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1.- PRESENTAtion

The present document is the edition corresponding to 2004 of the report on the 1990-2002 inventories of Greenhouse Gases (GHG) presented by Spain to the Commission of the European Union by virtue of the provisions of Council Decision 2004/280/EC, repealing that of 93/389/EEC, regarding a Monitoring Mechanism of Community Carbon Dioxide and other greenhouse gas emissions.

The presentation of the inventories is carried out in the Common Reporting Format (CRF) defined in document FCCC/CP/2002/8 drawn up by the United Nations Secretariat on the Framework Convention on Climatic Change.

As for the substances referred to in the inventory, the data in the CRF tables are given both in units of mass for each gas and in terms of CO2-equivalent for each of the compounds/groups considered in Annex A of Kyoto Protocol and that includes the six categories below with a direct effect on global warming: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFC); perfluorocarbons (PFC), and sulphur hexafluoride (SF6). In addition, the estimated emissions of three gases with an indirect warming effect: nitrogen oxides (NOX), carbon monoxide (CO), non-methane volatile organic compounds (NMVOC), as well as those of sulphur oxides (SOX) are given in terms of mass. The amounts sequestered by sinks have been estimated solely with reference to the CO2 fixed as carbon by tree-forest biomass.

The current edition of the inventories updates, and revises in some cases, the estimates provided in the previous edition for the years in the period 1990-2001, at the same time as it extends the time series to 2002. Where necessary, the revision of the estimates for certain items in the inventories has been due to various factors including: a) the review of the input data and statistics themselves, b) changes in the estimation methodologies (methods choices, factors and algorithms) as a result of the improved awareness of the emissions-generating processes, and c) in some cases, the correction of errors detected. The following sections 2, “General Methodology” and 3, “Development of Inventory Principles” summarize the methodologies and approaches used to estimate the emissions and describe to which extent the recommended good practices have been followed for the compilation of these inventories. Revisions to the previous inventories from 1990-2001 are described in section 4, “Recalculations”; these are included in this edition with relation to the estimates presented in the previous edition. In section 5 “Summary of Results, Key Sources Identification and Uncertainty Analysis”, the results as accumulated inventory, by type of gas and activity sector are presented first, and continue by identifying which activities have the greatest repercussion be it in absolute values of emissions (level) or trend (tendency) of the series of inventories, then the presentation continues with the identification of keys sources both in levels as in trends, finishing this section with the Tier 1 inventory uncertainty analysis. Section 6 “Results comparison (1990-2001) current ed. vs. previous ed.”, present and comment on the primary changes registered in the emissions estimates with regard to the previous edition. Finally, in secction 7 “Analysis by Source Categories” a detailed presentation is made on the primary information gathered, the estimation procedures and results obtained by the main inventory source categories following the CRF nomenclature.

NB. Important Notice. It is to be clearly stated that for easy of correspondence between the Spanish and English versions of this report, the numbers appearing in the tables and figures of this English version are written with the following separators:

i) point “.” is used as the thousand separator

ii)
comma “,” is used as the unit fraction separator

for numbers in the text the usual English version separators are, nevertheless, used.

2.- GENERAL METHODOLOGY

The data shown in the set of CRF tables for this edition contain all of the relevant information on the direct and indirect emission/uptake of greenhouse gases produced in Spain during the period 1990 to 2002.

The fulfilment of the CRF tables is effected on the basis of the pertinent data available in the National Emissions Inventories into the Atmosphere (Inventarios Nacionales de Emisiones a la Atmósfera), maintained and developed by the Directorate-General for Environmental Quality and Assessment at the Spanish Ministry of the Environment.

In the present edition of the greenhouse gas inventory, the fulfilment of the CRF tables has been completed following the bottom-up hierarchic link structure of the CRF software itself to produce automatically from the background tables both the derived sectoral tables with the emissions estimated by IPCC activity category and also, at a level of greater aggregation, the summary tables for levels and trends.

A brief description is given below of the work carried out to draw up the greenhouse gas inventory and particularly how the CRF tables are completed on the basis of the data from the National Air Emissions Inventory System.

The approaches for the emissions estimations recommended in both the “IPCC Guidelines for national greenhouse gas inventories, 1996 revised version” and the “IPCC Good practice guidance and uncertainty management in national greenhouse gas emissions, ed 2000” were adopted for all those activities for which the said approaches were considered the most precise, taking into account the resources and data available. In those cases where a national approach was available and was considered more appropriate than the alternative IPCC approach, the national approach was adopted in line with the recommendations of the IPCC itself. Thus, with respect to the crosstabs of gas type and emission-producing activity, the approaches adopted have been those indicated in the following sub-section.

2.1.- METHODOLOGIES APPLIED BY IPCC ACTIVITY CATEGORY

Energy: Combustion Processes

The carbon mass balance has been used for the estimation of the CO2 emissions, taking the most specific national parameters as the fuel characterization, either provided by the emissions producers themselves, as in the case of the Large Point Sources, or else derived from the standard fuel specifications.

The following approaches have been used for the other pollutants:

-
Estimations based on available direct measurements, mainly in the case of SO2 and NOX at the Large Point Sources.

-
Estimations based on mass balances, mainly in the case of SO2 in the emissions from mobile sources and from stationary sources without desulphurisation technologies.

-
Estimations based on the EMEP/CORINAIR methods, including COPERT III for traffic, as these were considered more specific for the combustion installations under consideration than those proposed at the IPCC. This group generally includes the estimations of NMVOC, CH4, CO and N2O.

Energy: Fugitive Emissions

In this activity category national methods have been used when, as in the cases below, it has been possible to call on information regarding processes, emission factors or estimation algorithms considered better adapted to the sector’s activity in Spain:

-
CH4 emissions in the mining and use of coal.

-
CH4, NMVOC and CO2 emissions in the transportation and distribution of natural gas and other gaseous fuels (air with added methane/propane, propane, gas works gas).

-
CO2 emissions in the (non combustive) processes for the transformation of fuels, mainly in coke plants and oil refineries.

-
NMVOC emissions in the transportation of oil-based products.

For the remaining activities in this sector, the IPCC or EMEP/CORINAIR emission factors have been used, depending on which one was considered more representative. To this category belong, for example:

-
The emissions of CH4 and NMVOC generated in the national oil and natural gas production activities; as well as the fugitive emissions of both pollutants generated in the loading-unloading and storage operations for crude oil and oil-based products at the sea terminals.

Industrial Processes

The emissions of the three main greenhouse gases (CO2, CH4, N2O) from the activities in this sector have been estimated in accordance with the IPCC methodology.

For the indirect greenhouse gases, as well as for sulphur dioxide, the approach used has been a combination of national methods complemented, when these data were missing, by EMEP/CORINAIR emission factors.

For the estimation of the emissions of fluorinated gases (HFC, PFC and SF6), the IPCC actual approach methodology was adopted. The complementary potential approach was not considered feasible as, at the maximum level of disaggregation of the foreign trade nomenclature, it was not possible to identify the commercial transactions (and it was also tremendously complex to do so in the chain of importers-distributors-exporters) by individual gas type, in other words, as:

i) HFC-23; HFC-32, HFC-125; HFC-134a; HFC-143a; HFC-227ea, HFC-236fa in the HFC group;

ii) CF4; C2F6; C3F8; C4F10; in the PFC group; and

iii) SF6.

Use of Solvents and Other Products

Within this group, in which the IPCC methodology itself refers to EMEP/CORINAIR for a large number of activities, the national methods have been used and complemented by EMEP/CORINAIR factors.

Agriculture

Within the group of agricultural activities, it is necessary to distinguish the methodological handling by sub-sectors and by gas type if appropriate. We thus have:

-
With regard to the CH4 emissions from enteric fermentation in cattle, the IPCC methodology has been followed, with an advanced (tier 2) approach for cattle and sheep.

-
For the estimation of the CH4 and N2O emissions from handling manure, the IPCC methodology has been followed, supported by national manure generation and management parameters. Similar treatment (IPCC methodology supported by national emission factors) has been applied to the estimation of CH4 emissions in rice growing.

-
In the case of the N2O emissions from agricultural soils, the IPCC methodology has been followed, supported with regard to the determination of basic activity parameters and variables on national studies.

-
The pollutant emissions generated in the burning of agricultural waste have been estimated: a) for CH4 and CO, in accordance with the IPCC methodology; and b) for N2O and NOx, using this same methodology supported by national parameters.

-
In the estimation of soil NOx emissions and NMVOC emissions from agricultural land and the burning of agricultural waste, the EMEP/CORINAIR methodology has been used as there is no alternative in IPCC.

Changes in Land Use and Forestry

The estimations of the net uptake of CO2 corresponding to this IPCC category are obtained by the difference between the uptakes of the forest tree biomass and the losses from that same biomass through logging . The calculation, shown in Table 5 A of the CRF, has been effected following the IPCC methodology, using data taken from the Second and Third National Forest Inventories, in what concerns net growth of tree-forest biomass, from the Agricultural Statitiscs Yearly Book, in what concerns wood and firewood cuttings, and from other national data sources , in what concerns tree-related characterizing parameters and forestry management  and monitoring practices. A more in-depth description of the methodology applied for this source category is presented in the Annex titled “Methodology for estimating net CO2 uptakes by tree-forest biomass”, that can be found at the end of this volume.

Waste

The emissions of the two main substances involved in waste treatment and disposal activities (CH4 and N2O) have been estimated using the IPCC methodology. The most significant activity for these emissions has been the disposal of municipal solid waste in either controlled landfills or uncontrolled tips. The estimation of methane emissions due to anaerobic degradation of the organic fraction in the waste has been estimated using the first-order kinetic equation. The second most important activity is the treatment of municipal and industrial waste water, where the IPCC guidelines have also been followed for the estimation of the methane emissions on the sewage treatment lines and on the sludge treatment lines. Other sources estimated in this sector refer to the emissions of N2O due to human consumption of proteins as well as waste incineration.

2.2.- TREATMENT OF CARBON STORED IN FEEDSTOCKS

The consumption of fuel products for non-energy uses appears in the fuel balance sheets under the homonymous heading. The amounts of all the types of fuel listed under this heading are included in the reference approach analysis, with each of these amounts being appropriately broken down into two fractions: a) the fraction that is stored in products; and b) the fraction that is presumably released in the short-term, giving rise to the corresponding CO2 emissions in accordance with the aforesaid reference approach.

2.3.- TREATMENT OF INTERNATIONAL BUNKERS

For the purposes of pro-memo reporting, that is to say outwith the national total, for the emissions corresponding to international sea and air traffic, the activity variable have been taken to be the fuel consumption figures appearing in the energy balance sheets as allocated to the respective international traffic flows: a) international marine bunkers; and b) international aviation, respectively.

3.- DEvelopment of the inventory principles

This section comments on the developments in this 2004 edition to the principles that must be taken into account in the drafting of the inventories, and their reference to the CRF tables, as indicated in the FCCC/CP/2002/8 document of the Secretariat for the UNFCCC.

3.1.- TIME SERIES CONSISTENCY

An important feature of the compilation process has been the emphasis placed on guaranteeing that, as far as possible, the time series 1990-2002 of the country was consistently estimated over the years in accordance with the updated Revised 1996 IPCC Guidelines (and corresponding nomenclature) and the complementary document “IPCC Good practice guidance and uncertainty management in national greenhouse gas inventories”, published in 2000. The estimated figures for by-gas have been converted in terms of CO2-equivalent using the 1995 revised IPCC global warming potentials (100 years time horizon).

3.2.- RECALCULATIONS PERFORMED

The consistency objective just mentioned forced a recalculation of previously submitted, edition 2003, estimations of emissions and removals covering the period 1990-2001. It is firmly believed that this revision of the previous estimates, that is shown in Tables 8(a) of CRF, has significantly contributed to an improvement in the accuracy and completeness of the inventories series and the emissions trends derived therefrom. Basic information for the year 2002 is partly provisional (it uses projected activity data for some sectors), so it is envisaged that estimations for this year will presumably be recalculated when definite data are available.

3.3.- COHERENCE

The coherence of the estimated CO2 emissions originating from fossil fuel combustion activities has systematically been taken into account through the whole inventorying process of such emitting activities. The use of fuels for these energy purposes has essentially been matched with the national energy balances as reported in the “Energy Balance Sheets” publication of EUROSTAT and “Energy Statistics” of the International Energy Agency. CO2 emissions from biomass fuels combustion is also reported within the specified “Memo” items, although not taken into account in the national CO2 emissions estimated figure. The reference approach shown in Tables 1.A(b) and 1.A(c) can be seen as a coherence checking for CO2 emissions from fuel combustion activities, although, by the very definition of its activity variable coverage, the emissions estimated according to this approach yield normally higher figures as the ones obtained following the national approach.

3.4.- COMPLETENESS

Completeness of the inventories has been assessed according to IPCC estimating status typology: NO (not occurring), NE (not estimated); NA (not available); IE (included elsewhere); C (confidential), 0 (less than half a unit). It is believed that the completeness has been satisfactorily met, with the major caveat that CO2 removals by sinks have only been estimated for IPCC source “Changes in forests and other woody biomass stocks” and that no estimates of potential emissions have been calculated for fluorinated gases (HFC, PFC, SF6).

In short, the list of IPCC categories not covered in the inventories, ordered by gas species affected, is:

Carbon dioxide:


Sector: Land use change and forestry; categories: 5B-Forest and grassland conversion, 5C-Abandonment of managed lands, 5D-CO2 emissions and removals from soil.

All these three categories have not been estimated due mainly to lack of relevant statistical data. Additionally, the IPCC methodology, as it stands in the Revised 1996 IPCC Reference Manual raises, for some items, significant practical difficulties. It is expected that the expected new IPCC Guidelines for this group contribute to clarifying concepts and facilitating their implementation. For the case of Spain, categories 5B and 5D seem a priori the most relevant, category 5C having in principle a limited potential for the net balance of emissions. In any case, additional efforts are to be allocated to all categories of the “Land use change and forestry” sector once the IPCC estimating methodology under way receives approval. 

Fluorinated gases, potential emissions


Sector: Industrial processes – potential emissions of fluorinated gases.


It has not been possible to estimate the potential emissions due to the reasons explained in section 2.1 regarding the limitation of data sources. This shortage of estimations only affects Table 2(II) Sheet 2/2.

3.5.- UNCERTAINTY/ESTIMATION QUALITY

The assessment of uncertainty, or symmetrically the estimation quality, has been shown in Table 7 of the CRF using the quality codes H (high), M (medium), and L (low) for each pertinent crosstab of gas type and IPCC activity category. This ordinal classification of quality is only a first stage in the analysis of the uncertainty associated with the inventory estimations. Work is now in progress for the implementation of a quantitative estimation of uncertainty in accordance with the approach recommended in the “IPCC Good Practice Guidelines” document.

3.6.- TRANSPARENCY

From a formal standpoint, the fulfilment of the CRF background tables with the inclusion of the activity variables, estimated emissions and implicit emission factors, as well as the complementary information included in the said tables, as appropriate, represents the most significant advance towards the achievement of data transparency in the preparation of the inventories. In addition, the transparency requirements are dealt with through the documentation and filing of the background information sources which, over and above what can logically be reflected in the background tables, have been used in preparing the inventories.

4.- RECALCULATIONS

Recalculations have been performed for the period 1990-2001, for a group of activities which are subject to comment on an individual basis further below in section 4.2, “Comments by Activity”. These comments have been included also in the first part of tables 8(b) of the CRF format, and are motivated by the changes in the estimation methodology, which in turn, normally leads to the revision of the representative activity rates and of the emission factors, or by corrections to previous errors detected.

For year 2001 we should point out that, in addition, new calculations have been made in all those cases when an updated version of the activity rates was available; these may have been caused by the refreshing of estimates in the original sources, or simply projections used in the previous edition. In section 4.1, titled “General Comments”, the most relevant general sources of information that affect this type of estimates are enumerated. These comments are also included in the second part of the tables 8(b) of the CRF format.

4.1. GENERAL COMMENTS

The changes within the categories of greatest emission potential are motivated primarily by changes in some of the following sources of information:

4.1.1.
Large Point Sources Questionnaires (GFP)

In the case of the Large Point Sources, for which information is gathered through a specific questionnaire, data related to the year 2002 has been included in its entirety to the current edition and simultaneously corrected errors detected in the questionnaires corresponding to years 1990-2001. These changes could have affected plants that belong to the following sectors:

Utility Power Stations.

Oil Refineries.

Integrated Iron/Steel plants.

Alumina and Primary Aluminium plants.

Paper Pulp plants.

Large Vehicle Paint plants.

MSW Incineration plants.

4.1.2.
Activity Statistics

The statistical activity data has been revised for the main following sectors:

Forestry biomass:

For estimation of net uptake of CO2 by tree forest relevant information has been taken from the Third National Forest Inventory (in addition to the Second one that was the only one used in the previous submission).

4.1.3.
Energy Balances with special reference to CO2

Although the tallying of the fuels balance was performed in the previous version as well the current, there are some notable discrepancies, especially in the year 2001 fuels consumption data between one version and the other. It must be noted that due to the late availability of the Fuels Balance of 2001 the figures of fuels consumption for some activities had to be estimated. A similar situation occurred at the time of compiling the previous inventory edition with regard to the Fuels Balance of 2000. This motivated the need to operate with projected figures in the previous version, which has provoked a recalculation for the year 2001 in the category 1.A, “Fuel Combustion”.

