Uncertainty values related to emissions reported under CRF 1.A.2.f

Parameter Fuel Type 1990-2004 2005-2007 2008 onwards

L 10% 3% (i) 2% (i)
S 10% 3% (i) 2%
Activity Data G 10% 3% (i) 2%
B 10% @ 3% (i) 2%
0] 10% @ 3% (i) 2%
L 3% V) 3% (V) 3% W)
S 7% W) 7% W) 7% W)
CO, EF G 7% W) 7% W) 7% W)
B 7% W) 7% W) 7% W)
] 7% ) 7% W) 7% W)
L 100% (Vi) 100% Vi) 100% )
S 100% () 100% (1) 100% V)
CH4 EF G 100% (Vi) 100% (Vi) 100% V)
B 100% () 100% (v 100% V)
(0] 100% (Vi) 100% Vi) 100% V)
L 150% (Vi 150% (Vi 150% (vii)
S 150% (vil 150% (vil 150% (vii)
N,O EF G 150% (vil 150% (vil 150% (vii)
B 150% (Vi 150% (Vi 150% (vii)
0 150% (vil 150% (vil 150% (vii)
(viii) Chapter 2: Stationary Combustion of 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Highest value
of the range 5-10% of "Extrapolation" in "Less developed statistical systems".
(ix) Chapter 2: Stationary Combustion of 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Highest value
of the range 2-3% of "Surveys" in "Well developed statistical systems".
(x) Chapter 2: Stationary Combustion of 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Lowest value
of the range 2-3% of "Surveys" in "Well developed statistical systems".
(xi) Chapter 2: Stationary Combustion of 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Highest value
for "Oil" in "Table 2.13".
(ii) Chapter 2: Stationary Combustion of 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Average value
for "Coke, oil, gas" in "Table 2.13".
(xiii) Highest value of Table 2.14 of "Volume 2: Energy" of "2006 IPCC Guidelines for National Greenhouse Gas
Inventories".
(xiv) Average UK value in "Table 2.14" of "Volume 2: Energy" of "2006 IPCC Guidelines for National Greenhouse Gas
Inventories".

4.2.7.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.2.7.7 Recalculations
No recalculations were made.
4.2.7.8 Further Improvements

No further improvements are planned.
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4.2.8 Glass Wool Production (CRF 2.A.3)

4.2.8.1 Category description

Glass wool is a category of mineral wool, where the production process is similar to glass making, already
addressed in the previous chapter.

Glass wool production began being reported in the EU-ETS in 2019, as one facility entered in operation. Glass
wool from this facility is produced from sand, sodium carbonate and recycled broken glass (cullet), submitting
these materials to a high temperature, causing them to melt and then spun into fibres and mixed with organic
resin before curing into products.

Glass wool production generates CO, emissions from decarbonizing of carbonate materials under high
temperature conditions. There are, also, indirect CO, emissions related to NMVOC. The methodology used
to estimate NMVOC emissions could be checked in the Portuguese IIR. Indirect CO, emissions related to
NMVOC emissions from glass wool production are reported in CRF Table 6.

Combustion emissions from glass wool production are reported in source sector 1.A.2, estimated from fuel
consumption data.

4.2.8.2 Methodology

CO; emissions from glass wool production are reported in EU-ETS, estimated by the facilities according to No.
11  of Annex IV of Regulation (EU) No. 2066/2018

). Estimates are Kiln Input based on the amount of carbonates in the
raw materials consumed (Tier 3), according to the following equation:

Equation 4-14: CO: Emissions from glass production

Emissionco2 = Carbonate X EFco2 X FC

Where:

Emissioncoz: CO, emissions from consumption of sodium carbonate (kt)

Carbonate: Mass of sodium carbonate consumed (t)

EFco2: Emission factor from consumption of sodium carbonate (t CO/t of carbonate)
FC: fraction calcination achieved for sodium carbonate (0-1)

Given the fact that there is no calcination factor monitoring in ETS, we assumed complete calcination,
therefore, FC equals 1 (100%).

4.2.8.3 Emission Factors

The following emission factor was considered:

Table 4-16: Emission Factors

Carbonate EF Unit EF
Na,COs3 0.415 t CO,/t carbonate

4.2.8.4 Activity Data

Glass wool production began being reported in the EU-ETS in 2019, as one facility entered in operation that
year. Carbonate consumption data for year 2019 was obtained from EU-ETS.
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Due to confidentiality constraints (there is only one facility in Portugal), we don’t present carbonates
consumption.

Therefore, we have two different sets of activity data (raw materials and glass wool production) for the same
period, but can only report one series in the CRF tables. In order to ensure time series consistency of the
activity data reported in the CRF tables, given that glass production (from chapter 4.2.7) is also reported in
CRF 2.A.3, we decided to report glass wool production as activity data in CRF tables.

4.2.8.5 Uncertainty Assessment

Table 4-17: Uncertainty values related to emissions reported under CRF 2.A.3 — Glass Wool Production

Parameter Type of Uncertainty ‘ Uncertainty ‘ Source ‘
Weighing or Subchapter 2.4.2.2 of chapter 2: Mineral Industry Emissions
- - 2.0% (average of o .
Activity Data proportioning raw of 2006 IPCC Guidelines for National Greenhouse Gas
. 1.0-3.0% range) .
materials Inventories.
Subchapter 2.4.2.2 of chapter 2: Mineral Industry Emissions
Activity Data Glass Wool Production | 5.0% of 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.
Activity Data Combined Uncertainty | 5.4% -

Subchapter 2.4.2.1 of chapter 2: Mineral Industry Emissions
of 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.

2.0% (average of

CO2 EF Stoichiometric ratio
1.0-3.0% range)

L Subchapter 2.4.2.1 of chapter 2: Mineral Industry Emissions

Calcination of the o .
CO2 EF . 1.0% of 2006 IPCC Guidelines for National Greenhouse Gas
carbon input .
Inventories.

CO2 EF Combined Uncertainty | 2.2% -

4.2.8.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.2.8.7 Recalculations
No recalculations were made.
4.2.8.8 Further Improvements

No further improvements are planned.

4.2.9 Other Process Uses of Carbonates - Ceramics (CRF 2.A.4.a)
4.2.9.1 Category description

Process-related emissions from ceramics result from the calcination of carbonates in the clay, as well as the
additions to the kiln.

In Portugal, part of the ceramics sector is included in the EU-ETS from 2013 onwards. However, we only
consider that there is a robust characterization of raw materials consumption in the ceramic plants under
ETS from 2015 onwards.

4.2.9.2 Methodology

CO; emissions from ceramics reported in EU-ETS are estimated by the facilities according to No. 12 of Annex
IV of Regulation (EU) No. 2066/2018 (https://eur-lex.europa.eu/legal-content/pt/TXT/?uri=CELEX%3A32018R2066).
Estimates are Kiln Input based on the amount of carbonates in the raw materials consumed (Tier 3).
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Firstly, and given that only part of the ceramics sector is included in the EU-ETS, we work with the Energy
Balance in order to obtain total fuel consumption for the ceramics sector and then infer total raw material
consumption. From 2015 onwards, national carbonate consumption in ceramics is estimated according to:

Equation 4-15: Annual national carbonate consumption in ceramics — 2015-onwards

EB Fuel Cons ceramics)
EU — ETS Fuel ConS(Cemmics)

Total Matcarpmy = EU — ETS Matcarpm) %X

Where:
Total Matcarb(m): Total Raw material m consumption for ceramics sector, EU-ETS and non-EU-ETS plants (t)
EU-ETS Matcarbim,y): Raw material m consumption for ceramic plants under EU-ETS (t)

EB Fuel Consceramics): Total fuel consumption for ceramics sector (obtained from the Energy Balance), EU-ETS
and non-ETS plants (GJ)

EU-ETS Fuel Cons(ceramics): Fuel consumption for Ceramic plants under ETS (GJ)

From 2015 onwards, CO; emissions are estimated through a mass balance between the quantification of
carbon in original raw materials and CO, emissions generated in the conversion process, according to the
following equation:

Equation 4-16: Annual national COz emissions from ceramics — 2015-onwards
Emico2 = 3 [ Matcarb (mX EF (m) ] X 1073

Where:

Emicoz: Total annual CO; emissions for ceramics sector (kt CO,)

Matcars (m): Annual consumption of carbonate containing material m (t)

EF (m): Emission factor of material m consumed (t CO,/t material m)

Given there is a lack in ceramics characterization in the period 1990-2014, the splicing technique “overlap”
(section 5.3.1.1 of the 2006 IPCC Guidelines) was used in order to estimate EU-ETS carbonates consumption
for ceramics production, according to the following equation:

Equation 4-17: EU-ETS carbonates consumption - 1990-2014

EU — ETS Matcarp(m,2015-2018)

EU — ETS Mat = EB Fuel Cons ; X
Carb(m.y) (Ceramicsy) ™ EB Fuel Cons ceramics,2015-2018)

Where:
EU-ETS Matcarb(m,y): Raw material m consumption in year y for ceramic plants under EU-ETS (t)
EB Fuel Consiceramics,y) : Energy Balance Ceramics fuel consumption in yeary, EU-ETS and non-ETS plants (G)J)

EU-ETS Matcarb(m, 2015-2018) : Average raw material m consumption in the period 2015-2018 for ceramic plants
under ETS (t)

EB Fuel Consceramics,2015-2018) : Average Energy Balance Ceramics fuel consumption in the period 2015-2018,
ETS and non-ETS plants (GJ)
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In the period 1990 to 2014, the splicing technique “overlap” (section 5.3.1.1 of the 2006 IPCC Guidelines) was
used in order to estimate national carbonates consumption for ceramics production, according to the
following equation:

Equation 4-18: Annual national carbonate consumption — 1990-2014

EU — ETS Matcarp(m,2015-2018)

Total Mat = EB Fuel Cons i X
carbm.y) (Ceramicsy) ™ EU — ETS Fuel C ONS(ceramics,2015-2018)

Where:

Total Matcars(m,y): Raw material m consumption in yeary for all national ceramics, both ETS and non-ETS plants
(t)
EB Fuel Consiceramics,y): Energy Balance Ceramics fuel consumption in year y, EU-ETS and non-ETS plants (GJ)

EU-ETS Matcarb(m,2015-2018): Average raw material m consumption in 2015-2018 for ceramic plants under EU-
ETS (t)

EU-ETS Fuel Consiceramics,2015-2018): Average Energy Balance Ceramics fuel consumption in the period 2015-2018,
for EU-ETS Ceramic plants (GJ)

Finally, CO, emissions for the period 1990-2014 are estimated according to:

Equation 4-19: Annual national COz emissions from ceramics - 1990-2014

Emicoz (y) = Matcarb (m,y)X EF (m) X 1073
Where:
Emicoz (y): Emission of CO,in yeary (kt CO;)
Matcarb (my: Consumption of carbonate containing material min yeary (t)
EF (m): Emission factor of material m consumed in year y (t CO>/t material m)
4.2.9.3 Emission Factors
The emission factors applied are listed in the following table.

From 2015 onwards, in order to ensure time series consistency, emission factors are obtained from EU-ETS
data. From 1990 to 2014, information was backcasted based on the average values of raw material
consumption and CO2 emissions from EU-ETS data from 2015 to 2018.

Table 4-18: Emission Factors of raw materials

Emission Factors

Raw material 1990-2014 2019 2020

(1) (2) (2)
Clay t CO2/t Clay 0.0227 0.0163 0.0156 0.0168
BaCO3 t CO2/t BaCO3 0.2230 0.2231 0.2230 0.2230
CaCo3 t CO2/t CaCO3 0.4399 0.4400 0.4400 0.4401
Kaolin t CO2/t Kaolin 0.0104 0.0092 0.0153 0.0145
Dolomite t CO2/t Dolomite 0.4709 0.4658 0.4677 0.4700
MgCO3 t CO2/t MgCO3 0.5220 0.5218 0.5220 0.5220
Na2CO3 t CO2/t Na2CO3 0.4150 0.4146 0.4143 0.4150
Other Carbonates | t CO2/t Other Carbonates | 0.0384 0.0601 0.0577 0.0635
Ceramic Paste t CO2/t Ceramic Paste 0.0099 0.0070 0.0076 0.0078
Polystyrene t CO2/t Polystyrene 3.3850 3.3850 3.3799 3.3850
(1) Backcasted using average value from 2015 to 2018
(2) Source: EU-ETS from 2015 onwards
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4.2.9.4 Activity Data

Despite there are data available in the EU-ETS on raw materials in ceramics since 2013, we only consider this
data to be reliable from 2015 onwards.

From 2015 onwards, both raw materials consumption and respective emission factors have been obtained
from ETS data. Since not all ceramics are covered under ETS, raw materials total national consumption have
been extrapolated based on energy consumption in ceramics reported both under ETS (just ETS plants) and
in the Energy Balance provided by DGEG (total national - both ETS and non-ETS plants), as described in the
methodology section above.

1,800,000
1,600,000
1,400,000

Raw Material (t)

1,200,000
1,000,000
800,000
600,000
400,000
200,000
0

Clay

BaCO3

CaCO3
Kaolin |
Dolomite |

MgCO3

Na2CO03

Polystyrene

Other Carbonates -
ceramic Paste [

Figure 4-18: Raw materials consumption in EU-ETS plants in 2022
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Figure 4-19: Energy consumption in ceramics sector by fuel type (Source: Energy Balance)

In order to estimate the representativeness of the ceramics sector in the EU-ETS we consider Total National
Energy Consumption in Ceramics sector from the Energy Balance, obtained from DGEG, and Energy
consumption from the ceramic facilities included in EU-ETS and estimate the percentage of ceramic facilities
included in EU-ETS.
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Figure 4-21: Raw materials consumption in ceramics sector
4.2.9.5 Uncertainty Assessment

Table 4-19: Uncertainty values

Parameter Type of Uncertainty ‘ Uncertainty ‘ Source
Weighin or
. - .g . 2.0% (average of | Table 2.3 of "Chapter 2: Mineral Industry Emissions" of "2006
Activity Data proportioning raw . R o
. 1.0-3.0% range) IPCC Guidelines for National Greenhouse Gas Inventories
materials
Table 2.3 of "Chapter 2: Mineral Industry Emissions" of "2006
Activity Data Carbon content 2.0% o P . Y o
IPCC Guidelines for National Greenhouse Gas Inventories
Activity Data Combined Uncertainty | 2.8% -
Average value of the range 1-5% of chapter 2.5.2.1 of Volume
. . 3.0% (average of .
CO2 EF Fractional purity 1.0-5.0% range) 3: Industrial Processes and Product Uses of 2006 IPCC
oo rang Guidelines for National Greenhouse Gas Inventories.
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4.2.9.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

Following, QA/QC procedures to the sector, some allocation errors regarding carbonates consumption time
series were identified and corrected for the whole time series.

4.2.9.7 Recalculations

Electricity consumption data for 2014 and 2017 and Biomass consumption data for 2015-2016 were updated
after the publication of revised series of the Energy Balance by DGEG for 2014-2021.

4.2.9.8 Further Improvements

Further improvements include pursuing contacts with national ceramics associations in order to gather
reliable data on ceramics production for the whole time series and improve information transparency and
time series consistency.

4.2.10 Other Process Uses of Carbonates-Other Uses of Soda Ash (CRF 2.A.4.b)
4.2.10.1 Category description

Soda Ash (Na,COs) is consumed as a raw material in the Glass and Glass Wool Production (CRF 2.A.3), in Paper
Pulp production (CRF 2.H.1), Ceramics production (CRF 2.A.4.a). Soda ash consumptions from these identified
sectors are available in EU-ETS and its emissions are reported in the respective end-use sectors.

Available information from National Statistics indicates that there are other uses for soda ash in Portugal
besides the ones above mentioned. These other uses of soda ash include soap and detergents, food and
beverages and water treatment. However, Portugal’s EU-ETS does not include data from such activities and
the inventory team is still not able to quantify and report them in the respective categories. Therefore, for
the time being, apparent consumption of soda ash from all other unidentified activities is accounted in
category 2.A.4.b. The inventory team considers that the use of soda ash in these sectors may not generate
CO; emissions, however, is unable to confirm such situation.

Due to confidentiality constraints, emissions from this sector are reported in CRF 2.A.4.d along with “Other
Process Uses of Carbonates”, hence the notation key IE (Included Elsewhere) in CRF tables.

4.2.10.2 Methodology

In a first step, we estimate soda ash apparent consumption, based on national production, imports and
exports data:

Equation 4-20: Soda ash apparent consumption
Apparent Consumption = National Production + Imports - Exports
Where:
Apparent Consumption: Total soda ash apparent consumption (t Na,COs)
National Production: Soda ash national production (t Na,COs)
Imports: Total soda ash imports (t Na,COs)

Exports: Total soda ash exports (t Na,COs)
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In a second step, we estimate the soda ash apparent consumption in identified sectors for which EU-ETS
collects data, such as Paper Pulp, Ceramics, Glass and Glass Wool Production. We subtract these values to
national total apparent consumption and ultimately obtain the apparent consumption for the remaining
sectors (not addressed under EU-ETS), according to the following equation:

Equation 4-21: Soda ash apparent consumption in other sectors
Apparent Consumption (other sectors) = AC (total) — AC (Glass/Glass Wool) — AC (Paper Pulp) — AC (Ceramics)
Where:

Apparent Consumption (other sectors): Soda ash apparent consumption in sectors other than Glass
Production or Paper Pulp Production (t Na,COs)

AC (Total): Soda ash national total apparent consumption (t Na,COs)

AC (Glass): Soda ash consumption in Glass Production (t Na;COs)

AC (Paper and Pulp): Soda ash consumption in Paper and Pulp Production (t Na,COs)
AC (Ceramics): Soda ash consumption in Ceramics (t Na>COs)

Finally, CO, emissions related to other unidentified uses of soda ash are estimated based on a Tier 1 approach
according to chapter 3.8 of the 2006 IPCC Guidelines:

Equation 4-22: CO: Emissions from soda ash consumption (other sectors)
Emi (CO2) = AD X EF (€C02) x 1073
Where:
Emi (CO,): Emissions of CO, (kt CO,)
AD: Soda ash apparent consumption (other sectors) (t)
EF CO;: CO, emissions factor (t CO,/t soda ash consumed)
4.2.10.3 Emission Factors
Emission factor of soda ash was set from molecular stoichiometry:

Table 4-20: Emission factors of soda ash

Material ‘ EF Unit
Na,COs (Soda Ash) 0.415 t CO,/t soda ash

4.2.10.4 Activity Data

According to available information from EU-ETS, soda ash is used in the following end-use sectors: Glass
Production, Glass Wool Production, Paper Pulp Production and Ceramics. Soda ash consumptions from these
identified sectors were obtained from EU-ETS.

