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Preface

The Portuguese Environmental Agency (APA - Agéncia Portuguesa do Ambiente)/ Ministry for
the Environment (Ministério do Ambiente), in accordance to its attributions of 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 Commission.

This report aims to comply with the above-mentioned international commitments under the
UNFCCC and the European Union (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 5 and 7 of the
Regulation (EU) No 525/2013 of the European Parliament and of the Council of 21 May 2013 on
a mechanism for monitoring and reporting (MMR) greenhouse gas emissions and for reporting
other information at national and Union level relevant to climate change, providing elements of
the Portuguese National Inventory Report (NIR) necessary for the preparation of the Community
greenhouse gas inventory report.

This submission includes the following parts:

1 7 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;

21 CRF (Common Reporting Format) data tables for the period 1990-2016, which were compiled
with the new CRF Reporter software (version 6.0.5);

31 SEF (Standard Electronic Tables) for the reporting of Kyoto units in the national registry in
31.12.2017 and transfers of units during 2017.

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

1 Portuguese greenhouse gas emissions totals 67.8 Mt CO2 equivalent (CO2-e) in 2016,
representing an increase of 13.1 % since 1990 and a reduction of 2.6% as compared to
2015.

1 The largest contributor to the Portuguese emissions is the Energy sector (69 % of total
emissions in 2016), with the energy industries and the transport activities amounting,
respectively, to 26 and 25 % of total emissions.

1 With the exception of Transports within Energy and Agriculture, all sectors register a
decrease of emissions in 2016 as compared to 2015.

1 2016 was a particularly favourable year in terms of water availability (HPI = 1.33),
resulting in an increase of the hydropower production, and contributing to the reduction
of the use of coal in the electro producer sector.

9 The LULUCEF sector is estimated as a sink in 2016 with - 6.8 Mt CO2-e, and a net
emitter in 1990 with 1.2 Mt CO2-e.

1 In 2016, GDP registered a positive variation of 1.5%, maintaining the same tendency
already verified in the year before (1.6% in 2015).

ES.1 Background information

As a Party to the United Nations Framework Convention on Climate Change (UNFCCC) and the
Kyoto Protocol, 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 the
mechanism for monitoring European Community greenhouse gas emissions to respond to Article
5 and 7 of the Regulation (EU) No 525/2013 of the European Parliament and of the Council of 21
May 2013 on a mechanism for monitoring and reporting (MMR) greenhouse gas emissions and
for reporting other information at national and Union level relevant to climate change and
repealing Decision No 280/2004/EC.

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

Port ugal &Gsgaipst abligatiens under the United Nations Framework Convention on

Climate Change (Climate Change Convention), the Kyoto Protocol and the European Union

agreements (Effort Sharing Decision/ Decision No 406/2009/EC of the European Parliament and

of the Council of 23 April 2009 on the effort of Member States to reduce their greenhouse gas

emi ssions to meet the Communitybés greenhouse gas
2020).

This report presents a description of the methods, assumptions and background data used in the
preparation of the 2018 national inventory submission of GHG. The period covered is 1990-2016.

The 2006 IPCC Guidelines (2006, IPCC) have been applied in a large extent.

The GHG covered refer to emissions and removals of the carbon dioxide (CO2), methane (CHa4),
nitrous oxide (N20), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur hexafluoride
(SFe) and nitrogen trifluoride (NF3).The indirect GHG, carbon monoxide (CO), sulphur dioxide
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(S02), oxides of nitrogen (NOx) and non-methane volatile organic compounds (NMVOCSs) 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. Included are also the emission estimates
from air traffic and navigation realized between all national areas.

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 2016, i.e., the inventory is internally
consistent.

This report includes also supplementary information in accordance with Article 7, paragraph 1, of
the Kyoto Protocol, following the requirements of the Annex of Decision 15/CMP.1 and includes
information on changes in the national system and national registry, information related to Article
3, paragraphs 3 and 4, and Article 3, paragraph 14. It also presents information on the accounting
of Kyoto units, including the Standard Electronic Tables (SEF).

The Portuguese Environmental Agency (APA) under the dependency of the Ministry for the
Environment (Ministério do Ambiente), 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.

A new legal national arrangement has been adopted in 2015 (Council of Ministers
Resolution n.° 20/2015) in order to take into account the recent developments at international
level relating to the UNFCCC and the Kyoto Protocol, and the new 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, as well as complementary internal adjustments.

ES.2 Summary of national emissions and removal related trends

ES.2.1 Greenhouse Gas Inventory i UNFCCC

In 2016, total Portuguese GHG emissions, including indirect CO2, without land-use, land-use
change and forestry (LULUCF) were estimated at about 67.8 Mt CO2e, representing an increase
of 13.1 % compared to 1990 levels and a decrease of 2.6% compared to the previous year (2015).

Throughout this report, emissions values are presented in CO2 equivalent using IPCC AR4 GWP
val ues. The realf eemincei driosditaltong the report

i s

me an

without LULUCF, including CO2 indirect emissionso.
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Figure 1.1 - GHG emissions.
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After a steady increase of the Portuguese emissions during the 90s, the growth of emissions has
been more moderate and started to stagnate in the early 2000s, registering thereafter, in particular
after 2005, a decrease. These trends reflect largely the evolution of the Portuguese economy
which was characterized by a strong growth associated to the increase of energy demand and
mobility in the 90's, the large investment in renewable energy sources, increased efficiency in
energy use and to the more recent situation of stagnation or later recession of the Portuguese
economy, which has begun recovering afterwards.

The trends registered in the most recent years reflect, to a certain extent, the decoupling of
emissions growth from the economic activity. This situation is in part consequence of the
implementation of some measures, such as the introduction of natural gas (1997), the installation
of combined cycle thermoelectric plants using natural gas (1999), the progressive installation of
co-generation units, the amelioration of energetic and technologic efficiency of industrial
processes, the improvement in car efficiency and the improvement of fuels quality. Also the
introduction of the use of high-performance catalysts and optimization of the ratio ammonia / air
in the production of nitric acid which had an influence in the decrease of emissions. Furthermore,
in most recent years there has been an expressive development and installation of equipment for
the use of renewable energy sources with a particular expansion of windmills.

The tendencies of the latest years reflect also the recession effect of the Portuguese economy,
which has been accompanied by the slowdown of industrial activity and consequent reduction in
fuel consumption, and the cessation of some activities in the country such as the production of
ammonia in 2009.

After the continuous decline in energy consumption (both primary and final) verified in the country
since 2005, with a bigger expression after 2010, fact that may be explained by internal economic
recession, along with the European economic and financial crisis. In 2015 there was an inversion
of this pattern with a growth of 5.4% and 1.2% in 2015, respectively in primary energy
consumption and final energy consumption, and in 2016 it was registered a decrease of primary
energy consumption due to the reduction of approximately 13% in coal consumption, and a 1%
increase of the final energy consumption, related to the increase of the consumption of oil
products and electricity.

Portuguese National Inventory Report 2018 MA



/ AGENCIA
PORTUGUESA Executive Summary
DO AMBIENTE

In 2016, GDP registered a positive variation of 1.5%, maintaining the same tendency already
verified in the year before (1.6% in 2015).

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

After the 6.6% growth of emissions registered in 2015 compared to 2014, the total emissions in
2016 fall by -2.6% as compared to 2015.

The decreased occurred in 2016 was verified
industrieso, which 6% agsicanpaed o 8015 This tad is pattly egprainem f
by the increase of the hydropower production in 2016 due to a very favorable year in terms of
water availability (HPI = 1.33), contributing to the reduction of the use of coal in the electro
producer sector and consequently to a decrease in emissions.

The figure below illustrates the relative contribution of direct GHG to the total emissions for 1990
and 2016, being evident CO: as the primary GHG, accounting for about 74% of Portuguese
emissions on a carbon equivalent basis in 2016 (LULUCF excluded). The second most important
gas is CHg4, followed by N20, representing, respectively, 16% and 5% of total emissions in 2016.
Portugal has chosen 1995 as the base year for fluorinated gases. In 2016 these gases
represented about 5% of total GHG emissions. NF3 emissions are non-occurring in Portugal.

Figure 1.27 GHG emissions by gas.

1990 2016
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Over the 1990-2016 period, CO2 is the gas having registered the biggest increase (10%) and
N20 decreased by about 18%.

Portuguese National Inventory Report 2018 MA

n

seve



} AGENCIA
PORTUGUESA
DO AMBIENTE

Table 1.1 7 GHG emissions and removals in Portugal by gas.