4.2. COMMENTS BY ACTIVITY

Recalculations by activity category, discussed in this sub-section, are sorted by CRF source category for those activities whose estimated emissions have experienced significant changes for the period 1990-2001 with regard to the estimations provided in the previous edition.

Within each CRF source categories the paragraph headings refer to:

· Greenhouse gases concerned

· Methods

· Emission Factors

· Activity Data

· Addition/removal/replacement of source/sink categories

1.A
Combustion activities:

Gases Concerned: CO2, CH4, N2O

Activity Data:

Fuel balance 2001 revision: AR. The fuel balance for 2001 has been revised in accordance with the updated information received from the International Energy Agency and EUROSTAT (this information was not available in the previous edition).
1.A.1a 
Energy industries: Public electricity and heat production

Gases Concerned: CO2, CH4, N2O

Addition/removal/replacement of source/sink categories:

Public electricity and heat production: RA. MSW incineration plants without energy recovery have been reallocated to CRF source category 6C (in the previous submission they were allocated to CRF source category 1A1 together with those with energy recovery). 

1.A.1b
Energy industries: Petroleum refining

Gases Concerned: CO2, CH4, N2O

Petroleum refining: ME. Revision of the default CO2 EFs for the year 1990 to re-express them in terms of ultimate CO2 as required by IPCC instead of in terms of end-of-pipe CO2 (discounting carbon emitted as NMVOC, CO, CH4, and PM).
Emission Factors:

Petroleum refining: EM.

a) Revision of an input mistake in a directly reported CO2 emissions figure from one refinery unit for the year 1997: the error was three of magnitude in the reported figure (126 tonnes corrected to 126 kilotonnes).

b) Revision of a very low directly reported CO2 emissions figure from one refinery unit that was not consistent with the reported activity data (fuel consumption). For the revision an EF derived from C content of the fuel was applied.

Petroleum refining: EF.

a) Revision of the default CO2 EF for refinery gas used in refinery furnaces units as the EF figure used in the previous submission (55 kg/GJ) was identified as an anomalous low value. The new value used (60 kg/GJ) is referenced in EMEP/CORINAIR Guidebook (table 6, page B136-9).

b) Revision of the default CO2 EFs for year 1990 to express them in terms of ultimate CO2 (as required by IPCC) instead of in terms of end-of-pipe CO2 as in the previous submission.
Activity Data:

Petroleum refining: AR.

a) Introduction of a cogeneration unit for the period 1996-2001 at one oil refinery (this unit was not reported in the previous submission).

b) Revision of a fuel type consumption in one oil refinery for the year 2001 reported in the previous submission as hydrogen, when in fact it corresponds to a refinery gas enriched with hydrogen.
1.A.1c
Manufacture of Solid Fuels and Other Energy Industries

Gases Concerned: CO2, CH4, N2O

Emission Factors:

Coke plants: EM. Revision of the estimated emission figures for 1992 and 1993 after detection of an error in the activity data rate (see explanation for activity data).
Activity Data:

Coke plants: AR. Revision of the activity data in terms of mass of coke produced for years 1992 and 1993 in collieries not located in iron and steel integrated plants. This revision does not affect activity data in terms of energy, as reported in the CRF tables, but in terms of mass as indicated above. This change has consequences on emissions estimates (because emissions are calculated for these plants as coke mass production times the respective EF).
1.A.2
Combustion in manufacturing industries and construction

Gases Concerned: CO2, CH4, N2O

Emission Factors:

Petroleum coke fuel characteristics: EF. As a consequence of the revision of petroleum coke carbon content (t C/TJ), the CO2 EF has been changed for the whole period 1990-2001 in the following industrial sectors categories: cement, lime and plaster production, chemical industry, machinery industries, and other non metallic minerals industries.
Activity Data:

Petroleum coke fuel characteristics: AR. As a consequence of the revision of petroleum coke LHV, the activity rate expressed in terms of energy (TJ) for the whole period 1990-2001 has been changed in the following industrial sectors categories: cement, lime and plaster production, chemical industry, machinery industries, and other non metallic minerals industries.
Addition/removal/replacement of source/sink categories:

Combustion in manufacturing industries: RA. This reference to recalculation is motivated by the reallocation for the whole period 1990-2001 of a set of activities related to combustion in a miscellaneous subset of industrial activities that were assigned in the previous submission to category 1A2f: 1) Lime productions in iron and paper pulp industries have been reallocated to categories 1A2a and 1A2d respectively; 2) Galvanizing furnace in iron industry has been reallocated to category 1A2a; 3) Anode baking furnaces in aluminium industry have been reallocated to category 1A2b.
1.A.2a
Fuel conbustion in iron and steel

Gases Concerned: CO2, CH4, N2O

Emission Factors:

Sinterization: EF. Revision of 2001 CO2 and N2O EF for the sinterization unit in one plant that were incorrectly assimilated to the corresponding 2000 EF values.
Activity Data:

Iron and steel: AR. Revision of steel plant furnace gas consumption in one integrated steel plant for the period 1991-1993. The activity data was assumed to be expressed in mass units (tonnes) when in fact it was expressed in the previous submission in volume units (kNm3); for the recalculation the appropriate density coefficient has been applied.
1A2c
Fuel combustion in chemicals

Gases Concerned: CO2, CH4, N2O

Emission Factors:

Chemicals: EF. Correction of the emissions estimates for the year 2000, after detection of the omission of the approppriate EF for hard coal consumption (activity data had been included but not the corresponding EF so that no emissions were calculated for this fuel).
1.A.2d
Fuel combustion in pulp, paper, and print

Gases Concerned: CO2, CH4, N2O

Activity Data:

Pulp, paper and print: AR. Revision of activity data for the year 2001 in one paper pulp plant for natural gas consumption (the LHV applied was that corresponding to propane).
1.A.2f
Combustion in manufacturing industries and construction

Gases Concerned: CO2, CH4, N2O

Emission Factors:

Cement and lime kilns: EF. Within this CRF category the N2O EF has been revised for the whole period 1990-2001 in cement and lime kilns, in consideration of the furnace operating conditions (mainly their high temperatures).

Bricks and tiles: EF. Revision of natural gas N2O EF after detection of incorrect figures for the whole period 1990-2001.
Activity Data:

Lime kilns: AR. Provisional data (fuel consumption) for 2001 in the previous submission has been revised with information supplied by the lime manufacturing entrepeneurial association (ANCADE).

Fine ceramic industry: AR. Fuel consumption for the year 2001 in the previous submission has been revised with information supplied by the manufacturing entrepeneurial association (ASCER).

Other glass manufacturing: AR. Fuel consumption for the years 2000 and 2001 have been revised after detection of incorrect figures in the previous submission.

Industrial mobile machinery: AR. A revision of diesel oil LHV has been made for for the whole period 1990-2001. This revision only affects to IEF, not the emissions themshelves.
1.A.3c
Railways

Gases Concerned: CO2, CH4, N2O

Activity Data:

Railways: AR. Fuel consumption, in energy terms (TJ NCV) as the LHV has been revised after verification of its appropiated value. This change has not implications on the emissions figures, which remain unchanged, but affects the IEFs.
1.A.4a, 1.A.4b
Fuel combustion in comercial/institutional and residential sectors

Gases Concerned: CO2, CH4, N2O

Emission Factors:

Petroleum coke fuel characteristics: EF. As a consequence of the revision of petroleum coke carbon content (t C/TJ), the CO2 EF has been changed for the whole period 1990-2001.
Activity Data:

Petroleum coke fuel characteristics: AR. As a consequence of the revision of petroleum coke LHV, the activity rate expressed in terms of energy (TJ) for the whole period 1990-2001 has been changed.

Residential combustion: AR. Due to a mistake in the previous submission a consumption of "Other fuels" was reported for 1999 in the residential sector but this consumption does not in fact exist. This has been fixed in the present submission.
1.A.4c
Fuel combustion in Agriculture/Forestry/Fisheries

Gases Concerned: CO2, CH4, N2O

Activity Data:

Agricultural and Forestry mobile machinery: AR. Some minor errors in fuel consumption diesel oil and gasoline in this type of machinery identified in the previous submission for reference years 1998-2001 have been fixed.
1.B.1
Fugitive emissions from fuels – Solid fuels

Gases Concerned: CO2, CH4
Activity Data:

Amount of fuel produced: AR. Revision of the mass units in which the production of fuel were expressed. In the previous submission it was mistakenly expressed in thousand of tonnes instead of million of tonnes. This error has been fixed in the present submission. This revision only affects IEF, not to the emissions themselves.
1.B.1b
Solid fuel transformation

Gases Concerned: CO2
Methods:

Coke plants: ME. A major revision of the CO2 estimating methodology has been conducted for the present submission. CO2 emissions have been re-estimated for the wole period using a full C-content material balance, with information on basic parameters provided by the main manufacturer. This is the recalculation with the greatest implication in CO2 emission differences between the present and previous submissions.
Emission Factors:

Coke plants: EM. Revision of the emissions estimated data for 1992 and 1993 after detection of an error in the activity data actually entered in the emissions estimation algorithm (please note that the CRF reported activity data was correct although it was incorrectly entered in the algorithm).
Activity Data:

Coke plants: AR. Revision of the coke production data for 1990 (corresponding to one plant) that in previous submission had been incorrectly typed. This revision does not affect emissions.
1.B.2a
Fugitive emissions from fuels: Oil

Gases Concerned: CO2
Emission Factors:

Refining/Storage: EM. Revision of the CO2 emissions for the whole period 1990-2001 after detection of a double counting in the hydrogen plant at an oil refinery.
1.B.2b
Fugitive emissions from fuels: Natural gas - Transmission and distribution

Gases Concerned: CO2, CH4
Activity Data:

Transmission and distribution of gas: AR. Revision of activity data for the year 1992 that were incorrectly typed for the previous submission. This revision only affects IEF not the emissions themshelves.
1.B.2c
Fugitive emisions from fuels: Flaring 

Gases Concerned: CO2
Emission Factors:

Flaring - Oil: EF and EM. Revision of the CO2 emission factor for the year 2001 at an oil refinery plant, after detection of an incorrect emission factor used in the process of emissions estimation (CO EF was mistakenly entered instead of CO2).
Activity Data:

Flaring - Oil and Gas: AR. Revision of 1996 activity data for oil (oil refined) and gas (gas consumed) that were incorrectly typed for the previous submission (they correspond to 1992). This revision only affects IEF not the emissions themshelves.
2.A.2
Lime production

Gases Concerned: CO2
Activity Data:

Lime production: AR. Provisional data for 2001 in previous submission has been revised with information supplied by lime manufacturing entrepeneurial association (ANCADE).
2.A.4
Soda Ash Production

Gases Concerned: CO2
Emission Factors:

Soda ash production: EF. Revision of the whole time series of soda ash CO2 emission factors according to the information provided by the sole plant manufacturer.
Activity Data:

Soda ash production: AR. Revision of the whole time series of soda ash production according to the information provided by the sole plant manufacturer.
2.A.7
Mineral products: Other

Gases Concerned: CO2
Methods:

Glass processes - decarbonazing: ME. Small rounding errors in CO2 emissions for the whole period 1990-2001 in the previous submission have been fixed.
Activity Data:

Glass processes - decarbonazing: AR. Activity rates for the years 2000 and 2001 have been revised for the "Other glass" sub-sector after detection of incorrect figures in the previous submission.
Addition/removal/replacement of source/sink categories:

Magnesite production: AD. This corresponds to the inclusion of this activity for the first time in the emission inventory submission 2004. With regard to industrial processes, the emissions of CO2 originate from raw materials decarbonization.

2.B.1
Ammonia production

Gases Concerned: CO2
Emission Factors:

Ammonia production: EF. The CO2 emission factors have been revised for the period 1995-2001 in order to achieved spatial consistency (bottom-up for provinces to national scale) and time series consistency (over the whole period 1990-2002).
Activity Data:

Ammonia production: AR. Revision of the ammonia production data for years 2000 and 2001 according to new information provided by the Chemical Industry Federation (FEIQUE).
2.B.2
Nitric Acid production

Gases Concerned: N2O

Activity Data:

Nitric acid production: AR. Revision of nitric acid production data for 1995 after detection of the incorrectly typed figure in the previous submission. This only affects IEF, not to the emissions themselves.
2.B.5
Chemical industry other

Gases Concerned: CO2, CH4
Activity Data:

Activity variables: AR. The figures for activity variables provided by Ministry for Science and Technology and the Chemical Industry Federation in the 2002 edition of “Industria Química en España” (“Chemistry Industry in Spain”) have been revised (the new edition includes revised figures for some of the products for which preliminary statistics for 2001 were given in the previous edition).
2.C.1
Iron and Steel Production

Gases Concerned: CH4
Emission Factors:

Pig iron production: EM. In the previous submission, the 1994 CH4 emission figure directly entered into the CRF cell was incorrect (it corresponded to 1992). This mistake has been fixed.
2.C.2
Ferroalloys production

Gases Concerned: CO2
Activity Data:

Ferroalloys production: AR. Revision of ferroalloys production data for 1997, 1998 and 1999 after detection of the incorrectly typed figures in the previous submission. This only affects IEF, not the emissions themselves.
3.A
Paint application

Gases Concerned: CO2
Activity Data:

Paint application: AR. Revision of the paint application data for 2001, according to new information provided by the Paint Manufactures Entrepeneurial Association (ASEFAPI).
3.B
Degreasing and dry cleaning

Gases Concerned: CO2
Activity Data:

Dregreasing and dry cleaning: AR. Revision of the solvent consumption data for the whole period as the previous submission only included the figures corresponding to main halogenated solvents. Data in the current submission included also non-halogenated solvents. This only affects IEF, not the emissions themselves.
3.A, 3.D
Paint application and Other solvent and product use

Gases Concerned: CO2
Activity Data:

Paint application and other solvent use: AR, EF and EM. Reported data of activity rates and associated emissions for 1997 and 1998 related to a decommissioned car manufacturing plant have been discounted from data in the previous submission. The revision has the effect of avoiding double counting (the plant was moved to another location).

4.A
Enteric Fermentation
Gases Concerned: CH4
Activity Data:

Milk production: AR. The figures for milk production reported in the previous submission for 2000 and 2001 have been revised (for year 2000 the recently published data have been entered instead of those derived from 1999 data projections, for 2001 the new reported figure is based on projection from 2000 instead of projections from 1999). This revision affects the gross energy (GE) estimates of dairy cattle and consequently their contributed emissions. 

4.B
Manure Management
Gases Concerned: CH4
Activity Data:

Milk Production: AR. The revision for milk production data in years 2000 and 2001 as indicated above imply changes in gross energy (GE) and consequently in Volatile Solids (VS). Changes in this last parameter are thus reflected in emissions changes. Emissions changes in this source category are nevertheless minor.

4.C
Rice Cultivation
Gases Concerned: CH4
Activity Data:

Rice Cultivated Surface: AR. Rice "harvested area", as appears in table 4.C, was in previous submission reported in a incorrect unit for all years in the inventoried period 1990-2001. The present submission has fixed this "units" reporting error. The revision does not affect the reported emissions themshelves (only the activity data and the implied emission factor have changed).

4.D
Agricultural Soils
Gases Concerned: N2O
Activity Data:

Crop residues: AR. Changes in estimated activity data for crop residues in 1999, 2000 and 2001 are reflected in minor variations for these years in N contained in crop residues. These changes affect N2O crop residue emissions and N2O emissions from field burning of agricultural residues. 

4.F
Field Burning of Agricultural Residues
Gases Concerned: N2O
Activity Data:

See comment to 4.D.

5.A
Changes in Forest and Other Woody Biomass Stocks

Gases Concerned: CO2
Methods:

Net CO2 uptake by forest trees: ME. An in-depth revision of methodology has been implemented for the present submission. The main features of this revision are as follows:

a)
Use information from both the Second and Third National Forest Inventory instead of only the Second one used in the previous submission.

b)
Use of a yearly time series for 1990-2000 (with extrapolations for the years 2001 and 2002) of wood and firewood cuttings instead of only data for year 1990 used in the previous submission.

c)
Use of species-specific factors to expand the tree trunk volume to total tree living volume biomass, instead of only a general default expansion factor for all species.

d)
No discounting of individualized estimates of CO2 emissions from forest fires as the Third National Forest Inventory already takes into account the loss of CO2 from forest fires.

In summary, a dynamic time series is provided for the first time in the present submission for sub-category 5A.

6.C
Waste incineration

Gases Concerned: CO2, CH4, N2O
Activity Data:

Flaring in steel industry: AR. LHV for steel plant furnace gas flared has been revised according to plant specific information provided via questionnaire for the whole period 1990-2001. Additionally, for 2001, the activity rate previously expressed in terms of kNm3 has been reconverted to mass units (tonnes) in order to apply the LHV coefficient.
Addition/removal/replacement of source/sink categories:

Incineration of MSW: RA. MSW incineration plants without energy recovery have been reallocated to CRF source category 6C (in the previous submission they were allocated to CRF source category 1A1 together with those with energy recovery).