Available information from National Statistics indicates that there are other uses for soda ash in Portugal
besides the ones above mentioned, however, these uses are not quantified. Following the 2022 UNFCCC
Review, upon contact to our Focal Points as well as National Statistics ‘Office, we learned that other uses of
soda ash in Portugal include pH correction in water treatment plants (supply water), as a biogas purifier in
urban wastewater treatment and soaps and detergents industry. However, Portugal’s EU-ETS does not
include data from such activities and the inventory team is still not able to identify them and report in the
respective categories.
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Therefore, for the time being, apparent consumption of soda ash from all other unidentified activities is
estimated based on National Production, Imports and Exports. Soda Ash imports and exports data were
obtained from INE for the whole time series.

Soda ash production data was obtained from the only soda ash producing facility in Portugal, which operated
from 1990 to 2014. Since 2015, there is no soda ash production in Portugal.

Due to confidentiality constraints, activity data for the entire time series is presented as an index value
related to 1990 data.
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Figure 4-22: Soda ash apparent consumption
4.2.10.5 Uncertainty Assessment
Table 4-21: Uncertainty values
Parameter Type of Uncertainty ‘ Uncertainty ‘ Source

Weighing or

Activity Data

proportioning raw
materials

2.0% (average of
1.0-3.0% range)

Table 2.3 of "Chapter 2: Mineral Industry Emissions" of "2006
IPCC Guidelines for National Greenhouse Gas Inventories"

Activity Data

Carbon content

2.0%

Table 2.3 of "Chapter 2: Mineral Industry Emissions" of "2006
IPCC Guidelines for National Greenhouse Gas Inventories"

Activity Data

Combined Uncertainty

2.8%

CO2 EF

Fractional purity

3.0% (average of
1.0-5.0% range)

Average value of the range 1-5% of chapter 2.5.2.1 of Volume
3: Industrial Processes and Product Uses of 2006 IPCC
Guidelines for National Greenhouse Gas Inventories.

4.2.10.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

Following QA/QC procedures to the sector, the Party identified a compilation error related to consumption
of Na2CO3 in the glass production process which affected the whole time series.
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4.2.10.7 Recalculations

Recalculations concerned the revised series of consumption of Na2CO3 by glass production process, as above
mentioned, and affected CO2 process emissions for the whole time series.

4.2.10.8 Further Improvements

In the course of the 2022 UNFCCC Review recommendation, we investigated other Portuguese end-use
sectors where soda ash is used, by contacting National Statistics as well as our Focal Points on IPPU. We
learned that soda ash was used in water treatment plants (supply water) for pH correction.

Also, we learned that soda ash was used in the soaps and detergents industry, as well as in urban wastewater
treatment as a biogas purifier, although in not very expressive amounts.

However, Portugal’s EU-ETS does not include data from such activities and the inventory team is still not able
to identify them and report in the respective categories. Furthermore, we believe that these other uses of
soda ash do not result in CO; emissions, but cannot confirm such fact.

4.2.11 Other Process Uses of Carbonates-Non Metallurgical Magnesia Production (CRF
2.A.4.c)

There is no non-metallurgical magnesium production in Portugal.
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4.2.12 Other Process Uses of Carbonates — Other (CRF 2.A.4.d)
4.2.12.1 Category description

CO: liberation to atmosphere occurs from several industrial activities that use limestone (CaCOs), dolomite
rock (CaC0s.MgCQ0s) or other carbonates, but only when original materials are not incorporated as inert
components but suffer a chemical removal of carbon, as for example when calcium carbonate is added to
nitric acid to form calcium nitrate:

2 HNO; + CaCO; -> Ca (NOs); + H,0 + CO;

Currently, this category considers Carbonates uses in Fertilizers production and Desulfurization in Large Point
Source Energy Plants in Mainland Portugal.

Concerning CRF Tables reporting, this category also reports Other uses of soda ash (not reported in CRF
2.A.4.b due to confidentiality constraints) and Rock wool production (not reported in CRF 2.A.5 given CRF
tables do not include such category).

Carbonate materials consumption in glass industry is covered in category 2.A.3 — chapter 4.2.7.

While consumption of carbonate materials is reported in the National Statistics Database (INE) for other
industrial activities, some do not correspond to uses where carbon is liberated and no emissions are
estimated: paint, soap, pharmaceutical and agrochemical products, cleaning products, perfumeries and
hygiene products, glues and adhesives, tire and rubber products, plastic products and synthetic fibres, and
all food and beverage industry.

Lime production involves consumption and decarbonizing of carbonate materials as well, limestone or
dolomite rock. There are dedicated lime production facilities and there is also lime production in lime kilns
in paper pulp industry and in iron and steel industry. CO, emissions from lime production are reported in
category 2.A.2 — chapters 4.2.3,4.2.4 and 4.2.5.

Regarding Desulfurization in Large Point Source Energy Plants in Mainland Portugal, from the information
gathered, only two plants in Portugal implement this kind of abatement system: Pégo and Sines. Both plants
use hard coal and fuel oil in the combustion processes. Abatement equipment operates since 2008 (for both
plants).

In a wet flue gas desulfurization the SO, emissions are absorbed by lime, forming CO, and plaster (gypsum +
H,0) as by-products.

Equation 4-23: Chemical conversion equations

SO, + H,0 — H,S03
CaCOs + H,SO3 — CasS0s + CO;, + H,0
CaS0s3 + 1/20, + 2H,0 — CaS04.2H,0

These equations show that the wet flue gas desulfurization reduces the SO, emissions but increment CO;
emissions.

Since there is no specific CRF category for desulfurization, and given it derives from carbonates consumption,
total CO; emissions from this abatement system were included in category 2.A.4.d.
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4.2.12.2 Methodology
CARBONATES USES IN FERTILIZERS

CO; emissions are estimated from the quantification of carbon in original raw materials, and making a mass
balance for the quantities of CO, that are liberated in the conversion process. Therefore, emissions are
estimated from consumption of carbonate materials:

Equation 4-24: CO: emissions

Emicoz = 44/12 X Matcarb (m) X EF (m) X 1073
Where:
Emicoz: CO, emissions (kt CO,)
Matcars (my: Consumption of carbonate containing material m (t)
EF (m): Emission factor of material m consumption (t CO2/t material m)
DESULFURIZATION IN LARGE POINT SOURCE ENERGY PLANTS IN MAINLAND PORTUGAL

In the desulfurization processes it is important to determine the emission of CO; and the reduction of SO,.
For both determinations the lime consumption was used as activity data:

Equation 4-25: COz emissions
CO; Emission (uy) = CaCOscons(u, y) X COzRatio X 1073
Equation 4-26: SOz removals

SO, Removal (y,y) = CaCOscons(u, y) X SO2Ratio X 1073
Where:
CO; Emission (y): Emission of CO; estimated from CaCO3 consumption in power plant u in year y (t)

SO, Removal (,y): Quantity of SO, not emitted estimated from CaCOs consumption in power plant u in year
yt)

CaCOscons (u, y): Consumption of CaCOs in power plant u in year y (t)

CO2Ratio: Ratio between CO, emitted and CaCO3 consumption

SO,Ratio: Ratio between the SO, removed and CaCOs consumption

Since both energy plants are included in the EU-ETS, the CO; ratio reported under this scheme was used in
the inventory — 0.44 t CO,/t Ca. Monitoring data from the two plant was used for determining the SO, ratio:
estimation based in CaCO; consumption and the difference between the expected SO, emissions without
abatement system (based in the fuel sulphur content) and what was actually emitted. Because of this the SO,
ration is plant specific and varies over time.

Since the methodology for determining combustion SO, does not consider the use of abatement systems,
the quantity of SO, removed in the desulfurization equipment will be subtracted to the total SO, emissions.
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4.2.12.1 Emission Factors

Emission factors of materials consumed in Portugal was set from molecular stoichiometry?:

Table 4-22: Emission factors of carbonate materials

Material EF

Limestone (1) 0.44
Dolomite (2) 0.48

(1) assumed pure calcium carbonate
(2) Ca and Mg carbonate in equal share

4.2.12.2 Activity Data

CARBONATES USES IN FERTILISERS

Due to the unavailability of statistical information concerning consumption of carbonate materials in the
fertilizer industry (for the production of calcium and magnesium nitrates) they had to be estimated from
fertilizer production data and considering that, stoichiometrically, two moles of nitrogen require one mole
of either CaCO3; or MgCOs. From 1992 onwards, fertilizer production data was also available from INE
database. In the period 1990-1991, data has been estimated based on the average 1992-1996 production
and on GDP for the 1990-1991 period.

Final total consumption of carbonate materials is presented in the figure below. In the period 2010-2011
there is a strong decrease in limestone and dolomite consumption related to a decrease in calcium nitrate
production.
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Figure 4-23: Consumption of carbonate materials in fertilizer industry

DESULFURIZATION IN LARGE POINT SOURCE ENERGY PLANTS IN MAINLAND PORTUGAL

From 2008 (when desulfurization began in both plants) onwards, total limestone consumed for
desulfurization in each plant was obtained from the EU-ETS. For confidentiality constraints and since there
are only two plants in Portugal that use this kind of abatement system, the CaCO5; consumption cannot be
reported.

81t was assumed that limestone was totally pure, which causes over-estimated emissions.
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4.2.12.3 Uncertainty Assessment

Table 4-23: Uncertainty values

Parameter Type of Uncertainty ‘ Uncertainty ‘ Source ‘
Weighin or
s ‘o gortiinin raw 2.0% (average of | Table 2.3 of "Chapter 2: Mineral Industry Emissions" of "2006
¥ prop . & 1.0-3.0% range) IPCC Guidelines for National Greenhouse Gas Inventories"
materials
. Table 2.3 of "Chapter 2: Mineral Industry Emissions" of "2006
Activity Data Carbon content 2.0% - . o
IPCC Guidelines for National Greenhouse Gas Inventories
Activity Data Combined Uncertainty | 2.8% =

Average value of the range 1-5% of chapter 2.5.2.1 of Volume
3.0% (average of

CO2 EF Fractional purity 3: Industrial Processes and Product Uses of 2006 IPCC
1.0-5.0% range)

Guidelines for National Greenhouse Gas Inventories.

4.2.12.4 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.2.12.5 Recalculations
No recalculations were made.
4.2.12.6 Further Improvements

Efforts will be made in order to obtain necessary statistical information or alternative methodologies to
estimate emissions from carbonate use in the production of synthetic fertilizers (nitrates of calcium and
magnesium and ammonium nitrate with calcium and magnesium).

4.2.13 Other - Rock wool Production (CRF 2.A.5)
4.2.13.1 Category description

Rock wool is a category of mineral wool, where the production process is similar to glass making, already
addressed in chapter 2.A.3.

There is rock wool production in Portugal at least since 1974, from one facility. In 1997, that facility was
deactivated (and was never included in EU-ETS) and gave place to a new one, which has been working ever
since. In 2004, a new facility has begun operating and has been working ever since. There was another facility,
which operated from 2009 to 2012, however, had insufficient installed capacity to be included in EU-ETS. All
facilities above mentioned are owned by the same company.

In short, currently there are two operating rock wool production plants in Portugal, both included in EU-ETS
system since 2008. Rock wool from these facilities is produced from basalt and limestone. It is made
submitting these materials to a high temperature, causing them to melt.

According to the 2006 IPCC Guidelines, where the production of rock wool is emissive, these emissions should
be reported under IPCC Subcategory 2A5. However, since CRF tables do not include category 2.A.5, CO;
emissions from rock wool production are reported in category 2.A.4.d.

Combustion emissions from Rock wool production are reported in source sector 1.A.2, estimated from fuel
consumption data.
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4.2.13.2 Methodology

From 1974 to 1996, rock wool was made entirely from basalt and not from limestone. From 1997 onwards,
limestone was added to the process, in order to correct any deviations to basalt’s chemical composition.
However, basalt is still, by far, the predominant raw material.

In 2006 IPCC guidelines there is no CO, emission factor for basalt and no methodology for estimating
emissions from rock wool production. Also, EU-ETS only reports limestone consumption data for these
facilities and not basalt consumption.

Furthermore, we assume that basalt’s composition does not include carbonates, therefore, CO; process
emissions from rock wool production originate only from limestone as raw material.

Resuming, it is assumed that no CO, emissions occur from carbonates when basalt is the only raw material
(no CO;, process emissions from rock wool production in the period 1990-1996).

CO; emissions from rock wool production are Kiln Input based, estimated by the facilities according to No.
11  of Annex IV of Regulation (EU) No. 2066/2018 (

). Calculation is based on the amount of carbonates in the raw
materials consumed (Tier 3), according to the following equation:

Equation 4-27: CO:z Emissions from rock wool production

Emissionco, = Carbonate X EFco; X F
Where:
Emissioncoz: CO, emissions from consumption of limestone (kt)
Carbonate: Amount of limestone consumed (t)
EFco2: Emission factor from consumption of limestone (t CO»/t of carbonate)
F: fraction of calcination achieved for limestone (0-1)

Given the fact that there is no calcination factor monitoring in EU-ETS, we assumed complete calcination,
therefore, F equals 1 (100%).

4.2.13.3 Emission Factors

The following emission factor was considered:

Table 4-24: Emission Factors

Carbonate EF Unit EF
CaCOs 0.44 t CO,/t carbonate

4.2.13.4 Activity Data

From 1990 to 2004, rock wool production was obtained from national statistics (IAPI/INE). From 2005
onwards, rock wool production was obtained directly from the facilities or from Environmental Annual
Reports.

From 2005 onwards, limestone consumption was obtained directly from the facilities or from EU-ETS.

We contacted the company in order to provide us limestone consumption for the missing years (1997-2004),
however, they no longer possess those data due to company restructuration or human resources allocation.

Given there is no EU-ETS system in the period 1997 to 2004, the splicing technique “overlap” (section 5.3.1.1
of the 2006 IPCC Guidelines) was used in order to estimate limestone consumption, according to the
following equation:
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Equation 4-28: Limestone consumption - 1997-2004

Where:

Limestone Cons,, = Rock wool Prod NS, X

Limestone Cons ,995-2009

Limestone Consy: Limestone consumption in year vy (t)

Rock wool Prod NS,: Rock wool production from national statistics in year y (t)

Rock wool Prod NS;05-2009

Limestone Conszoos-2009: Average plant specific limestone consumption in period 2005-2009 (t)

Rock wool Prod NSzo0s-2000: Average Rock wool production from national statistics in period 2005-2009 (t)

In order to ensure time series consistency, the overlap technique to backcast limestone consumption for the
missing years was based on rock wool production from national statistics and the average data from EU-ETS
for 2005-2009. We decided to fix the data used to the retropolation as the average on the 2005-2009 in order

to avoid yearly corrections associated to the introduction of last year ratios.

Rock wool production and limestone consumption are presented in the figure below for the whole time

series.
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Figure 4-24: Limestone consumption and rock wool production

4.2.13.5 Uncertainty Assessment

Table 4-25: Uncertainty values related to emissions reported under CRF 2.A.4.d — Rock Wool Production

Parameter

Activity Data

Type of Uncertainty
Weighing or
proportioning raw
materials

‘ Uncertainty

2.0% (average of
1.0-3.0% range)

‘ Source

Subchapter 2.4.2.2 of chapter 2:
of 2006 IPCC Guidelines for
Inventories.

Mineral Industry Emissions
National Greenhouse Gas

Activity Data

Rock Wool Production

5.0%

Subchapter 2.4.2.2 of chapter 2:
of 2006 IPCC Guidelines for
Inventories.

Mineral Industry Emissions
National Greenhouse Gas

Activity Data

Combined Uncertainty

5.4%

2.0% (average of

Subchapter 2.4.2.1 of chapter 2:

Mineral Industry Emissions

CO2 EF Stoichiometric ratio of 2006 IPCC Guidelines for National Greenhouse Gas
1.0-3.0% range) .
Inventories.
Calcination of the Subchapter 2.4.2.1 of chapter 2: Mineral Industry Emissions
CO2 EF . 1.0% of 2006 IPCC Guidelines for National Greenhouse Gas
carbon input .
Inventories.
CO2 EF Combined Uncertainty | 2.2% -
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4.2.13.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.2.13.7 Recalculations
No recalculations were made.
4.2.13.8 Further Improvements

No further improvements are planned.
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4.3 Chemical Industry (CRF 2.B)
4.3.1 Overview

This chapter is intended to estimate process related GHG emissions that result from the production of various
inorganic and organic chemicals, which have significant contributions to global or individual national
greenhouse gas emission levels.

Most chemical sector companies in Portugal are small and micro companies, mostly operating around
consumer products. Larger operators are active in basic chemicals, fertilizers, petrochemicals, polymers,
fibers and specialties. There is also a small but very dynamic group of companies in the fine chemicals area,
with a significant contribution to value added exports (Source: CEFIC).

There are no significant CO,, CH, and N,O emissions to report in chemical production in Portugal. However,
there are mostly indirect CO; emissions related to NMVOC. The methodology used to estimate NMVOC
emissions could be checked in the Portuguese IIR. Indirect CO, emissions related to NMVOC emissions from
chemical industry are reported in CRF Table 6.

4.3.2 Ammonia Production (CRF 2.B.1)

4.3.2.1 Category description

In 1990 there were two facilities producing ammonia in Portugal, but one of them stopped activity already
in the beginning of that year. From 1991 to 2008 there was only one facility producing ammonia. In 2009,
this facility was restructured and the ammonia production unit was relocated to India.

Ammonia is synthesized from nitrogen and hydrogen, by the following reaction:
Equation 4-29: Chemical conversion equation

N, + 3H, & 2NH;
Nitrogen is obtained from atmospheric air.