Executive Summary

GHGs EMISSIONS 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
CO, equivalent (Gg)
CO2 emissions w ithout net CO2 from LULUCF 45,586 47,211 51,466 50,080 50,832 54,804 52,109 55,127 59,621 67,243 66,060 65,729 69,581 64,460
CO2 emissions w ith net CO2 from LULUCF 45,863 47,322 47,603 45,158 45,084 49,259 43,365 45,621 51,487 58,169 59,554 56,372 60,680 65,531
CH4 emissions w ithout CH4 from LULUCF 10,392 10,593 10,744 10,870 11,130 11,465 11,537 11,764 12,073 12,225 12,293 12,279 12,450 12,652
CH4 emissions w ith CH4 from LULUCF 10,693 10,995 10,872 10,980 11,305 11,839 11,729 11,838 12,524 12,386 12,627 12,542 12,739 13,596
N20 emissions w ithout N2O from LULUCF 3,847 3,816 3,786 3,703 3,687 3,837 4,041 4,056 4,038 4,146 4,348 4,208 4,111 3,739
N20 emissions w ith N2O from LULUCF 4,424 4,393 4,290 4,185 4,168 4,355 4,520 4,509 4,561 4,610 4,841 4,683 4,587 4,339
HFCs NO,NA NO,NA NO,NA NO,NA NO,NA 106 133 192 259 342 424 530 663 794
PFCs NO,NA NO,NA NO,NA NO,NA NO,NA NO NO 0 0 1 1 2 2 2
Unspecified mix of HFCs and PFCs NO,NA NO,NA NO,NA NO,NA NO,NA NO NO NO NO NO NO NO NO NO
SF6 NO,NA NO,NA NO,NA NO,NA NO,NA 14 14 15 16 17 17 18 18 22
NF3 NO NO NO NO NO NO NO NO NO NO NO NO NO NO
Total (without LULUCF) 59,825 61,619 65,996 64,653 65,649 70,227 67,834 71,155 76,008 83,973 83,142 82,766 86,823 81,668
Total (with LULUCF) 60,980 62,710 62,765 60,323 60,557 65,573 59,761 62,177 68,848 75,524 77,463 74,147 78,689 84,284
Total (without LULUCF, with indirect) 59,931 61,720 66,114 64,770 65,825 70,448 68,042 71,393 76,235 84,203 83,362 82,971 87,019 81,882
Total (with LULUCF, with indirect) 61,087 62,812 62,883 60,439 60,734 65,794 59,969 62,414 69,074 75,754 77,684 74,352 78,884 84,498
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 % change
CO, equivalent (Gg) 1990-2016

CO2 emissions w ithout net CO2 from LULUCF 67,246 69,521 64,791 62,288 59,942 57,096 52,898 51,714 49,888 48,089 47,963 52,205 50,285 10.3
CO2 emissions w ith net CO2 from LULUCF 59,336 69,636 55,933 49,703 45,925 43,066 41,288 40,138 40,620 39,404 37,900 43,232 44,022 -4.0
CH4 emissions w ithout CH4 from LULUCF 12,807 12,427 12,355 12,179 11,713 11,516 11,529 11,688 11,457 11,266 11,145 11,086 11,082 6.6
CH4 emissions w ith CH4 from LULUCF 13,077 13,269 12,543 12,251 11,750 11,676 11,824 11,841 11,749 11,608 11,192 11,227 11,532 7.8
N20 emissions w ithout N20O from LULUCF 3,891 3,754 3,632 3,801 3,709 3,396 3,369 3,097 3,116 3,119 3,190 3,175 3,155 -18.0
N20 emissions w ith N20O from LULUCF 4,356 4,317 4,055 4,181 4,061 3,772 3,772 3,474 3,520 3,534 3,548 3,543 3,574 -19.2
HFCs 907 1,074 1,250 1,481 1,722 1,916 2,105 2,281 2,445 2,617 2,749 2,909 3,060 100.0
PFCs 3 3 4 5 6 7 8 9 10 11 13 14 15 100.0
Unspecified mix of HFCs and PFCs NO NO NO NO NO NO NO NO NO NO NO NO NO 0.0
SF6 27 27 28 31 30 33 35 29 30 31 26 23 23 100.0
NF3 NO NO NO NO NO NO NO NO NO NO NO NO NO 0.0
Total (without LULUCF) 84,880 86,806 82,061 79,786 77,122 73,963 69,943 68,819 66,945 65,134 65,086 69,413 67,621 13.0
Total (with LULUCF) 77,704 88,326 73,814 67,652 63,494 60,469 59,032 57,772 58,375 57,205 55,427 60,947 62,227 2.0
Total (without LULUCF, with indirect) 85,100 87,015 82,271 79,999 77,309 74,133 70,140 68,996 67,131 65,300 65,242 69,577 67,776 13.1
Total (with LULUCF, with indirect) 77,924 88,535 74,023 67,865 63,681 60,639 59,230 57,950 58,561 57,371 55,583 61,112 62,381 2.1
NA- Not applicable; NE - Not estimated; NO - Not occurring
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ES.3 Overview of source and sink categor
trends

ES.3.1 Greenhouse Gas Inventory i UNFCCC

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.

Figure 1.3 - GHG emissions in Portugal by sector.
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Energy is by far the most important sector, accounting for 69 per cent of total emissions in 2016,
and presenting an increase of 14 per cent over the 1990-2016 period. Energy industries and
transport are the two most important sources representing, respectively, around 26% and 25% of
total emissions. Within the energy industries, public electricity and heat production represents
alone 22% of the total emissions. This reflects the countryd snportant dependence on fossil fuels
for electricity generation and transportation, which have grown steadily until the mid-2000s due
to the continued increase of electricity demand driven in particular by the residential/commercial
sector, and the growth of mobility.

Mobile sources, which are largely dominated by road traffic, are one of the sectors that have risen
faster. In the period 1990-2016 the emissions of transportation sources increased 62 per cent,
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 the emissions from fossil fuel storage, handling
and distribution. As previously said, the situation seems to have stabilized in the early 2000s and
started to decline in 2005. An inversion of this tendency is registered the most recent years, with
an increase in transport emissions of 5.1% from 2013 to 2016.

Still within the energy sector, the category fothe
commercial activities, also registered a significant increase of emissions in the 1990-2005 period
(with almost 55 per cent rise), but this tendency has decelerated (8 per cent decrease in the 1990-
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2016 period), due to the implementation energy efficiency measures, but in the most recent years
also to the stagnation of the economic growth and recession.

Figure 1.47 GHG emissions and removals by sector.
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Agriculture was, in the period analysed, a significant source of GHG emissions, responsible for
10 % of the Portuguese emissions in 2016, corresponding to a decrease of 5 % since 1990. This
fact is related to the relatively decrease of importance of the sector in terms of the national
economy, and also associated for instance with the reduction of the livestock production of certain
categories of animals (e.g. swine), the increase of the extensive livestock production and the
decrease of fertilizer consumption, in a certain extent related to the conversion of arable crops to
pastures.

Waste represented approximately 10 % of Portuguese emissions in 2016, recording an increase
of approximately 19 % since 1990. This increase in emissions is primarily related to the rise of
waste generation (associated with development of the family income and the urbanization growth
registered in the country during the 1990 decade) and the deposition of waste in landfills.

Industrial processes and product use represented 11 % of the Portuguese emissions in 2016, and
have grown 24 % since 1990. These emissions which are generated as by-product of many non-
energy-related activities, are mostly related to the increase of cement production, road paving,
limestone and dolomite use, lime and glass, are mostly related to the increase of cement
production, road paving, limestone and dolomite use, lime production, and glass.

Estimates of emissions and sinks from land use change and forestry category show that this
category has changed from being a net emitter in 1990 (1.2 Mt CO2e) 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 2016 this sector represents a sequester of -6.8 Mt CO2e.
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Figure 1.57 GHGs emissions percentage change (1990-2016) by IPCC category (LULUCF
excluded).
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Executive Summary

Table 1.2 7 GHG emissions and removals by sector.

GHGs SOURCE AND SINK 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
CATEGORIES CO, equivalent (Gg)
1. Energy 41,358 42,996 47,551 46,192 46,854 50,355 47,703 50,290 54,719 62,060 60,723 60,893 64,408 59,313
2. Industrial processes and product use 5,887 5,833 5,536 5,425 5,455 6,201 6,227 6,736 6,925 7,333 7,622 7,180 7,558 7,630
3. Agriculture 7,144 7,163 7,049 6,993 7,019 7,060 7,255 7,280 7,227 7,367 7,507 7,271 7,162 6,698
4. Land use, land-use change and forestry(5) 1,155 1,001 -3,232 -4,331 -5,092 -4,654 -8,073 -8,978 -7,160 -8,449 -5,678 -8,620 -8,135 2,616
5. Waste 5,437 5,627 5,859 6,043 6,320 6,611 6,649 6,850 7,138 7,214 7,289 7,423 7,696 8,027
6. Other NO NO NO NO NO NO NO NO NO NO NO NO NO NO
GHGs SOURCE AND SINK 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016(% change

CO, equivalent (Gg) 1990-2016
1. Energy 61,565 63,961 59,557 56,440 54,471 53,225 48,743 48,055 46,593 44,449 43,963 48,294 47,064 13.8
2. Industrial processes and product use 8,362 8,384 8,172 9,026 8,816 7,125 7,589 7,012 6,767 7,259 7,739 7,839 7,295 23.9
3. Agriculture 6,808 6,760 6,698 6,824 6,774 6,686 6,614 6,578 6,625 6,611 6,697 6,725 6,789 -5.0
4. Land use, land-use change and forestry(5) -7,176 1,520 -8,247 -12,134 -13,628 -13,495 -10,910 -11,047 -8,571 -7,928 -9,659 -8,465 -5,394 -567.0
5. Waste 8,144 7,702 7,634 7,497 7,061 6,929 6,997 7,173 6,961 6,814 6,687 6,554 6,473 19.1
6. Other NO NO NO NO NO NO NO NO NO NO NO NO NO NO
NA- Not applicable; NE - Not estimated; NO - Not occurring
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ES.4 Other information

ES.4.1 Information on 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.