5.- RESULTS AND KEY SOURCES ANALYSIS

For the analysis of the implications on the potential of global atmospheric warming, the emissions figures are estimated with weightings based on the 1995 IPCC global warming factors (100-year time horizon) for each gas and shown in terms of gigagrammes (Gg) of CO2-equivalent. For the case of Spain, the base period taken for reference purposes is 1990 for CO2, CH4 and N2O and 1995 for the fluorinated gases, HFC, PFC and SF6. The time interval under consideration is from 1990 to 2002.

5.1.- AGGREGATE ANALYSIS

Table 5.1 shows in both absolute terms (Gg CO2-equivalent) and in terms of the time index (100 in the reference year) the values corresponding to the total gross emissions. The graphic representation of this index is shown in Figure 5.1. From the preceding data, it can be seen that the total emissions in 2002 are 39.4% above the reference year, whereas the percentage increase reduces to 31.1% when the average of the last quinquennium, 1998-2002, is compared with the same reference year
. Overall, the index has shown sustained growth during the inventoried period, except for 1993, 1996 and 2001 when the levels fell by comparison with the preceding years. In terms of the slope of the curve, the interval 1990-1996 is characterized by a more moderate growth than that corresponding to the interval 1996-2002. This variability in the evolution seems to be linked from time to time (annual peaks/troughs) with the greater or lesser degree of rainfall in the year in question and its sequel on the thermal electricity generation, although another series of additional factors such as the general expansion in fuel consumption and industrial activity are at the base of change of slope observable between the two intervals indicated above, 1990-1996 and 1996-2002.

TablE 5.1.
EvoluTION OF AGGREGATE EMISSIONS

Absolute Values (Gg CO2 equivalent)

	Base year
	1990
	1998
	1999
	2000
	2001
	2002

	286.797,91
	284.555,86
	340.823,76
	370.377,38
	385.202,87
	383.459,67
	399.731,53


Annual Index

	Base year
	1990
	1998
	1999
	2000
	2001
	2002

	100
	99,22
	118,84
	129,14
	134,31
	133,70
	139,38


Mean five-yearly index

	Base year
	1990-1994
	1991-1995
	1992-1996
	1993-1997
	1994-1998
	1995-1999
	1996-2000
	1997-2001
	1998-2002

	100
	102,40
	104,62
	105,94
	108,07
	111,71
	116,31
	121,11
	126,25
	131,07


FigurE 5.1.
Index of the Evolution
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5.2.- ANALYSIS BY GAS

Table 5.2 gives the emissions estimates by type of gas for each of the six groups or species indicated above as having a direct warming effect: CO2, CH4, N2O, HFC, PFC and SF6. The top of the table shows the emissions in absolute terms (Gg CO2-equivalent), the medium part shows the percentage contributions to total CO2 equivalent gross emissions, and the bottom part gives the trend in terms of the time index (100 in the reference year).

Table 5.2.
Evolution of emissions by type of gaS

Absolute Values (Gg CO2 equivalent)

	GAS 
	Base year
	1990
	1998
	1999
	2000
	2001
	2002

	CO2
	224.751,23
	224.751,23
	268.775,66
	295.260,27
	306.829,65
	308.278,41
	325.448,17

	CH4
	30.244,07
	30.244,07
	37.682,86
	38.064,81
	39.265,40
	40.312,18
	41.136,13

	N2O
	26.273,22
	26.273,22
	27.665,96
	29.007,40
	30.320,52
	29.140,11
	28.755,38

	HFC
	4.645,44
	2.403,18
	5.809,01
	7.163,91
	8.171,44
	5.287,84
	3.896,11

	PFC
	790,37
	828,41
	749,69
	695,53
	404,84
	228,82
	257,05

	SF6
	93,58
	55,75
	140,57
	185,46
	211,02
	212,31
	238,69

	TOTAL GASES
	286.797,91
	284.555,86
	340.823,76
	370.377,38
	385.202,87
	383.459,67
	399.731,53


Percentage Contribution To Total CO2 equivalent

	GAS 
	Base year
	1990
	1998
	1999
	2000
	2001
	2002

	CO2
	78,37
	78,98
	78,86
	79,72
	79,65
	80,39
	81,42

	CH4
	10,55
	10,63
	11,06
	10,28
	10,19
	10,51
	10,29

	N2O
	9,16
	9,23
	8,12
	7,83
	7,87
	7,60
	7,19

	HFC
	1,62
	0,84
	1,70
	1,93
	2,12
	1,38
	0,97

	PFC
	0,28
	0,29
	0,22
	0,19
	0,11
	0,06
	0,06

	SF6
	0,03
	0,02
	0,04
	0,05
	0,05
	0,06
	0,06

	TOTAL GASES
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00


Annual Index

	GAS 
	Base year
	1990
	1998
	1999
	2000
	2001
	2002

	CO2
	100
	100
	119,59
	131,37
	136,52
	137,16
	144,80

	CH4
	100
	100
	124,60
	125,86
	129,83
	133,29
	136,01

	N2O
	100
	100
	105,30
	110,41
	115,40
	110,91
	109,45

	HFC
	100
	51,73
	125,05
	154,21
	175,90
	113,83
	83,87

	PFC
	100
	104,81
	94,85
	88,00
	51,22
	28,95
	32,52

	SF6
	100
	59,57
	150,21
	198,17
	225,48
	226,87
	255,06

	TOTAL GASES
	100
	99,22
	118,84
	129,14
	134,31
	133,70
	139,38


With reference to Figure 5.2, it is pointed out the dioxide of carbon as the main compound in the absolute weight of the emissions (around 79.5%). The pair formed by the methane and the nitrous oxide, with values varying, depending on the year, between 19.7% and 17.5%
, is seen as the second most important block. Finally, there comes the group of fluorinated compounds with a range of contribution between 1.1% and 1.9%
. By comparing the three blocks in Figure 5.2, it can be seen that the contribution by CO2 has shown an 3% increase,  from 78.4% in the base year -to 81.4% in year 2002, while the average for the quinquenium 1998-2002 was at 80.1%. By contrast a small variation in the percentage contribution  can be seen for CH4, with a range of variation of less than 0.5, as the extreme values in this period are 10.3%-10.6%. N2O reflects a drop in its relative contribution from 9.2%in the reference year to 7.7% in the period 1998-2002 and to 7.2% in year 2002. For gases containing fluor, there a steady reduction in PFC from 1990 to 2001, growing slightly in 2002, a increase in SF6 and a larger contribution of HFC along the period 1990-2000 that drops sharply in 2001 and 2002, although all of these remain at low (very low) absolute levels even in 2002: HFC (0.97%), PFC (0.06%) and SF6 (0.06%).

fIGURe 5.2.
Contribution to emissions by GAS
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Figure 5.3 presents the variations over time, with the top part indicating the indices corresponding to the three gases with the greatest contribution and the lower part those containing fluor. Observing the evolution of CO2 in the upper section, the relative minimum values for 1993 and 1996 can be seen, as can the increase in the slope when going from the sub-interval 1990-1996 to 1996-2002, as patterns reflected to a large extent in the trend commented above for the aggregate index. The evolution in CH4 is more uniform throughout the period. N2O continues to follow a different trend from the two gases above, with a slight drop during the sub-interval 1990-1995, then growing in later years till 2000, when the time series shows a steady slight decay in the two following years. As for the fluorinated gases, differences can be seen in the evolution of PFC, stable-decreasing with a significant decrease from 1999 to 2001 and stabilization in 2001-2002., and that of HFC and SF6, for which a first stable period, 1990-1993, is followed by parallel growth in the intervals 1994-1997, more pronounced growth in 1998-2000 for SF6, being their trends different from 2000 to 2002, with an increase for SF6 and a sharp reduction for HFC.

fIGURE 5.3.
INDICES of EVOLUtion of EMIsSIONS by GAS
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The heterogeneity of the HFC and PFC sub-groups in terms of the individual gases they comprise makes it particularly difficult to give a general comment. However, with respect to future prospects, the figures seem to point to a stabilization in the emissions from production processes and a  growth in emissions from consumption activities. For the three remaining gases, the increases seen between 1990 and 2002 for CO2 (44.8%) and CH4, (36.0%) are only partly offset by the moderate increase in N2O (9.5%) when it comes to determining the weighted variation rate (40.6%) for the aggregate of the emissions. 

5.3.- ANALYSIS BY SECTORS

Table 5.3 gives the emissions estimates by activity sectors, distinguishing between the following groups in the IPCC nomenclature: Energy, industrial processes, use of solvents and other products, agriculture, and waste treatment and disposal. A pro-memoria summary is given for the group including changes in land-use and forestry, as these no do not include gross emissions figures but net sequestration of CO2. The top of the table shows the emissions in absolute terms (Gg CO2-equivalent), the medium part shows the percentage contributions to total CO2 equivalent gross emissions, and the lower part gives the evolution over time (100 in the reference year) for each group under consideration.

TablE 5.3.
Evolution of emissions by SECTOR

Absolute Values (Gg CO2 equivalent)

	SECTOR
	Base Year
	1990
	1998
	1999
	2000
	2001
	2002

	1. Energy
	213.595,91
	213.595,91
	257.023,69
	282.954,46
	294.353,40
	295.494,29
	312.303,82

	2. Industrial Processes
	25.013,68
	22.771,63
	27.634,87
	29.860,84
	30.976,09
	28.201,38
	27.417,54

	3. Solvent and Other Product Use
	1.329,83
	1.329,83
	1.635,51
	1.673,56
	1.706,90
	1.616,43
	1.693,51

	4. Agriculture
	37.373,21
	37.373,21
	40.943,27
	41.922,26
	43.618,90
	42.989,97
	42.650,34

	6. Waste
	9.485,29
	9.485,29
	13.586,41
	13.966,27
	14.547,57
	15.157,60
	15.666,31

	TOTAL SECTORS
	286.797,91
	284.555,86
	340.823,76
	370.377,38
	385.202,87
	383.459,67
	399.731,53

	5. Land Use Change and Forestry
	-9.456,00
	-9.456,00
	-23.870,79
	-26.757,65
	-31.746,09
	-31.476,51
	-35.301,49


Percentage Contribution To Total CO2 equivalent

	SECTOR
	Base year
	1990
	1998
	1999
	2000
	2001
	2002

	1. Energy
	74,48
	75,06
	75,41
	76,40
	76,42
	77,06
	78,13

	2. Industrial Processes
	8,72
	8,00
	8,11
	8,06
	8,04
	7,35
	6,86

	3. Solvent and Other Product Use
	0,46
	0,47
	0,48
	0,45
	0,44
	0,42
	0,42

	4. Agriculture
	13,03
	13,13
	12,01
	11,32
	11,32
	11,21
	10,67

	6. Waste
	3,31
	3,33
	3,99
	3,77
	3,78
	3,95
	3,92

	TOTAL SECTORS
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00
	100,00


Annual Index

	SECTOR
	Base year
	1990
	1998
	1999
	2000
	2001
	2002

	1. Energy
	100
	100
	120,33
	132,47
	137,81
	138,34
	146,21

	2. Industrial Processes
	100
	91,04
	110,48
	119,38
	123,84
	112,74
	109,61

	3. Solvent and Other Product Use
	100
	100
	122,99
	125,85
	128,36
	121,55
	127,35

	4. Agriculture
	100
	100
	109,55
	112,17
	116,71
	115,03
	114,12

	6. Waste
	100
	100
	143,24
	147,24
	153,37
	159,80
	165,16

	TOTAL SECTORS
	100
	99,22
	118,84
	129,14
	134,31
	133,70
	139,38


With reference to Figure 5.4, the first comment to be pointed out when examining the data by sectors is the dominant contribution by the energy group with a weighting that varies between 74.5% in the reference year  and 78.1% in 2002, with an intermediate value of 76.7% for the period 1998-2002. It must be remembered that this IPCC group includes, in addition to the emissions from combustion in stationary and mobile sources, the fugitive emissions from activities dealing with mining, transport and distribution of fuels, which are of great relevance for certain gases such as NMVOC and CH4. Secondly, although lagging far behind the previous group, there is the contribution by agriculture, with values varying around 13% in the reference year and between 11.3%for the period 1998-2002 and 10.7% in year 2002. The third most important group comprises physical and chemical industrial processes (excluding combustion activities that are listed in the energy group), with a contribution that goes down from 8.7% in the reference year, through 7.7% as average for the period 1998-2002, to 6.9% in year 2002. The group dealing with waste treatment and disposal shows a relative growth, with a contribution rising from 3.3% in the reference year to figures of around 3.9% in the mean and in the last year of the sub-interval 1998-2002 Finally, mention must be made of the marginal and stable contribution, 0.4%-0.5%, of the group comprising the use of solvents and other products, which is relatively unrelated to the direct greenhouse gas effect as the essential contribution comes from NMVOC.

fIGURE 5.4.
Contributions to emissions by sector
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Figure 5.5 presents the variations over time, with the top part indicating the indices corresponding to the sectors of energy processing and agriculture and the lower part the industrial processes (excluding combustion), waste treatment and disposal, and the use of solvents and other products. With respect to the energy sector, this reproduces to a large extent the patterns commented on above in connection with aggregate emissions (Figure 5.1) and CO2 (Figure 5.3), justified by the close connection between the emissions of CO2 and the energy sector and between both of these and the aggregate emissions. In the agriculture sector, a period of stability can be seen between 1990 and 1995, followed, in the period 1997-2000, by a monotonous upwards trend, followed with a decay from 2000 to 2002. The waste treatment and disposal sector is the one showing the most intense and uniform upward tendency over the entire period 1990-2002. Lastly, the sector for the use of solvents and other products, after the stable phase during the years 1990-1992, shows a sustained increase over the period 1993-2000, falling in 2001 and then growing in 2002, although its extremely low absolute level makes it irrelevant in terms of the evolution of the aggregate. In short, a distinction can be drawn between the evolution on the one hand of the energy and industrial processes groups, which in 2002 are around 42.4% above the reference year, then the waste treatment group reaching a level 65% higher than the reference year, and on the other hand the agricultural sector, which is less than these and able to offset slightly their contribution to the increase in the aggregate emissions, with a increase of around 14.1% in relation to the reference year.

FigurE 5.5.
Indices of the Evolution of emissions by sector
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5.4.- KEY SOURCES ANALYSIS

Aiming to improve the precision and accuracy of the emission inventory estimates, it is necessary to consolidate the quality assurance and quality control procedures on the activities which could be considered key or high-priority from the perspective of their contribution to uncertainty of the estimates.

In this sense the IPCC Good Practice Guidance (GPG) document defines an emission source (alternatively a sink) as key if such source could exert a significant influence in the estimates, be it as a level (level assessment) or trend (trend assessment) within the inventory emissions aggregate.

From an operational perspective the GPG establishes two approaches (tiers) to identify the key sources. The first approach, tier 1, is focused on determining the influence, be it by level or trend, a source of emission could exert on the uncertainty of the global inventory estimates but without requiring the use of more formal procedures of uncertainty analysis. The second approach, tier 2, proposes a similar procedure but expects that prior information derived from a formal uncertainty analysis is available. Considering that the National Emission Inventories have not yet implemented a formal uncertainty analysis (although it is being developed) the following analysis has been developed according to tier 1.

The tier 1 approach distinguishes between the identification of a source as key be it as a level or trend or both concepts. For level identification, a threshold is first defined (usually at 95%) for the cumulative distribution function of the activities contributing to the aggregate inventory emissions; having sorted these activities by descending order of contribution to the inventory emissions (in terms of CO2-e). One can consider that the activities selected, in relation to the cumulative distribution threshold, can take account of approximately 90% of the inventory uncertainty. To identify the trend, tier 1 also specifies a threshold of 95% but defined in this case on the contribution of activities to the trend metrics
.

Once the key source analysis approach has been described, the obtained results for the level of the initial (1990) and final (2002) years are presented in tables 5.4 and 5.5, and for the trend of the year 2002 in table 5.6. A results summary for the corresponding period is presented in table 5.7.

Apart from the classification of a source, where appropriate, as a key source in quantitative terms with respect to its level and/or trend as expressed in the preceding tables, qualitative criteria are in some cases also of interest for those source activities that deserve attention due to other (qualitative) motives. The latter, influencing these significant activities, are (among others): i) actions to control and or reduce emissions; ii) important changes experienced during the considered period; iii) display evidence of great uncertainties; iv) show unexpectedly high or low emissions; and v) subject to important methodology changes in the emission estimates. This is true, among others, for the following categories: i) The use of SF6 in the manufacture of semiconductors: as has already been mentioned in other sections of this report, the occurrence of this phenomenon in Spain is pending confirmation and, if it does in fact occur, the estimation of its emissions is pending, so there might eventually be a considerable change in the SF6 emissions estimated for this activity; ii) The use of HFC in air conditioning and refrigeration activities for which scant data are available about the activity variable which might also give rise, in a future edition of the Inventory, to a considerable revision of the estimated emissions; iii) The production of lime in other sectors not yet included in the Inventory, for instance in the food industry, has so far not been considered and this might also lead to a revision of the estimated emissions; iv) Other uses for limestone and dolomite not considered in the Inventory and also subject to revision. 