Depending on the type of fossil fuel, two different methods were applied to produce the hydrogen for
ammonia production: steam reforming or partial oxidation. In Portugal, hydrogen was obtained from partial
oxidation of a very high viscosity residue RAAV (heavy fraction from petroleum distillation). This process was
very flexible in terms of fuel input, allowing the use of the heavier fractions of oil distillation, namely vacuum
residues, due to its smaller range of applications and also because they were available on the market at lower
prices. Given that no detailed information is available concerning the type of fuel used, it is assumed the fuel
was very variable in terms of composition, since it was a residue from petroleum distillation, not subject to
refining.

Gasification of heavy hydrocarbons follows the reaction:

Equation 4-30: Chemical conversion equation

2CH, + 0, > 2C0 + nH,
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Figure 4-25: Ammonia Production by Partial Oxidation

After cooling the exit gas from the shift conversion, the process condensate is separated. The gas is chilled
and scrubbed with chilled methanol (imported), which absorbs CO, and H,S. Pure CO,, may be used for urea
production, and these amounts need to be subtracted to CO, emissions estimated based on NH; production
in order to avoid double counting.

Other pollutants that result from the process, either from escape of ammonia (NHs) or either from release of
products from feedstock, like CO. The methodology used to estimate CO emissions could be checked in the
Portuguese IIR. Indirect CO, emissions related to CO emissions from ammonia production are reported in
CRF Table 6.

NMVOC emissions from ammonia production by partial oxidation are reported as Not Estimated.

Urea is synthesized from NH3 and CO,, which are fed into the reactor at high pressure and temperature,
following the two step reaction below:

Equation 4-31: Chemical conversion equations

2NH3; + CO, S NH,COONH, (Ammonium Carbamate)
NH,COONH, S H,0 + NH,CONH, (Urea)
4.3.2.2 Methodology

Information regarding the production process, ammonia production data as well as urea production is
available at plant level. However, the facilities were unable to provide information on fuel type, nor its carbon
content.

Therefore, CO, emissions from ammonia production were estimated using a Tier 1 methodology according
to equation 3.1 from chapter 3.2.2.1 of Volume 3 IPPU of the 2006 IPCC Guidelines:
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Equation 4-32: CO: emissions from ammonia production

44
Eco, = AP x FRx CCF x COF x 75 = Reo,

Where:

Ecoz: COz emissions from ammonia production (kg)

AP: Ammonia production (t)

FR: Fuel requirement per unit of output (GJ/ton ammonia produced)
CCF: Carbon content factor of the fuel (kg C/GJ)

COF: Carbon oxidation factor of the fuel (%)

Rco2: CO; recovered for downstream use in urea production (kg)

CO; recovered for downstream use was estimated based on the quantity of urea produced, according to page
3.12 of chapter 3.2.2.1 of Volume 3 IPPU of the 2006 IPCC Guidelines. CO, emissions are estimated by
multiplying urea production by 44/60, the stoichiometric ratio of CO2 to urea, according to the following
equation:

Equation 4-33: CO: recovered for urea production
Re¢p, = UP X %
Where:
Rco2: CO; recovered for urea production (kt)
UP: Urea production (kt)
M(CO,): Molar mass of CO; (44 g/mol)
M(Urea): Molar mass of Urea (60 g/mol)
4.3.2.3 Emission Factors

Default parameters and emissions factor applied were taken from Table 3.1 of chapter 3.2.2.2 of Volume 3
IPPU of the 2006 IPCC Guidelines and are listed in the table below.

According to the guidelines, for the Tier 1 method, if no information on fuel type is available, it is good
practice to use the average value shown in Table 3.1 for partial oxidation (production process used in Portugal
from 1990 to 2008).

Table 4-26: Emission Factors and parameters considered

Production / Process Parameter Unit

Total fuel requirement | GJ/ton NH3s | 42.5

Average value- partial Carbon content kg/GJ 21.0
oxidation

Carbon oxidation

factor fraction 1

4.3.2.4 Activity Data

In 1990 there were two plants producing ammonia in Portugal, but one of the plants stopped activity already
in the beginning of that year. From 1991 to 2008 there was only one plant producing ammonia. In 2009, this
plant was restructured and the ammonia production unit was relocated to India.
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In the period 1990-2008, ammonia and urea production data were obtained from the facilities. From 2009
onwards there is no ammonia production. Data is consistent with national statistics ammonia production
data. Concerning fuel requirements, upon several contacts, ammonia production facilities indicated that they
have long since terminated ammonia production and do not possess such old data due to company
restructuration.

Due to confidentiality constraints, ammonia and urea production are presented in the figure below as an
index value related to 1990 data. It is evident the significant inter-annual changes in the period 1991-1996.
According to information provided by the facility, the sharp decrease in the period 1992-1994 was due to
technical problems that led to several interruptions in the production.
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Figure 4-26: Trend in Ammonia and Urea production
4.3.2.5 Uncertainty Assessment
Table 4-27: Uncertainty values
Parameter Type of Uncertainty ‘ Uncertainty Source
Activity Data Ammonia Production 2% Subchapter 3.2.3.2 of Chapter 3: Chemical Industry Emissions
. . of 2006 IPCC Guidelines for National Greenhouse Gas
Activity Data Urea Production 2% .
Inventories.

Table 3.1 of Chapter 3: Chemical Industry Emissions of 2006

COy EF Fuel requirement 7% o . .
IPCC Guidelines for National Greenhouse Gas Inventories.

4.3.2.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

A comparison was made using a top-down approach based on ammonia production data obtained from
national production statistics (IAPI) from 1990 to 2009. We intend to further investigate the differences
between the two approaches in the period 1994-1998, other than that, data is generally consistent.
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Figure 4-27: Ammonia production data — comparison of approaches
4.3.2.7 Recalculations

No recalculations were made.

4.3.2.8 Further Improvements

As good practice, Portugal acknowledges and pursues the application of Tier 2 methodologies or higher for
Key Categories as much as technically possible.

However, in order to do so, it is required specific information from the ammonia production facilities such as
fuel requirement and its carbon content and carbon oxidation factor. Portugal does not possess data on fuel
input in ammonia production such as the described above. Upon contact in order to obtain these data, the
facilities informed that they did not possess such old data due to company restructuration, since they have
long since terminated ammonia production.

Therefore, no further improvements are planned, due to lack of data from the facilities.

4.3.3 Nitric Acid Production (CRF 2.B.2)

4.3.3.1 Category description

Currently, three industrial plants produce nitric acid in Portugal. In 2 units, weak nitric acid (60 %) is produced
from ammonia, using catalytic (Platinum-rhodium alloy catalysts) oxidation of ammonia with air to NO; at
medium pressure, and subsequent absorption with water to form nitric acid in a dual-stage process. From
1990 to 2011 there was also another nitric acid facility operating at “dual-pressure” medium/high (M/H). This
facility, however, was closed during 2011 and was replaced by a new facility, which began operating in 2010
also at “dual-pressure” medium/high (M/H).

Nitric Acid production results in air emissions of Nitrous Oxide (N2O), NOx (NO and NO,), trace amounts of
HNOs acid mist and ammonia (NHs). The great majority of emissions are conveyed in the tail gas from the
absorption tower. NOy and NHs emissions from Nitric Acid production are estimated and reported in the
Portuguese IIR.

4.3.3.2 Methodology

Since there are different data sources available depending on the years, two different methodologies were
used throughout the time series.
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From 2013 onwards, N,O emissions are estimated by facilities according to No. 16 of Annex IV of Regulation
(EU) No. 2066/2018 ( ) and reported
directly under the EU-ETS.

From 1990 to 2012, N,O emissions are estimated according to the following equation:

Equation 4-34: N20 Emissions from nitric acid production

En2o = NP x EFnyo x 1073
Where:
Enz0: N2O emissions from nitric acid production (t)
NP: Nitric Acid production (t)
EFn20: N2O Emission factor (kg/t)
4.3.3.3 Emission Factors

Regarding the nitric acid facility in operation from 1990 to 2011, due to lack of information, N,O emission
factor applied for the whole time series is a default value (Tier 1) from Table 3.7 of the BREF for the Production
of Large Volume Organic Chemicals (2007) for medium/high pressure nitric acid facilities - 6.7 kg/ton HNOs.

Regarding the nitric acid facility in operation from 2010 onwards (which replaced the later above):
. from 2013 onwards, Tier 3 N>O emission factors are collected from EU-ETS;

. from 2010 to 2012, in order to ensure time series consistency, N,O emission factor is based on the average
EU-ETS N,O emission factors in the period 2013-2017.

Regarding the other 2 nitric acid facilities:
. from 2013 onwards, Tier 3 N>O emission factors are collected from EU-ETS;

. from 1990 to 2012, Tier 3 N,O emission factors are based on monitoring data obtained from facilities.

Table 4-28: Emission Factors considered

Facility | Period Parameter | Value Unit Source
ka/ton Table 3.7 of the BREF for the Production of Large Volume
1 1990-2011 EF 6.7 H?\IO(S Organic Chemicals (2007) for medium/high pressure nitric
acid facilities
kg/ton
2010-2012 EF 0.112 HNO3 EU-ETS (average EF from 2013-2017)
2
kg/ton
2013-onwards | EF 0.039-0.117 HNO3 EU-ETS
. ) kg/ton o -
1990-2012 EF confidential HNO3 Monitoring from facilities
3and4
kg/ton
2013-onwards | EF 0.326-0.972 HNO3 EU-ETS

Due to confidentiality constraints, it is not possible to publish the emission factors based on monitoring data.

Following contacts with the facilities, it was found that the variation in emissions is a result of the variation
in nitric acid production and is expected within the range of operating conditions verified (capacity for heat
recovery, state of the catalytic screens, fouling of various exchangers, etc.) and operating conditions of the
unit of gas abatement (amount of NOx and N,O treated, tail gas temperature, etc.).

In 2010, Facility 3 implemented BAT “catalytic N,O decomposition” in the reactor chamber, in order to reduce
emissions of N,O and to achieve lower emission factors or emission concentration levels.
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According to this BAT, N,O can be decomposed in N; and O, just after being formed, by a selective De-N,O
catalyst in the high temperature zone (between 800 and 950 9C). Additional information on this BAT can be
consulted in BREF Large Volume Inorganic Chemicals — Ammonia, Acids and Fertilisers, published in 2007.
The catalyst was installed in 19/11/2010, hence, as the result of this BAT implementation, a decrease in N,0

emissions from this facility was noted from 2011 onwards.

During 2009, Facility 4 also implemented BAT “catalytic NoO decomposition” in the reactor chamber, hence
a decrease in N,O emissions from this facility was noted from 2010 onwards. In 2013, the catalyst was
replaced by a new one, further decreasing N,O emissions in this facility.

4.3.3.4 Activity Data

Nitric acid production is obtained directly from the facilities and from Environmental Annual Reports for the
whole time series. One of the plants was closed during 2011 and was replaced by a new facility, which began
operating in 2010. In 2020 there is a slight decrease in nitric acid production due to COVID19 pandemic.

The activity data that was used to estimate emissions from this sub-source sector is subjected to
confidentiality constraints due to the limited number of existing production units and therefore is presented
in the figure below in relation to production in 1990 (trends).
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Figure 4-28: Trend in Nitric Acid production
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4.3.3.5 Uncertainty Assessment

Table 4-29: Uncertainty values

Parameter Type of Uncertainty ‘ Uncertainty Source
Subchapter 3.3.3.2 of Chapter 3: Chemical Industry of 2006
Activity Data Nitric Acid Production | 2% Y p . y ! R
IPCC Guidelines.
L Table 3.3 of Chapter 3: Chemical Industry of 2006 IPCC
N,O EF N20 emission factor 20% -
Guidelines.

Nitric Acid production data was obtained directly from the plants (2% uncertainty).
4.3.3.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.3.3.7 Recalculations

No recalculations were made.
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4.3.3.8 Further Improvements

No further improvements are planned.

4.3.4 Adipic Acid Production (CRF 2.B.3)

There is no adipic acid production in Portugal.

4.3.5 Caprolactam, Glyoxal and Glyoxylic Acid Production (CRF 2.B.4)

There is no caprolactam, glyoxal or glyoxylic acid production in Portugal.

4.3.6 Silicon Carbide and Calcium Carbide Production (CRF 2.B.5)

There is no silicon carbide or calcium carbide production in Portugal.

4.3.7 Titanium Dioxide Production (CRF 2.B.6)

4.3.7.1 Category description

This chapter addresses emissions estimates from the production of Titanium dioxide (TiO,). TiO, pigments
are made from one of two chemical processes: the chloride route, which leads to TiO, products by reacting
titanium ores with chlorine gas; and the sulphate route, which leads to TiO, products by reacting titanium
ores with sulphuric acid. In both processes, pure TiO, powder is extracted from its mineral feedstock after
which it is milled and treated to produce a range of products designed to be suitable for efficient
incorporation into different substrates.

Titanium dioxide production generates CO, emissions, as well as SOx, NOx, CO and particulate matter. The
methodology used to estimate atmospheric pollutants can be checked in the Portuguese IIR. Indirect CO;
emissions related to CO emissions from titanium dioxide production are reported in CRF Table 6.

4.3.7.2 Methodology
Emissions are estimated using a Tier 1 approach according to the following equation:
Equation 4-35: CO:z emissions from titanium dioxide production

_ (ADChloride X EFChloride + ADSulphate X EFSulphate)
Ecoz = 1000

Where:

Eco2: CO, emissions from Titanium Dioxide production (t)

ADchioride: Titanium Dioxide produced by the Chloride Process (t)

EFchioride: CO> EF related to Titanium Dioxide produced by the Chloride Process (t CO,/t TiO,)
ADsyiphate: Titanium Dioxide produced by the Sulphate Process (t)

EFsuphate: CO2 EF related to Titanium Dioxide produced by the Sulphate Process (t CO»/t TiO3)
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4.3.7.3 Emission Factors

Table 4-30: CO2 emission factors related to TiO2 production

Pollutant Process Source
Chloride Process t CO2/t TiO, 1.34 Table 3.9 of "Chapter 3: Chemical Industry
CO, Emissions" of 2006 IPCC Guidelines for National

Sulphate Process t CO2/t TiO2 1.43 Greenhouse Gas Inventories.

4.3.7.4 Activity Data
From 2014 onwards, Titanium Dioxide production data was obtained from EUROSTAT.

There is no information on the share of each technology/practice. We considered the share proposed in the
BREF document of «Large Volume Inorganic Chemicals — Solids and Others» and assume that 30% of the
Titanium Dioxide is produced by the Chloride Process and 70% by the Sulphate Process.
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Figure 4-29: Trend in Titanium Dioxide Production
4.3.7.5 Uncertainty Assessment

Table 4-31: Uncertainty values

Parameter Type of Uncertainty ‘ Uncertainty Source
Titanium Dioxide
Activity Data . 2% Expert Judgement
Production
O, EF Chloride Process 15% Table 3.3 of Chapter 3: Chemical Industry Emissions of 2006
2 Sulphate Process 10% IPCC Guidelines for National Greenhouse Gas Inventories.

4.3.7.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.3.7.7 Recalculations
No recalculations were made.
4.3.7.8 Further Improvements

Efforts will be made in order to check the reason why Titanium Dioxide production data is reported in
Eurostat but not in National Statistics, as well as to obtain the share of each Titanium Dioxide technology in
Portugal, by collecting plant specific data.
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4.3.8 Soda Ash Production (CRF 2.B.7)

In Portugal there was only one plant producing Soda Ash by the Solvay process. CO, was generated in two
pyrolysis processes, captured, compressed and directed to Solvay precipitating towers for consumption in a
mixture of brine (aqueous NaCl) and ammonia. Although CO, is generated as a by-product, it is recovered
and recycled for use in the carbonation stage and in theory the process is neutral, i.e., generation of CO;
equals uptake.

Upon a contact with the facility, we were informed that soda ash production terminated in 2014.

4.3.9 Petrochemical and Carbon Black Production — Methanol (CRF 2.B.8.a)

There is no methanol production in Portugal.

4.3.10 Petrochemical and Carbon Black Production — Ethylene (CRF 2.B.8.b)
4.3.10.1 Category description

There is only one ethylene production plant in Portugal, located in the southern part of the country, near
Sines. The basic process in this unit is by Thermal Steam Cracking of petroleum feedstock. This unit produces
Low Density Polyethylene (LDPE) and High Density Polyethylene (HDPE) from ethylene. As by product of
ethylene production, other organic compounds are produced, such as propylene, butadiene and C4 fraction,
aromatics and a residual fuel oil used in the unit as energy source.

Ethylene production results in CO,, CHs, as well as NMVOC emissions. The methodology used to estimate
NMVOC emissions can be checked in the Portugal IIR. Indirect CO, emissions related to NMVOC emissions
from ethylene production are reported in CRF Table 6.

4.3.10.2 Methodology

CO; and CH,4 emissions estimates were based on a Tier 1 approach according to the following:
Equation 4-36: CO: and CHs emissions from ethylene production
Emission , = EF , X AD X 103 X GAF/100
Where:
Emission ,: Emission of pollutant p (t)
EF ,: Emission factor (kg/t Ethylene)
AD: Ethylene production data (t)
GAF: Geographic Adjustment Factor (%)

Since Portugal is located in Western Europe, according to Table 3.15 of Chapter 3 (Chemical Industry
Emissions) of Vol.3 of the 2006 IPCC Guidelines, GAF was considered 100%.
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4.3.10.3 Emission Factors

The following emission factors were applied:

Table 4-32: Emission Factors

Pollutant Unit EF Source

Table 3.14 of Chapter 3: Chemical Industry Emissions of 2006
CO, EF t CO,/t ethylene 1.73 L . )
IPCC Guidelines for National Greenhouse Gas Inventories
Table 3.16 of Chapter 3: Chemical Industry Emissions of 2006
CH4 EF kg CHa/t ethyl 3.00
¢ g CHa/t ethylene IPCC Guidelines for National Greenhouse Gas Inventories

4.3.10.4 Activity Data

There is only one plant producing ethylene in Portugal. Ethylene production data was obtained from
Environmental Annual Reports and cross-checked with national statistics data (QA/QC).