Figure 1.6 7 Indirect GHG and SOx emissions: 1990-2016 variation.

-56.0% CO

-85.6% SO2

In 2016, all these gases emissions have decreased from 1990 levels: SOx -86 %, CO -56 %,
NMVOC -31 % and NOx -39 %.

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

Within energy, transportation is responsible for the major share of NOx, emissions, approx. 44 %
of 2016 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, limited the growth of these emissions or even its
decrease. In fact, the situation started to change in the last years, 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 in transport emissions of 5.1% from 2013 to 2016. In the period
analysed, 1990-2016, NOx emissions from transport decreased -130 per cent; and CO and
NMVOC emissions registered reductions of more than -80 per cent.

Other sectors (commercial/institutional, residential and agriculture/forestry) is a primary source of
CO emissions representing 43 % of the 2016 totals.

SOx emissions are mainly generated in the energy industry sector (approximately 30 % of total
emissions in 2016) and combustion in manufacturing industries (approximately 37 % of total
emissions in 2016), which are major consumers of fossil fuels. Oil and coal represent the biggest
share of the fuel mix used in thermal electrical production in the country, and they are in majority
imported. The situation is however improving with a significant development of renewable sources
(mainly wind) and energy efficiency measures, among other factors as reflect the introduction of
new stricter laws regulating the residual fuel oil (Decree-Law 281/2000 from November 10%). The
introduction of natural gas and its increasing use, since 1997, is also another positive factor that
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has contributed to control of SOx emissions. The emissions variation in the period 1990-2016
shows a substantial decrease in SOx emissions in both sub-categories: energy industries and
manufacturing industries -93 % and -79 %. Since 2007, SOx emissions from the energy industries
registered a significant reduction (approximately -87 %) which is explained by the implementation
of two new abatement systems (desulfurization in two Large Point Source Energy Plants in
Mainland Portugal).
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Table 1.3 7 Indirect GHG and SOx emissions: 1990-2016.

Executive Summary

L 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Gas emissions
(Gg)
CcO 724 737 775 754 767 784 761 745 718 692 662 604 589 568
NOx 258 269 288 279 279 288 274 274 282 293 288 285 290 267
NMVOC 222 225 231 222 222 219 222 226 230 222 224 220 217 208
SO2 324 315 376 318 295 331 272 287 335 302 265 250 248 190
L 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016|% change
Gas emissions
(Gg) 1990-2015
CcO 541 509 479 457 414 394 396 369 358 339 323 331 318 -56.0
NOx 271 278 254 245 225 215 200 183 169 166 163 165 158 -38.7
NMVOC 202 193 187 183 173 160 163 155 153 152 156 157 153 -31.0
S02 191 193 169 160 112 77 68 62 57 51 46 47 47 -85.6

Portuguese National Inventory Report 2018

Xii

MA



} AGENCIA
PORTUGUESA
DO AMBIENTE

PART I: ANNUAL INVENTORY SUBMISSION
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1 INTRODUCTION

1.1 Background information on greenhouse gas inventories and
climate change

1.1.1 Global warming and climate change

Although key greenhouse gases - COz, CH4, N20, Ozone i occur naturally in the atmosphere,
human activities have increased the atmospheric concentrations of greenhouse gases 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 i hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur hexafluoride (SF6),
and nitrogen trifluoride (NF3) - 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, NOx, and NMVOCs 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.

Land-Use and Land-Use Change (LULUCF), 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
GHGO6s emissions scenari o.

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, species extinctions 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 °C per decade. The time-series analysis of the mean annual temperature since
1931, shows that 1997 was the warmest of the last 75 years and that 7 of the 10 warmest years
occurred after 1990s (1997, 1995, 2006, 1996, 1990, 1998 and 2003).

In Portugal Mainland the decade of 1991/2000 was the warmest one (next figure).
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Figure 1.11 Mean air temperature anomalies, by decades, in Portugal Mainland.
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Also an observation of temperature indices 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 °C 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 215t century (2001/2010) was the driest since 1932 (next figure).

Figure 1.27 Precipitation anomalies, by decades, in Portugal Mainland.
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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.

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 °C and 7 °C in coastal and interior areas,
respectively, accompanied by a strong increment in the frequency and intensity of heat waves.

With regard 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 and national commitments

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

The wultimate objective of the Convention is
the atmosphere at a level that would prevent dangerous anthropogenic interference with the
climate system. o0 Portugal has ratified the

The Kyoto Protocol (KP), adopted some years later in 1997, represents 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 2008-12 (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 a -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 the February
2004 which fulfilled the requirement that at least 55 Parties to the Convention, including developed
countries accounting for at |l east 55% of th

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.
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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
percent 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 will
be 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.

The Paris Agreement 6s cent r aflespansero the ¢hredt of climate e ngt hen

change by keeping a global temperature rise this century well below 2 degrees Celsius above
pre-industrial levels and to pursue efforts to limit the temperature increase even further to 1.5
degrees Celsius. Additionally, the agreement aims to strengthen the ability of countries to deal
with the impacts of climate change.

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.

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 NOx, SOx and VOC emissions from combustion where 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 realized during
1992 and 1993 by General-Directorate of Environment (DGA, presently the Portuguese
Environment Agency -APA). This inventory exercise, aiming also EMEP and OECD/IPCC,
extended the range of the pollutants (SOx, NOx, NMVOC, CHas, CO, CO2, N2O and NHz) and
emission sources covered, including not only combustion activities but also storage and
distribution of fossil duels, production processes, use of solvents, agriculture, urban and industrial
wastes 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.

The fulfilment of international commitments under conventions UNFCCC and CLRTAP, 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), has result in substantial improvement of the methodologies that are used in the
inventory, particularly for agriculture and wastes, and that were included at first time in the First
National Communication in 1994. The inventory that resulted from CORINAIR90 (CEC,1992) and
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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 subjected to a review made by an international team. The second, third, fourth and
fifth communications 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 from
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 (1990-2011), i.e.,
the inventory is internally consistent. Some major studies have contributed to the improvement of
the inventory:

- Study of VOC emissions in Portugal, in 1995. This study made in collaboration
with FCT (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;

- 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 Tier2 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;

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

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

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

- 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/ Resolucédo do Conselho de Ministros n® 104/2006)

- Sectorial Studies and Proposal for a PTEN (National Plan on Emission Ceilings);

- PNALE (National Plan for Allocation of Emissions) 2005-2007 or Portuguese
PNALE I, adopted by Ministers Council (Resolucdo do Conselho de Ministros n.o
53/2005) and published in the National Official Journal (OJ n° 44, 3 March 2005,
| Série B);

Portuguese National Inventory Report 2018

1-5

MA



) AGENCIA
PORTUGUESA Introduction
DO AMBIENTE

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

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

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

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

- 2012 technical review of the greenhouse gas emission inventory of Portugal to
support the determination of annual emission allocations under Decision
406/2009/EC,;

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

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

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

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

- 2017 Comprehensive Technical Review of National Emission Inventories
pursuant to the Directive on the Reduction of National Emissions of Certain
Atmospheric Pollutants (Directive (EU) 2016/2284).

1.1.5 Greenhouse gas emissions inventories

Parties to the Convention (Article 4(1) (a)) fishall
avail able to the COP, e ., nati onal inventories of
removals by sinks of all greenhouse gases not controlled by the Montreal Protocol, using
comparable methodol ogi eso.

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 (CO2), methane (CHas), nitrous oxide (N20), hydrofluorocarbons (HFC),
perfluorocarbons (PFCs), sulphur hexafluoride (SFs), and nitrogen trifluoride (NF3), as well as
estimates for indirect GHGs, including carbon monoxide (CO), nitrogen oxides (NOx), and non-
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
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from air traffic and navigation realized between places in territorial Portugal, including movements
between mainland and islands, are also include in national emission 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 CO2. The mass emission of each gas multiplied by its
GWP gives the equivalent emission of the gas as carbon dioxide equivalents (CO: €). The parties
to the UNFCCC have agreed to use GWPs based on a 100-year time horizon.

The former GWP considered (IPCC Second Assessment Report (SAR) (IPCC 1996)), have been
replaced by the values proposed by the IPCC Fourth Assessment Report (AR4) (IPCC 2007), as
required as required by the revised UNFCCC reporting guidelines.

Table 1.17 Global Warming Potentials (100-year time horizon).

GHG SAR AR4
COo2 1 1
CH4 21 25
N20 310 298
HFC-23 11700 14800
HFC-32 650 675
HFC-43-10mee 1300 1640
HFC-125 2 800 3500
HFC-134* 1300 1430
HFC-152% 140 124
HFC-143% 3 800 4470
HFC-227ea 2900 3220
HFC-236fa 6 300 9810
CF4 6 500 7390
C2F6 9 200 12200
C4F10 7000 8860
C6F14 7400 9300
SF6 23 900 22800
NF3 NA 17200

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 2017 submission.