With regard to what was reported in this section in the previous edition of the Inventory Report, the criteria adopted to select the list of key sources considered in the present report has taken into acccount more narrowly the principles established in the IPCC Good Practice document (that in any case gives allowance to include national consideration when adopting such criteria). So the list of the selected key sources evidences the following changes with regard to the one selected in the previous submission:

Refering to CH4 and N2O emissions for the Energy Sector the criteria adopted have been :

To differenciate by transport mode within the transport sector

To lump together all stationary sources (although differenciated by pollutant type)

With regard to CO2 emissions from stationary combustion within the Energy Sector the breakdown includes the crossing of fuel type with the following activity subcategories: power stations (1A1a), oil refineries (1A1b) , coke plants (1A1c) and other sources (1A2+1A4).

Fugitive emissions of CO2 and CH4 from Energy Sector have been considered within the following subcategories: Solid fuels  (1B1) and Oil and gas(1B2).

Within the Industrial Processes group category, the CH4 emissions originate in subgroups 2B (Chemical Industry) and 2C (Metal Production) have been grouped in only one item. Also, the CO2 emissions for Chemical Industry has not been distinghished from the rest of activities within Industrial Processes.
Source category 4D has been further broken down into the following subcategories:

4D1 Direct Soils Emissions

4D2 Animal Production

4D3 Indirect Soils Emissions

A similar approach has been followed within source category Waste gathering together the emissions for Industrial Wastewater Treatment (6B1) and Domestic and Commercial Wastewater Treatment (6B2) for each the two gases CH4 and N2O.

To fully automate the application of the selected criteria for establishing the list and the contributing estimates of the selected key sources a software programme has been developed. This programme greatly facilitates the identification and analysis of all key sources according to the criteria previously adopted. 

TABLE 5.4.
LEVEL CONTRIBUTION BY ACTIVITIES – YEAR 1990

	IPCC SOURCE CATEGORIES
	Fuel
	Gas
	Gg CO2

equivalent
	Contribution

(A)
	Cumulative

(B)

	1A1a
	Public Electricity and Heat Production- Coal
	Coal
	CO2
	57.779,09
	0,203
	0,203

	1A2+1A4
	Stationary Combustion - Other sources - Oil
	Oil
	CO2
	45.247,12
	0,159
	0,362

	1A3b
	Road Transportation- Gasoline
	Gasoline
	CO2
	25.928,33
	0,091
	0,453

	1A3b 
	Road Transportation -Diesel Oil
	Diesel Oil
	CO2
	25.383,12
	0,089
	0,542

	1A2+1A4
	Stationary Combustion - Other sources - Coal
	Coal
	CO2
	15.078,76
	0,053
	0,595

	4A
	Enteric Fermentation
	 
	CH4
	12.651,18
	0,044
	0,640

	2A1
	Cement Production
	 
	CO2
	12.534,33
	0,044
	0,684

	1A1b
	Petroleum refining- Oil
	Oil
	CO2
	10.862,00
	0,038
	0,722

	1A2+1A4
	Stationary Combustion - Other sources - Gas
	Gas
	CO2
	9.465,71
	0,033
	0,755

	4D1
	Agricultural Soils - Direct Emissions
	 
	N2O
	8.535,01
	0,030
	0,785

	4B
	Manure Management
	 
	CH4
	6.220,81
	0,022
	0,807

	1A1a
	Public Electricity and Heat Production- Oil
	Oil
	CO2
	6.015,03
	0,021
	0,828

	6A
	Solid Waste Disposal on Land
	 
	CH4
	5.390,92
	0,019
	0,847

	4D3
	Agricultural Soils - Indirect Emissions
	 
	N2O
	4.836,27
	0,017
	0,864

	1A3a
	Domestic Civil Aviation
	 
	CO2
	4.135,39
	0,015
	0,879

	1A1+1A2+1A4
	Stationary Combustion
	 
	N2O
	2.895,33
	0,010
	0,889

	2B2
	Nitric Acid Production
	 
	N2O
	2.884,16
	0,010
	0,899

	4D2
	Agricultural Soils - Animal Production
	 
	N2O
	2.793,99
	0,010
	0,909

	2E1
	HCFC-22 Manufacture (HFC-23 Emissions)
	 
	HFC
	2.403,18
	0,008
	0,917

	2-2A1-2A2-2C1
	Other Industrial Processes
	 
	CO2
	2.398,78
	0,008
	0,926

	1B1
	Fugitive Emissions from Solid fuels
	 
	CH4
	1.788,93
	0,006
	0,932

	1B2
	Fugitive Emissions from Oil and Natural gas
	 
	CO2
	1.743,41
	0,006
	0,938

	1A1c
	Manufacture of Solid fuels and Other Energy Industries
	Coal
	CO2
	1.664,03
	0,006
	0,944

	4B
	Manure Management
	 
	N2O
	1.631,73
	0,006
	0,950

	1A3d
	National navigation
	 
	CO2
	1.536,50
	0,005
	0,955

	SUBTOTAL
	271.803,10
	
	

	TOTAL EMISSIONS
	284.555,86
	
	

	PERCENT OF TOTAL
	95,52
	
	


(A). Percentage of the activity categories emissions with relation to total inventory emissions.

(B). Cumulative percentage of the activity categories emissions with relation to total inventory emissions.

TABLE 5.5.
LEVEL CONTRIBUTION BY ACTIVITIES – YEAR 2002

	IPCC SOURCE CATEGORIES
	Fuel
	Gas
	Gg CO2

equivalent
	Contribution

(A)
	Cumulative

(B)

	1A1a
	Public Electricity and Heat Production- Coal
	Coal
	CO2
	78.418,78
	0,196
	0,196

	1A3b 
	Road Transportation -Diesel Oil
	Diesel Oil
	CO2
	57.209,14
	0,143
	0,339

	1A2+1A4
	Stationary Combustion - Other sources - Oil
	Oil
	CO2
	53.102,09
	0,133
	0,472

	1A2+1A4
	Stationary Combustion - Other sources - Gas
	Gas
	CO2
	37.288,43
	0,093
	0,565

	1A3b
	Road Transportation- Gasoline
	Gasoline
	CO2
	25.982,17
	0,065
	0,630

	2A1
	Cement Production
	 
	CO2
	15.853,10
	0,040
	0,670

	4A
	Enteric Fermentation
	 
	CH4
	14.720,06
	0,037
	0,707

	1A1a
	Public Electricity and Heat Production- Oil
	Oil
	CO2
	14.097,41
	0,035
	0,742

	1A1b
	Petroleum refining- Oil
	Oil
	CO2
	11.903,22
	0,030
	0,772

	6A
	Solid Waste Disposal on Land
	 
	CH4
	10.872,77
	0,027
	0,799

	4B
	Manure Management
	 
	CH4
	8.626,77
	0,022
	0,821

	4D1
	Agricultural Soils - Direct Emissions
	 
	N2O
	8.357,39
	0,021
	0,842

	1A1a
	Public Electricity and Heat Production-  Gas 
	Gas
	CO2
	5.900,37
	0,015
	0,856

	1A2+1A4
	Stationary Combustion - Other sources - Coal
	Coal
	CO2
	5.694,35
	0,014
	0,871

	4D3
	Agricultural Soils - Indirect Emissions
	 
	N2O
	5.204,67
	0,013
	0,884

	1A3a
	Domestic Civil Aviation
	 
	CO2
	5.084,17
	0,013
	0,896

	1A1+1A2+1A4
	Stationary Combustion
	 
	N2O
	3.888,17
	0,010
	0,906

	4D2
	Agricultural Soils - Animal Production
	 
	N2O
	3.305,79
	0,008
	0,914

	2-2A1-2A2-2C1
	Other Industrial Processes
	 
	CO2
	2.876,66
	0,007
	0,922

	2F
	Consumption of Halocarbons and SF6 (except HCFC-22)
	 
	HFC & PFC
	2.790,71
	0,007
	0,929

	6B
	Wastewater Handling
	 
	CH4
	2.427,63
	0,006
	0,935

	1A3d
	National navigation
	 
	CO2
	2.338,07
	0,006
	0,940

	1A3b 
	Road Transportation
	 
	N2O
	2.197,32
	0,005
	0,946

	1B2
	Fugitive Emissions from Oil and Natural gas
	 
	CO2
	2.148,94
	0,005
	0,951

	SUBTOTAL
	380.288,22
	
	

	TOTAL EMISSIONS
	399.731,53
	
	

	PERCENT OF TOTAL
	95,14
	
	


(A). Percentage of the activity categories emissions with relation to total inventory emissions.

(B). Cumulative percentage of the activity categories emissions with relation to total inventory emissions.

TABLE 5.6.
TREND CONTRIBUTION BY ACTIVITIES – YEAR 2002

	IPCC SOURCE CATEGORIES
	Fuel
	Gas
	Gg CO2-e 1990
	Gg CO2-e 2002
	Trend

(A)
	Contribution (B)
	Cumulative (C)

	1ª2+1A4
	Stationary Combustion - Other sources - Gas
	Gas
	CO2
	9.465,71
	37.288,43
	0,043
	0,180
	0,180

	1A3b 
	Road Transportation -Diesel Oil
	Diesel Oil
	CO2
	25.383,12
	57.209,14
	0,038
	0,162
	0,342

	1A2+1A4
	Stationary Combustion - Other sources - Coal
	Coal
	CO2
	15.078,76
	5.694,35
	0,028
	0,116
	0,458

	1A2+1A4
	Stationary Combustion - Other sources - Oil
	Oil
	CO2
	45.247,12
	53.102,09
	0,019
	0,078
	0,536

	1A3b
	Road Transportation- Gasoline
	Gasoline
	CO2
	25.928,33
	25.982,17
	0,019
	0,078
	0,615

	1A1a
	Public Electricity and Heat Production- Oil
	Oil
	CO2
	6.015,03
	14.097,41
	0,010
	0,042
	0,657

	1A1a
	Public Electricity and Heat Production-  Gas 
	Gas
	CO2
	427,14
	5.900,37
	0,009
	0,040
	0,697

	4D1
	Agricultural Soils - Direct Emissions
	 
	N2O
	8.535,01
	8.357,39
	0,006
	0,027
	0,724

	1A1b
	Petroleum refining- Oil
	Oil
	CO2
	10.862,00
	11.903,22
	0,006
	0,025
	0,749

	6A
	Solid Waste Disposal on Land
	 
	CH4
	5.390,92
	10.872,77
	0,006
	0,025
	0,774

	4A
	Enteric Fermentation
	 
	CH4
	12.651,18
	14.720,06
	0,005
	0,023
	0,797

	2F
	Consumption of Halocarbons and SF6 (except HCFC-22)
	 
	HFC & PFC
	0,00
	2.790,71
	0,005
	0,021
	0,818

	1A1a
	Public Electricity and Heat Production- Coal
	Coal
	CO2
	57.779,09
	78.418,78
	0,005
	0,021
	0,838

	2E1
	HCFC-22 Manufacture (HFC-23 Emissions)
	 
	HFC
	2.403,18
	1.028,66
	0,004
	0,018
	0,856

	2B2
	Nitric Acid Production
	 
	N2O
	2.884,16
	1.945,10
	0,004
	0,016
	0,872

	2A1
	Cement Production
	 
	CO2
	12.534,33
	15.853,10
	0,003
	0,013
	0,885

	4D3
	Agricultural Soils - Indirect Emissions
	 
	N2O
	4.836,27
	5.204,67
	0,003
	0,012
	0,897

	1A1c
	Manufacture of Solid fuels and Other Energy Industries
	Coal
	CO2
	1.664,03
	792,12
	0,003
	0,012
	0,908

	1B1
	Fugitive Emissions from Solid fuels
	 
	CH4
	1.788,93
	1.019,04
	0,003
	0,011
	0,920

	1A3b 
	Road Transportation
	 
	N2O
	672,98
	2.197,32
	0,002
	0,009
	0,929

	2C3
	Aluminium Production
	 
	PFC
	828,41
	191,81
	0,002
	0,007
	0,936

	1A1b
	Petroleum refining- Gas
	Gas
	CO2
	45,08
	834,53
	0,001
	0,006
	0,942

	1A3a
	Domestic Civil Aviation
	 
	CO2
	4.135,39
	5.084,17
	0,001
	0,005
	0,947

	4B
	Manure Management
	 
	N2O
	1.631,73
	1.632,77
	0,001
	0,005
	0,952

	SUBTOTAL
	256.187,90
	362.120,21
	0,226
	
	

	TOTAL EMISSIONS
	284.555,86
	399.731,53
	0,237
	
	

	PERCENT OF TOTAL
	90,03
	90,59
	95,24
	
	


(A). See the formula (2) from the previous footnote 2 previous.

(B). Percentage of the activity categories emissions with relation to total inventory emissions.

(C). Cumulative percentage of the activity categories emissions with relation to total inventory emissions.

TABLE 5.7.
SUMMARY OF THE ACTIVITIES CONTRIBUTION TO THE INVENTORY

	IPCC SOURCE CATEGORIES
	Fuel
	Gas
	Key Source
	Level criteria
	Trend criteria
	Comments

	ENERGY

	1A1a
	Public Electricity and Heat Production-  Gas 
	Gas
	CO2
	YES
	YES
	YES
	Level in 1997-2002
	Trend in 1991, 1993-1995, 1997-2002

	1A1a
	Public Electricity and Heat Production- Coal
	Coal
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-2002

	1A1a
	Public Electricity and Heat Production- Oil
	Oil
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-1997, 1999-2002

	1A1a
	Public Electricity and Heat Production- Other
	Other
	CO2
	 
	 
	 
	 
	 

	1A1b
	Petroleum refining- Gas
	Gas
	CO2
	YES
	 
	YES
	 
	Trend in 1997-2000, 2002

	1A1b
	Petroleum refining- Oil
	Oil
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-1996, 1998-2002

	1A1c
	Manufacture of Solid fuels and Other Energy Industries
	Gas
	CO2
	YES
	 
	YES
	 
	Trend in 1991-1992, 1996-1998

	1A1c
	Manufacture of Solid fuels and Other Energy Industries
	Coal
	CO2
	YES
	YES
	YES
	Level in 1990-1991
	Trend in 1992-2002

	1A1c
	Manufacture of Solid fuels and Other Energy Industries
	Oil
	CO2
	 
	 
	 
	 
	 

	1A2+1A4
	Stationary Combustion - Other sources - Gas
	Gas
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-2002

	1A2+1A4
	Stationary Combustion - Other sources - Coal
	Coal
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-2002

	1A2+1A4
	Stationary Combustion - Other sources - Oil
	Oil
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-2002

	1A2+1A4
	Stationary Combustion - Other sources - Other
	Other
	CO2
	 
	 
	 
	 
	 

	1A1+1A2+1A4
	Stationary Combustion
	 
	CH4
	YES
	 
	YES
	 
	Trend in 1995

	1A1+1A2+1A4
	Stationary Combustion
	 
	N2O
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-1992, 1995

	1A3a
	Domestic Civil Aviation
	 
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-1997, 2002

	1A3a
	Domestic Civil Aviation
	 
	CH4
	 
	 
	 
	 
	 

	1A3a
	Domestic Civil Aviation
	 
	N2O
	 
	 
	 
	 
	 

	1A3b
	Road Transportation- Gasoline
	Gasoline
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-2002

	1A3b 
	Road Transportation -Diesel Oil
	Diesel Oil
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-2002

	1A3b
	Road Transportation
	 
	CH4
	 
	 
	 
	 
	 

	1A3b 
	Road Transportation
	 
	N2O
	YES
	YES
	YES
	Level in 1998-2000, 2002
	Trend in 1993-2002

	1A3d
	National navigation
	 
	CO2
	YES
	YES
	YES
	Level in 1990, 1993-1996, 1999-2002
	Trend in 1992, 1994, 1997-1998

	1A3d
	National navigation
	 
	CH4
	 
	 
	 
	 
	 

	1A3d
	National navigation
	 
	N2O
	 
	 
	 
	 
	 

	 1A3c+1A3e
	Other transport
	 
	CO2
	 
	 
	 
	 
	 

	 1A3c+1A3e
	Other transport
	 
	CH4
	 
	 
	 
	 
	 

	 1A3c+1A3e
	Other transport
	 
	N2O
	 
	 
	 
	 
	 

	1B1
	Fugitive Emissions from Solid fuels
	 
	CO2
	 
	 
	 
	 
	 

	1B1
	Fugitive Emissions from Solid fuels
	 
	CH4
	YES
	YES
	YES
	Level in 1990-1992, 1997
	Trend in 1991-2002

	1B2
	Fugitive Emissions from Oil and Natural gas
	 
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991, 1993-1994

	1B2
	Fugitive Emissions from Oil and Natural gas
	 
	CH4
	 
	 
	 
	 
	 


TABLE 5.7. (Cont.)
SUMMARY OF THE ACTIVITIES CONTRIBUTION TO THE INVENTORY

	IPCC SOURCE CATEGORIES
	Fuel
	Gas
	Key Source
	Level criteria
	Trend criteria
	Comments

	INDUSTRIAL PROCESSES

	2A1
	Cement Production
	 
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-2002

	2A2
	Lime Production
	 
	CO2
	YES
	 
	YES
	 
	Trend in 1994

	2C1
	Iron and Steel Production
	 
	CO2
	 
	 
	 
	 
	 