Due to confidentiality constraints, activity data is presented as an index value related to 1990 data for the
whole time series. The sharp decrease in ethylene production in 2018 was due to an interruption in the
production lines.
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Figure 4-30: Trend in Ethylene production
4.3.10.5 Uncertainty Assessment

Table 4-33: Uncertainty values

Parameter Type of Uncertainty Uncertainty | Source
Activity Data Ethylene Production 10%
€O, EF CO, emission factor for 10% Subchapter 3.9.3 of Chapter 3: Chemical Industry Emissions
ethylene production of 2006 IPCC Guidelines for National Greenhouse Gas
CHq EF CH4 emission fac.tor for 10% Inventories
ethylene production

4.3.10.6 Category specific QA/QC and verification

Emissions estimates were based on a bottom-up approach with collection of plant specific ethylene
production data. A comparison was made using a top-down approach based on ethylene production data
obtained from national production statistics (IAPl). We only present data from 1996 onwards given the lack
of national statistics ethylene production data from 1990 to 1995. As presented in the figure below, from
1996 onwards data is consistent using the two approaches.
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Figure 4-31: Ethylene production data — comparison of approaches
4.3.10.7 Recalculations

No recalculations were made.

4.3.10.8 Further Improvements

In the future, we intend to revise the emission factors based on monitoring data.

4.3.11 Petrochemical and Carbon Black Production— Ethylene Dichloride and Vinyl
Chloride Monomer (VCM) (CRF 2.B.8.c)

Following a question regarding VCM production in the 2022 UNFCCC Review, upon investigation, the Party
found there is no ethylene dichloride production in Portugal.

Concerning vinyl chloride monomer (VCM) production, following a 2022 review recommendation, further
contacts to our Focal Points confirmed that currently there is no such activity in the country.

There is only one company in Portugal using VCM as raw material for the production of polyvinylchloride
(PVC). Further contacts to the facility confirmed that they had its own VCM production line from 1963 to
1986. The annual production of VCM in that period varied from 3,200 to 14,000 tons. From 1987 onwards,
VCM is imported.

VCM production is reported as NO for the whole time series.

4.3.12 Petrochemical and Carbon Black Production — Ethylene Oxide (CRF 2.B.8.d)

There is no ethylene oxide production in Portugal.

4.3.13 Petrochemical and Carbon Black Production — Acrylonitrile (CRF 2.B.8.e)

There is no acrylonitrile production in Portugal.
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4.3.14 Petrochemical and Carbon Black Production — Carbon Black (CRF 2.B.8.f)
4.3.14.1 Category description

There was only one carbon black facility in Portugal, located in the southern part of the country, near Sines.
This facility produced carbon black by the Qil Furnace Process, a partial combustion process where feedstock
with a high content of aromatic material was converted by incomplete combustion, thermal cracking and
dehydrogenation to carbon black. Emissions resulted from Gas Vent, combined dryer vent and fugitive
emission in the vacuum system vent.

Carbon black production resulted in emissions of CO,, CH4, as well as other atmospheric pollutants. The
methodology used to estimate atmospheric pollutants emissions can be checked in the Portugal lIR. Indirect
CO; emissions related to NMVOC and CO emissions from carbon black production are reported in CRF Table
6.

Carbon black production ceased in 2013.
4.3.14.2 Methodology

For this sub-sector emissions estimates are extensively based on the use of emission factors multiplied by
guantity of material produced:

Equation 4-37: Emissions from black carbon production

Emission (py) = EF (o) X ActivityRate) X 1073
Where:
Emission (5y): Annual emission of pollutant p in yeary (t)
EF (»): Emission factor (kg/t)

ActivityRate,): Indicator of activity in the production process. Quantity of product produced per year is used
as a general rule for this emission source sector (t)

Where CO, emissions result from liberation of carbon in tail gas to atmosphere, emissions were estimated
using a simple mass balance:

Equation 4-38: Carbon mass balance

CTaiIGas X 44/12 = CFeedstock + CAuxFueIs - CCarbonBIack

Where:

Crailgas: Carbon emitted in tail gas (t C)

Creedstock: Carbon entered in feedstock (t C)

Cauxruels : Additional carbon entered into system in fuels (t C)

Ccarbonslack: Carbon stored in carbon black and not emitted to atmosphere (t C)
4.3.14.3 Emission Factors

In the period 2009-2012, carbon black industrial unit was subjected to a detailed inventory exercise.
Consequently, emission factors were established and emission estimates were extended for the rest of the
time series using carbon black production as indicator of activity rate. Carbon Gas emissions also include
emissions suffering partial combustion.
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Table 4-34: Emission Factors for Carbon Black process emissions

Pollutant Emission factor Unit ‘ EF source
CcOo; 2,379 kg/t carbon black Carbon Balance Approach
CHg4 0.060 kg/t carbon black IPCC 2006 Guidelines

4.3.14.4 Activity Data

Due to confidentiality constraints, carbon black production data is presented as an index value related to
year 1990 production. Carbon black production terminated in 2013.
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Figure 4-32: Carbon Black production

4.3.14.5 Uncertainty Assessment

The uncertainty of activity data received from Large Point Sources was set as 10 %.
4.3.14.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.3.14.7 Recalculations
No recalculations were made.
4.3.14.8 Further Improvements

No further improvements are planned.

4.3.15 Petrochemical and Carbon Black Production — Other (CRF 2.B.8.g)

This category includes the production of several chemical products such as: PEBD, PEAD, Polypropylene,
Polystyrene, Formaldehyde, Phthalic Anhydride, Polyester, PVC, Polystyrene Foam and Polyurethane Foam.

Information on how emissions from these sub-categories are reported is given in the table below.

There are no direct CO,, CHs and N,O emissions from PEBD, PEAD, Polypropylene, Polystyrene, Formaldehyde
and Phthalic Anhydride production. There are, however, NMVOC and CO emissions. The methodology used
to estimate NMVOC and CO emissions can be checked in the Portugal IIR. Indirect CO; emissions related to
NMVOC and CO emissions from these sub-categories are reported in CRF Table 6.
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There are also no direct CO,, CHs and N,O emissions from the other 2.B.8.g sub-categories. There are,
however, NMVOC emissions. The methodology used to estimate NMVOC emissions from the other sub-
categories can also be checked in the Portugal IIR. Indirect CO; emissions related to NMVOC emissions from
these other 2.B.8.g sub-categories are reported in CRF Table2(l).A-Hs1, under 2.B.8.g.

This report was agreed among EU countries with the aim of ensure consistency between KP commitment
periods (CP). Countries, like Portugal, reported indirect CO, emissions from these other 2.B.8.g sub-
categories in inventory submissions before 2015 (CP 1) in previous CRF table 3 (Sectoral report for solvents
and other products use). Hence, for the following commitment period and in order to ensure the highest
consistency with 2006 IPCC Guidelines and with the previous inventory submissions, countries should
continue reporting these emissions in the same manner. Therefore, Portugal continues to report NMVOC
emissions from the other 2.B.8.g sub-categories as indirect CO, emissions in CRF Table2(l).A-Hs1, for KP
consistency purposes. On that matter, the paper “Guidance related to the reporting of indirect emissions”
from EEA SHAREPOINT is presented in ANNEX | and includes further explanation to the approaches taken by
Portugal and all other EU MS.

Table 4-35: Reporting of Other Petrochemical and Carbon Black Production

CRF Category Emissions \ Reporting

2.B.8.gi PEBD NMVOC

2.B.8.gii PEAD NMVOC

2.B.8.g!|| Polypropylene NMVOC CRETable 6= indirect CO2
2.B.8.giv Polystyrene NMVOC

2.B.8.gv Formaldehyde NMVOC; CO

2.B.8.gvi Phthalic Anhydride NMVOC; CO

2.B.8.gvii Polyamide Fiber NMVOC

2.B.8.gyviii Polyester NMVOC

2.B.8.gix Polystyrene Foam NMVOC

2.B.8.gx Polypropylene Fiber NMVOC CRF Table2(l).A-Hs1 —direct CO,
2.B.8.gxi PVC Fiber NMVOC

2.B.8.gxii Acrylic Fiber NMVOC (refer to indirect CO, emissions)
2.B.8.gxiii Acrylonitrile Fiber NMVOC

2.B.8.gxiv PVC NMVOC

2.B.8.gxv Polyurethane Foam NMVOC

4.3.16 Fluorochemical Production (CRF 2.B.9)

There is no fluorochemical production in Portugal.

4.3.17 Other - Sulphuric Acid Production (CRF 2.B.10.a)
There are no direct CO,, CHs and N,O emissions to report in this subsector in Portugal.

There are, however, SO, emissions from sulphuric acid production. The methodology used to estimate SOy
emissions from this category can be checked in Portugal IIR. SOx emissions from sulphuric acid production
are reported in CRF Table 2(l)s1.
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4.3.18 Other — Explosives Production (CRF 2.B.10.c)

There are no direct CO,, CHs and N,O emissions to report in this subsector in Portugal. There are, however,
SO« and NOy emissions from explosives production. The methodology used to estimate SO, and NOx emissions
from this category can be checked in Portugal lIR. SOx and NOx from explosives production are reported in
CRF Table 2(1)s1.

4.3.19 Other — Solvent Use in Plastic Manufacturing (CRF 2.B.10.d)

There are no direct CO;, CHs and N>O emissions to report in this subsector in Portugal. There are, however,
indirect CO, emissions related to NMVOC. The methodology used to estimate NMVOC emissions from this
category can be checked in the Portugal IIR. Indirect CO, emissions related to NMVOC emissions from Solvent
Use in Plastic Manufacturing are reported in CRF Table 6.

These emissions are included and reported in sub-category 2.B.8.g.
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4.4 Metal Industry (CRF 2.C)
4.4.1 Overview

This chapter is intended to estimate process related GHG emissions that result from the production of various
kinds of metals.

4.4.2 Iron and Steel Production (CRF 2.C.1)

4.4.2.1 Category description

Iron and steel production leads to CO,, CHs and N,O emissions. According to the 2006 IPPC Guidelines, N,O
emissions from Iron and Steel are likely to be small, hence no methodologies are provided for this GHG.

There are two iron and steel production plants operating in Portugal, dedicated to steel billets production,
which are then processed mostly into long-product rolling like wire rod and rebar in straight lengths.

One of the plants started in 1976 and remained ever since as a secondary steel-making facility, producing
steel mainly from recycled steel scrap in an Electric Arc Furnace (EAF).

The other plant started in 1961, as a primary facility that produced both iron and steel from iron ore as well
as scrap, otherwise known as an integrated iron and steel production facility. Since this process did not
consume all the available scrap, the surplus was also used to produce steel, but in an independent EAF. This
facility integrated iron and steel production until 2001.

The following units were part of the integrated iron and steel production facility that operated from 1961 to
2001:

Metallurgical Coke production

- Lime production

- Sinter production

- Cogeneration facility

- Ironmaking in Blast Furnace

- Steelmaking: in Basic Oxygen Furnace (BOF) and EAF

Rolling mills

In the integrated iron and steel production facility, the main raw materials - national iron ores and limestone
as well as imported coal -, were transported to the premises and were stored in silos.

METALLURGICAL COKE PRODUCTION

Metallurgical Coke was produced in the coke plant by destructive distillation of imported coal in coke ovens,
where coal was subjected to heat in an oxygen-free atmosphere until all volatile components in the coal
evaporate. Process heat came from the combustion of gases between the coke chambers. The material
remaining was called coke. Metallurgical coke was then used in the blast furnace to reduce iron ore to iron.
Tar and coke oven gas were by-products of metallurgical coke production. Coke oven gas was partly
recirculated to be used as fuel in the coke ovens. The remaining coke oven gas was used as fuel as well, in
other units of the integrated iron and steel production facility.

Industrial Processes and Products Use | 4-74



] National Inventory Report - Portugal °

According to the 2006 IPCC Guidelines, metallurgical coke production is considered an energy use of fossil
fuel, hence emissions are addressed and reported under category 1.A.1.c — Manufacture of solid fuels -
section 3.3.3 of the Energy chapter. Similarly, all fuel consumed in this source category not allocated as input
to the sinter plants and blast furnace is considered fuel combustion and addressed in category 1.A.1.c.

Fugitive emissions from coke production may result from coal preparation, coal charging, oven leakage
during the coking period, coke removal and hot coke quenching. Leaks may also occur from poorly sealed
doors, charge lids, off take caps, collecting main and from cracks that may develop in oven brickwork (USEPA,
2000). CH, fugitive emissions from coke production in the coke plant are estimated and reported under
category 1.B.1.b — Solid fuel transformation - section 3.8.2 of the Energy chapter.

LIME PRODUCTION

In iron and steel production, lime is used in the production of sinter, in the production of liquid steel in blast
furnace charging and EAF mixtures, for slag formation and to promote steel desulphurization and
dephosphorization. There are no emissions from lime use in these kilns. However, production of lime from
limestone results in CO, emissions from decarbonizing.

From 1990-2001, the integrated iron and steel facility produced lime as a non-marketed intermediate
product, to consume internally in its kilns. Those emissions are reported in category 2.A.2 and addressed in
chapter 4.2.4 - Lime Production in Iron and Steel. In 2002, one company carried out an extensive investment
program to autonomize the lime kiln of the industrial structure and automate the operation, restarting
operations as an independent dedicated lime production facility. Lime production emissions from this
company are reported in category 2.A.2 and addressed in chapter 4.2.3 - Lime Production in Dedicated Plants.

Note: The other facility has always purchased lime from national lime dedicated plants. Lime production
emissions are reported in category 2.A.2 and addressed in section 4.2.3 - Lime Production in Dedicated Plants.

SINTER PRODUCTION

In the sinter production unit, the fines of the iron ores sieved together with other iron bearing materials such
as pyrite ash or iron scrap, the lime and the coke breeze, were mixed in the correct proportion and heated
under vacuum. High temperatures lead to the melting of iron ore particles, which caused the materials to
agglomerate in order to obtain a product called sinter which had excellent reducibility qualities to be sent to
the blast furnace.

Part of the coke oven gas produced onsite in the coke plant was used as fuel in the sinter plant.

Operation of the sinter production unit produced CO, emissions from oxidation of the coke breeze and other
inputs. These emissions are reported and addressed in this chapter. Off gas from sinter production also
contained CHs, NMVOC and other hydrocarbons.

Emissions from combustion process in the sintering unit (namely NOx, SOx and CO) are reported under
category 1.A.2.a — Manufacture Industries and construction.

COGENERATION UNIT

This unit generated electricity for consumption at the integrated iron and steel production facility. The fuels
used were the following:

- Total tar quantity produced onsite in the coke plant;
- Part of the coke oven gas produced onsite in the coke plant;
- Part of the blast furnace gas produced onsite in the blast furnace;

- Fuel oil.
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Operation of the cogeneration unit produced combustion emissions which are reported under category
1.A.2.a — Manufacture Industries and construction.

IRONMAKING IN BLAST FURNACE

In the ironmaking facility, coke, lime and sinter were added to the blast furnace, where iron oxides and coke
and fluxes reacted with blast air to form molten reduced iron (pig iron), carbon monoxide and slag. Emissions
occurred during casting and in the blast furnace top.

Carbon served a dual purpose in the ironmaking process, primarily as a reducing agent to convert iron oxides
toiron, but also as an energy source to provide heat when carbon and oxygen react exothermically. According
to the 2006 IPCC Guidelines, all carbon used in blast furnaces should be considered process-related IPPU
emissions.

In order to achieve a higher combustion temperature, the ironmaking facility included 3 cowpers,
discontinuous type heat exchangers where a stack of refractory was alternately heated by the gas from the
combustion of blast furnace gas and cooled by the circulation of the insufflated air, thus transferring energy
accumulated in it during the heating period. In this way, the gas resulting from process in the blast furnace -
blast furnace gas -, with a high CO content, was partly recirculated to be used as fuel in the blast furnace. The
remaining blast furnace gas was used as fuel as well in the cogeneration unit. Part of the coke oven gas
produced onsite in the coke plant was also used as fuel in the blast furnace.

Emissions from combustion process in the blast furnace (namely NOx, SOx and CO) are reported under
category 1.A.2.a — Manufacture Industries and construction. CO, process emissions resulting from casting
operations and seal leaks at top of the furnace are addressed and reported in this chapter.

Pig iron resulting from the blast furnace and scrap were then transformed into steel in subsequent furnaces,
namely in a Basic Oxygen Furnace and in an Electric Arc Furnace.

STEELMAKING IN BAsIC OXYGEN FURNACE (BOF) AND EAF

In the Basic Oxygen Furnace, molten pig iron from the blast furnace and steel scrap were melted with the
injection of a substantial source of oxygen and oxidized part of the carbon associated with iron to produce
steel. This carbon was emitted mostly as CO (contributing nevertheless to ultimate CO, emissions). Other
emissions from BOF were iron oxides, oxides of other metals, sulphur and particulate matter.

Regarding EAF, although located in the integrated iron and steel plant, it consisted of a stand-alone operation
because of its fundamental reliance on scrap as a raw material instead of iron. In the EAF, pig iron and steel
scrap are subjected to an electric discharge through carbon (graphite) electrodes that reduces its carbon
content to produce steel.

Since the EAF process is mainly one of melting scrap and not reducing oxides, carbon’s role is not as dominant
asitisinthe blast furnace/BOF process. In the EAF, CO, emissions are mainly associated with carbon additives
such as graphite electrodes, anthracite and coke consumption. According to the 2006 IPCC Guidelines, all
carbon used in EAFs and other steelmaking processes should be considered process-related IPPU emissions.

Next, the adjustment of the molten steel is carried out in a separate oven, known as a pot oven. In this oven,
the homogenization of steel is promoted as well as the introduction of additions and metallic alloys, to adjust
its composition.

After adjustment, molten steel from the pot oven is shaped into ingots or billets.
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ROLLING MILLS

In some cases, ingots or billets are reheated in a kiln and processed in rolling mills, in order to be reshaped
into long-product rolling like wire rod and rebar in straight lengths.

Emissions from this finishing process are mostly particulate matter besides combustion pollutants.
Combustion emissions from this process are reported in category 1.A.2.a - Manufacture Industries and
construction.

Ultimate fossil CO, emissions are the result of the oxidation of carbon in coke, anodes and electrodes. Part
of the carbon is sequestered in the final product — billets - and is not emitted to atmosphere as CO,. Emissions
of carbon may occur as CO and NMVOC but it is assumed that they are subsequently converted in atmosphere
in CO,. The methodology used to estimate NMVOC and CO emissions can be checked in the Portugal IIR.
Indirect CO, emissions related to NMVOC and CO emissions are reported in CRF Table 6.