The newest legal national arrangement for a National Inventory System was adopted in 2015
(Council of Ministers Resolution no. 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

Portuguese National Inventory Report 2018

1-7

MA



) AGENCIA
PORTUGUESA
DO AMBIENTE

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 and repealing Decision No 280/2004/EC, and the Commission
Implementing Regulation (EU) 749/2014 of 30 June 2014 on structure, format, submission
processes and review of information reported by Member States pursuant to Regulation (EU) No
525/2013 of the European Parliament and of the Council, and the requirements under the

CLRTAP and the NECD.

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

Introduction

i) a calculation and archiving system of the national inventory;
i) the QA\QC System;
iii) the Methodological development Plan (PDM);
iv) the Archiving System.

Figure1.17 SNI ERPAOG s
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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;
ii) the sectorial Focal Points;
iii) the Entities Involved.

The APA, is the Responsible Body responsible for: the overall coordination and updating of the

National Emissions Inventory (INERPA);
Points and the involved entities; and its submission to EC and international bodies to which
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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. 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 sectorial Focal Points work with APA/DCLIMA in the preparation of INERPA, and are
responsible for fostering intra and inter-sectorial cooperation to ensure a more efficient use of
resources. Their main task includes coordinating the work and participation of the relevant
sectorial 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 sectorial 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 information which is
relevant to the 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 new 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.

Next figure presents the main entities that make part of the national system.
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Figure 1.2 7 Main bodies of national system (SNIERPA)
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1.2.2 Institutional arrangements for Kyoto Protocol

Additional provisions to deal with the supplementary information under Kyoto Protocol refer
mainly to arrangements to account for further requirements concerning Art. 3.3 and 3.4.

An inter-institutional panel was created in the scope of the SNIERPA in order to work on the
definition of the methodology to identify the areas and account for the emissions/removals.

The representation of these multiple entities in this inter-institutional panel aims at gathering the
necessary competences, data and knowledge required to comply with the reporting and

accounting requirements of these activities.
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1.2.3 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 i Plano de Desenvolvimento
Metodolégico) which is updated every year. To each issue identified is attributed a priority,
considering their importance in terms of the contribution to total CO2 equivalent 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 cal endar ¢
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.

Introduction

o | e e

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) Inventory Planning

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

- 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

Inventory Compilation/

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

Preparation of NFR submission o et

Improvement
Official consideration/approval of the NFR submission to UNECE [CLRTAP] Approval
Official NFR submission to NECD [EU] and UNECE [CLRTAP] Reporting
- Revision of CRF submission Inventory Verification/
- Preparation of NIR and IIR v
Improvement

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

- Deadline for NIR and IR comments from FP and/or IE Inventory Verification

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

- 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]

Inventory Verification
Reporting
Reporting
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Improvement/ Verification

- 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 improvement:
- estimation of emissions/ removals

- aplication of QA/QC checks

- uncertainty and KC assessment

- archiving of information

- preparation of submissions by the inventory tea

- 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/CLIMA 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
i ncludes @&esGdd sinks,0acidifying 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: + 3512147190 74

Contact: Eduardo Santos i eduardo.santos@apambiente.pt (Head 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, sectorial
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
magnetic). 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 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 1.3 1 Electronic System Structure of the estimation and reporting system.
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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, 2006; IPCC, 2000;
IPCC, 2003) and EMEP/EEA Guidebooks (EMEP/CORINAIR, 2007; EMEP/EEA, 2009;
EMEP/EEA, 2013; EMEP/EEA, 2016).

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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Table 1.47 Summary of methods and emission factors (CRF summary 3 table)

Introduction

Enteric fermentation

Manure management

Rice cultivation

Prescribed burning of savannas

Field burning of agricultural residues

A.
B.
G
D. Agricultural soil$®
E.
F.
G.

Liming

H. Urea application

I. Other carbon-containing fertilizers

J. Other

4. Land use, land-use change and forestry

A. Forest land

B. Cropland

C. Grassland

D. Wetlands

E. Settlements

F. Other land

G. Harvested wood products

H. Other

5. Waste

A. Solid waste disposal

B. Biological treatment of solid waste
C. Incineration and open burning of waste

D. Waste water treatment and discharge
E. Other

6. Other (as specified in summary 1.A)

GREENHOUSE GAS SOURCE AND SINK Cco, CH., N,O HFCs PFCs Sk S A A I AT ST NFs
CATEGORIES Method Emission Method Emission Method Emission Method Method Emission Method Emission Method Emission Method Emission
ajplied Eﬁor Eﬂ)plied fic(or ﬂ:plied applied applied factor applied factor applied factor applied factor
1. Energy P.NO,T1,T2,T3,D,NO,OTH,P§,OTH,T1,T2,TD,NO,OTH,PPD,NO,T1,T2,TF
A. Fuel combustion NO,T1,T2,T3,D,NO,OTH,P. T1,T2,T3 CR,D,OTH,P: T1,7T2,T3
1. Energy industries T2 CR,D.PY T2 CR,D T2
2. Manufacturing industries and construction T2,T3| CR,D,OTH,P. T2,T3] CR,D,OTH,P: T2,T3
3. Transport NO,T1,72,T4 D,NO| T1,72,7T3 CR,D,OTH,| T1,72,73
4. Other sectors T1,T2| CR,D| T1,T2] CR,D| T1,T2|
5. Other
B. Fugitive emissions from fuels D,NO| D,NO| CR,NO,OTH CR,NO,OTH D,NO|
1. Solid fuels
2. Oil and natural gas D,NO| D,NO|
C. CO, transport and storage
2. Industrial prc R.NO,T1,T2,T
A. Mineral industry T1,T3
B. Chemical industry NO
C. Metal industry NO, T2
D. Non-energy products from fuels and solvent use
E. Electronic industry
F. Product uses as ODS substitutes
G. Other product manufacture and use
H. Other
3. Agriculture

Use the following notation keys to specify the method applied:

D (IPCC default)
RA (Reference Approach)
T1 (IPCC Tier 1)

Use the following notation keys to specify the emission factor used:

D (IPCC default)
CR (CORINAIR)

Portuguese National Inventory Rep
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CS (Country Specific)
PS (Plant Specific)

T1la, Tlb, T1c(IPCC Tier 1a, Tier 1b and Tier 1c, respectively)
T2 (IPCC Tier 2)
T3 (IPCC Tier 3)
If using more than one method within one source category, list all the relevant methods. Explanations regarding country-specific methods, other methods or any modifications to the default IPCC methods, as well as information regarding the use «

OTH (Other)
M (model)

CR (CORINAIR)

CS (Country Specific)

OTH (Other)
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Introduction

The table below presents a summary of the activity data and sources used.

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, maritime and aviation, such as the number of vehicles, harbour statistics and aircraft
landing and take-off cycles are provided to the APA, within the SNIERPA arrangements, from
different national entities, such as the Institute of Mobility and Transports (IMT), the National Civil
Aviation (ANAC), the National Ports and different sectoral associations.

For the more recent years, data collected at APA under the European 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
under the EC Regulation no.166/2006, are used to develop emission factors 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/INCF, 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.
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Table 1.37 Main data sources used in the Portuguese inventory

IPCC Sector |

Activity Data

Data Sources

1. ENERGY
1 A-Energy. Fuel Combustion
1A1 — Energy Industry

Fuelsales

1A2 - Manufacturing Industries and Construction

Fuel sales
Vehicke sls

1A3 —Transport

1A4 - Other Sectors Fuelsales
Eguipments and fuel used
1A5 - Other Fuelsales

1 B - Fugitive Emissions from Fuels

2-1PPU
2A - Miner & industry

2B - Chemical industry

2C - Metal industry

2D - Nonrenergy products from fusls and solvent use

2F - Product uses & ODS substitutes

2G - Other product manufacture and use

3 — Agriculture

5 —Land Use, Land Use Change and Forestry
Land use ares, LUC
Biomass increment

5- Waste
54 —Sokd Waste Disposal on Land

Amount of Waste
Amount of Waste

5B - Biological Trestment
5C - Waste Incineration
50 —Wastewater Handling

Biomass increment, Burnt areg Harvest

Amount of Waste (Municipa)
Amount of Waste (Industrial)

Industria Production, Protein consumption

- Large Point Source Surveys [LPS)

- Large Combustion Plants (LCP)

- EDP Sustainability Annual Reports

- Energy Balance - General Directorae for Geology and Energy (DGEG)
- Autonomous Gov. of Azores

- Nationa Statistical Institute [INE)

- Europesn Emissions Trading Scheme - APA

-LPS, LCP, EPER/PCP

- Energy Balance [DGEG)

- Europesn Emisions Trading Scheme - APA

- Energy Balance - Genera Directorae for Geology and Energy (DGEG)
- ACAP

- INE

-IMT

- ANAC

- Energy Balance [DGEG)