	2-2A1-2A2-2C1
	Other Industrial Processes
	 
	CO2
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1992-1994, 1999

	2
	Industrial Processes
	 
	CH4
	 
	 
	 
	 
	 

	2B2
	Nitric Acid Production
	 
	N2O
	YES
	YES
	YES
	Level in 1990-2001
	Trend in 1991-2002

	2C3
	Aluminium Production
	 
	PFC
	YES
	 
	YES
	 
	Trend in 1991, 2000-2002

	2E1
	HCFC-22 Manufacture (HFC-23 Emissions)
	 
	HFC
	YES
	YES
	YES
	Level in 1990-2001
	Trend in 1991-2000, 2002

	2E2+2E3
	Production of Halocarbons and SF6 (except HCFC-22)
	 
	HFC & PFC
	 
	 
	 
	 
	 

	2F
	Consumption of Halocarbons and SF6 (except HCFC-22)
	 
	HFC & PFC
	YES
	YES
	YES
	Level in 2001-2002
	Trend in 1997-2002

	2F7
	Electrical Equipment
	 
	SF6
	 
	 
	 
	 
	 

	SOLVENT AND OTHER PRODUCT USE

	3
	Solvent and Other Product Use
	 
	CO2
	 
	 
	 
	 
	 

	3
	Solvent and Other Product Use
	 
	N2O
	 
	 
	 
	 
	 

	AGRICULTURE

	4A
	Enteric Fermentation
	 
	CH4
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-1995, 1997-2002

	4B
	Manure Management
	 
	CH4
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991, 1993-1994, 1996, 1998

	4B
	Manure Management
	 
	N2O
	YES
	YES
	YES
	Level in 1990-1994, 1996-1998
	Trend in 1994-1995, 1997-2002

	4C
	Rice Cultivation
	 
	CH4
	 
	 
	 
	 
	 

	4D1
	Agricultural Soils - Direct Emissions
	 
	N2O
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-2002

	4D2
	Agricultural Soils - Animal Production
	 
	N2O
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1992, 1995, 1998-1999

	4D3
	Agricultural Soils - Indirect Emissions
	 
	N2O
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-1995, 1997-2002

	4F
	Field Burning of Agricultural Wastes
	 
	CH4
	 
	 
	 
	 
	 

	4F
	Field Burning of Agricultural Wastes
	 
	N2O
	 
	 
	 
	 
	 

	WASTE

	6A
	Solid Waste Disposal on Land
	 
	CO2
	YES
	 
	YES
	 
	Trend in 1995

	6A
	Solid Waste Disposal on Land
	 
	CH4
	YES
	YES
	YES
	Level in 1990-2002
	Trend in 1991-2002

	6B
	Wastewater Handling
	 
	CH4
	YES
	YES
	YES
	Level in 1991-2002
	Trend in 1996

	6B
	Wastewater Handling
	 
	N2O
	 
	 
	 
	 
	 

	6C
	Waste Incineration
	 
	CO2
	YES
	 
	YES
	 
	Trend in 1995-2001

	6C
	Waste Incineration
	 
	CH4
	 
	 
	 
	 
	 

	6C
	Waste Incineration
	 
	N2O
	 
	 
	 
	 
	 


5.5.- UNCERTAINTY ANALYSIS: TIER 1

The results presented in the preceding sections of this chapter refer to the estimates for the central values of the emissions corresponding to the combinations of activities and pollutants. The aggregation of the emissions, weighted according to the 1995 IPCC (100 years horizon) warming potentials for each gas under consideration, are reflected in the estimation of the central value of the overall emission of the inventory. The central value is, however, only an indication of the level of the random variable that is the estimated emission of each pollutant source and gas. In order to characterize the precission of the estimation, it is necessary to establish methods to determine its uncertainty. The IPCC Good Practice Guidance offers two approaches or levels (Tiers) for quantifying uncertainty in each activity and gas, as well as for the determination of the uncertainty of the inventory’s weighted emission. The Tier 1 approach, the one adopted for estimating the uncertainty in this edition of the inventory, deals with the determination of uncertainty by using two-stage error propagation equations.

In the first stage, an approximate estimate is made of the uncertainty of the emissions in a source category and gas bearing in mind that this emission can be represented as the product of an activity variable and an emission factor, and taking into account the combination of the uncertainty of these two component factors as expressed in the following equation:
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where:

UE
represents the uncertainty associated to the emission

UA
represents the uncertainty associated to the activity variable

UF
represents the uncertainty associated to the emission factor

and where UE, UA and UF express, as a percentage, the ratios (uncertainty coefficients) whose numerator is one half of the 95% confidence interval of the variable considered and the denominator is the expected value of the variable.

In the second stage an approximate estimate is made of the uncertainty of an aggregate as the weighted sum of the component uncertainties, combinations of activities and pollutants, making up the inventory. This estimation of the uncertainty is effected both in terms of the level and in terms of the trend, the difference between emissions in the reference year and the base year, as expressed in equation [5.5.2].
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where:

UEtotal
represents the uncertainty associated to the aggregated emissions

UEi
represents the uncertainty associated to the component emission

Ei
represents the expected value of each component emission

and where UEtotal and UEi express, as a percentage, the ratios (uncertainty coefficients) whose numerator is one half of the 95% confidence interval of the variable considered and the denominator is the expected value of the variable.

The Tier 1 procedure has been applied according to the definition and relations between variables (columns) of Table 6.1, Section 6.3.2, of the IPCC Good Practice Guidance implemented on a spreadsheet, which is also provided separately.

For the estimation of the trend’s uncertainty, the difference between the reference year and the base year, two types of sensitivity have been defined to assess these differences:

-
Type A Sensitivity.

This represents the change in the difference in the inventory emissions between the base year and the reference year, expressed as a percentage, resulting from an increase of 1% in the emissions of a given source and gas in the base year and in the reference year.

-
Type B Sensitivity.

This represents the change in the difference in the inventory emissions between the base year and the reference year, expressed as a percentage, resulting from an increase of 1% in the emissions of a given source and gas only in the reference year.

Conceptually, the Type A sensitivity arises from uncertainties affecting both the base year and the reference year, whereas the Type B sensitivity arises from uncertainties that only affect  the reference year. The uncertainties that correlate over the years are normally associated with Type A sensitivity, whereas the uncertainties that do not correlate over the years are associated with Type B sensitivity. These two types of sensitivity introduce simplifications into the correlation analysis. To make the algorithm operative, it is assumed, by default, that the uncertainties of the emission factors correspond to Type A sensitivity, as they are normally correlated over the years; whereas the activity variables correspond to Type B sensitivity, as they are not normally correlated over time, unless otherwise mentioned as will be seen below in the application of the algorithm to the case of the present inventory. Once the emissions uncertainties have been calculated according to each of the two types of sensitivity indicated, they can be added together in a weighted manner using the propagation error equation (equation [5.5.2]) to obtain the overall uncertainty for the trend.
The calculation procedure is carried out, as indicated above, using the spreadsheet which reproduces the concepts and formulas of columns A to M in Table 6.1, Section 6.3.2, of the aforementioned IPCC Good Practices Guidance.

In order to make the estimation procedure operational, it is necessary to introduce the data corresponding to the following columns as the primary information for the spreadsheet:

A-B
Respectively listing the source categories considered in the analysis (A) and the emitted gas (B). These combinations of source and gas categories are sorted by their importance in the inventory for the table’s reference year. The reference years taken for this analysis, and with respect to the base year, have been 2000 and 2001, as the most recent ones among the latest ones available, except for 2002 for which a very considerable part of the base information such as the national fuels balance is still provisional as of the date of the drafting of the inventory.

C
Emissions by source and gas category, in CO2-equivalent terms, in the base year. The data introduced are the central values of the estimated emissions for the inventory of the base year, 1990 for CO2, CH4 and N2O, and 1995 for the fluorinated gases.

D
Emissions by source and gas category, in CO2-equivalent terms, in the years 2000 and 2001. The data introduced are the central values of the estimated emissions for the inventory of 2000 and 2001. The information is presented on separate worksheets for each reference year, one for 2000 and another for 2001.

E
Uncertainty associated to the activity variable, expressed as a percentage based on a ratio, the uncertainty coefficient, where the numerator is one half of the 95% confidence interval of the variable considered and the denominator is the expected value of the variable.

F
Uncertainty associated to the emission factor, expressed as a percentage based on a ratio, the uncertainty coefficient, where the numerator is one half of the 95% confidence interval of the emission factor considered and the denominator is the expected value of the emission factor.

S/N
This column indicates, with an S for Yes, those source categories in which it is felt that the activity variable correlates over time. The N for No indicates the opposite case, that is to say, there is no correlation of the activity variable over time. Thus, the source categories marked with an S are the exception to Type B sensitivity in the activity variables.

With the foregoing information, the remaining columns in the table are calculated in accordance with the formulas specified in Section 6.3.2 of Table 6.1 of the aforesaid IPCC Good Practice Guidance.

The data introduced into columns E and F come from a variety of sources:

-
The main references considered have been the revised IPCC Guidelines from 1996 and the Good Practice Guidance from 2000.

-
The estimates considered most credible by the inventory working team include information from another series of sources:

·
For issues regarding fuel activity variables, analysis of the fuel balance variability (supply versus demand and statistical errors) and that coming from the individual questionnaires to the plants.

·
For CO2 emission factors in combustion, from the analysis of variability of the heating values and carbon contents of the fuels per energy unit or by unit of mass or volume. Furthermore, criteria have been introduced on the presumable uncertainty in the oxidation coefficients, parameters on which some information has been obtained from experts in the energy sector. For the CH4 and N2O factors in combustion, wide bands have been taken to cover the variability observed in the IPCC and EMEP/CORINAIR references and for both stationary and mobile combustion.

·
For the fugitive emissions of energy, regard has also been had for the variability indicated in the IPCC and EMEP/CORINAIR references.

·
For the emissions generated in industrial processes, the information in the IPCC Guidelines has been complemented by information received by the inventory working team from experts in the sector and, where appropriate, from the individual questionnaires sent to plants.

·
For the determination of the uncertainty for activity variables and the emission factors for CH4 and N2O coming from agriculture, the information available in the IPCC Guidelines has been complemented by the hypotheses assumed by the inventory working team regarding uncertainty in the assignation of husbandry management systems and farming practices.

·
For the determination of the uncertainty for activity variables and the emission factors for CH4 and N2O coming from waste treatment, the information available in the IPCC Guidelines has been complemented by the hypotheses assumed by the inventory working team regarding uncertainty in the waste management systems and pertinent parameters for the treatment processes.

·
For the activity variables and emission factors for the production of fluorinated hydrocarbons (emissions of HFC‑23, a sub-product of the manufacture of HCFC‑22), consideration has been given to the upper limits for the presumable accuracy in the estimation procedures used by the manufacturing plants. For the activity variables and emission factors in the consumption of HFCs and SF6, factors of 2 and 3 have been taken respectively in the light of the lack of precision and coverage of some of the data sources used.

·
For a wide set of activities*gases the references taken have come from the information obtained in the comparative analysis of the inventories by other European Union Member States.

Tables 5.5.2 and 5.5.3 show, respectively for 2000 and 2001, the primary data and the results of the estimation procedure described above. As a synthesis of the results of the procedure for quantifying uncertainty, Table 5.5.1 allows the following conclusions to be drawn:

i) The confidence interval at 95% for the level of the emissions of the inventory aggregate is in the order of 17% around the central value for the reference year, specifically 17.5% for 2000 and 16.6% for 2001.

ii) The confidence interval at 95% for the emissions evolution index in the reference year with respect to the base year is in the order of 2.5%, specifically 2.2% for 2000 and 2.5% for 2001. 

Table 5.5.1
95% confidence intervals for the level
and trend in inventory emissions


	Year
	Absolute values (kt CO2-e)
	Evolution index over base year = 100

	
	Central value
	Lower limit
	Upper limit
	Central value
	Lower limit
	Upper limit

	
	
	Value
	%
	Value
	%
	
	Value
	%
	Value
	%

	Base year
	286,798
	
	
	
	
	
	
	
	
	

	2000
	385,203
	317,792
	-17.5
	452,614
	17.5
	134.3
	131.4
	-2.2
	137.3
	2.2

	2001
	383,460
	319,806
	-16.6
	447,114
	16.6
	133.7
	130.4
	-2.5
	137.0
	2.5


TABLE 5.5.2
UNCERTAINTY ANALYSIS OF GREENHOUSE GASES EMISSIONS. TIER 1. YEAR 2000

	A
	B
	C
	D
	
	
	E
	F
	G

	Key Sources (Year 2000)
	Gas
 
	Base year Emissions 
(Gg CO2-e)
	Year 2000 Emissions 
(Gg CO2-e)
	Contribution Level 2000
(%)
	Cumulative Level 2000
(%)
	AD Uncertainty 
(%)
	EF Uncertainty   
(%)
	Combined Uncertainty 
(%)

	IPCC Code
	Description of IPCC category
	
	
	
	
	
	
	
	

	1A1a
	Public Electricity and Heat Production- Coal
	CO2
	57.779
	75.441
	19,6
	20
	2
	4
	4,5

	1A2+1A4
	Stationary Combustion - Other sources - Oil
	CO2
	45.247
	55.281
	14,4
	34
	3,5
	5
	6,1

	1A3b 
	Road Transportation -Diesel Oil
	CO2
	25.383
	49.944
	13,0
	47
	5
	2,2
	5,5

	1A2 +1A4
	Stationary Combustion - Other sources - Gas
	CO2
	9.466
	32.392
	8,4
	55
	3
	3
	4,2

	1A3b
	Road Transportation- Gasoline
	CO2
	25.928
	27.144
	7,0
	62
	3,5
	2,1
	4,1

	2A1
	Cement Production
	CO2
	12.534
	15.034
	3,9
	66
	1,5
	8,2
	8,3

	4A
	HCFC-22 Manufacture (HFC-23 Emissions)
	CH4
	12.651
	14.231
	3,7
	70
	10
	20
	22,4

	1A1b
	Petroleum refining- Oil
	CO2
	10.862
	12.389
	3,2
	73
	2,5
	2,7
	3,7

	1A1a
	Public Electricity and Heat Production- Oil
	CO2
	6.015
	11.163
	2,9
	76
	1,5
	2
	2,5

	6A
	Solid Waste Disposal on Land
	CH4
	5.391
	10.098
	2,6
	79
	30
	70,4
	76,5

	4D1
	Agricultural Soils - Direct Emissions
	N2O
	8.535
	9.736
	2,5
	81
	7,5
	380
	380,1

	4B
	Manure Management
	CH4
	6.221
	8.439
	2,2
	83
	35
	200
	203,0

	2E1
	HCFC-22 Manufacture (HFC-23 Emissions)
	HFC
	4.638
	6.323
	1,6
	85
	2
	20
	20,1

	1A2 +1A4
	Stationary Combustion - Other sources - Coal
	CO2
	15.079
	5.939
	1,5
	87
	12
	15
	19,2

	4D3
	Agricultural Soils - Indirect Emissions
	N2O
	4.836
	5.609
	1,5
	88
	100
	900
	905,5

	1A3a
	Domestic Civil Aviation
	CO2
	4.135
	5.497
	1,4
	89
	35
	2
	35,1

	1A1+1A2+1A4
	Stationary Combustion
	N2O
	2.895
	3.792
	1,0
	90
	4
	75
	75,1

	4D2
	Agricultural Soils - Animal Production
	N2O
	2.794
	3.210
	0,8
	91
	50
	100
	111,8

	1A1a
	Public Electricity and Heat Production-  Gas 
	CO2
	427
	2.747
	0,7
	92
	1,75
	1,5
	2,3

	2-2A1-2A2-2C1
	Other Industrial Processes
	CO2
	2.399
	2.676
	0,7
	93
	100
	20
	102,0

	2B2
	Nitric Acid Production
	N2O
	2.884
	2.307
	0,6
	93
	2
	10
	10,2

	6B
	Wastewater Handling
	CH4
	1.518
	2.241
	0,6
	94
	50
	100
	111,8

	1B2
	Fugitive Emissions from Oil and Natural gas
	CO2
	1.743
	2.197
	0,6
	94
	10
	25
	26,9

	1A3b 
	Road Transportation
	N2O
	673
	1.876
	0,5
	95
	5
	100
	100,1

	1A3d
	National navigation
	CO2
	1.536
	1.850
	0,5
	95
	50
	2,7
	50,1

	2F
	Consumption of Halocarbons and SF6 (except HCFC-22)
	HFC & PFC
	8
	1.818
	0,5
	96
	100
	200
	223,6

	4B
	Manure Management
	N2O
	1.632
	1.605
	0,4
	96
	35
	200
	203,0

	2A2
	Lime Production
	CO2
	917
	1.277
	0,3
	97
	20
	2,3
	20,1

	3
	Solvent and Other Product Use
	CO2
	964
	1.267
	0,3
	97
	100
	25
	103,1

	1B1
	Fugitive Emissions from Solid fuels
	CH4
	1.789
	1.202
	0,3
	97
	10
	100
	100,5

	6B
	Wastewater Handling
	N2O
	1.002
	1.079
	0,3
	98
	30
	100
	104,4

	1A1c
	Manufacture of Solid fuels and Other Energy Industries
	CO2
	1.664
	851
	0,2
	98
	5
	15,1
	15,9