Some carbon may remain in pig iron after initial reducing in blast furnace and part may be emitted from
oxidation in the BOF. EAF operations also result in carbon emission but mostly from consumption of graphite
anodes in the process.

Around 2001, Portuguese economy entered a recession period that culminated with the dismantling of the
integrated iron and steel production facility. From 2002 onwards, only the EAF process remained in operation
in this facility.

The other plant has a similar steelmaking process through an EAF. From 2002 onwards, there is only
secondary steel production through EAF in Portugal.

The table below indicates all emission streams for iron and steel operations and provides information on the
categories under which these emissions are reported. However, although combustion emissions and process
emissions are estimated separately, they are in fact emitted at same place and are inseparable in concept.

Table 4-36: Emission streams for iron and steel industry

Reporting . . NIR
GHG coverage Emission stream CRF Code Report

Process/Activity description

period Section
. COz, CHs4, N2O | Combustion 1Alc 333
Coke production 1990-2001 — —
CH4 Fugitive emissions | 1B1b 3.8.2
Lime production 1990-2001 CO2 Process 2A2 4.2.4
Sinter production 1990-2001 CO., CH4 Process 2C1d 4.4.2
Cogeneration 1990-2001 CO, CHs4, N2O | Combustion 1A2a 3.4
Ironmaking 1990-2001 CO2 Process 2C1b 4.4.2
Steelmaking: BOF 1990-2001 CO2 Process 2C1a 4.4.2
. 1990-
Steelmaking: EAF CO2 Process 2Cla 4.4.2
onwards
Rolling mills, pot ovens and | 1990- .
. CO, CHs, N2O | Combustion 1A2a 3.4
reheating ovens onwards
. . 1990- . "
Other machinery operation (a) COz, CHs4, N2O | Combustion 1A2gvii 3.4
onwards
(a) Consumption of fuels in other iron and steel related activities such as blowtorches, emergency |(b)
generators, lift trucks operation, etc.
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4.4.2.2 Methodology

Since there are different processes and different data sources available depending on the years, distinguished
methodologies were used throughout the time series.

From 1990-2001, process emissions from the integrated iron and steel production facility were estimated
according to two different approaches — product approach and carbon balance.

SINTER PRODUCTION

Operation of sinter plants produces CO, emissions from oxidation of the coke breeze and other inputs. Off
gas from sinter production also contains methane and other hydrocarbons. CO, and CHs; emissions from
sinter production were estimated according to a product approach, as shown in the following equation:

Equation 4-39: Emissions from sinter production

Emi=SIXEF
Where:
Emi: CO, / CH4 emissions (t)
Sl: Sinter produced (t)
EF: CO, / CH4 emission factor (t/tsinter)
Emissions from sintering are reported in source code 2.C.1.d — Metal Industry (sinter).
IRONMAKING IN BLAST FURNACE AND STEELMAKING IN BOF

CO, emissions from pig iron production in the blast furnace, as well as from steel production in BOF were
estimated according to a carbon balance approach, described in the following equation:

Equation 4-40: Emissions from iron and steel (BOF) production
Emi=[3 (FGXEF)]-[Z (PP; X EF)]
Where:
Emi: CO, emissions (t)
FCi: Annual consumption of feedstock i (t)
EFi: CO, emission factor of feedstock i (t/treedstocki)
PP;: Annual production of product j (t)
EF;: CO, emission factor of product j (t/tproduct )
Emissions from ironmaking are reported in source code 2.C.1.b — Metal Industry (pig iron).

Although 2006 IPCC Guidelines provide a Tier 1 methodology for estimating CH, emissions from pig iron
production, they do not provide a corresponding emission factor. Furthermore, although 1995 IPCC
Guidelines provide a Tier 1 methodology and CH4 emission factor for estimating emissions from pig iron
production, it is not appropriate to use because CO, emissions were estimated using the Tier 2 mass balance
methodology above mentioned. The mass balance methodology makes a basic assumption that all carbon
that enters the pig iron production process either exits the process as part of a carbon-containing output or
as CO; emissions. CH4 emissions estimation is precluded.

According to the 2006 IPCC Guidelines, CHs may be emitted from steelmaking processes as well, however
those emissions are assumed to be negligible, hence are reported as Not Estimated (NE). Emissions from
steelmaking in BOF are reported in source code 2.C.1.a — Metal Industry (steel).
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STEELMAKING IN EAF

From 2002 onwards, CO; emissions from steel production in EAF are estimated according to a carbon balance
approach, already described above. From 2005 onwards, when European Union Emissions Trading System
(EU ETS) was set up, all Iron and Steel plants are required to prepare carbon balances as part of the
monitoring reports.

From 1990-2001, CO, emissions from steel production in EAF were estimated according to the following
equation:

Equation 4-41: Emissions from steel production (EAF) — 1990-2001
Emi = ST X EF(2002-2006)
Where:
Emi: CO, / CH4 emissions (t)
ST: Steel produced (t)
EF: Average CO, implied emission factor in 2002-2006 period (t/tsteel)

As already mentioned, CH4 emissions are assumed to be negligible, hence are reported as Not Estimated
(NE).

Emissions from steelmaking in EAF are reported in source code 2.C.1.a — Metal Industry (steel).

OTHER OPERATIONS AND EMISSIONS RELATED TO IRON AND STEEL SECTOR

Emissions related with Rolling mills, pot ovens and reheating ovens are reported under category 1.A.2.a.
Emissions from lime production are addressed in chapters 4.2.3. and 4.2.4.

Methodology for estimating NOx, CO, NMVOC and SO, emissions is provided in IIR.

4.4.2.3 Emission Factors

Emission factors for Iron and Steel Production in the period 1990-2001 are provided in the table below.

Table 4-37: Emission Factors for Iron and Steel Production in the period 1990-2001

Pollutant H Sinter Ironmaking ‘ Steel making (BOF) = Steelmaking (EAF) ‘

CO, 0.20 (a) 0.71-1.32 (b) 0.12-0.14 (b) 0.84 (c) t/t
CHa 0.07 (a) - - - kg/t
NOXx 558 (d) 8 (d) 10 (e) 130 (e) g/t
co 18 000 (d) 27 (d) 3500 (e) 1700 (e) g/t
NMVOC 138 (e) NE (e) NE (e) 46 (e) g/t
SO, 463 (d) 38 (d) NE (e) 60 (e) g/t

(a) 2006 IPCC Guidelines, Vol. 3, Tables 4.1 and 4.2

(b) Implied emission factor (IEF) obtained from carbon balance approach
(c) Average IEF from 2002-2006

(d) EMEP/EEA guidebook 2019, Vol. 1.A.2, Tables 3-7, 3-8

(e) EMEP/EEA guidebook 2019, Vol. 2.C.1, Tables 3-14, 3-15

From 2002 onwards, CO, emission factors for EAF operation used for the two iron and steel plants were
determined from consumption of carbon bearing materials in those units. It was assumed that the same
carbon content exists in both scrap and final steel produced in EAF furnaces and, consequently, no additional
emissions are estimated apart from carbon in additives. The CO; stoichiometric emission factors from carbon
bearing materials are listed in the table below.

From 2005 onwards, carbon content of raw materials and emission factors are obtained from the EU-ETS for
the two facilities.
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Table 4-38: Carbon bearing materials: carbon content and CO; stoichiometric EF

Material C Content EF
(t C/t material) (t CO,/t material)

Scrap Iron 0.040 0.147
Steel Scrap 0.010 0.037
Purchased Pig Iron 0.047 0.172
Hot Briquetted Iron (HBI) 0.020 0.073
EAF Carbon Electrodes 0.820 3.007
EAF Coal 0.890 3.263
Coke 0.830 3.043
Petroleum Coke 0.870 3.190
Limestone (CaCOs) 0.121 0.444
Dolomite (MgCO3.MgCOs) 0.130 0.477
Steel (Billets) 0.010 0.037

From 2016 onwards, EU-ETS iron and steel operators were required to perform carbon content monitoring
in scrap iron materials. The emission factors obtained in the monitoring were far lower than the default value
that was being applied from 1990 to 2015, which lead to a major decrease in CO, emissions from iron and
steel. However, given that we find there is not enough reliable EU-ETS monitoring data in order to establish
a consistent time series, we decided, for the time being, to maintain the default emission factor for scrap
iron for the whole time series, for each facility.

4.4.2.4 Activity Data

Concerning the integrated iron and steel production facility, there are differences in the activity data used in
estimates for the period 1990-2001 and from 2002 onwards.

Activity data for emissions estimates related to the integrated iron and steel production facility for the period
1990-2001 comprehend coke consumption, sinter, pig iron and steel production and also scrap consumption.
The following sources of information were used to establish activity data time series:

- Annual coke production was obtained from DGEG (Coke plant Balance) from 1990 to 2001. From 2002

onwards, there is no coke production in the iron and steel industry in Portugal;

- Annual production of sinter and pig iron were obtained directly from the facility from 1991 to 1994. For
1990 and from 1995 to 2001, pig iron production was obtained from Worldsteel Association. For 1990
and from 1995 to 2001, sinter production was estimated using pig iron production as surrogate data,
given that all sinter produced was consumed in the blast furnace to produce pig iron. Therefore, for the
missing years, sinter production was estimated according to the following equation:

Equation 4-42: Sinter production in the integrated iron and steel facility

S11991-1994

SI, =PI, X
Y ¥ Pligo1-1994

Where:

Sly: Sinter production in year y (t)

Ply: Pig iron production in year y (t)

Sl 1901-1904: Average Sinter production in period 1991-1994 (t)
Plige1-1904: Average Pig iron production in period 1991-1994 (t)

- From 2002 onwards there is no sinter and pig iron production;
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- Annual total steel production from BOF as well as from EAF were obtained from Worldsteel Association
from 1990 to 2001, although some years were corrected with existing national data. From 1990 to 2001,
annual steel production from EAF for the integrated facility was estimated based on the following
equation:

Equation 4-43: EAF steel production in the integrated iron and steel facility — 1990-2001

STear in1&s = STearinwsa - STear N oF
Where:
STearnvizs: Annual steel production from EAF for the integrated facility (t)
STearinwsa: Annual total steel production from EAF from Worldsteel Association (t)
STear nor: Annual steel production from EAF for the other facility (t) (detail addressed further ahead)

- From 2002 onwards there is no steel production resulting from BOF;

- Annual scrap consumption was obtained directly from the facility from 1990 to 1994. From 1995 to
2001, scrap consumption was estimated using steel production as surrogate data.

Production of total steel and intermediate products in the integrated iron and steel facility is presented in
the figure below for the period 1990-2001. As an integrated iron and steel facility, the close relationship
between intermediate products and steel produced through BOF is notorious, since their production is
intrinsically related to the final amount of steel produced. On the other hand, steel produced from EAF is an
independent operation, given that the raw material used is scrap and not iron. From 1990 to 2000, steel
produced from EAF represents a minor contribution for total steel production. As we approach the end of
this period, steel produced from EAF begins to have more relevance, given the recession effects and the fact
that scrap is a cheaper raw material.
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Figure 4-33: Integrated iron and steel facility — production of steel and intermediate products (1990-2001)

Activity data for estimation of CO, emissions from iron and steel production from 2002 onwards
comprehends fuel consumption (natural gas, gasoil and propane), raw materials consumption. The emissions
related to the fuel consumption are reported in source code 1.A.2.a.
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From 2002 to 2005:

- Annual steel production from EAF was estimated based on Equation 4-43;
- Annual scrap and pig iron consumption were estimated using steel production as surrogate data.

Concerning the other facility, annual steel production from EAF as well as annual scrap and pig iron
consumption from 1990 to 2004 were obtained directly from the facility.

From 2005 onwards, data on consumption of raw materials as well as steel production (as billets) were
obtained from EU-ETS for the two facilities.

The figure below presents the trend in national steel production by process for the whole time series.
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Figure 4-34: Steel production by process

The figure above shows the recession period in the Portuguese economy that culminated in the dismantling
of the integrated iron and steel production plant (red), remaining steel production through the EAF (dark
blue).

4.4.2.5 Uncertainty Assessment

Uncertainty assessment was based on Chapter 4.2.3 of Volume 4: Metal Industry Emissions of the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories.

Table 4-39: Uncertainty values related to emissions reported under CRF 2.C.1

Parameter ‘ Uncertainty

Sinter production 10%
Ironmaking 10%

Activity Data

Steelmaking 10%

Sinter production 25%

CO, EF Ironmaking 10%
Steelmaking 10%
CH,4 EF Sinter production 25%

4.4.2.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.
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Emissions estimates were based on a bottom-up approach with collection of plant specific crude steel
production data. A comparison was made using a top-down approach based on crude steel production data
obtained from the WorldSteel Association. There are slight differences using the two different approaches
but, generally, data is consistent.
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Figure 4-35: Crude steel production in Portugal — comparison of approaches

Data received from the two plants is also cross-checked with data obtained from the energy balance. Part of
the differences (fuel consumption data in the national energy balance and in the EU ETS) is considered under
source “1.A.2.a”. The differences related to other fuels are reported under source “1.A.2.g.i", since this could
be a misallocation from the energy balance.

4.4.2.7 Recalculations
No recalculations were made.
4.4.2.8 Further Improvements

In the future, we intend to gather information regarding carbon content in raw materials and in steel
produced, in order to obtain a more accurate and consistent time series of activity data and CO, emissions.

4.4.3 Ferroalloys Production (CRF 2.C.2)

Concerning ferroalloys production, following a 2018 UNFCCC In-Country Review recommendation, a
EUROSTAT Sold Production Database research showed production data for ferroalloys in Portugal, specifically
“Production of ferro-cerium, pyrophoric alloys, articles of combustibles, n.e.c. (in kg)”, however, there are
too many missing years in order to create a consistent time series.

In order to assess the relevance of emissions resulting from the above mentioned activity data, rough
conservative CO, and CH,4 estimates were made. Available activity data (from 2011-2014, 2017-2022) was
obtained from national statistics and EUROSTAT. Tier 1 emission factors were applied according to 2006 IPCC
Guidelines (Tables 4.5 and 4.7 of chapter "4 - Metal Industry Emissions" Volume 3). These estimates were
found to be well below the threshold of significance (bellow 0.002%). In 2022, considering a production of
60.415 ton of ferrocerium and applying the respective conservative EFs — 10 t CO2/ton and 2.4 kg CH4/ton —
the resulting emissions are of 0.6 kton of CO2 and 0.00014 kton of CH4.

Therefore, and given the scarcity of the activity data in order to assess a timeline, we report 2.C.2 as Not
Estimated.
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4.4.4 Aluminium Production (CRF 2.C.3)

Aluminium production will result in CO; emissions when it is reduced using carbon electrodes in smelting
pots and ultimate CO, emissions are the result of consumption of electrodes. This situation occurs when
aluminium is manufactured from bauxite ore, using the Soderberg process, for example.

In Portugal, according to information received from the General Directorate of Economic Activities (DGAE),
aluminium is produced from ingots and not from bauxite ore. Consequently, emissions of CO; for this source
sector were removed from emission inventory.

4.4.5 Magnesium Production (CRF 2.C.4)

There is no Magnesium Production in Portugal.

4.4.6 Lead Production (CRF 2.C.5)
4.4.6.1 Category description

This chapter addresses emissions CO; estimates from the production of lead. There is only secondary Lead
production in Portugal.

4.4.6.2 Methodology

CO; Emissions from lead production were estimated in accordance with:
Equation 4-44: CO: emissions from lead production
Emi CO; = EF X Lead Production X 103
Where:
Emi CO,: CO;, Emissions (kt)
EF: CO; emission factor (t CO,/t Lead)
Lead Production: Lead Production (t Lead)
4.4.6.3 Emission Factors

Table 4-40: CO2 emission factor related to Lead production

Pollutant H Unit Source
Table 4.21 of Chapter 4: Metal Industry Emissions of
2006 IPCC Guidelines

CO: t COy/t Lead 0.52

4.4.6.4 Activity Data

There is only secondary Lead production in Portugal.

In the period 1990-1991, data has been estimated based on 1992 production and on GDP trend.
In the period 1992-2005 and in 2017, data on secondary Lead production was obtained from INE.

Due to lack of information in INE and EUROSTAT, in the period 2006-2007 data has been estimated based on
the interpolation of 2005 and 2008 production data.

In the period 2008-2015, data on secondary Lead production was obtained from EUROSTAT.

In 2016, data has been estimated based on 2015 production and on GDP trend.
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Due to confidentiality constraints data is presented as an index value related to 1990 production.
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Figure 4-36: Secondary Lead production data (Index 1990=100%)

4.4.6.5 Uncertainty Assessment

Table 4-41: Uncertainty values

Parameter Type of Uncertainty Uncertainty Source

Activity Data Lead national production data 10%

Table 4.23 of Chapter 4: Metal Industry Emissions of 2006
CO, EF Default Emission Factor 50% IPCC Guidelines for National Greenhouse Gas Inventories.

4.4.6.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.4.6.7 Recalculations
2006-2007 and 2016 activity data were updated.
4.4.6.8 Further Improvements

In order to improve time series consistency, Portugal intends to contact national statistics to obtain
secondary lead production for the whole time series and prevent using several sources of AD.

4.4.7 Zinc Production (CRF 2.C.6)

According to INE, there is no Zinc Production in Portugal.

4.4.8 Copper Production (CRF 2.C.7.3)

There are no direct CO,, CHs and N,O emissions to report in this subsector in Portugal. There are, however,
SO« emissions. The methodology used to estimate SOy emissions from this category can be checked in
Portugal IIR. SOx emissions from copper production are reported in CRF Table2(l)s1.
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4.5 Non-energy Products from Fuels and Solvents Use (CRF 2.D)
4.5.1 Overview

This chapter addresses the estimates of process-related GHG emissions that result from the first use of fossil
fuels as a product for primary purposes other than combustion for energy purposes and use as feedstock or
reducing agent. Emissions from these exceptions are accounted for in chemical industry (chapter 4.3) and in
metal industry (chapter 4.4). The products covered in this chapter comprise lubricants, paraffin waxes,
bitumen/asphalt and solvents.