- Survey on Energy Consumption in the Residentia Sector (DGEG)

- Energy Balance [ DGEG)

- Energy Balance and statistica yearbooks (DGEG)

- GALP

-LPS, LCP

- CIMPOR, SECIL

- Energy Balance [DGEG)

- Portuguese Associaion of Producers of Bitumen M aerials (APORBET)
- Europesn Asphalt Pavement Associgtion (EAPA)
- Technology Centrefor Ceramics and Glass ([CTCV)
- Europesn Emissions Trading Scheme - APA

- Energy Balance [DGEG)

-LCP

- INE

- Energy Balance [DGEG)

-LCP

- INE

-5N

- Energy Balance [DGEG)

- Gen-Dir for Economic Ad vities Enterprise (DGAE)
- INE

- INE

- APIRAC

- Data from Industry Importers

-EDP, REN

- Fluorinated Gas Inquiry (APA)

-LCP

- Energy Balance [DGEG)

INE - Statistical data (animal and crop production, fertlizer consumption)
FAP

GPP

APA

- ICNF

- COS cartography (DGT)

- I5A

APA
APA-INE
APA
APA
APA

INE
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1.5 Brief description of key source categories

Key category analysis to the 2018 Portuguese inventory estimates (1990-2016) 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 has been revised in order 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 1990-2016 period. The analysis performed without
LULUCEF resulted in the identification of 34 key categories, listed in the following table.

Table 1.4 7 Overview of key categories (without LULUCF) using Approach 1 and 2 for the base and
latest inventory year.

Current year
Key source o
IPCC CATEGORIES GHG = Category Criteria for Identification emissions
Hag (kton CO2 eq.)
1.A3.b Road Transportation Cco2 [6) Level 1 and 2, Trend 1 and 2 15,751.1
1.A1 Energyindustries - Solid fuels CO2 [¢] Level 1, Trend 1 10,497.8
1.A1 Energy industries - Gaseous fuels C0o2 o) Level 1 and 2, Trend 1 and 2 4,257.0
1.A.2 Manufacturing industries and construction - Gaseous fuels CO2 o) Level 1, Trend 1 and 2 4,006.1
5.ASolid waste disposal CH4 o) Level 1 and 2, Trend 1 and 2 3,843.9
3.AEnteric fermentation CH4 o Level 1, Trend 1 3,554.7
2.F.1 Refrigeration and Air Conditioning Fgases o) Level 1 2,979.6
1.A.2 Manufacturing industries and construction - Liquid fuels CO2 o) Level 1 and 2, Trend 1 and 2 29714
1.A4 Combustion Other Sectors - Liquid fuels C0o2 o) Level 1 and 2, Trend 1 and 2 2,630.4
5.D Wastewater treatment and discharge CH4 o) Level 1 and 2, Trend 1 and 2 2,316.0
2.A1 Mineral Industry - Cement production Cco2 [o] Level 1 and 2, Trend 1 2,297.1
1.A1 Energyindustries - Liquid fuels CO2 [¢] Level 1 and 2, Trend 1 and 2 2,024.8
3.D.1 Direct N20O Emissions From Managed Soils N20 o) Level 1 and 2, Trend 1 and 2 1,676.2
1.A4 Combustion Other Sectors - Gaseous fuels CO2 0o Level 1, Trend 1 and 2 1,323.7
1.B.2.a Fugitive emissions - QOil co2 o) Level 1 and 2, Trend 1 and 2 931.3
3.B Manure Management CH4 o) Level 1 732.2
2.B.8 Chemical Industry - Petrochemical and Carbon Black production C0o2 o) Level 1 671.9
1.A1 Energy industries - Other fossil fuels CcO2 o) Level 1 and 2, Trend 1 and 2 476.1
1.A.3.a Civil (domestic) aviation CO2 o] Level 1 and 2, Trend 1 and 2 447.1
3.D.2 Indirect N20O Emissions From Managed Soils N20 o) Level 1 414.2
2.A2 Mineral Industry - Lime production co2 o) Level 1 and 2, Trend 2 339.0
1.A2 Manufacturing industries and construction - Other fossil fuels CO2 [e] Trend 1 283.9
1.A.3.d Domestic navigation - Residual fuel oil C0O2 o) Level 2 262.0
1.A4 Combustion Other Sectors - Biomass CH4 [¢] Level 1 and 2, Trend 1 and 2 241.6
2.D Non-energy products from fuels and solvent use co2 [e) Level 2 206.7
3.B Manure Management N20 o) Level 1 180.0
3.C Rice cultivation CH4 (¢} Level 2 1382
1.A4 Combustion Other Sectors - Liquid fuels N20 o) Level 2, Trend 2 90.7
1.A1 Energy industries - Gaseous fuels N20 o) Trend 2 49.6
1.A.2 Manufacturing industries and construction - Biomass N20 o) Trend 2 47.2
2.B.2 Chemical Industry - Nitric acid production N20 o) Level 1, Trend 1 and 2 245
5.C Incineration and open burning of waste CO2 o) Level 2, Trend 2 23.7
1.A.2 Manufacturing industries and construction - Solid fuels C0o2 o) Level 1 and 2, Trend 1 219
1.B.1.Fugitive emissions i Solid FueCHd (Mi nd ng Trand®i vi ti es) 8.5

Including the LULUCF sector in the analysis, 46 categories were identified, as shown in the next
table.
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Table 1.57 Overview of key categories (with LULUCF) using Approach 1 and 2 for the base and

latest inventory year.

K Current year
ey source o
IPCC CATEGORIES GHG Category Criteria for Identification emissions
Hag (kton CO2 eq.)

1.A3.b Road Transportation c02 [e} Level 1 and 2, Trend 1 and 2 15,751.1
1.A1 Energyindustries - Solid fuels CO2 o) Level 1, Trend 1 10,497.8
1.A1 Energy industries - Gaseous fuels Cc0o2 o) Level 1 and 2, Trend 1 and 2 4,257.0
1.A.2 Manufacturing industries and construction - Gaseous fuels CcO2 e} Level 1, Trend 1 and 2 4,006.1
5.A Solid waste disposal CH4 o] Level 1 and 2, Trend 1 and 2 3,843.9
3.AEnteric fermentation CH4 [¢] Level 1, Trend 1 3,554.7
2.F.1 Refrigeration and Air Conditioning Fgases o) Level 1 2,979.6
1.A.2 Manufacturing industries and construction - Liquid fuels c0o2 o Level 1 and 2, Trend 1 and 2 2971.4
1.A4 Combustion Other Sectors - Liquid fuels CO2 o) Level 1 and 2, Trend 1 and 2 2,630.4
4.E.2 Land converted to Settlements Co2 0 Level 1 and 2, Trend 1 and 2 2,412.0
5.D Wastewater treatment and discharge CH4 o] Level 1 and 2, Trend 1 and 2 2,316.0
2.A.1 Mineral Industry - Cement production Cc0o2 o] Level 1 and 2, Trend 1 2,297.1
1.A1 Energyindustries - Liquid fuels CO2 o) Level 1 and 2, Trend 1 and 2 2,024.8
3.D.1 Direct N20 Emissions From Managed Soils N20 o) Level 1 and 2, Trend 1 and 2 1,676.2
1.A4 Combustion Other Sectors - Gaseous fuels CO2 o) Level 1, Trend 1 and 2 1,323.7
1.B.2.a Fugitive emissions - Oil Cc0o2 o) Level 1 and 2, Trend 1 and 2 931.3
4.B.2 Land converted to Cropland CcO2 o) Level 1 and 2, Trend 1 and 2 765.8
3.B Manure Management CH4 ) Level 1 732.2
2.B.8 Chemical Industry - Petrochemical and Carbon Black production C0o2 o) Level 1 671.9
1.A1 Energyindustries - Other fossil fuels CcO2 o) Level 1 and 2, Trend 1 and 2 476.1
4.C.2 Land converted to Grassland co2 [e) Level 1 and 2, Trend 1 and 2 461.1
1.A.3.a Civil (domestic) aviation co2 [¢] Level 1 and 2, Trend 1 and 2 447.1
3.D.2 Indirect N20 Emissions From Managed Soils N20 o) Level 1 414.2
4.D.2 Land converted to Wetlands CcO2 o) Level 1, Trend 1 and 2 3742
2.A2 Mineral Industry - Lime production co2 [¢] Level 1 and 2, Trend 2 339.0
2.A.4 Mineral Industry - Other Process Uses of Carbonates CO2 ) Level 1 336.8
1.A.2 Manufacturing industries and construction - Other fossil fuels Cc0o2 o) Trend 1 283.9
1.A.3.d Domestic navigation - Residual fuel oil Cc0o2 e} Level 2 262.0
1.A4 Combustion Other Sectors - Biomass CH4 0 Level 1 and 2, Trend 1 and 2 241.6
2.D Non-energy products from fuels and solventuse CcO2 o) Level 2 206.7
3.B Manure Management N20 [e) Level 1 180.0
3.C Rice cultivation CH4 [¢] Level 2 138.2
1.A4 Combustion Other Sectors - Liquid fuels N20 o) Level 2, Trend 2 90.7
1.A1 Energyindustries - Gaseous fuels N20 o) Trend 2 49.6
4.B.2 Land converted to Cropland N20 [¢] Level 1, Trend 1 485
1.A.2 Manufacturing industries and construction - Biomass N20 o) Trend 2 47.2
2.B.2 Chemical Industry - Nitric acid production N20 o) Level 1, Trend 1 and 2 245
5.C Incineration and open burning of waste CcOo2 o] Level 2, Trend 2 23.7
1.A.2 Manufacturing industries and construction - Solid fuels Cc0o2 o] Level 1 and 2, Trend 1 219
1.B.1.Fugitive emissions i Solid FueCH+¢ (Mi nO ng TemRi vi ti es) 8.5
4.G. Other (Harvested Wood Products) Cc0o2 o) Level 1, Trend 1 -171.8
4.B.1. Cropland remaining Cropland CO2 o] Trend 1 -205.8
4.C.1. Grassland remaining Grassland C0o2 o) Level 1 and 2, Trend 1 and 2 -405.2
4.F.2 Land converted to Other Land CO2 [¢] Level 1 and 2, Trend 1 and 2 -997.7
4.A.2 Land converted to Forest land CO2 [} Level 1 and 2, Trend 1 -2,494.8
4.A.1. Forestland remaining Forestland CO2 [e) Level 1 and 2, Trend 1 and 2 -6,001.1