	1B2
	Fugitive Emissions from Oil and Natural gas
	CH4
	584
	830
	0,2
	98
	50
	100
	111,8

	***
	Other emission sources
	***
	6.667
	7.717
	2,0
	100
	100
	100
	141,4

	Total emissions (without LUCF)
	286.798
	385.203
	


TABLE 5.5.2 (Cont.)
UNCERTAINTY ANALYSIS OF GREENHOUSE GASES EMISSIONS. TIER 1. YEAR 2000

	A
	B
	H
	YN
	I
	J
	K 
	L
	M

	Key Sources (Year 2000)
	Gas
	% Combined Uncertainty 
(% Emisiones totales 2000)
	AD correlated between years
(Y/N)
	Type A Sensibility
	Type B Sensibility
	Uncertainty in trend by EF uncertainty
(%)
	Uncertainty in trend by AD uncertainty
(%)
	Uncertainty in trend 
(%)

	IPCC Code
	Description of IPCC category
	
	
	
	
	
	
	
	

	1A1a
	Public Electricity and Heat Production- Coal
	CO2
	0,9
	N
	-0,008
	0,263
	-0,03
	0,74
	0,74

	1A2+1A4
	Stationary Combustion - Other sources - Oil
	CO2
	0,9
	N
	-0,019
	0,193
	-0,10
	0,95
	0,96

	1A3b 
	Road Transportation -Diesel Oil
	CO2
	0,7
	N
	0,055
	0,174
	0,12
	1,23
	1,24

	1A2 +1A4
	Stationary Combustion - Other sources - Gas
	CO2
	0,4
	N
	0,069
	0,113
	0,21
	0,48
	0,52

	1A3b
	Road Transportation- Gasoline
	CO2
	0,3
	N
	-0,027
	0,095
	-0,06
	0,47
	0,47

	2A1
	Cement Production
	CO2
	0,3
	N
	-0,006
	0,052
	-0,05
	0,11
	0,12

	4A
	HCFC-22 Manufacture (HFC-23 Emissions)
	CH4
	0,8
	N
	-0,010
	0,050
	-0,19
	0,70
	0,73

	1A1b
	Petroleum refining- Oil
	CO2
	0,1
	N
	-0,008
	0,043
	-0,02
	0,15
	0,15

	1A1a
	Public Electricity and Heat Production- Oil
	CO2
	0,1
	N
	0,011
	0,039
	0,02
	0,08
	0,09

	6A
	Solid Waste Disposal on Land
	CH4
	2,0
	Y
	0,010
	0,035
	0,70
	0,30
	0,76

	4D1
	Agricultural Soils - Direct Emissions
	N2O
	9,6
	N
	-0,006
	0,034
	-2,29
	0,36
	2,32

	4B
	Manure Management
	CH4
	4,4
	Y
	0,000
	0,029
	0,06
	0,01
	0,06

	2E1
	HCFC-22 Manufacture (HFC-23 Emissions)
	HFC
	0,3
	N
	0,000
	0,022
	0,01
	0,06
	0,06

	1A2 +1A4
	Stationary Combustion - Other sources - Coal
	CO2
	0,3
	N
	-0,050
	0,021
	-0,75
	0,35
	0,83

	4D3
	Agricultural Soils - Indirect Emissions
	N2O
	13,2
	Y
	-0,003
	0,020
	-2,78
	-0,31
	2,80

	1A3a
	Domestic Civil Aviation
	CO2
	0,5
	N
	0,000
	0,019
	0,00
	0,95
	0,95

	1A1+1A2+1A4
	Stationary Combustion
	N2O
	0,7
	N
	0,000
	0,013
	-0,03
	0,07
	0,08

	4D2
	Agricultural Soils - Animal Production
	N2O
	0,9
	N
	-0,002
	0,011
	-0,19
	0,79
	0,81

	1A1a
	Public Electricity and Heat Production-  Gas 
	CO2
	0,0
	N
	0,008
	0,010
	0,01
	0,02
	0,03

	2-2A1-2A2-2C1
	Other Industrial Processes
	CO2
	0,7
	N
	-0,002
	0,009
	-0,04
	1,32
	1,32

	2B2
	Nitric Acid Production
	N2O
	0,1
	N
	-0,005
	0,008
	-0,05
	0,02
	0,06

	6B
	Wastewater Handling
	CH4
	0,7
	N
	0,001
	0,008
	0,07
	0,55
	0,56

	1B2
	Fugitive Emissions from Oil and Natural gas
	CO2
	0,2
	N
	-0,001
	0,008
	-0,01
	0,11
	0,11

	1A3b 
	Road Transportation
	N2O
	0,5
	N
	0,003
	0,007
	0,34
	0,05
	0,34

	1A3d
	National navigation
	CO2
	0,2
	N
	-0,001
	0,006
	0,00
	0,46
	0,46

	2F
	Consumption of Halocarbons and SF6 (except HCFC-22)
	HFC & PFC
	1,1
	Y
	0,006
	0,006
	1,26
	0,63
	1,41

	4B
	Manure Management
	N2O
	0,8
	Y
	-0,002
	0,006
	-0,41
	-0,07
	0,42

	2A2
	Lime Production
	CO2
	0,1
	N
	0,000
	0,004
	0,00
	0,13
	0,13

	3
	Solvent and Other Product Use
	CO2
	0,3
	N
	0,000
	0,004
	0,00
	0,62
	0,62

	1B1
	Fugitive Emissions from Solid fuels
	CH4
	0,3
	N
	-0,004
	0,004
	-0,42
	0,06
	0,42

	6B
	Wastewater Handling
	N2O
	0,3
	N
	-0,001
	0,004
	-0,09
	0,16
	0,18

	1A1c
	Manufacture of Solid fuels and Other Energy Industries
	CO2
	0,0
	N
	-0,005
	0,003
	-0,07
	0,02
	0,08

	1B2
	Fugitive Emissions from Oil and Natural gas
	CH4
	0,2
	N
	0,000
	0,003
	0,02
	0,20
	0,21

	***
	Other emission sources
	***
	2,8
	N
	-0,004
	0,027
	-0,43
	3,81
	3,83

	Uncertainty in total emissions
	17,5
	In trend (difference between years):
	6,30

	
	
	In trend (% of mean total emissions in the base year):
	2,20


TABLE 5.5.3
UNCERTAINTY ANALYSIS OF GREENHOUSE GASES EMISSIONS. TIER 1. YEAR 2001

	A
	B
	C
	D
	
	
	E
	F
	G

	Key Sources (Year 2001)
	Gas
	Base year Emissions 
(Gg CO2-e)
	Year 2001 Emissions 
(Gg CO2-e)
	Contribution Level 2001
(%)
	Cumulative Level 2001
(%)
	AD Uncertainty 
(%)
	EF Uncertainty   
(%)
	Combined Uncertainty 
(%)

	IPCC Code
	Description of IPCC category
	
	
	
	
	
	
	
	

	1A1a
	Public Electricity and Heat Production- Coal
	CO2
	57.779
	68.309
	17,8
	18
	2
	4
	4,5

	1A2+1A4
	Stationary Combustion - Other sources - Oil
	CO2
	45.247
	55.977
	14,6
	32
	3,5
	5
	6,1

	1A3b 
	Road Transportation -Diesel Oil
	CO2
	25.383
	53.850
	14,0
	46
	5
	2,2
	5,5

	1A2 +1A4
	Stationary Combustion - Other sources - Gas
	CO2
	9.466
	34.135
	8,9
	55
	3
	3
	4,2

	1A3b
	Road Transportation- Gasoline
	CO2
	25.928
	26.995
	7,0
	62
	3,5
	2,1
	4,1

	2A1
	Cement Production
	CO2
	12.534
	15.327
	4,0
	66
	1,5
	8,2
	8,3

	4A
	HCFC-22 Manufacture (HFC-23 Emissions)
	CH4
	12.651
	14.599
	3,8
	70
	10
	20
	22,4

	1A1b
	Petroleum refining- Oil
	CO2
	10.862
	12.394
	3,2
	73
	2,5
	2,7
	3,7

	1A1a
	Public Electricity and Heat Production- Oil
	CO2
	6.015
	12.325
	3,2
	77
	1,5
	2
	2,5

	6A
	Solid Waste Disposal on Land
	CH4
	5.391
	10.485
	2,7
	79
	30
	70,4
	76,5

	4D1
	Agricultural Soils - Direct Emissions
	N2O
	8.535
	8.789
	2,3
	82
	7,5
	380
	380,1

	4B
	Manure Management
	CH4
	6.221
	8.583
	2,2
	84
	35
	200
	203,0

	1A2 +1A4
	Stationary Combustion - Other sources - Coal
	CO2
	15.079
	5.992
	1,6
	85
	12
	15
	19,2

	1A3a
	Domestic Civil Aviation
	CO2
	4.135
	5.618
	1,5
	87
	35
	2
	35,1

	4D3
	Agricultural Soils - Indirect Emissions
	N2O
	4.836
	5.318
	1,4
	88
	100
	900
	905,5

	1A1+1A2+1A4
	Stationary Combustion
	N2O
	2.895
	3.874
	1,0
	89
	4
	75
	75,1

	4D2
	Agricultural Soils - Animal Production
	N2O
	2.794
	3.290
	0,9
	90
	50
	100
	111,8

	1A1a
	Public Electricity and Heat Production-  Gas 
	CO2
	427
	3.168
	0,8
	91
	1,75
	1,5
	2,3

	2E1
	HCFC-22 Manufacture (HFC-23 Emissions)
	HFC
	4.638
	2.903
	0,8
	92
	2
	20
	20,1

	2-2A1-2A2-2C1
	Other Industrial Processes
	CO2
	2.399
	2.839
	0,7
	93
	100
	20
	102,0

	2F
	Consumption of Halocarbons and SF6 (except HCFC-22)
	HFC & PFC
	8
	2.348
	0,6
	93
	100
	200
	223,6

	6B
	Wastewater Handling
	CH4
	1.518
	2.327
	0,6
	94
	50
	100
	111,8

	1A3d
	National navigation
	CO2
	1.536
	2.098
	0,5
	94
	50
	2,7
	50,1

	1B2
	Fugitive Emissions from Oil and Natural gas
	CO2
	1.743
	2.067
	0,5
	95
	10
	25
	26,9

	2B2
	Nitric Acid Production
	N2O
	2.884
	2.044
	0,5
	95
	2
	10
	10,2

	1A3b 
	Road Transportation
	N2O
	673
	2.039
	0,5
	96
	5
	100
	100,1

	4B
	Manure Management
	N2O
	1.632
	1.614
	0,4
	96
	35
	200
	203,0

	2A2
	Lime Production
	CO2
	917
	1.335
	0,3
	97
	20
	2,3
	20,1

	3
	Solvent and Other Product Use
	CO2
	964
	1.216
	0,3
	97
	100
	25
	103,1

	6B
	Wastewater Handling
	N2O
	1.002
	1.085
	0,3
	97
	30
	100
	104,4

	1B1
	Fugitive Emissions from Solid fuels
	CH4
	1.789
	1.057
	0,3
	98
	10
	100
	100,5

	1B2
	Fugitive Emissions from Oil and Natural gas
	CH4
	584
	993
	0,3
	98
	50
	100
	111,8

	1A1c
	Manufacture of Solid fuels and Other Energy Industries
	CO2
	1.664
	752
	0,2
	98
	5
	15,1
	15,9

	***
	Other emission sources
	***
	6.667
	7.715
	2,0
	100
	100
	100
	141,4

	Total emissions (without LUCF)
	286.798
	383.460
	


TABLE 5.5.3 (Cont.)
UNCERTAINTY ANALYSIS OF GREENHOUSE GASES EMISSIONS. TIER 1. YEAR 2001

	A
	B
	H
	YN
	I
	J
	K 
	L
	M

	Key Sources (Year 2001)
	Gas
	% Combined Uncertainty
(% Emisiones totales 2001)
	AD correlated between years
(Y/N)
	Type A Sensibility
	Type B Sensibility
	Uncertainty in trend by EF uncertainty
(%)
	Uncertainty in trend by AD uncertainty
(%)
	Uncertainty in trend 
(%)

	IPCC Code
	Description of IPCC category
	
	
	
	
	
	
	
	

	1A1a
	Public Electricity and Heat Production- Coal
	CO2
	0,8
	N
	-0,031
	0,238
	-0,12
	0,67
	0,69

	1A2+1A4
	Stationary Combustion - Other sources - Oil
	CO2
	0,9
	N
	-0,016
	0,195
	-0,08
	0,97
	0,97

	1A3b 
	Road Transportation -Diesel Oil
	CO2
	0,8
	N
	0,069
	0,188
	0,15
	1,33
	1,34

	1A2 +1A4
	Stationary Combustion - Other sources - Gas
	CO2
	0,4
	N
	0,075
	0,119
	0,22
	0,50
	0,55

	1A3b
	Road Transportation- Gasoline
	CO2
	0,3
	N
	-0,027
	0,094
	-0,06
	0,47
	0,47

	2A1
	Cement Production
	CO2
	0,3
	N
	-0,005
	0,053
	-0,04
	0,11
	0,12

	4A
	HCFC-22 Manufacture (HFC-23 Emissions)
	CH4
	0,9
	N
	-0,008
	0,051
	-0,16
	0,72
	0,74

	1A1b
	Petroleum refining- Oil
	CO2
	0,1
	N
	-0,007
	0,043
	-0,02
	0,15
	0,15

	1A1a
	Public Electricity and Heat Production- Oil
	CO2
	0,1
	N
	0,015
	0,043
	0,03
	0,09
	0,10

	6A
	Solid Waste Disposal on Land
	CH4
	2,1
	Y
	0,011
	0,037
	0,80
	0,34
	0,87

	4D1
	Agricultural Soils - Direct Emissions
	N2O
	8,7
	N
	-0,009
	0,031
	-3,47
	0,33
	3,49

	4B
	Manure Management
	CH4
	4,5
	Y
	0,001
	0,030
	0,19
	0,03
	0,19

	1A2 +1A4
	Stationary Combustion - Other sources - Coal
	CO2
	0,3
	N
	-0,049
	0,021
	-0,74
	0,35
	0,82

	1A3a
	Domestic Civil Aviation
	CO2
	0,5
	N
	0,000
	0,020
	0,00
	0,97
	0,97

	4D3
	Agricultural Soils - Indirect Emissions
	N2O
	12,6
	Y
	-0,004
	0,019
	-3,60
	-0,40
	3,62

	1A1+1A2+1A4
	Stationary Combustion
	N2O
	0,8
	N
	0,000
	0,014
	0,00
	0,08
	0,08

	4D2
	Agricultural Soils - Animal Production
	N2O
	1,0
	N
	-0,002
	0,011
	-0,16
	0,81
	0,83

	1A1a
	Public Electricity and Heat Production-  Gas 
	CO2
	0,0
	N
	0,009
	0,011
	0,01
	0,03
	0,03

	2E1
	HCFC-22 Manufacture (HFC-23 Emissions)
	HFC
	0,2
	N
	-0,011
	0,010
	-0,23
	0,03
	0,23

	2-2A1-2A2-2C1
	Other Industrial Processes
	CO2
	0,8
	N
	-0,001
	0,010
	-0,03
	1,40
	1,40

	2F
	Consumption of Halocarbons and SF6 (except HCFC-22)
	HFC & PFC
	1,4
	Y
	0,008
	0,008
	1,63
	0,82
	1,82

	6B
	Wastewater Handling
	CH4
	0,7
	N
	0,001
	0,008
	0,10
	0,57
	0,58

	1A3d
	National navigation
	CO2
	0,3
	N
	0,000
	0,007
	0,00
	0,52
	0,52

	1B2
	Fugitive Emissions from Oil and Natural gas
	CO2
	0,1
	N
	-0,001
	0,007
	-0,02
	0,10
	0,10

	2B2
	Nitric Acid Production
	N2O
	0,1
	N
	-0,006
	0,007
	-0,06
	0,02
	0,07

	1A3b 
	Road Transportation
	N2O
	0,5
	N
	0,004
	0,007
	0,40
	0,05
	0,40

	4B
	Manure Management
	N2O
	0,9
	Y
	-0,002
	0,006
	-0,40
	-0,07
	0,40

	2A2
	Lime Production
	CO2
	0,1
	N
	0,000
	0,005
	0,00
	0,13
	0,13

	3
	Solvent and Other Product Use
	CO2
	0,3
	N
	0,000
	0,004
	-0,01
	0,60
	0,60

	6B
	Wastewater Handling
	N2O
	0,3
	N
	-0,001
	0,004
	-0,09
	0,16
	0,18

	1B1
	Fugitive Emissions from Solid fuels
	CH4
	0,3
	N
	-0,005
	0,004
	-0,47
	0,05
	0,47

	1B2
	Fugitive Emissions from Oil and Natural gas
	CH4
	0,3
	N
	0,001
	0,003
	0,07
	0,24
	0,26

	1A1c
	Manufacture of Solid fuels and Other Energy Industries
	CO2
	0,0
	N
	-0,005
	0,003
	-0,08
	0,02
	0,08

	***
	Other emission sources
	***
	2,8
	N
	-0,004
	0,027
	-0,42
	3,80
	3,83

	Uncertainty in total emissions
	16,6
	In trend (difference between years):
	7,4

	
	
	In trend (% of mean total emissions in the base year):
	2,5


6.- RESULTS COMPARISON (1990-2001)
ed. 2004 vs. ed. 2003

In this section, the comparative analysis of the results obtained for the period 1990-2001 in the current edition, 2004, of the inventories compared to the corresponding results for the same period in previous edition, 2003, are presented. Please refer to section 4 above for the motivating reasons of the recalculations.