CO; emissions reported in CRF Table2(l)s1 in categories 2.D.3.a - Solvent use and 2.D.3.b - Road paving with
asphalt refer to indirect CO, emissions. This report was agreed among EU countries with the aim of ensure
consistency between KP commitment periods(CP). Countries, like Portugal, reported indirect CO, emissions
from these categories in inventory submissions before 2015 (CP 1) in previous CRF table 3 (Sectoral report
for solvents and other products use). Hence, for the following commitment period and in order to ensure the
highest consistency with 2006 IPCC Guidelines and with the previous inventory submissions, countries should
continue reporting these emissions in the same manner. Therefore, Portugal continues to report NMVOC
emissions from these categories as indirect CO, emissions in CRF Table2(l).A-Hs1, for KP consistency
purposes. On that matter, the paper “Guidance related to the reporting of indirect emissions” from EEA
SHAREPOINT is presented in ANNEX | and includes further explanation to the approaches taken by Portugal
and all other EU MS.

According to the 2006 IPCC Guidelines, CH, emissions from the activities covered in this chapter are expected
to be minor or not to occur at all. Although some CH4 emissions occur from asphalt production and use for
road paving, no method to estimate CH4 emissions is provided by the guidelines, since these emissions are
expected to be negligible.

4.5.2 Lubricants Use (CRF 2.D.1)
4.5.2.1 Category description

Lubricants are produced either at refineries through separation from crude oil or at petrochemical facilities.
In Portugal, they are used in several sectors, however the most relevant uses are road transportation,
transforming industries, agriculture and services.

4.5.2.2 Methodology
Lubricants accounted for in this category can be estimated according to the following:
Equation 4-45: Lubricants accounted for in this category

Lubricantscons = Lubricantscons (Total) — Lubricantscons (Road Transport combustion)
Where:
Lubricantscons: Consumption of Lubricants except in two-stroke engines in Road Transportation (GJ)
Lubricantscens (Total): Total Consumption of Lubricants (GJ)

Lubricantscons (Road Transport combustion): Consumption of Lubricants used as energy in two-stroke engines
in Road Transportation (GlJ)

Lubricant consumption related with combustion that contributes to exhaust emission in Road Transport
includes lubricant consumed as energy in two-stroke engines. These emissions are included in Road
Transportation (CRF 1.A.3.b) chapter.

CO, emissions related to lubricants consumption (reported under CRF 2.D.1) were estimated according to:
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Equation 4-46: CO: emissions from lubricants consumption
CO; Emissions = Lubricantscons (2D1) X (DCC X 44/12 X 10-%) X ODU
Where:
CO; Emissions: CO; emissions (t)
Lubricantscons(2D1): Consumption of Lubricants except in two-stroke engines in Road Transportation (GJ)
DCC: Default Carbon Content (= 20 kg C/GJ)
ODU: Oxidized During Use factor (dimensionless)

Emissions from 2D1 also include CO, emission from lubricants that enter accidentally in the four-stroke
engines combustion chambers in road transportation. The methodology used for this estimations is described
in Road Transportation (1.A.3.b) chapter.

4.5.2.3 Emission Factors

Both default carbon content and oxidized during used factor were obtained from 2006 IPCC Guidelines
(Chapter 5.2.2.2 of IPPU Volume).

Table 4-42: Emission factors for Lubricant Use (2.D.1)

Parameter Unit Value Source

Default Carbon Content Kg C/GJ 20 2006 IPCC Guidelines
Oxidized During Use Factor adimensional 0.2 2006 IPCC Guidelines (Table 5.2)

4.5.2.4 Activity Data

The amounts of lubricants used in Portugal were obtained from the national Energy Balance, provided by
DGEG.
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Figure 4-37: Amount of Lubricants used in Portugal

Industrial Processes and Products Use | 4-87



[ J (]
° National Inventory Report - Portugal °

4.5.2.5 Uncertainty Assessment

Table 4-43: Uncertainty values

Parameter Uncertainty Source
“Well-developed energy statistics” in “subchapter 5.2.3.2” of "Volume 3:
Activity Data 5.0% Industrial Processes and Product Use" of "2006 IPCC Guidelines for National

Greenhouse Gas Inventories".

Subchapter 5.2.3.1 of "Volume 3: Industrial Processes and Product Use" of

CO2 EF — ODU Factor 50.0% L . .
"2006 IPCC Guidelines for National Greenhouse Gas Inventories".
Subchapter 5.2.3.1 of "Volume 3: Industrial Processes and Product Use" of
CO2 EF — Carbon Content 3.0%
0 ""2006 IPCC Guidelines for National Greenhouse Gas Inventories".
CO2 EF — Combined 50.1% -

4.5.2.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.5.2.7 Recalculations

Lubricants consumption data were revised by DGEG for the energy balance for 2014 and 2019-2020. Two-
stroke engines lubricants consumption data were updated for the period 2018-2021.

4.5.2.8 Further Improvements

No further improvements are expected.

4.5.3 Paraffin Wax Use (CRF 2.D.2)
4.5.3.1 Category description

Paraffin waxes are separated from crude oil during the production of light lubricating oils and are used in
applications such as: candles, corrugated boxes, paper coating, board sizing, food production, wax polishes
and surfactants. In Portugal, the most relevant sectors were paraffin waxes are used are chemical/plastics
industry, wood products, rubber industry, metalworking industry and paper industry.

4.5.3.2 Methodology

CO, emissions are estimated based on:
Equation 4-47: CO:z emissions from paraffin wax consumption
CO; Emissions = PW X (CCwax X 44/12 X 107%) X ODUwax
Where:
CO, Emissions: CO, emissions (t)
PW: Consumption of Paraffin Waxes (GJ)
CCwax: Paraffin Waxes Default Carbon Content (= 20 kg C/GJ)
ODUwax: Paraffin Waxes Oxidized During Use factor)
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4.5.3.3 Emission Factors

Both default carbon content and oxidized during used factor were obtained from 2006 IPCC Guidelines
(Chapter 5.3.2.2 of IPPU Volume.

Table 4-44: Emission factors for Paraffin Waxes Use

Parameter Unit Value Source
Default Carbon Content Kg C/GJ 20 2006 IPCC Guidelines
Oxidized During Use Factor adimensional 0.2 2006 IPCC Guidelines

4.5.3.4 Activity Data

The amounts of paraffin waxes used in Portugal were obtained from the national Energy Balance provided
by DGEG.
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Figure 4-38: Amount of Paraffin Wax used in Portugal
4.5.3.5 Uncertainty Assessment

Table 4-45: Uncertainty values

Parameter ‘ Source

“Well-developed energy statistics” in “subchapter 5.3.3.2” of "Volume 3:
Industrial Processes and Product Use" of "2006 IPCC Guidelines for
National Greenhouse Gas Inventories".

Subchapter 5.3.3.1 of "Volume 3: Industrial Processes and Product Use"

‘ Uncertainty

Activity Data 5.0%

€02 EF — ODU Factor 100.0% X - , e

of "2006 IPCC Guidelines for National Greenhouse Gas Inventories".

Subchapter 5.3.3.1 of "Volume 3: Industrial Processes and Product Use"
CO2 EF — Carbon Content 5.0% HlEEnEL o Y . ustr cesses .uc

of "2006 IPCC Guidelines for National Greenhouse Gas Inventories".
CO2 EF — Combined 100.1% -

4.5.3.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.5.3.7 Recalculations
No recalculations were made.
4.5.3.8 Further Improvements

No further improvements are expected.
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4.5.4 Solvent Use - Solvent Use (CRF 2.D.3.3)

There are no direct CO,, CH4 and N,O emissions from solvent use. There are, however, indirect CO, emissions
related to NMVOC emissions. The methodology used to estimate NMVOC emissions can be checked in the
Portugal IlIR. Indirect CO2 emissions related to NMVOC emissions from solvent use are reported in CRF
Table2(l).A-Hs2, under 2.D.3. This report was agreed among EU countries with the aim of ensure consistency
between KP commitment periods(CP). Countries, like Portugal, reported indirect CO, emissions from this
category in inventory submissions before 2015 (CP 1) in previous CRF table 3 (Sectoral report for solvents
and other products use). Hence, for the following commitment period and in order to ensure the highest
consistency with 2006 IPCC Guidelines and with the previous inventory submissions, countries should
continue reporting these emissions in the same manner. Therefore, Portugal continues to report NMVOC
emissions from solvent use as indirect CO, emissions in CRF Table2(l).A-Hs2, for KP consistency purposes.

On that matter, the paper “Guidance related to the reporting of indirect emissions” from EEA SHAREPOINT is
presented in ANNEX | and includes further explanation to the approaches taken by Portugal and all other EU
MS.

4.5.5 Solvent Use — Road Paving with Asphalt and Asphalt Blowing in Refineries (CRF
2.D.3.h)

4.5.5.1 Category description

Emission estimates reported in this source category include emissions occurring from paving road surfaces
with asphalt materials as well as emissions occurring during operation of hot mix asphalt plants. Emissions
from cold asphalt mixtures are not included in the inventory estimates, being assumed that they are
negligible.

Road paving with asphalt is done by the application of several layers over road bed. In volume, the majority
of pavement is composed of layers of a compact aggregate and an asphalt binder (asphalt concrete). Asphalt
concretes are classified either as hot mix or as cold mixes: cutback and emulsified asphalts. Liquefied asphalts
— cutbacks and emulsions - are also used directly in seal and priming roadbed operations, sometimes in
intermediate layers between applications of asphalt cement layers.

Aggregate materials incorporated in asphalt concrete are usually composed of coarse unconsolidated rock
fragments, either obtained from rock crushing, natural alluvial deposits or by products from metal ore
refining.

Hot mix asphalts are made by mixing the aggregate material together with the asphalt cement using high
temperatures (1502-1602)°. Cold mix plants also involve mixing aggregate materials with an asphalt binder,
but now the binder is an asphalt emulsion or is cutback cement, and this process takes place at much lower
temperature (40-60 Celsius degrees).

Asphalt emulsions are mixtures of asphalt cement with water and emulsifiers'®. Cure may result from water
evaporation alone or from the formation of chemical ionic bonds between aggregate materials (anionic and
cationic emulsions). Asphalt cut-backs are asphalt cements fluidized by mixture with petroleum distillates:
heavy fuel oil (Slow Cure), Kerosene (Medium Cure) or Gasoline/naphtha (Rapid Cure).

Emissions from application of pavement are mostly composed of NMVOC and certain toxic substances as
PAH. Cutback asphalts result in the highest emissions due to the evaporation of part of the diluents

° That are needed to fluidize the asphalt cement.

10 And also a solvent in several emulsion types.
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containing VOC. Emulsified asphalts may also result in NMVOC emissions if they contain solvents in their
composition — and they may contain up to 12 % of solvents. Hot mix asphalts in the other hand, result in
minimum NMVOC emissions during application, because the organic component has high molecular weight
and low vapour pressure (USEPA, 2001 — EIIP Volume Il Chapter 17).

Asphalt pavements dominate road paving activity in Portugal, whereas rigid cement pavements are only
about 5 % of total paved areas (APORBET).

According to the 2006 IPCC Guidelines, direct greenhouse gas emissions, e.g., CO, or CHg4, associated with the
production and use of asphalt are negligible since the majority of the light hydrocarbon compounds were
extracted during the refining process to produce commercial fuels.

Emissions during fabrication of asphalt concretes consist mainly in NMVOC and particulate matter that
escape mostly from the drier. The methodology used to estimate these emissions can be checked in the
Portugal lIR. Indirect CO; emissions related to NMVOC emissions from road paving with asphalt are reported
in CRF Table2(l).A-Hs2. Other pollutants are also emitted but they result mostly from combustion of fuels and
are considered in the Energy chapter (1.A.2).

It was still not possible to distinguish the part of asphalt materials that is used in road pavement and other
uses, such as building isolation or asphalt roofing, and therefore all emissions from production of asphalts —
except emissions from fuel combustion — are included in this source category.

Emissions related to asphalt blowing were estimated based on the amount of asphalt produced in the asphalt
blowing units of each refinery. There are no direct CO,, CHs and N,O emissions from asphalt blowing. There
are, however, NMVOC emissions. The methodology used to estimate NMVOC emissions can be checked in
the Portugal IIR. Indirect CO, emissions related to NMVOC emissions from this sub-category are reported in
CRF Table2(l).A-Hs2.

4.5.6 Solvent Use — Urea based catalytic converters (CRF 2.D.3.c)

The use of urea-based additives in catalytic converters in road transportation generates CO, emissions. The
methodology used for estimating direct CO, emissions from this category is described in Road Transportation
(1.A.3.b) chapter, in the Energy sector.

11 To avoid double counting and because from statistical information is not possible to separate fuel use in this particular activity sector.
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4.6 Electronics Industry (CRF 2.E)
4.6.1 Overview

This chapter addresses fluorinated compounds emissions that result from the electronics manufacturing
processes. Emissions from this category sector include CF4, C2F6, C3F8, c-C4F8, c-CAF80, C4F6, C5F8, CHF3,
CH2F2, nitrogen trifluoride (NF3), and sulphur hexafluoride (SF6).

4.6.2 Integrated Circuit or Semiconductor (CRF 2.E.1)

Concerning Integrated Circuit or Semiconductor production, upon contact with our Focal Point, we
acknowledged a national company which provides wafer-level fan-out (WLFO) semiconductor packaging
solutions.

During the 2022 UNFCCC Review, Portugal clarified that this company was only a packaging and assembling
facility, regarding semiconductor encapsulation, which did not lead to F-gases emissions. However, upon
further contact after the review, we learned this company consumes very small amounts CF4 in silicon wafer
etching processes since 2012.

Upon further research, we learned that, since 2011, a Portuguese university laboratory consumes SF6, CF4
and C3F8 in plasma etching silicon containing materials, in Transmission Electron Microscopes and in cleaning
chemical vapour deposition (CVD) tool chamber-walls where silicon has deposited.

In order to assess the relevance of emissions resulting from the above-mentioned activity data, conservative
CO; eq estimates were made following the guidance from section 6.2.1.1, chapter 6, Volume 3 of the 2006
IPCC Guidelines. Activity data (average annual consumption of each fluorinated compound from 2011 to
2021) was obtained from both facilities. Default Tier 2a emission factors for FC emissions from semiconductor
manufacturing were applied according to 2006 IPCC Guidelines (Tables 6.2 and 6.6 of chapter 6 — Electronics
Industry Emissions, Volume 3). These estimates were found to be well below the threshold of significance
(below 0.005%). In 2022, considering a total consumption of 20 kg of SF6, 447 kg of CF4 and 5 kg of C3F8 and
applying the respective Tier 2 EFs, the resulting total emissions are of 0.249 kton of CO, eq.

Therefore, we report 2.E.1 as Not Occurring from 1995 to 2010 and as Not Estimated from 2011 onwards.

4.6.3 TFT Flat Panel Display (CFR 2.E.2)

Concerning TFT Flat Panel Display production, we have contacted our Focal Point which informed us that are
unaware of any TFT flat panel displays production in Portugal.

After the 2022 UNFCCC Review and upon further investigation, we have also contacted the Portuguese
Association of Companies in the Electrical and Electronic Sector (ANIMEE), which informed us there never
was TFT flat panel displays production in Portugal. There are only TFT imports.

Therefore, we report 2.E.2 as Not Occurring for the whole time series.
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4.6.4 Photovoltaics (CRF 2.E.3)

Concerning photovoltaics production, during the 2022 UNFCCC Review, the Party clarified that a joint-
venture facility concerning photovoltaic cell production and distribution was planned to open but it became
insolvent before it was fully developed.

Portugal also reported that a solar panel production facility was in operation in the country since 2008 and
closed in 2018 due to strong competition from Chinese companies in the renewable energy market. During
the 2022 UNFCCC Review, Portugal clarified the annual capacity production of the facility above mentioned
- around 90,000 mono and polycrystalline silicon PV modules per year (Source: Thomas Fischer, Publication
“Sun&Wind Energy”, 7/2009), which corresponds to an area of 270,000 m2 of cells, assuming average
dimensions of large PV modules. Adopting a conservative approach and based on default data from the 2006
IPCC Guidelines using the PV-cells EFs from table 6.2, the total emissions per operating year were estimated
in the order of 10.6 kt CO; eq. The level of emissions is below 0.05 % of national total emissions, which can
be considered negligible.

However, upon further contact with the solar panel facility after the review, we learned that fluorinated
compounds were not used in cell production. Photovoltaic cells were mounted in vacuum.

After the review and upon further contact with the Portuguese Association of Renewable Energies (APREN),
we learned that another Portuguese facility in the manufacturing and design of photovoltaic modules sector
is in operation since 1994. Upon contact with the facility, they informed that photovoltaic cells used to
assemble photovoltaic modules are imported, and there is no F-gases consumption.

Therefore, given that photovoltaics activities occur in Portugal but do not result in emissions or removals of
F-gases in the country, we report 2.E.3 as Not Applicable for the whole time series.

4.6.5 Heat Transfer Fluid (CRF 2.E.4)

Concerning Heat Transfer Fluid, we have contacted our Focal Point which informed us that are unaware of
any Heat Transfer Fluid consumption in Portugal.

After the 2022 UNFCCC Review and upon further investigation, we have also contacted the Portuguese
Association of Companies in the Electrical and Electronic Sector (ANIMEE), which informed us there never
was Heat Transfer Fluid consumption in Portugal.

Therefore, we report 2.E.4 as Not Occurring for the whole time series.
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4.7 Products Uses as substitutes for ODS (CRF 2.F)
4.7.1 Overview
This category intends to estimate emissions that result from the following activities:

- Commercial Refrigeration (CRF 2.F.1.a);
- Domestic Refrigeration (CRF 2.F.1.b);

- Industrial Refrigeration (CRF 2.F.1.c);

- Transport Refrigeration (CRF 2.F.1.d);

- Mobile Air Conditioning (CRF 2.F.1.e);

- Stationary Air Conditioning (CRF 2.F.1.f);
- Foam Blowing (CRF 2.F.2);

- Fire Protection (CRF 2.F.3);

- Metered Dose Inhalers (CRF 2.F.4.a);

- Other Aerosols (CRF 2.F.4.b).