1.6 Information on QA/QC

APA has the overall responsibility for the national inventories in Portugal, including the
competence for the coordination of the Quality Assurance (QA) and Quality Control System (QC).

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, namely QC1.

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.

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.
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The QA/QC system is composed of two main elements:
A QA/QC Plan;
A Procedures Manual.

The first schedules the application of the general (QC1) and specific (QC2) as well as QA
procedures, described in detail in a Manual (in Portuguese language), to be applied to defined
source/sink categories. The procedures were defined according to Good Practice and Uncertainty
Management Guide (IPCC, 2000 and 2006) and adapted to the specific National Inventory
(INERPA) characteristics.

QC1 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.

QC2 procedures, on the other hand, include technical verifications of emission factors, activity
data, and comparison of results among different approaches.

Both QC1 and QC2 procedures are to be applied by the inventory team during the inventory
calculation and compilation following a yearly defined QA/QC plan.

The sectorial 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.

Other QA\QC procedures used for verification, include 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.

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

Additional consistency data checks are performed in the context of the European Regulation No
525/2013 on a CO2 Monitoring Mechanism (MMR), which requires EU Member States to report
in textual and tabular format data on inconsistencies. Among the consistency checks that should
be done is data on air pollutants estimated under the UNECE Convention on Long-range
Transboundary Air Pollution (Directive 2001/81/EC) and those under the UNFCCC Convention.
When the differences exceed +/i 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 UNFCCC 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 of Regulation (EC) No 1099/2008 on energy statistics, should
be realised. Differences of more than +/i 2 % in the total national apparent fossil fuel consumption
at aggregate level for all fossil fuel categories, should be reported.
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The results of quality control of national submissions under the MMR (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 Ceiling Directive (NECD), constitute additional processes of technical verification and
represent valuable sources of error detection and methodological improvement.

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 CO2 in the uncertainty analysis.

The uncertainty values, both for activity data and emission factors, are discussed in the detailed
analysis of emission estimates for each individual source sector.

For the 2016 total emission estimates without indirect CO2, an uncertainty of 6.3 % is estimated.
The uncertainty in trend from 1990 to 2016 is 4.0 %.

Total uncertainty varies along the years from a maximum value of 10.4% to lower values in more
recent years. 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.

Figure 1.4 - Trend of total GHG emissions with LULUCF and lower and upper estimates considering
the 95% confidence interval.
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1.8 Overview of the completeness

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

As a general rule the inventory covers emissions realized in the whole Portuguese territory, i.e.,
mainland Portugal and the two autonomous regions of Madeira and Azores Islands.

1.9 Reporting on consistency of the reported data on air pollutants
(CO, SO2, NOx and NMVOC)

Article 7(1) of the Regulation (EU) No 525/2013 requires Member States 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 by the Member
State under Directive 2001/81/EC of the European Parliament and of the Council, repealed by
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) No
525/2013.

The next figure presents the results of the assessment made using the latest submission (15th
March 2018) under 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
(Directive 2001/81/EC) refers to Portugal Mainland and the MMR/UNFCCC submissions refer to
the national total which includes the two Autonomous Regions of Acores and Madeira.

The differences for CO and NMVOC emissions are in the range below 5 %. Differences for NOx
are related to industry related sectors and to the transport sector. For SO2, the disparities are
more significant in particular after 2007. The difference in SO2 after 2007 is the result of the
implementation of the abatement systems (desulfurization in two Large Point Source Energy
Plants) in Mainland Portugal.
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Figure 1.57 Comparison between MMR and NECD estimates on air pollutants
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1.10 Comparison of the sectoral approach with the reference
approach

Article 7(1)(m)(iii) of Regulation (EU) No 525/2013, 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.

In the assessment made for this provisional submission, it was found significant differences (of
more than +/i 2 % in the total national apparent fossil fuel consumption) for some of the years
1995 to 1998 and 2000, that result from some missing information and other possible factors
which require further development.

It is identified 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 pretends to reflect the results of the various review processes, in particular 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

2.1 Trends of Total Emissions

In 2016, total Portuguese GHG emissions, including indirect CO2, without land-use, land-use
change and forestry (LULUCF) were estimated at about 67.8 Mt COze, representing an increase
of 13.1 % compared to 1990 levels and a decrease of 2.6 % compared to the previous year
(2015).

Throughout this report, emissions values are presented in COze using IPCC AR4 GWP values.
The reference to fAtotal
LULUCF, including CO2 indirect emissionso.

Figure 2.1 - GHG emissions.
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After a steady increase of the Portuguese emissions during the 90s, the growth of emissions has
been more moderate and started to stagnate in the early 2000s, registering thereafter, in particular
after 2005, a decrease. These trends reflect largely the evolution of the Portuguese economy
which was characterized by a strong growth associated to the increase of energy demand and
mobility in the 90's, the large investment in renewable energy sources, increased efficiency in
energy use and to the more recent situation of stagnation or later recession of the Portuguese
economy, which has begun recovering afterwards.
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Figure 2.2 17 GHG emissions per capita, per unit of GDP and energy consumption.
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Sources: INE, DGEG.

The trends registered in the most recent years reflect, to a certain extent, the decoupling of
emissions growth from the economic activity. The decrease of carbon intensity (GHG emissions
per GDP unit) observed in the more recent years (see previous figure), is in part related to the
implementation of some important measures that had a positive effect in the emissions levels,
such as the expansion of renewable energy in electricity production, the introduction of natural
gas (1997), the installation of combined cycle thermoelectric plants using natural gas (1999), the
progressive installation of co-generation units, the amelioration of energetic and technologic
efficiency of industrial processes, the improvement in car efficiency and the improvement of fuels
quality. Another fact to note is the introduction of the use of high-performance catalysts and
optimization of the ratio ammonia / air in the production of nitric acid which had an influence in
the decrease of emissions. Furthermore, in most recent years there has been an expressive
development and installation of equipment for the use of renewable energy sources with a
particular expansion of windmills.

The tendencies of the latest years reflect also the recession effect of the Portuguese economy,
which has been accompanied by the slowdown of industrial activity and consequent reduction in
fuel consumption, and the cessation of some activities in the country such as the production of
ammonia in 2009.

After the continuous decline in energy consumption (both primary and final) verified in the country
since 2005, with a bigger expression after 2010, fact that may be explained by internal economic
recession, along with the European economic and financial crisis. In 2015 there was an inversion
of this pattern with a growth of 5.4% and 1.2% in 2015, respectively in primary energy
consumption and final energy consumption, and in 2016 it was registered a decrease of primary
energy consumption due to the reduction of approximately 13% in coal consumption, and a 1%
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increase of the final energy consumption, related to the increase of the consumption of oil
products and electricity.

In 2016, GDP registered a positive variation of 1.5%, maintaining the same tendency already
verified in year before (1.6% in 2015).

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

Figure 2.3 7 Hydraulic index.
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Source: EDP, REN

After the 6.6% growth of emissions registered in 2015 compared to 2014, the total emissions in
2016 fall by -2.6% as compared to 2015.

The decreased occurred in 2016 was verified
industrieso, which 6% agsicanpaed® 8015 This tad is pattly egpraineam f
by the increase of the hydropower production in 2016 due to a very favorable year in terms of
water availability (HPl = 1.33), contributing to the reduction of the use of coal in the electro
producer sector and consequently to a decrease in emissions.
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Figure 2.4 Gross electric power production and emissions from electricity and heat generation.
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The analysis of the consumption of different energy sources in 2016, shows that Oil remains the
main primary energy supply, followed by Renewables and Natural Gas. Nevertheless the weight
of Oil has declined in recent years (66% in 1990 vs. 43% in 2016), whereas the importance of
Renewables (18% in 1990 vs. 23% in 2016) and natural gas (non-existing in 1990) increased
considerably.