The presentation is based on a series of graphs, figures 6.1 to 6.9, where each one shows the time profiles, as absolute value emissions (upper panel) or as indexed numbers (lower panel) of both editions. The absolute emission data are expressed homogeneously in CO2-equivalent units; and the indices take the value 100 for the base year.

Figure 6.1 shows the evolution of the emissions inventory aggregate. It is apparent that the estimate in the edition 2004, compared with that in the previous edition, has meant a decrease (except for year 2001) of no more than three and a half thousand kilo-tonnes in terms of CO2-equivalent (less than 1.2 in percentage points). The almost parallel scaled evolution of the two editions series (absolute emissions numbers) in the upper panel for the period 1990-1998 is reflected in the lower panel in similar (almost identical) values of the corresponding indexed numbers in both editions series and, consequently, the comparatively tighter matching of the two absolute emissions numbers series from 1998 to 2001 is reflected in a relative wider breach for those years in the indices numbers series of the lower panel.

Figure 6.2 shows the evolution of energy sector. The trend profiles of both the upper and lower panels parallel very closely those of their respective counterparts in figure 6.1. The explanation for this similarity between the time profiles of figures 6.1 and 6.2 traces back to the fact that the main important change (recalculation) contributing to the CO2 differences between present and previous inventory editions has been the revision of fugitive CO2 emissions from coke oven plants which are included within the Energy group.

Figure 6.3 shows the evolution of the industrial processes emissions not related to the energy consumption. From the upper  panel it is evidenced that the new time series evolves in absolute terms fairly parallel to the previous time series. The difference between the two time series is explained by: i) the introduction of magnesite production for the first time in the present edition of the emission inventory, and ii) the (net upwards) revision of some emissions factors and activity rates for a miscellaneous group of industrial activities.

Figure 6.4 shows the emissions evolution from the use of solvents and other products. With the only exception of year 2001 no changes appear between the new and the previous series. The differences for 2001 are accounted by a revision in the basic activity data of paint application, as reported by the entrepreneurial paint manufacturers’ association.

Figure 6.5 shows the evolution in the agriculture sector emissions. Only negligible differences, mainly due to rounding of basic data, can be detected.

Figure 6.6 shows the emissions evolution of the treatment and disposal of wastes. The two editions series are very similar in absolute emissions numbers, with discrepancies less than some 0.07 thousand kilo tonnes CO2 equivalent, or equivalently 0.7 in percentage points. The main reason for the changes has been the reallocation of the Municipal Solid Waste (MSW) Incinerating Plants without energy recover to their appropriate 6C CRF category, which in the previous edition were assigned to CRF category 1A1.The wider breach in the lower panel for years 1994 to 2001 is mainly caused by the differences in absolute emissions numbers in the upper panel in the early years (and reference year) of the inventoried period. 

The results comparison between the current edition of the inventories and the previous are completed with the following 3 figures (6.7 to 6.9); the evolution in both series reflect the estimates of the three primary gases in the inventory: CO2, CH4 and N2O.

Hence, the evolution in the group of activities that produce CO2 emissions is shown in figure 6.7. The profile is very similar to the one in figure 6.2, which corroborates the close relationship between CO2 emissions and the energy sector.

The evolution in the group of activities that produce CH4 emissions is presented in figure 6.8. The differences between the new and the previous series are very small lesser than 0.05 thosand kilo-tonnes CO2 equivalent, roughly 0.2%, rending the two series almost undistinguishable in both the upper and lower panels. The causes of such differences are minor revisions in the activity data of the agricultural sector (such as in milk production statistics) as well as also minor revisions of emissions factors and activity data in the energy sector (such as in petroleum coke characteristics).

Figure 6.9 shows the evolution in the N2O emissions for the group of activities that produce this gas. One can appreciate in the upper panel  the relatively lower level of the new edition series as compared to the previous one, by an amount between 0.3 and 0.4 kilo-tonnes of CO2 equivalent, roughly between 1.2% and 1.4% This increase is mainly a consequence of the (downwards) revisions of some N2O combustion emissions factors in specific categories of the industrial sector. The drawings of the two series in the lower panel are almost undistinguishable.

Figure 6.1.
total emissions evolution
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Figure 6.2.
energy evolution
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Figure 6.3.
industrial processes evolution
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Figure 6.4.
solvent and other product use evolution
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Figure 6.5.
agriculture evolution
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Figure 6.6.
waste evolution
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Figure 6.7.
co2 Evolution
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Figure 6.8.
cH4 Evolution
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Figure 6.9.
n2o Evolution
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7. KEY SOURCES ANALYSIS

This chapter presents a detailed description of the most significant activities, the key activities, for their contribution to greenhouse gas emissions in the inventory as a whole. The chapter is intended to give an extended view of the level and evolution of emissions for the main activities in the inventory.

The chapter has been structured into sections in accordance with the main groups of CRF sources. Each section deals with one of these groups:

7.1
Energy

7.2
Industrial Processes

7.3
Solvent and Other Product Use

7.4
Agriculture

7.5
Land-Use Change and Forestry

7.6
Waste

7.1. ENERGY

SECTOR OVERVIEW
In 2002, energy emissions represented 78.13% of the total emissions of CO2 equivalent in Spain, implying an increase over the base year when these represented 74.48% of the total. On the other hand, the emissions of CO2 equivalent in this sector have seen an increase of 46.21% throughout the period inventoried 1990-2002, passing from 213,596 kilotonnes of CO2 equivalent in 1990 to 312,304 kilotonnes in 2002. Figure 7.1.1 shows the evolution of the in terms of CO2 equivalent throughout the period 1990-2002 by component categories according to the CRF nomenclature.

FIGURE 7.1.1
EVOLUTION OF CO2 EQUIVALENT EMISSIONS
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a)
Basic data sources (activity variables, algorithms and emission factors)

The most significant activity variables for this sector are fuel consumption and their allocation to the different categories within the sector.

The inventory assumes a principle of consistency with the national fuel balance sheet, in the versions of EUROSTAT and the International Energy Agency, for the totals of each type of fuel. In the sectorial breakdown, notwithstanding, the inventory has drawn on its own information, derived, in a great many cases, from direct information coming from the power plants for the sectors to which a personalized questionnaire was sent; the total fuel consumption for each type using this route take preference over that obtained by other means and more aggregate data. Furthermore, for certain other sectors, an estimation was made of the consumption of fuels starting with their specific consumption ratios or taking into account the data provided on their activity variables (non-ferrous metalworking, glass industries, consumption by the domestic fishing fleet, agricultural and forestry machinery, among others.)

As far as the types of fuel are concerned, the NAPFUE nomenclature of the EMEP/CORINAIR is used, supplemented where necessary by that of the IPCC. In addition, for certain very significant fuels in the calculation of CO2 emissions, there is an individualized analysis by energy-industrial plants, thus allowing the emissions to be estimated by means of the carbon balance, including at times specific information on the oxidation factor.

With respect to the emissions estimation algorithms, the starting point is, as far as possible, the carbon balance in order to estimate the CO2 emissions (IPCC methodology based on the fuel’s carbon content and the oxidation factor of the carbon to CO2), although when this information is not available for a fuel, an approximation is taken for the final CO2 factor based on the standard characteristics of the fuels (basically the lower heating value). For CH4 and N2O, where the mass balance methodology is not operational, emission factors have been taken mainly from the EMEP/CORINAIR Guidebook and the IPCC Guidelines (revised guidelines from 1996) and from the Good Practice Guidance dated 2000.

A specific mention of the data sources for the key activities in this sector is given below in the presentation of each particular activity.

b)
Completeness, transparency and time-series consistency.

The estimated emissions of the three main gases with a direct atmospheric warming effect (CO2, CH4 and N2O) cover the vast majority of the CRF categories in the energy sector. The sector also includes emissions from municipal solid waste incineration plants when there is energy recovery. Notwithstanding, the following limitations on the application of the principle of completeness must be considered: there is no differentiated inclusion of the emissions corresponding to the military use of energy, the emissions of CO2 from the extraction and manipulation of coal, the emissions (flares and releases) of oil and natural gas production, nor the emissions from the incineration of industrial waste, although part of this kind of waste is accounted for in the emissions from those plants where energy is recovered from this waste stream.

In the energy sector, there is intensive application of the use of personalized questionnaires for data collection at the plants considered to be large point sources, including those of the following sectors: public service power stations, municipal solid waste incinerators, oil refineries, transformation of solid fuels (coke plants in integrated iron and steel plants), integrated steel and iron works, manufacture of alumina and primary aluminium and paper pulp factories. For such plants the base information used allows the detailed analysis of fuel consumptions and their composition in terms of carbon contents and heating power. This information can be traced, except in cases of a requirement of confidentiality that some sectors have raised for the revision of the national inventories. For the sectors and activities in which the plant data have been processed using non-individualized sources, in most significant cases there is a sectorial and provincial breakdown (NUTS3) of the same, allowing a detailed analysis of the data in accordance with the bottom-up approach.

The current edition of the inventory has extended the series inventoried to 2002, now covering the period 1990-2002, and whenever there have been changes in the methodology or coverage of the activity variables and emission factors chosen as representative with respect to the previous edition, the series of estimated emissions has been back-projected consistently to 1990. In this same line, whenever evidence has been found of a need for recalculation (for instance, due to the detection of errors), the entire set of the time series has also been revised.

REFERENCE AND SECTORAL APPROACHES

The reference approach gives a first approximation to CO2 combustion emissions (IPCC category 1A), dealing only with data on indigenous production of primary products, net external (foreign) balance and stock changes of fuels as well as their non-energy use aggregated at the national level (top-down approach).

This process is useful as a method for contrasting the estimations made with the sectorial approach (bottom-up approach). The discrepancies between both methods are relatively low in the national inventory, only slightly exceeding 2% in CO2 emitted in some years (the threshold above which the IPCC requests justification for the discrepancies). The differences are shown in the table 7.1.1, expressed in terms of both energy consumption and CO2  emissions:
TABLE 7.1.1
Difference Reference Approach/Sectorial Approach (%)

	
	Difference Reference Approach / Sectorial Approach (%)

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

	Energy
	11,51
	12,45
	10,34
	9,29
	8,45
	12,54
	12,12
	12,15
	12,96
	10,31
	10,26
	8,59
	7,80

	CO2 Emissions
	2,18
	1,85
	1,78
	1,45
	1,77
	2,17
	3,46
	2,40
	2,21
	0,93
	1,14
	-0,95
	0,68


Methodology.

The reference approach has been developed following IPCC methodological criteria (please refer to the explanatory diagram in Figure 7.1.2). Only a minor modification of the approach described by the IPCC about variables for the non-energy use of fuels needs to be explained. For “Coal oils and tars”, benzol, pitch and tar production in coke ovens has been taken as the activity variable, whereas for “Bitumen and Tars”, the non-energy consumption of the above-mentioned products was used directly.
 . 
Figure 7.1.2
IPCC methodological criteria
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Socio-economic variables

The variables involved in this estimation are associated with fossil fuels, namely:

a) Origin-destination flows: these include exportation, importation, international bunkers and domestic stock changes. For primary fuels indigenous production is also considered.

b) Non-energy uses.

All socio-economic data comes from the fuel balance drawn up as a part of the emissions inventory. Certain discrepancies were observed after the comparison with the data included in National Energy Balances published by international organizations like the IEA-OECD or Eurostat. These are basically caused by:

a)
Multiplicity of information sources consulted: Data from diverse sources were captured in the development and validation of this energy balance, with the IEA-OECD and Eurostat as two of the most important sources used. Data on the non-energy use of “coal oils and tars” has been taken from “Statistics on Production of Coking Paste, Coke Oven and Blast Furnace Gas” published by Spain’s Ministry of Economy, whereas for the other non-energy products (feedstocks) and international bunkers (for marine and aviation use), data have been taken from energy balances published by IEA-OECD and/or Eurostat.
b)
Provisional nature of the National Inventory Balance for the year (t-2). The final values of the annual balances are the result of compiling and contrasting all of the data available in the process of preparing the current inventory. The National Balance for year (t-2) is only partially estimated
 because national statistics and National Energy Balances of the IEA-OECD and Eurostat are not available. 

Other parameters in fuels: 

Certain characteristics of fossil fuels are also taken into account in the estimation algorithm, namely: a) net calorific values, b) carbon contents, c) fraction of unoxidized carbon and d) carbon fraction stored in feedstocks.

National Inventory includes specific data on the energy capacity and chemical composition of fuels, including their carbon content, obtained at the sectorial level or from facilities through questionnaires sent to relevant emission categories like refineries, thermal power stations, integrated metalworking plants or the transport and distribution of natural gas. Standard characteristics have been assigned to fuels consumed in other activities.

At the present time, as there are no national data available on the fraction of carbon oxidized or the carbon fraction stored in feedstocks, the quantities suggested by the IPCC have been used by default.

Net Calorific Values (NCV):
In the reference approach, the origin-destination movements of the solid and liquid fossil fuels are expressed in mass terms, reproducing the same numbers as in the fuel balance for the emission inventory. The apparent consumption of these fuels is later converted to energy units (TJ of net calorific value) by applying a representative national NCV.

In the case of fossil fuels at the sectorial level, the mean annual factor was used in the reference approach. This factor is obtained by weighting the NCV applied to each activity A (NCVA) in terms of the corresponding fuel consumption in mass terms, MA.: 
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When the national fuel consumption is exclusively through a non-energy use and in consequence it has not been included in any combustion activity, then the NCV suggested by IPCC has been adopted directly
,. The source and the annual factors used for the liquid and solid fuels in the reference approach are shown in the table 7.1.2.

TABLE 7.1.2
source and the annual factors in the reference approach

	
	NCV selected for Reference Approach (GJ/t)

	
	Source (*)
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Oil
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Crude Oil
	S
	41,86
	41,86
	41,86
	41,86
	41,86
	41,86
	41,86
	41,86
	41,86
	41,86
	41,86
	41,86
	41,86

	Gasoline
	P
	44,37
	44,38
	44,39
	44,42
	44,44
	44,49
	44,51
	44,54
	44,56
	44,59
	44,63
	44,67
	44,78

	Jet Kerosene
	P
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36

	Other Kerosene
	P
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36
	43,36

	Gas / Diesel Oil
	P
	43,06
	43,06
	43,06
	43,06
	43,06
	43,06
	43,05
	43,05
	43,06
	43,06
	43,05
	43,05
	43,06

	Residual Fuel Oil
	P
	40,18
	40,18
	40,18
	40,18
	40,18
	40,18
	40,18
	40,18
	40,18
	40,18
	40,18
	40,18
	40,18

	LPG
	P
	44,78
	44,78
	44,79
	44,79
	44,79
	44,79
	44,79
	44,79
	44,79
	44,79
	44,79
	44,79
	44,79

	Naphtha
	P(**)
	44,68
	44,68
	44,68
	44,68
	44,68
	44,68
	44,68
	44,78
	44,89
	44,99
	44,99
	44,99
	44,99

	Bitumen
	D
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19

	Lubricants
	D
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19

	Petroleum Coke
	P
	32,49
	32,50
	32,50
	32,50
	32,50
	32,50
	32,50
	32,50
	32,49
	32,50
	32,51
	32,49
	32,50

	Refinery Feedstocks
	D
	44,80
	44,80
	44,80
	44,80
	44,80
	44,80
	44,80
	44,80
	44,80
	44,80
	44,80
	44,80
	44,80

	Other Oil
	D
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19
	40,19

	Coal
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Coking Coal
	P
	30,44
	30,44
	30,44
	30,44
	30,44
	30,44
	30,44
	30,44
	30,44
	30,44
	30,44
	30,44
	30,44

	Other Bit. Coal
	P
	21,95
	21,83
	22,11
	22,24
	22,36
	22,50
	22,16
	21,37
	22,13
	22,07
	22,48
	22,58
	22,70

	Sub-bit. Coal
	P
	13,05
	13,31
	13,58
	14,95
	13,72
	13,87
	13,66
	13,46
	13,52
	12,82
	12,63
	12,79
	12,55

	Lignite
	P
	6,90
	6,88
	6,93
	7,19
	7,02
	7,16
	7,29
	7,49
	7,52
	7,74
	7,82
	7,81
	8,19

	BKB & Patent Fuel
	P
	19,30
	16,60
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO

	Coke Oven/Gas Coke
	P
	29,80
	29,80
	29,80
	29,80
	29,80
	29,80
	29,80
	29,80
	29,80
	29,80
	29,80
	29,80
	29,80


(*) S: Conutry-Standard l factor;  D: IPCC default factor; P: Country-specific average factor.based on mass of fuel used.º

(**) Serie of average factors from NCV reported by refining plants has been completed using estimate (porojections).