As shown in the figure below, there is a strong increase in emissions from product uses as substitutes for ODS
(circa 3500 % increase from 1995 to 2022).
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Figure 4-39: Trends in emissions from product uses as substitutes for ODS

In 2022, the most relevant F-gas subcategories were commercial refrigeration (47%) and mobile air
conditioning (31%). Stationary air conditioning (2.F.1.f) had a major decrease after the methodological review
the Party made for this submission (in 2023 submission represented 41% of sector 2.F and currently
represents about 7%).
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Figure 4-40: Share of emissions by subcategory
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Regulation (EC) No 842/2006 proposed obligatory reporting of the use of fluorinated gases. In Portugal, there
is a national reporting tool (https://formularios.apambiente.pt/GasesF/) since 2013, where about 10,000
national operators report the use/consumption of fluorinated greenhouse gases. Until 2014, all operators
were obliged to report on the national reporting tool.

In 2014, Regulation (EU) No. 517/2014 (“F-gas Regulation”) regarding F-gases entered into force and required
a stepwise reduction of the F-gases placed on the EU market (expressed in CO2 equivalents) from 1 January
2015 onwards (the so-called HFC phase down). This reduction scheme has triggered technical innovation and
the market introduction of numerous alternatives which mostly contain lower shares of HFCs and have lower
Global Warming Potential (GWP) than the conventional HFCs used in different applications. The F-gas
Regulation also includes a number of bans on the use of F-gases in new products and equipment, where less
harmful alternatives are widely available, and F-gas use restrictions. According to this Regulation, in the first
phase, from 01/01/2015 to 31/12/2016, only those operators that fulfilled one of the following two
requirements — whose equipment contains a load of 5 ton of CO; eq or more, and fluid amounts equal to or
greater than 3 kg - were required to report in the national F-gas reporting tool. More recently, from
01/01/2017 onwards, only those operators that fulfilled the first requirement were required to report in the
national F-gas reporting tool.

Recently, Regulation (EU) 2024/573 focusing on F-gases, was adopted by the co-legislators on 7 February
2024 and shall enter into force on March 11, 2024. This piece introduces amendments to Directive (EU)
2019/1937, repeals Regulation (EU) No 517/2014 (also known as the F-Gas Regulation), and lays down
revised and more stricter rules in order to further reduce and limit F-gases.

Information from the national F-gas reporting tool is used in the national inventory, however, currently only
to a limited extent:

. to establish the annual share of each gas/blend for each type of equipment for several sub-categories such
as commercial ;

. in sub-category 2.F.1.f, to establish the annual stocks of each gas/blend, by type of fluid, in
commercial/services AC equipment.

Also, this analysis intends to assess the status of the implementation of policies for the replacement of
fluorinated gases with a high GWP by less potent ones or by natural fluids (such as hydrocarbons).

From 2015 onwards, not all national operators report in the national reporting tool, therefore, year 2014 is
the more accurate to establish a share of each gas/blend for each type of equipment close to national reality.

The Directive 2006/40/EC (“MAC Directive”) prohibited the use of F-gases with a GWP of over 150 in new
passenger cars since 2017. The Directive leads to replacement of HFC-134a as refrigerant in passenger car air
conditioning systems by low GWP solutions. HFC-1234yf is the major refrigerant for air conditioning systems
in passenger cars and replaced HFC-134a in new vehicles since 2017.

The table below presents overall values of EFs, their data sources, and brief description of data sources of
activity data for 2.F sub-categories reported in this inventory.

Industrial Processes and Products Use | 4-95


https://formularios.apambiente.pt/GasesF/

96-7 | 9SN S1INPOUJd pue S9sSad0.d |eldisnpuj

Operation Emissions (x) -
% of Initial Charge/year
(b]

Initial Charge Ref:o.very Emission Factor
L. o Efficiency IPCC Table
Remaining (p) - % (2) (nrec,d) - % Source

Initial Emission (k) - % of
Initial Charge/year (1)

CRF Code Categories Initial Charge (kg/equip) Initial Charge Source

2F1 1. ig: and air
2F1 a Commercial Refrigeration - Stand-alone Commercial Applications 0.87 Manufactures 1.75 0.2 80 60 IPCC 2006 Guidelines Table 7.9
2F1 a Commercial Refrigeration - Medium & Large Commercial Applications var Survey (4) 1.75 5.5 80 60 IPCC 2006 Guidelines Table 7.9
2F1 b Domestic refrigeration - Fridge 0.11 Manufacturers 0.6 0.2 80 60 IPCC 2006 Guidelines Table 7.9
2F1 b Domestic refrigeration - Freezer 0.18 Manufacturers 0.6 0.2 80 60 IPCC 2006 Guidelines Table 7.9
2F1 ¢ Industrial refrigeration var Industrial Companies 1.75 22.5 80 60 IPCC 2006 Guidelines Table 7.9
2F1 d Transport refrigeration 5.35 Manufacturers 0.6 32.5 50 60 IPCC 2006 Guidelines Table 7.9
2F1 e Mobile air-conditioning - Passengers Cars / Light Duty Vehicles 0.77 Manufacturers 0.35 15 40 (3) 35 IPCC 2006 Guidelines Table 7.9
2F1 e Mobile air-conditioning - Heavy Duty Vehicles 1.2 IPCC 2006 Guidelines 0.35 15 40 (3) 35 IPCC 2006 Guidelines Table 7.9
2F1 e Mobile air-conditioning - Buses and Coaches 7.5 Manufacturers 0.35 15 40 (3) 35 IPCC 2006 Guidelines Table 7.9
2F1 e Mobile air-conditioning - Railways var Manufacturers 0.5 (2) 6 40 (3) 35 IPCC 2006 Guidelines Table 7.9
2F1 f Stationaryair-conditioning - Residential AC 0.3 ACAssociation 0.6 5.5 75 40 IPCC 2006 Guidelines Table 7.9
2F1 f Stationaryair-conditioning - Small Chillers 100 AC Association 0.6 5.5 90 (1) 60 IPCC 2006 Guidelines Table 7.9
2F1 f Stationaryair-conditioning - Medium Chillers 200 AC Association 0.6 5.5 90 (1) 60 IPCC 2006 Guidelines Table 7.9
2F1 f Stationaryair-conditioning - Large Chillers (Shopping Centers) 441 AC Association 0.6 5.5 90 (1) 60 IPCC 2006 Guidelines Table 7.9
2F1 f Stationaryair-conditioning - Large Chillers (Other) 600 AC Association 0.6 5.5 90 (1) 60 IPCC 2006 Guidelines Table 7.9
2F2 2. Foam blowing agents
2F2 a Closed cells F-Ga,\; Consump.tion in Manufacturers 10 4.5 - - IPCC GP Guidance Table 3.17
anufacturing

2F2 b  Open cells F-Gas Consump'tionin Manufacturers 100 - - - IPCC GP Guidance Table 3.17

Manufacturing
2F3 3. Fire protection
2F3 Fire Protection FGas Consump'tion in Manufacturers - - 100 (7) 0

Manufacturing
2F4 4. Aerosols

F-Gas in R
2F4 a  Metered dose inhalers Pharmaceutical Ass. P::orgfcrzuncal - 100 (6)
Products

ars 5. Solvents 277////////////[LUuI 7’/
286 6. Other applications G0 00000000 0 0 0 0

(1) Average value of the range suggested by the 2006 IPCC Guidelines (4) For further information consult Section 4.7.2.3.2 "Activity Data - Operation and Servicing"
(2) Within the range of values proposed by the 2006 IPCC Guidelines (0-70%) (6) Itis assumed that the entire HFC contained in the equipmentis issued during operation phase
(3) IPCC good Pratice Guidance (Table 3.23) Updated defaultvalues = 40% (7) Itis assumed that the entire HFC contained in the equipmentis issued at the time of disposal
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4.7.2 Commercial Refrigeration (CRF 2.F.1.a)
4.7.2.1 Category description

Commercial Refrigeration represented the largest share of HFC emissions within the Portuguese 2.F sector
in 2022 (47%).

4.7.2.2 Methodology

Emissions from Commercial Refrigeration Equipment were estimated using a bottom-up approach Tier 2a
according to chapter 7.5 of Volume 3 of the 2006 IPCC Guidelines.

Emissions when charging new equipment are estimated by the following equation:

Equation 4-48: Emissions when charging new equipment

HFC, Kk
Echarge (ty) = Ne X mg X 100 % 100

Where:

Echarge (ty): Emissions of fluid y during system manufacture/assembly in year t (t of fluid)

N:: Number of equipment charged in year t

m:: Amount of refrigeration fluid charged into each equipment in year t (t of fluid)

HFC,: HFCy charged in new equipment (%)

K: Emission factor of assembly losses of the HFC charged into new equipment, per sub-application (%)

Parameter HFCy refers to the percentage of each Gas/Mixture, regardless of the type of equipment, and can
be consulted in Table 4-50.

Emissions during equipment lifetime are estimated by the following equation:

Equation 4-49: Emissions during equipment lifetime

HFC, x
Elifetime (t,y) = Bt X oo X700

Where:

Eiifetime (t,y): Emissions of fluid y during system lifetime in year t (t of fluid)
B:: Amount of fluid banked in existing systems in year t (t of fluid)

HFC,: HFC y banked in existing equipment (%)

x: Annual emission rate of HFC of each sub-application bank during operation, accounting for average annual
leakage and average annual emissions during servicing (%)
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Parameter Bt refers to the total amount of fluid banked in existing systems, regardless of the type of
gas/mixture, and is estimated according to the following equation:

Bt = n.2 Equipment x initial charge/equipment x 1073
Where:
Bt: Total national amount of fluid banked in equipment (t of fluid)
n.2 equipment: Number of equipment
initial charge/equipment: Amount of fluid charged into each equipment (kg/unit)

Chapter 4.7.2.4.2 Activity Data — Operation and Servicing describes the methodology to assess the number
and dimension of non-domestic refrigeration equipment used in commerce, industry, tourism, services and
institutional activities. Initial charge/equipment (kg/unit) can be consulted in Table 4-45.

Emissions at system end-of-life (Disposal) are estimated by the following equation:

Equation 4-50: Emissions at system end-of-life (Disposal)

HFC, Disp P n
— Yy rec,d
Eend-or-tire(ty) = Be-a X 75" X 750 X 790 X (1- 100 )

Where:

Eend-of-iife (1,y): Emissions of fluid y at system disposal in year t (t of fluid)

Bi.a: Amount of fluid banked in existing systems in year (t-d) (t)

HFC,: HFC y banked in existing equipment in year (t-d) (t)

Disp: Annual disposal rate of equipment (%)

P: Residual charge of HFC in equipment being disposed of, expressed in percentage of full charge (%)
Hrec,a: Recovery efficiency at disposal (%)

d: Year of charging

4.7.2.3 Emission Factors

4.7.2.3.1 Emission Factors — Assemblage

Table 4-47: Emission Factors considered in assemblage

Description ‘ Unit Value ‘ Source ‘
Portuguese manufacturers survey in 2005 (in line with the values
First charge (my) kg/unit 0.87 proposed in Table 7.9 of the 2006 IPCC Guidelines (0.2-6.0 kg for

Stand-alone Commercial Applications)
Average value taken from Table 7.9 of the 2006 IPCC Guidelines (0.5-
3.0 % of initial charge for Medium & Large Commercial Applications)

First charge emissions (k) | % 1.75
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4.7.2.3.2 Emission Factors — Operation and Servicing

Table 4-48: Emission Factors for F-gas emissions from commercial refrigeration equipment (hypermarkets not
included)

e s Residual Charge Recovery
) Lifetime . . Annual
Charging - .. of HFC in Efficiency at . -
. ) Emissions - . . ) disposal rate - Lifetime

Type of Equipment kg/unit % equipment being disposal %- (6)

(1) (20) disposed (P) -%- (nrec) -%- (;)

€] (4)

Mini-Fridge 0.05 0.20 80 60 8.3 12
Fridge 0.11 0.20 80 60 8.3 12
Horizontal Freezer 0.87 5.50 80 60 8.3 12
Congelation Chamber 1.20 5.50 80 60 8.3 12
Refrigeration Chamber 1.20 5.50 80 60 8.3 12
Supermarket Vertical

0.87 5.50 80 60 8.3 12
Freezer Showcase
Vertical Freezer 0.87 5.50 80 60 8.3 12
Under Bench Refrigerator 1.31 5.50 80 60 8.3 12
Supermarket Horizontal

1.31 5.50 80 60 8.3 12
Freezer Showcase
Fridge (Bottles) 131 5.50 80 60 8.3 12
Wine Fridge Showcase 0.87 5.50 80 60 8.3 12
Ice Machine 0.05 5.50 80 60 8.3 12
Juice Machine 0.05 5.50 80 60 8.3 12
Ice Cream Machine 0.05 5.50 80 60 8.3 12
Chantilly Machine 0.05 5.50 80 60 8.3 12
Tap drink cooler 0.05 5.50 80 60 8.3 12
Can Vendor 0.11 0.20 80 60 8.3 12
Tap beer cooler 0.05 5.50 80 60 8.3 12

(1) Portuguese manufacturers survey in 2005 (in line with the values proposed in Table 7.9 of the 2006 IPCC Guidelines (0.2-
6.0 kg of initial charge for Stand-alone Commercial Applications)

(2) Portuguese manufacturers survey in 2005 (in line with the values proposed in Table 7.9 of the 2006 IPCC Guidelines (1-15
% of initial charge for Stand-alone Commercial Applications)

(3) In line with the values proposed in Table 7.9 of the 2006 IPCC Guidelines (0-80 % for Stand-alone Commercial Applications)
(4) In line with the values proposed in Table 7.9 of the 2006 IPCC Guidelines (0-70 % for Stand-alone Commercial Applications)
(5) Assuming a lifetime of 12 years as stated above, it is assumed that 8.3% (1/12 x 100) of stocks are abated per year, so that
at the end of 12 years the stock for a given year has been depleted

(6) Average value taken from Table 7.9 of the 2006 IPCC Guidelines (10-15 for Stand-alone Commercial Applications)

Table 4-49: Emission Factors for F-gas emissions in hypermarkets

- . Initial
Positive Negative Emissli:)n (k) Operation (res:)dual n (recovery
Temperature | Temperature " Emissions (x) efficiency at
o - % of Initial % of Initial charge at di |
ategory Initial Charge | Initial Charge  Charge/yea - /o ot fnitia disposal) |sp:)sa)
(k (kg) Charge/year o -%
. , i @) o (©)
(1)) (2) (3) (5)
Area >4500 Big 1800 1250 1.75 22.5 80 60
1000 < Area <4500 | Medium 550 350 1.75 225 80 60
Area < 1000 Small 350 250 1.75 225 80 60

(1) (2) Portuguese manufacturers survey in 2005

(3) Average value taken from Table 7.9 of the 2006 IPCC Guidelines (0.5-3.0 % of initial charge for Medium & Large Commercial
Applications)

(4) Average value taken from Table 7.9 of the 2006 IPCC Guidelines (10-35 % of initial charge for Medium & Large Commercial
Applications)

(5) In line with the values proposed in Table 7.9 of the 2006 IPCC Guidelines (0-80 % for Stand-alone Commercial Applications)
(6) In line with the values proposed in Table 7.9 of the 2006 IPCC Guidelines (0-70 % for Stand-alone Commercial Applications)
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4.7.2.4 Activity Data
4.7.2.4.1 Activity Data — Assemblage

Data from 1995 to 2007 was obtained from national statistics Industrial Survey (IAPI) and refers to on the
assemblage of commercial and industrial refrigeration units with a viewing monitor. From 2008 onwards,
data was estimated based on GDP values. 2020 numbers are slightly lower due to the COVID pandemic.
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Figure 4-41: Number of commercial refrigeration assembled units in Portugal

The percentage of each Gas/Mixture, regardless of the type of equipment, can be consulted in the table
below. The composition and the GWPs of the blends used by the inventory were obtained from the
Portuguese  Environment Agency and can be consulted in the following link:
https://apambiente.pt/sites/default/files/2022-07/BD_FGases_site_07_ 2022.pdf).

Table 4-50: Use of each Gas/Mixture in the assembled units (%) - HFC,

% of Fluid | Unit . 1995 2005 2014-onwards
CFC-12 % 33.6 0.0 0.0
HCFC-22 % 66.4 0.0 0.0
R-404A % 0.0 15.2 39.6
HFC-134A % 0.0 84.8 36.2
R-407C % 0.0 0.0 7.9
R-410A % 0.0 0.0 6.2
R-422D % 0.0 0.0 3.9
R-417A % 0.0 0.0 2.5
R-422A % 0.0 0.0 1.9
R-507A % 0.0 0.0 1.8
Source:

. From 1995 to 2004, the sector’s experts association (APIRAC);

. From 2014 onwards, the F-gas tool;

. From 2005 to 2013 the information was back casted based on the average of the years
2005 and 2014.

4.7.2.4.2 Activity Data — Operation and Servicing

There are no available national statistics concerning the number and dimension of non-domestic
refrigeration equipment used in commerce, industry, tourism, services and institutional activities. A survey
to Hotels, Hostels and Camping Parks was conducted with the support of “Turismo de Portugal, I.P.” and
“AHP — Associacdo da Hotelaria de Portugal”, in order to obtain real data concerning the number and
dimension of non-domestic refrigeration equipment. Data pertaining to other commerce and services
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activities was estimated with the technical support of APIRAC, Fluorinated Gases Distributors and DGAE
(Economic Activities General Directorate). Calculations for Hypermarkets were made separately.