Figure 2.57 Primary energy consumption by energy source.
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2.2 Emissions by Gas

The figure below illustrates the relative contribution of direct GHG to the total emissions for 1990
and 2016, being evident CO2 as the primary GHG, accounting for about 74% of Portuguese
emissions on a carbon equivalent basis in 2016 (LULUCF excluded). The second most important
gas is CH4, followed by N20, representing, respectively, 16% and 5% of total emissions in 2016.
Portugal has chosen 1995 as the base year for fluorinated gases. In 2016 these gases
represented about 5% of total GHG emissions. NF3 emissions are non-occurring in Portugal..
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Figure 2.6 T GHG emissions by gas.
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Over the 1990-2016 period, CO2 is the gas having registered the biggest increase (10%) and
N20 decreased by about 18%. F-gases are excluded from the figure as they are accounted since

1995, but they have been increasing importance particularly in latest years, representing in 2016
5% of the total emissions.

Figure 2.7 7 Change of GHG emissions by gas over the period 1990-2016
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Table 2.17 GHG emissions and removals in Portugal by gas.
e EESENE 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
CO, equivalent (Gg)
CO2 emissions w ithout net CO2 from LULUCF 45,586 47,211 51,466 50,080 50,832 54,804 52,109 55,127 59,621 67,243 66,060 65,729 69,581 64,460
CO2 emissions with net CO2 from LULUCF 45,863 47,322 47,603 45,158 45,084 49,259 43,365 45,621 51,487 58,169 59,554 56,372 60,680 65,531
CH4 emissions w ithout CH4 from LULUCF 10,392 10,593 10,744 10,870 11,130 11,465 11,537 11,764 12,073 12,225 12,293 12,279 12,450 12,652
CH4 emissions w ith CH4 from LULUCF 10,693 10,995 10,872 10,980 11,305 11,839 11,729 11,838 12,524 12,386 12,627 12,542 12,739 13,596
N20 emissions w ithout N2O from LULUCF 3,847 3,816 3,786 3,703 3,687 3,837 4,041 4,056 4,038 4,146 4,348 4,208 4,111 3,739
N20 emissions w ith N20 from LULUCF 4,424 4,393 4,290 4,185 4,168 4,355 4,520 4,509 4,561 4,610 4,841 4,683 4,587 4,339
HFCs NO,NA NO,NA NO,NA NO,NA NO,NA 106 133 192 259 342 424 530 663 794
PFCs NO,NA NO,NA NO,NA NO,NA NO,NA NO NO 0 0 1 1 2 2 2
Unspecified mix of HFCs and PFCs NO,NA NO,NA NO,NA NO,NA NO,NA NO NO NO NO NO NO NO NO NO
SF6 NO,NA NO,NA NO,NA NO,NA NO,NA 14 14 15 16 17 17 18 18 22
NF3 NO NO NO NO NO NO NO NO NO NO NO NO NO NO
Total (without LULUCF) 59,825 61,619 65,996 64,653 65,649 70,227 67,834 71,155 76,008 83,973 83,142 82,766 86,823 81,668
Total (with LULUCF) 60,980 62,710 62,765 60,323 60,557 65,573 59,761 62,177 68,848 75,524 77,463 74,147 78,689 84,284
Total (without LULUCF, with indirect) 59,931 61,720 66,114 64,770 65,825 70,448 68,042 71,393 76,235 84,203 83,362 82,971 87,019 81,882
Total (with LULUCF, with indirect) 61,087 62,812 62,883 60,439 60,734 65,794 59,969 62,414 69,074 75,754 77,684 74,352 78,884 84,498
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 % change
CO, equivalent (Gg) 1990-2016
CO2 emissions w ithout net CO2 from LULUCF 67,246 69,521 64,791 62,288 59,942 57,096 52,898 51,714 49,888 48,089 47,963 52,205 50,285 10.3
CO2 emissions w ith net CO2 from LULUCF 59,336 69,636 55,933 49,703 45,925 43,066 41,288 40,138 40,620 39,404 37,900 43,232 44,022 -4.0
CH4 emissions w ithout CH4 from LULUCF 12,807 12,427 12,355 12,179 11,713 11,516 11,529 11,688 11,457 11,266 11,145 11,086 11,082 6.6
CH4 emissions w ith CH4 from LULUCF 13,077 13,269 12,543 12,251 11,750 11,676 11,824 11,841 11,749 11,608 11,192 11,227 11,532 7.8
N20 emissions w ithout N20 from LULUCF 3,891 3,754 3,632 3,801 3,709 3,396 3,369 3,097 3,116 3,119 3,190 3,175 3,155 -18.0
N20 emissions w ith N20 from LULUCF 4,356 4,317 4,055 4,181 4,061 3,772 3,772 3,474 3,520 3,534 3,548 3,543 3,574 -19.2
HFCs 907 1,074 1,250 1,481 1,722 1,916 2,105 2,281 2,445 2,617 2,749 2,909 3,060 100.0
PFCs 3 3 4 5 6 7 8 9 10 11 13 14 15 100.0
Unspecified mix of HFCs and PFCs NO NO NO NO NO NO NO NO NO NO NO NO NO 0.0
SF6 27 27 28 31 30 33 35 29 30 31 26 23 23 100.0
NF3 NO NO NO NO NO NO NO NO NO NO NO NO NO 0.0
Total (without LULUCF) 84,880 86,806 82,061 79,786 77,122 73,963 69,943 68,819 66,945 65,134 65,086 69,413 67,621 13.0
Total (with LULUCF) 77,704 88,326 73,814 67,652 63,494 60,469 59,032 57,772 58,375 57,205 55,427 60,947 62,227 2.0
Total (without LULUCF, with indirect) 85,100 87,015 82,271 79,999 77,309 74,133 70,140 68,996 67,131 65,300 65,242 69,577 67,776 13.1
Total (with LULUCF, with indirect) 77,924 88,535 74,023 67,865 63,681 60,639 59,230 57,950 58,561 57,371 55,583 61,112 62,381 2.1
NA- Not applicable; NE - Not estimated; NO - Not occurring
Portuguese National Inventory Report 2018
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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, LULUCF,
and Waste.

Figure 2.8 - GHG emissions in Portugal by sector.
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Energy is by far the most important sector, accounting for 69 per cent of total emissions in 2016,

and presenting an increase of 14 per cent over the 1990-2016 period. Energy industries and

transport are the two most important sources representing, respectively, around 26% and 25% of

total emissions. Within the energy industries, public electricity and heat production represents

alone22% of the total emi ssions. This reflects
for electricity generation and transportation, which have grown steadily until the mid-2000s due

to the continued increase of electricity demand driven in particular by the residential/commercial

sector, and the growth of mobility.

Mobile sources, which are largely dominated by road traffic, are one of the sectors that have risen
faster. In the period 1990-2016 the emissions of transportation sources increased 62 per cent,
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 the emissions from fossil fuel storage, handling
and distribution. As previously said, the situation seems to have stabilized in the early 2000s and
started to decline in 2005. An inversion of this tendency is registered the most recent years, with
an increase in transport emissions of 5.1% from 2013 to 2016.

Still within the energy sector, the catego
commercial activities, also registered a significant increase of emissions in the 1990-2005 period
(with almost 55 per cent rise), but this tendency has decelerated (8 per cent decrease in the 1990-
2016 period), due to the implementation energy efficiency measures, but in the most recent years
also to the stagnation of the economic growth and recession.
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Figure 2.9 GHG emissions and removals by sector.
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Agriculture was, in the period analysed, a significant source of GHG emissions, responsible for
10 % of the Portuguese emissions in 2016, corresponding to a decrease of 5 % since 1990. This
fact is related to the relatively decrease of importance of the sector in terms of the national
economy, and also associated for instance with the reduction of the livestock production of certain
categories of animals (e.g. swine), the increase of the extensive livestock production and the
decrease of fertilizer consumption, in a certain extent related to the conversion of arable crops to
pastures.

Waste represented approximately 10 % of Portuguese emissions in 2016, recording an increase
of approximately 19 % since 1990. This increase in emissions is primarily related to the rise of
waste generation (associated with development of the family income and the urbanization growth
registered in the country during the 1990 decade) and the deposition of waste in landfills.

Industrial processes and product use represented 11 % of the Portuguese emissions in 2016, and
have grown 24 % since 1990. These emissions which are generated as by-product of many non-
energy-related activities, are mostly related to the increase of cement production, road paving,
limestone and dolomite use, lime and glass, are mostly related to the increase of cement
production, road paving, limestone and dolomite use, lime production, and glass.

Estimates of emissions and sinks from land use change and forestry category show that this
category has changed from being a net emitter in 1990 (1.2 Mt CO2e) 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 2016 this sector represents a sequester of -6.8 Mt CO2e.
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Figure 2.10 7 GHGs emissions percentage change (1990-2016) by IPCC category (LULUCF
excluded).
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Table 2.2 7 GHG emissions and removals by sector.