The number of refrigeration equipment was estimated based on the unit numbers available from INE, for the
economic activities indicated in the figure below. 2020 numbers are slightly lower due to the COVID
pandemic.
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Figure 4-42: Number of commercial establishments by type

The following assumptions were made:

- Retail Commerce and Gross Commerce do not include Hypermarkets (large, medium or small);

For Hotels, Hostels, Boarding Houses, Other Establishments and Campgrounds, the following data was
considered:

Table 4-51: Number of refrigeration equipment per commercial unit in Portugal

Type of refrigeration equipments Hotels Hostels and Boarding Houses Campgrounds
Mini-Fridge 71 14 40
Fridge 5 2 5
Horizontal Freezer 3 2 4
Congelation Chamber 1 1 1
Refrigeration Chamber 3 2 1
Supermarket Vertical Freezer Showcase 2 2 2
Vertical Freezer 1 1 2
Under Bench Refrigerator 4 2 2
Supermarket Horizontal Freezer Showcase 1 1 2
Fridge (Bottles) 1 1 3
Wine Fridge Showcase 1 1 3
Ice Machine 2 1 1
Juice Machine 0 0 1
Ice Cream Machine 0 1 1
Chantilly Machine 0 1 0
Tap drink cooler 1 1 2
Can Vendor 0 1 2
Tap beer cooler 2 1 2

Source: Survey with the support of “Turismo de Portugal, IP” and “AHP — Associagdo da Hotelaria de Portugal”
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When it was not possible to use real data, the number of equipment per activity was set by expert judgement
and through visits to some installations, according to the following table:

Table 4-52: Number of refrigeration equipment per commercial unit in Portugal

Equipment
Type of refrigeration equipment | Frigorific/Congelation Fridge Showcase Freezer
Chamber (unit) (m/unit) (unit)
Restaurants 1 4 P 1
Liquor stores - 4 - -
Cafeterias 2 4 3 -
Retail Commerce 2 10 - -
Gross Commerce 2 50 - -

Source: Expert Judgement based on local survey
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Figure 4-43: Number of commercial refrigeration equipment

2020 numbers are slightly lower due to the COVID pandemic. For Hypermarkets, calculations were made
using data on average numbers of specific equipment (showcase fridges/freezers, frigorific chambers,
freezing chambers) for each category (big, medium and small).

Table 4-53: Classification of refrigeration equipment by area

Showcase Fridge/Freezer (m)

Refrigeration Congelation

A 2 Cat
rea (m?) e Chambers (m2) Chambers (m2)

Positive Negative
Temperature Temperature

Area >4500 Big 218 110 550 180
1000 < Area £4500 Medium 96 48 75 82
Area < 1000 Small 40 38 10 20

Source: Hypermarket Company
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The number of disposed equipment in each year was assumed equal to the number of assembled equipment
12 years before. For disposal calculations, it was considered that the F-gas composition equals that of the
year when the equipment was assembled, i.e. that of emission year less the lifetime of the equipment?®?. It
was assumed an average lifetime of 12 years.

4.7.2.5 Uncertainty Assessment

We used a triangular distribution to estimate uncertainty values based on the minimum and maximum of the
range proposed by the guidelines and the more probable value (expert judgment).

Table 4-54: Stand-alone commercial units (Hypermarkets equipment not included)

Minimum Maximum Selected
Parameter U(%
Value Value Value (%)

Number of equipment per commercial place 0 391 71.2 112.0%
Initial Charge 0.40 0.46 0.44 2.8%

AD Combined Uncertainty - - - 112.5%
Lifetime 10 15 12 8.5%

Initial Emission 0.5 3 1.75 29.2%
Lifetime Emission 1 15 8 35.7%
Residual charge remaining at disposal 0 80 80 20.4%
Recovery efficiency at disposal 0 70 60 23.8%
EF Combined Uncertainty - - - 56.4%

Table 4-55: Medium & Large commercial units (Hypermarkets equipment)

Parameter Minimum Maximum Selected
Value Value Value

Number of commercial places - - - 10%

Initial Charge 350 1800 550 53.8%
% HFC - - - 30%

AD Combined Uncertainty - - - 62.4%
Lifetime 10 15 12 8.5%
Initial Emission 0.5 3 1.75 29.2%
Lifetime Emission 10 35 22.5 22.7%
Residual charge remaining at disposal 50 100 80 12.8%
Recovery efficiency at disposal 0 70 60 23.8%
EF Combined Uncertainty - - - 46.6%

4.7.2.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

4.7.2.7 Recalculations
1995-2007 activity data were updated according to National Statistics Office (INE).
4.7.2.8 Further Improvements

We intend to work on annual data from the national F-gases reporting tool (FGF) from 2013 onwards and
collect information regarding commercial refrigeration. We also intend to collect further information in order
to revise the assumptions on the shares of fluids and emission factors parameters for this category. Due to
human resources constraints and to other priority issues in our Methodological Plan (PDM), we have not yet
been able to revise these estimates but intend to do so in a future submission.

2 1n consequence no emissions of HFC from disposal are estimated for the reported period.
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4.7.3 Domestic Refrigeration (CRF 2.F.1.b)

4.7.3.1 Category description

Domestic Refrigeration represented 1% of HFC emissions within the Portuguese 2.F sector in 2022.
4.7.3.2 Methodology

Regarding domestic refrigeration, we only consider emissions from equipment filled with HFC-134a, given
that R-12 is not a GHG (moreover, was already covered by the Montreal Protocol) and CRF tables do not
include refrigerant HC-600a.

HFC-134a emissions from Domestic Refrigeration equipment were estimated using a bottom-up approach
Tier 2a according to chapter 7.5 of Volume 3 of the 2006 IPCC Guidelines, already described in Commercial
Refrigeration (CRF 2.F.1.a). Please check section 4.7.2.2.

4.7.3.3 Emission Factors

Emission factors and parameters considered for this activity are listed in the table below. The values
proposed for domestic refrigeration equipment’s initial charge by type are based on national manufacturers
and suppliers. Given that there is no national data available regarding the other parameters, 2006 IPCC
Guidelines for “Domestic Refrigeration” recommend the use of default emission factors shown in Table 7.9
of chapter 7, Volume 3. The values considered are within the ranges proposed in Table 7.9.

Table 4-56: Emission Factors and parameters of F-gases from Domestic Refrigeration equipment

Description Unit Refrigerators Freezers

Initial Charge (1) Kg/equipment 0.11 0.18
Initial Emission (k) (2) % 0.6 0.6
Operation Emission () (3) % 0.2 0.2
p (initial charge remaining) (4) % 80 80
n (recovery efficiency at disposal) (5) % 60 60
Lifetime (6) years 16 16

(1) Average value based on Portuguese manufacturers survey in 2022 (in line with Table 7.9 of the 2006 IPCC Guidelines)
(2) Average value taken from Table 7.9 of the 2006 IPCC Guidelines (0.2-1.0 % of initial charge for Domestic Refrigeration)
(3) Average value taken from Table 7.9 of the 2006 IPCC Guidelines (0.1-0.5 % of initial charge for Domestic Refrigeration)
(4) In line with the values proposed in Table 7.9 of the 2006 IPCC Guidelines (0-80 % for Domestic Refrigeration)

(5) In line with the values proposed in Table 7.9 of the 2006 IPCC Guidelines (0-70 % for Domestic Refrigeration)

(6) Average value taken from Table 7.9 of the 2006 IPCC Guidelines (12-20 years for Domestic Refrigeration)

4.7.3.4 Activity Data

GENERAL ASSUMPTIONS

Regarding domestic refrigeration, we only consider refrigerators and freezers as household refrigeration
appliances. The first domestic refrigerators in Portugal date back to the 1950s, and their purchase has
become widespread for Portuguese homes since then. In the 1990s and until around 2000, ODS R-12 (GWP
of 10,200) was used as refrigerant in domestic fridges and freezers in Portugal.

Following the Montreal Protocol, ODS R-12’s phasing-out process lead to the globalization of the use of the
refrigerant HFC-134a (GWP of 1,300) in new appliances. In the last few years, HFC-134a’s phasing-out has
already been taking place, due to the EU F-Gas Regulation No. 517/2014.

According to this Regulation, refrigerants exceeding a GWP of 150 are not allowed in new domestic fridges
and freezers since 2015. The Regulation does not specify any alternative refrigerant or system, leaving the
technical choice to manufacturers. Nevertheless, the domestic refrigeration industry began launching new
equipment using refrigerant R-600a (isobutane), which is why this low GWP (3) hydrocarbon has been
adopted globally.
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Therefore, we only consider emissions from domestic refrigeration equipment filled with HFC-134a, given
that R-12 is not a GHG (moreover, was already covered by the Montreal Protocol) and CRF tables do not
include hydrocarbons such as R-600a. We also consider that fluid mixtures/blends are not used in this sector.

ASSEMBLY PHASE

Methodology applied for equipment assembly phase considers the number of new equipment assembled in
Portugal and the share of refrigeration fluids used. Due to unavailability of national data regarding the
penetration of the different refrigeration fluids in new equipment in Portugal, we assumed the following:

- From 1996 onwards, following the Montreal Protocol, no domestic refrigeration equipment assembled
in Portugal is filled with ODS R-12;

From 1996 to 2005, all domestic refrigeration equipment assembled in Portugal were filled with
refrigerant HFC-134a;

From 2015 onwards, following the F-Gas Regulation, all domestic refrigeration equipment assembled in
Portugal were filled with refrigerant R-600a;

According to the refrigeration industry, some equipment brands begun to introduce R-134a and R-600a
in new equipment already before the commitment periods established by the legislation (Montreal
Protocol and F-Gas Regulation, respectively). However, given there is no available national data on that
matter, and assuming that the complete transition to a new refrigerant technology takes place over a
10 year period (according to 2006 IPCC Guidelines), for the time being we assumed a linear transition
tendency between the different refrigerant fluids.

The number of assembled domestic refrigeration units (refrigerators and freezers) in Portugal was obtained
from the Industrial Production Survey, published by the National Statistics ‘Office (INE) from 1992-2011 and
from 2018 onwards. Missing years were interpolated based on 1992, 2011 and 2018 existing values. The
figure below presents the number of equipment’s assembled in Portugal and fluids installed. The significant
decrease observed in 2005 in assembled units was due to the closure of a large refrigeration manufacturer
in Portugal.
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Figure 4-44: Domestic refrigeration equipment assembled in Portugal by type of fluid

Equipment assembled (No.)
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OPERATION PHASE

Methodology applied for equipment operation phase takes into account the number of existing refrigeration
appliances in households, assumptions made in relation to fluid introduction in assembly phase, as well as a
16-year lifetime for this equipment. Due to unavailability of national data regarding the penetration of the
different refrigeration fluids in existing equipment in Portugal, we assumed the following:

- There was no retrofit of R-12 with R-134a in Portugal. Equipment with R-12 maintained it until the end
of its life. All new equipment was already assembled with R-1343;

- Thereis no retrofit of R-134a with R-600a in Portugal. Equipment with R-134a maintained it until the end
of its life. All new equipment was already assembled with R-600a;

- Itis possible that R-600a is not the only fluid with GWP <150 in household refrigeration appliances in
Portugal, however, we can assume that, for the time being, the existence of fluids with GWP <150 other
than R-600a is negligible, according to contacts established with Portuguese manufacturers.

Due to unavailability of national data regarding the number of refrigerators/freezers in operation in Portugal,
we considered the percentage of households with refrigeration equipment provided by the Household
Consumption Survey, published by INE/DGEG in every 10 years. We also considered a common household to
be a classic accommodation as main residence in Portugal. Total annual classic accommodations as main
residence in Portugal were obtained from INE’s annual publication Construction and Housing Statistics.

Also, a 16-year lifetime was considered for these equipment, assumption validated with Portuguese
manufacturers. Refrigerators/freezers in operation each year were estimated considering the existing stock
in the previous year, adding assembled equipment and subtracting abated equipment.

The figure below presents the domestic refrigeration stock in Portugal and fluids installed.
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Figure 4-45: Domestic refrigeration equipment in operation in Portugal by type of fluid and share of households with
refrigeration equipment
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DISPOSAL PHASE

Prohibitions in the use of some HFCs and the phase-down of these compounds only started in the last decade,
and therefore little data are available regarding their destruction. Nevertheless, much improvement still
needs to be achieved in the recovery and management of F-gases and other refrigerants in Portugal. Despite
having legislation that regulates these procedures since around 2006, when entities for management of
waste from electrical and electronic equipment (WEEE) were created in Portugal, the country still faces
challenges in order to efficiently manage refrigerants, namely:

. low collection rate of this equipment, most of which continues to be sent to non-certified operators, which
are not prepared to collect refrigerant fluids, causing their release to the atmosphere;

. city councils have great difficulty in combating the theft of economic value domestic refrigeration
equipment, such as compressors, which contain the refrigeration fluids;

. lack of supervision of operators that collect and forward scrap metal for recycling;

.lack of supervision of operators that crush metal scrap, which are the final destination of most refrigeration
equipment diverted from the legal circuit;

. WEEE management entities face great challenges in creating efficient collection circuits for refrigeration
equipment;

. economic capacity to implement efficient (and sometimes expensive) technologies to improve the
collection, recovery, reclaim and destruction of F-gases.

In Portugal, there are no F-gases recovery or destruction facilities; domestic refrigeration equipment is
collected and stored in order to be sent abroad (mostly Spain). Emissions of GHGs may occur during the
transport of the equipment from the site where they were stored to the recovery/destruction facility and
during the destruction process, however, no data is available regarding these issues.

National circumstances over the years have caused an overall growing of the average lifespan of domestic
refrigeration equipment. This means that the majority of that equipment currently at end-of-life in Portugal
is above 12 years old and is equipped with R-134a fluid. The small (but growing) percentage of end-of-life
equipment filled with R-600a is not accounted for in the inventory, for reasons already mentioned.

Upon contact with sectoral authorities, we have learned that illegal dismantling of refrigeration equipment
still occurs in Portugal in order to recover metals (mostly compressors, due to its market value) and other
material, with no concerns for the potential refrigerant release. However, we have not been able to quantify
exactly how much of this illegal activity occurs in Portugal. No national data on initial charge remaining on
refrigeration equipment at end-of-life or recovery efficiencies are available, therefore, a default value within
the range suggested in Table 7.9 of chapter 7.5.2.2 Volume 3 of the 2006 IPCC Guidelines was used.

There is no available national data regarding the number of disposed refrigerators/freezers in Portugal.
Therefore, the number of disposed refrigerators/freezers in Portugal was estimated in parallel with the
domestic refrigeration stock estimates, where all equipment purchased annually since 1970 (obtained from
INE) is considered, as well as its disposal 16 years later (considering a normal lifetime distribution around 16
years).
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The figure below presents the domestic refrigeration at end-of-life in Portugal by type of fluid installed.
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Figure 4-46: Domestic refrigeration equipment disposed in Portugal by type of fluid
4.7.3.5 Uncertainty Assessment

A triangular distribution was used to estimate uncertainty values based on the minimum and maximum of
the range proposed by 2006 IPCC Guidelines and the more probable value (expert judgment).

Table 4-57: Domestic Refrigeration — Fridge

Parameter

Minimum

Value

Maximum
Value

Selected
Value

Number of equipment - - - 10.0%
Initial Charge 0.10 0.12 0.11 3.8%
% HFC 30.0%
AD Combined Uncertainty - - - 31.8%
Lifetime 12 20 12 13.6%
Initial Emission 0.2 1.0 0.6 27.2%
Lifetime Emission 0.1 0.5 0.2 40.8%
Residual charge remaining at

. 0 80 80 20.4%
disposal
Recovery efficiency at disposal 0 70 60 23.8%
EF Combined Uncertainty - - - 59.8%

Table 4-58: Domestic Refrigeration —Freezers

Parameter

Minimum
Value

Maximum
Value

Selected
Value

Number of equipment - - - 10.0%
Initial Charge 0.10 0.26 0.18 18.3%
% HFC 30.0%
AD Combined Uncertainty - - - 36.5%
Lifetime 12 20 12 13.6%
Initial Emission 0.2 1.0 0.6 27.2%
Lifetime Emission 0.1 0.5 0.2 40.8%
R.eS|duaI charge remaining at 0 80 80 20.4%
disposal

Recovery efficiency at disposal 0 70 60 23.8%
EF Combined Uncertainty - - - 59.8%
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4.7.3.6 Category specific QA/QC and verification

QA/QC procedures included a series of checks: calculation formulas verification, data and parameters
verification and the information provided in this report.

Following QA/QC procedures to the sector, a compilation error was identified regarding a 2021 abatement
formula.

4.7.3.7 Recalculations
Recalculations occurred due to the correction of a compilation error regarding a 2021 abatement formula.
4.7.3.8 Further Improvements

No further improvements are expected.

Industrial Processes and Products Use | 4-109



National Inventory Report - Portugal

4.7.4 Industrial Refrigeration (CRF 2.F.1.c)

4.7.4.1 Category description

Industrial Refrigeration represented less than 2% of HFC emissions within the Portuguese 2.F sector in 2022.
4.7.4.2 Methodology

Emissions from Industrial Refrigeration equipment were estimated using a bottom-up approach Tier 2a.

Emissions when charging new equipment are estimated by the following equation:

Equation 4-51: Emissions when charging new equipment

HFC, k
Echarge (ty) = Ne X mg X 100 % 100

Where:

Echarge (ty): Emissions of fluid y during system manufacture/assembly in year t (t of fluid)

Nt: Number of equipment charged in year t

m:: Amount of refrigeration fluid charged into each equipment in year t (t of fluid)

HFC,: HFCy charged in new equipment (%)

K: Emission factor of assembly losses of the HFC charged into new equipment, per sub-application (%)

Parameter HFCy refers to the percentage of each Gas/Mixture, regardless of the type of equipment, can be
consulted in Table 4-48.

Emissions during equipment lifetime are estimated by the following equation:

Equation 4-52: Emissions during equipment lifetime

HFC, x
Elifetime (¢t,y) = Bt X oo X100

Where:

Eiifetime (t,y): Emissions of fluid y during system lifetime in year t (t of fluid)
B:: Amount of fluid banked in existing systems in year t (t of fluid)

HFC,: HFC y banked in existing equipment (%)

x: Annual emission rate of HFC of each sub-application bank during operation, accounting for average annual
leakage and average annual emissions during servicing (%)

Parameter Bt refers to the total amount of fluid banked in existing systems, regardless of the type of
gas/mixture, and is estimated according to the following equation:

Bt = n.2 Equipment x initial charge/equipment x 1073
Where:
Bt: Total national amount of fluid banked in equipment (t of fluid)
n.2 equipment: Number of equipment

initial charge/equipment: Amount of fluid charged into each equipment (kg/unit)
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Chapter 4.7.4.4 Activity Data describes the methodology to assess the number and dimension of non-
domestic refrigeration equipment used in commerce, industry, tourism, services and institutional activities.
Initial charge/equipment (kg/unit) can be consulted in Table 4-60.

Emissions at system end-of-life (Disposal) are estimated by the foll