GHGs SOURCE AND SINK 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
CATEGORIES CO, equivalent (Gg)
1. Energy 41,358 42,996 47,551 46,192 46,854 50,355 47,703 50,290 54,719 62,060 60,723 60,893 64,408 59,313
2. Industrial processes and product use 5,887 5,833 5,536 5,425 5,455 6,201 6,227 6,736 6,925 7,333 7,622 7,180 7,558 7,630
3. Agriculture 7,144 7,163 7,049 6,993 7,019 7,060 7,255 7,280 7,227 7,367 7,507 7,271 7,162 6,698
4. Land use, land-use change and forestry(5) 1,155 1,091 -3,232 -4,331 -5,092 -4,654 -8,073 -8,978 -7,160 -8,449 -5,678 -8,620 -8,135 2,616
5. Waste 5,437 5,627 5,859 6,043 6,320 6,611 6,649 6,850 7,138 7,214 7,289 7,423 7,696 8,027
6. Other NO NO NO NO NO NO NO NO NO NO NO NO NO NO
GHGs SOURCE AND SINK 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016(% change

CO, equivalent (Gg) 1990-2016
1. Energy 61,565 63,961 59,557 56,440 54,471 53,225 48,743 48,055 46,593 44,449 43,963 48,294 47,064 13.8
2. Industrial processes and product use 8,362 8,384 8,172 9,026 8,816 7,125 7,589 7,012 6,767 7,259 7,739 7,839 7,295 23.9
3. Agriculture 6,808 6,760 6,698 6,824 6,774 6,686 6,614 6,578 6,625 6,611 6,697 6,725 6,789 -5.0
4. Land use, land-use change and forestry(5) -7,176 1,520 -8,247  -12,134  -13,628  -13,495  -10,910  -11,047 -8,571 -7,928 -9,659 -8,465 -5,394 -567.0
5. Waste 8,144 7,702 7,634 7,497 7,061 6,929 6,997 7,173 6,961 6,814 6,687 6,554 6,473 19.1
6. Other NO NO NO NO NO NO NO NO NO NO NO NO NO 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.

Figure 2.1171 Indirect GHG and SOx emissions: 1990-2016 variation.
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In 2016, all these gases emissions have decreased from 1990 levels: SOx -86 %, CO -56 %,
NMVOC -31 % and NOx -39 %.

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

Within energy, transportation is responsible for the major share of NOx, emissions, approx. 44 %
of 2016 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, limited the growth of these emissions or even its
decrease. In fact, the situation started to change in the last years, 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 in transport emissions of 5.1% from 2013 to 2016. In the period
analysed, 1990-2016, NOx emissions from transport decreased -130 per cent; and CO and
NMVOC emissions registered reductions of more than -80 per cent.

Other sectors (commercial/institutional, residential and agriculture/forestry) is a primary source of
CO emissions representing 43 % of the 2016 totals.

SOx emissions are mainly generated in the energy industry sector (approximately 30 % of total
emissions in 2016) and combustion in manufacturing industries (approximately 37 % of total
emissions in 2016), which are major consumers of fossil fuels. Oil and coal represent the biggest
share of the fuel mix used in thermal electrical production in the country, and they are in majority
imported. The situation is however improving with a significant development of renewable sources
(mainly wind) and energy efficiency measures, among other factors as reflect the introduction of
new stricter laws regulating the residual fuel oil (Decree-Law 281/2000 from November 10t). The
introduction of natural gas and its increasing use, since 1997, is also another positive factor that
has contributed to control of SOx emissions. The emissions variation in the period 1990-2016
shows a substantial decrease in SOx emissions in both sub-categories: energy industries and
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manufacturing industries -93 % and -79 %. Since 2007, SOx emissions from the energy industries
registered a significant reduction (approximately -87 %) which is explained by the implementation
of two new abatement systems (desulfurization in two Large Point Source Energy Plants in
Mainland Portugal).
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Table 2.3 7 Indirect GHG and SOx emissions: 1990-2016.
. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Gas emissions
(G9)
co 724 737 775 754 767 784 761 745 718 692 662 604 589 568
NOx 258 269 288 279 279 288 274 274 282 293 288 285 290 267
NMVOC 222 225 231 222 222 219 222 226 230 222 224 220 217 208
SO2 324 315 376 318 295 331 272 287 335 302 265 250 248 190
. 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016(% change
Gas emissions
(Gg) 1990-2015
co 541 509 479 457 414 394 396 369 358 339 323 331 318 -56.0
NOx 271 278 254 245 225 215 200 183 169 166 163 165 158 -38.7
NMVOC 202 193 187 183 173 160 163 155 153 152 156 157 153 -31.0
SO2 191 193 169 160 112 77 68 62 57 51 46 47 47 -85.6
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3 ENERGY (CRF 1.)

3.1 Overview

Energy-related activities are the major sources of Portuguese GHG emissions, accounting in
2016 for 69.6 % of total emissions of COze excluding LULUCF and including indirect CO2. Total
emissions from this sector have increased 13.8 % from base year to last year, although the rise
in emissions did not occur in a continuous manner. Thus, the year with maximum emissions
occurred in 2002, as may be seen in Figure 3.1. The oscillations in COze 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.

The relative importance of total COze emissions from the Energy sector has incresed, from 69.1
% in 1990 to 69.4 % in 2016. By far the most important gas emitted by this sector in 2016

is COz2, with 98.0 % of sector emissions expressed in COze.
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Figure 3.17 Total COze emissions from the Energy Sector (CRF 1).
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Considering the importance of each of the sub-sectors, which are presented in Figure 3.2, it is
clearly visible the dominance of emissions from the Energy Industry (1A1) and from
Transportation activities (1A3). It is also clear the accentuated increase that emissions from this
last category have suffered during the period from 1990 till 2005, and the decrease in emission
for all sector from 2005 to 2016 (except for 1A1 and 1B).
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Figure 3.2 7 Importance of COze emissions from sub-sectors in Energy sector in selected years i
1990, 1995, 2000, 2005, 2010, 2015 and 2016.
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3.1.1 Fuel Combustion Activities (CRF 1.A.)

Energy emissions are primarily related to fossil fuel combustion. In Portugal energy industries and
transports were the primary sources of Portuguese GHG emissions, representing, respectively,
25.6 % and 24.7 % of total GHG emissions excluding LULUCF in year 2016. 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 11.0 % of total emissions in 2016. Other sectors which include
residential, commercial/institutional, agriculture/forestry and fisheries (excluding bunkers)
represents 6.4 % of total sector emissions. Emissions for the full time trend in Figure 3.3.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.

Figure 3.37 Trend of total GHG emissions in source 1A, expressed as COze, by sub-sector.
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GHG emissions from this activity sector are almost fully dominated by direct CO2 emissions, which
represent about 98.0 % of GHG emissions in 2016. CH4 and N20 are minor sources, respectively
0.8 % and 1.1 % of total GHG emissions from the 1 A sector in 2016.
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CO:2 emissions are dependent on the carbon content of the fuel used and, for this reason,
estimates of CO2 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 CHs, CO, NMVOC and airborne particulate matter.
It is presumed that all these other carbon containing non-CO2 gases oxidise to CO: in the
atmosphere and are include in carbon dioxide estimates (ultimate CO2)2.

Emissions from fossil fuel combustion include also other atmospheric contaminants such as N20O,
NOx, SOx; NHs, particulate matter, heavy metals and toxic organic compounds. Unlike COzq,
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.

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 COz2, 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 CO2 pool. This activity is reported
separately for information purposes only. Nevertheless non-CO2 emissions from combustion of
biofuels and other biomass fuels are however 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
CO2, NMVOC, SOy, CHs, NOx and CO, and emissions per sub-sector source are presented in
Figure 3.4. 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 CO2 are responsible for 94.3 % of 1B total emissions in 2016,
emissions occurring as CHarepresent 5.4 % of 1B total emissions and N20 represent only 0.3 %.
Emissions by gas are represented in Figure 3.5..

2 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 CO; (3) Fossil ultimate CO, - CO, emissions resulting from
carbon with fossil origin: fossil fuels, mineral rocks and all other non biomass carbon.
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Figure 3.4 7 Trend of total GHG emissions in source 1B, expressed as COze, by sub-sector.
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Figure 3.51 Trend of total GHG emissions in source 1B, expressed as CO2e, by GHG.
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3.2 International Bunker Fuels

International bunkers fuels used in international aviation and international navigation are
presented in the figure below.

Figure 3.6 7 International navigation and aviation bunkers.
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3.2.1 International aviation bunkers

The majority of jet fuel is used for international aviation. In 2016 the quantity of jet fuel for
international aviation was about 88% 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 3.7 1 International aviation bunkers.

3.2.2 International marine bunkers

In 2016 the energy consumption for international navigation was about 89% of the total energy
used in marine navigation. This percentage was estimated according with the origin and destiny
of the flight as recommended by 2006 IPCC guidelines.

The international fuel classification used by the national fuel authority (DGEG) is different from
the one used in national inventory. DGEG split is 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).

The international navigation energy consumption data from the IEA differ to some extent from the
DGEG fuel balance. This discrepancy results from a reporting error to the IEA. 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. DGEG is developing efforts
to correct this reporting error.
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