Carbon content (C):

When choosing carbon content, the criterion observed has been to favour the contrast with the Sectorial Approach.
 So in the reference approach, the annual carbon content implicit in the Sectorial Approach, CSA, was assigned to the fuels, starting from the associated carbon emission and the alleged fuel consumption:
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Developing the above formula with the CO2 emissions and consumptions for emission activity A, the equation would be expressed as follows:
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As with the net calorific values, this algorithm is not applicable when the annual consumption of a fuel is solely for non-energy purposes. Default IPCC values are used in this case. See table 7.1.3.

TABLE 7.1.3
carbon content in the reference approach

	
	Carbon content selected for Reference Approach (tC/TJ)

	
	Source(*)
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Oil
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Crude Oil
	D
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00

	Gasoline
	P
	19,76
	19,76
	19,76
	19,74
	19,73
	19,71
	19,70
	19,69
	19,68
	19,67
	19,65
	19,63
	19,58

	Jet Kerosene
	P
	20,04
	20,01
	20,01
	20,01
	20,01
	20,01
	20,01
	20,01
	20,01
	20,01
	20,01
	20,01
	20,01

	Other Kerosene
	P
	20,11
	20,11
	20,11
	20,11
	20,11
	20,11
	20,11
	20,11
	20,11
	20,11
	20,11
	20,11
	20,11

	Gas / Diesel Oil
	P
	20,08
	20,09
	20,09
	20,08
	20,07
	20,07
	20,07
	20,07
	20,06
	20,06
	20,06
	20,06
	20,05

	Residual Fuel Oil
	P
	21,02
	21,02
	21,02
	21,02
	21,02
	21,00
	21,03
	21,01
	21,00
	21,01
	21,03
	21,08
	21,13

	LPG
	P
	17,82
	17,82
	17,83
	17,83
	17,83
	17,83
	17,83
	17,84
	17,84
	17,83
	17,83
	17,83
	17,84

	Naphtha
	P(**)
	20,00
	18,44
	18,44
	18,44
	18,68
	19,74
	19,92
	19,89
	19,86
	19,83
	19,43
	19,75
	19,75

	Bitumen
	D
	22,00
	22,00
	22,00
	22,00
	22,00
	22,00
	22,00
	22,00
	22,00
	22,00
	22,00
	22,00
	22,00

	Lubricants
	D
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00

	Petroleum Coke
	P
	27,08
	27,08
	27,08
	27,08
	27,08
	27,08
	27,08
	27,08
	27,08
	27,07
	27,06
	27,17
	27,05

	Refinery Feedstocks
	D
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00

	Other Oil
	D
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00
	20,00

	Coal
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Coking Coal
	P
	26,16
	26,16
	26,16
	26,16
	26,16
	26,16
	26,16
	26,16
	26,16
	26,16
	26,16
	26,16
	26,16

	Other Bit. Coal
	P
	27,34
	27,76
	27,97
	27,69
	27,32
	27,34
	27,27
	27,71
	27,46
	28,26
	27,03
	27,25
	27,28

	Sub-bit. Coal
	P
	27,37
	27,24
	27,92
	29,73
	28,02
	27,98
	27,71
	27,88
	28,08
	27,93
	27,46
	27,15
	27,22

	Lignite
	P
	29,99
	27,20
	27,86
	30,08
	27,92
	27,36
	27,61
	28,13
	26,86
	26,77
	34,70
	32,03
	30,58

	BKB & Patent Fuel
	P
	27,68
	23,68
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO

	Coke Oven Coke
	P
	29,22
	29,22
	29,22
	29,22
	29,22
	29,22
	29,22
	29,22
	29,22
	29,22
	29,22
	29,04
	29,22

	Coke Oven Gas
	P
	NO
	NO
	NO
	12,33
	12,33
	12,33
	12,33
	12,33
	12,33
	12,33
	12,33
	12,33
	NO

	Blast Furnace Gas
	P
	NO
	NO
	NO
	50,97
	45,00
	45,00
	45,00
	45,00
	45,00
	35,93
	45,00
	45,00
	NO

	Gas
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Natural Gas
	P
	15,08
	15,08
	15,35
	15,35
	15,35
	15,35
	15,35
	15,35
	15,35
	15,35
	15,35
	13,35
	15,35


(*)D: IPCC default factor; P: Country-specific average factor.based on energy.

(**) Serie has been completed using estimate (porojections).

Fraction of carbon stored in feedstocks:

As already indicated in the sub-chapter entitled “Other parameters”, the main information source was the IPCC Manual. The values given in the corresponding CRF table have been respected, except for the value for coal oils and tars (coming from coking coal), modified in line with expert judgement
. Estimations for this factor were assigned to the other products not considered by the IPCC (petroleum coke, other petroleum products, coke oven gas and blast furnace gas). See table 7.1.4.
TABLE 7.1.4
fraction of carbon stored in feedstocks

	Feedstock
	Fraction C stored

	Naphtha
	0,8

	Lubricants
	0,5

	Bitumen
	1

	Coal Oils and Tars (from Coking Coal)
	0,9

	Natural Gas
	0,33

	Petroleum coke
	0,8

	Other petroleum products
	0,8

	Coke Oven Gas
	0,5

	Blast Furnace Gas
	0,5


Differences between the reference approach and the sectorial approach

The evolutions and annual variation rates in the year on year estimations (energy and CO2 emissions) obtained by applying both approaches are shown in the figures 7.1.3 and 7.1.4.

FIGURE 7.1.3
EVOLUTION OF THE ESTIMATION
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FIGURE 7.1.4
VARIATION RATES OF THE ESTIMATION
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The variations observed in the estimations by both methods are justified by two fundamental aspects: a) structural differences between the approaches and b) considerations about the parameters.

Structural differences between the approaches:

This group includes the following points, among others:
I) List of fuels: Only the fossil fuels available for the year (gaseous, liquids and solids) are included in the reference approach, and this is extended in the sectorial approach through the incorporation, on occasion, of waste feedstocks counted in previous years but that subsequently appear as fuels in the form of industrial and/or domestic waste (used tyres burnt as fuel and incineration of plastic packaging).

II) List of source activities: The sectorial approach covers all the combustion activities included in IPCC category 1A. On the other hand, the reference approach extends its coverage to all activities where the emissions are directly generated by the use of fuels: categories  IPCC 1A and 1B, in part (for example: by fugitive emissions in the transport and distribution of natural gas, or in coke oven door leakage and extinction).

It is very difficult to evaluate the repercussions of this aspect because there is no documentation about the figures reported by the bodies drafting the energy balances. It is assumed to be of little significance.

III) Estimation methodology for emitted CO2: In the reference approach, a carbon mass balance is applied using mean factors. There is, however, no uniformity regarding the technique applied in the sectorial approach (carbon balance, mean factors based on energy, measured emissions,..)

The selection of weighted calorific values and carbon contents minimizes the effects of this point.

Some considerations associated with the parameters: 

1. Statistical differences in the fuel balance in the emission inventory.
Negative differences in feedstocks (consumption exceeds the fuel available) would indicate double counting and therefore an underestimation in the reference approach estimations because of the discounting of carbon content stored in feedstocks. In the same way, if the consumption was for energy purposes, the emissions of the sectorial approach will be inflated due to an increase in the emissions associated with that fuel.

2. Lack of information about the use of non-energy products including data on fuels which, as part of the manufacturing process for non-energy products, have energy uses (combustion), at least in part, in addition to acting as components of the products. 

International bunkers:
The international bunker emissions are not included in the total emissions of national inventory, but have been estimated following the same methodology applied in the national source category (internal navigation and domestic civil aviation).

KEY SOURCES ANALYSIS
The key sources analysis for the period 1990-2002 has identified the following in category 1 “Energy Processing”:

-
Public service power and heating plants (1A1a) for emissions of CO2. For solid and liquid fuels for their emissions level throughout the period 1990-2002, and for gas fuels for their level in the period 1997-2002. Because of their profile, for solid fuels in the period 1991-2002; for liquid fuels in the periods 1991-1997 and 1999-2002; and for gas fuels in 1991, 1993-1995 and 1997-2002.

-
Oil refineries (1A1b) for emissions of CO2. For liquid fuels for their level of emissions during the period 1990-2002 and for their profile in the years 1991-1996 and 1998-2002; and for gas fuels for their profile in the years 1997-2000 and 2002.

-
Transformation of solid fuels and other energy industries (1A1c) for CO2 emissions. For solid fuels for their level of emissions in 1990 and 1991 and for their profile in the period 1992-2002, and for gas fuels for their profile in 1991-1992 and 1996-1998.

-
Stationary combustion (1A2 and 1A4) for the level of CO2 emissions throughout the period 1990-2002 and for its profile in the period 1991-2002, whether for solid, liquid or gas fuels.

-
Domestic air traffic (1A3a) for its level of CO2 emissions throughout the period 1990-2002 and for its profile in 1991-1997 and 2002.

-
Road transport (1A3b): for the levels of CO2 emissions throughout the period 1990-2002 and for its profile in 1991-2002, both for petrol and for diesel; and for N2O emissions at the levels of 1998-2000 and 2002 and for its profile in 1993-2002.

-
Domestic maritime traffic (1A3d) for its level of CO2 emissions in 1990, 1993-1996 and 1999-2002 and for its profile in 1992, 1994, 1997 and 1998.

-
Stationary combustion (1A1, 1A2 and 1A4) for its level of N2O emissions in 1990-2002 and for its profile in 1991, 1992 and 1995; and for its CH4 profile in 1995.

-
Fugitive emissions from solid fuels (1B1): for CH4 due to its level of emissions in 1990-1992 and 1997, and for its profile in the period 1991-2002.

-
Fugitive emissions – oil and natural gas (1B2): for CO2 due to their level in all the years of the period 1990-2002, and for their profile in 1991, 1993 and 1994.

Table 7.1.5 below summarizes the foregoing and gives the contribution of the emissions level and the trend for the key categories in this sector, as well as the absolute values in terms of CO2 equivalent, all referring to 2002.

TABLE 7.1.5
KEY SOURCES: LEVEL AND TREND CONTRIBUTION

	IPCC Activity
	Gas
	CO2-e
(Gg)
(2002)
	Level contribution
(2002)
	Trend contribution
(2002)

	Code
	Description
	
	
	%
	Key Source
	Range
	%
	Key Source
	Range

	1A1a
	Public electricity and heat production – Solid fuels
	CO2
	78.419
	19,62
	YES
	1
	2,06
	YES
	13

	1A1a
	Public electricity and heat production – Liquid fuels
	CO2
	14.097
	3,53
	YES
	8
	4,24
	YES
	6

	1A1a
	Public electricity and heat production – Gaseous fuels
	CO2
	5.900
	1,48
	YES
	13
	3,98
	YES
	7

	1A1b
	Petroleum refining – Liquid fuels
	CO2
	11.903
	2,98
	YES
	9
	2,52
	YES
	9

	1A1b
	Petroleum refining – Gaseous fuels
	CO2
	835
	0,21
	NO
	34
	0,58
	YES
	22

	1A1c
	Manufacture of solid fuels and other energy industries – Solid fuels
	CO2
	792
	0,20
	NO
	35
	1,16
	YES
	18

	1A1c
	Manufacture of solid fuels and other energy industries – Gaseous fuels
	CO2
	249
	0,06
	NO
	44
	0,03
	NO
	50

	1A3a
	Civil aviation
	CO2
	5.084
	1,27
	YES
	16
	0,54
	YES
	23

	1A3b
	Road transportation – Gasoline
	CO2
	25.982
	6,50
	YES
	5
	7,83
	YES
	5

	1A3b
	Road transportation – Diesel oil
	CO2
	57.209
	14,31
	YES
	2
	16,17
	YES
	2

	1A3b
	Road transportation
	N2O
	2.197
	0,55
	YES
	23
	0,94
	YES
	20

	1A3d
	Navigation
	CO2
	2.338
	0,58
	YES
	22
	0,13
	NO
	35

	1A2 + 1A4
	Stationary combustion in industry and other sectors – Solid fuels
	CO2
	5.694
	1,42
	YES
	14
	11,62
	YES
	3

	1A2 + 1A4
	Stationary combustion in industry and other sectors – Liquid fuels
	CO2
	53.102
	13,28
	YES
	3
	7,85
	YES
	4

	1A2 + 1A4
	Stationary combustion in industry and other sectors – Gaseous fuels
	CO2
	37.288
	9,33
	YES
	4
	18,00
	YES
	1

	1A1 + 1A2 + 1A4
	Stationary combustion
	N2O
	3.888
	0,97
	YES
	17
	0,13
	NO
	36

	1B1
	Fugitive emissions – Solid fuels
	CH4
	1.019
	0,25
	NO
	32
	0,27
	YES
	19

	1B2
	Fugitive emissions – Oil and natural gas
	CO2
	2.149
	0,54
	YES
	27
	0,05
	NO
	33


The most outstanding characteristics of each of the source categories indicated above are now characterized below.

A) 1A1a. Public service electricity and heat production

This section comprises the public service electricity and heat production plants which represent, albeit small in number (54 thermal power stations and 9 incinerators in 2002), one of the main contributions to the overall emissions of the inventory. It should be noted that alongside the conventional thermal plants, this section includes the municipal solid waste incineration plants in which energy is recovered (through co-generation of electricity).

At thermal power stations, the dominant technology involves boiler installations and, among these, ones with a power in excess of 300 MWt. In addition to the boilers, there are significant installations of gas turbines and stationary engines, and these have increased greatly in 2002 with the commissioning of six combined cycle power stations.

As for the fuels, it is clear that there is a clear predominance of solid fuels (national and imported coal), and by types of fuel, brown coal and anthracites followed by brown lignite and sub-bituminous coal are common, and then to a lesser degree the gases derived from primary solid fuels (coke gas and furnace gas). Among the liquid fuels, the main consumption corresponds to fuel-oil with a complementary contribution by gas-oil. With respect to gaseous fuels, there is an increase already mentioned in the consumption of natural gas in 2002 as a result of the use of this fuel in the new kind of power stations mentioned above. Finally, the group of other fuels includes consumption due to the use of municipal solid waste in incinerators.

Table 7.1.6.a shows the activity variable, fuel consumption, expressed in terms of energy (TJ of lower heating value, LHV). This information is derived from a calculation starting with the consumption in physical units (tonnes or m3) and their corresponding heating values. The information on fuel consumption and characteristics obtained by means of the individualized questionnaire to the thermal power stations included their composition and, apart from the LHV parameter indicated above, their characteristics also included the contents of carbon, sulphur, ashes, etc. as determined by means of analyses with results that provide the mean annual values for these parameters.

TABLE 7.1.6.a
FUEL CONSUMPTION

	
	FUEL CONSUMPTION (TJLHV)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Liquid fuels
	79.772
	97.992
	144.113
	141.255
	158.593
	181.993

	Solid fuels
	581.243
	611.116
	710.496
	759.041
	685.106
	789.899

	Gaseous fuels
	7.337
	23.592
	28.000
	39.788
	50.174
	95.728

	Biomass
	
	19
	12
	3
	
	

	Other fuels
	3.103
	10.960
	11.725
	11.741
	11.987
	13.148

	Total
	671.455
	743.679
	894.347
	951.829
	905.860
	1.080.767


For the estimation of the CO2 emissions, preference is given to the calculation procedure starting from the carbon content of each fuel used, and this is complemented by the stoichiometric calculation of the figure raised to mass of CO2 through the inclusion of the oxidation factor. This latter value uses the default values proposed by the IPCC. For the estimation of CH4 and N2O, the emissions applied are the factors selected from the different methodological guidelines (EMEP/CORINAIR, IPCC) regarding the energy activity variable (GJ) in terms of LHV. This same procedure was followed to obtain the estimation of other pollutants considered in the CRF (NMVOC and CO), whereas for SO2 and NOX, preference is given to the measured emissions provided by the plants.

Table 7.1.6.b shows the emissions of CO2 for each type of fuel, with this gas giving the source its nature as a key source. Table 7.1.6.c complements the previous information by including the emissions associated with CH4 and N2O combustion expressing all three gases’ emissions in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) of the CO2 equivalent emissions, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Energy” sector.

TABLE 7.1.6.b
CO2 EMISSIONS

	
	CO2 EMISSIONS (Gg)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Liquid fuels
	6.015
	7.475
	11.270
	11.163
	12.325
	14.097

	Solid fuels
	57.779
	60.163
	71.811
	75.441
	68.309
	78.419

	Gaseous fuels
	427
	1.481
	1.886
	2.747
	3.168
	5.900

	Biomass
	
	
	
	
	
	

	Other fuels
	120
	398
	422
	425
	449
	485

	Total
	64.341
	69.516
	85.389
	89.776
	84.252
	98.901


TABLE 7.1.6.c
CO2 EQUIVALENT EMISSIONS: INDICES AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	64.804
	70.096
	86.185
	90.582
	85.129
	99.930

	Index CO2-eq
	100,0
	108,2
	133,0
	139,8
	131,4
	154,2

	% CO2-eq of total
	22,77
	20,57
	23,27
	23,52
	22,20
	25,00

	% CO2-eq of energy
	30,34
	27,27
	30,46
	30,77
	28,81
	32,00


B) 1A1b. Oil Refineries

Of the set of oil refinery activities, this section includes those corresponding to combustion processes. These distinguish between boilers, gas turbines, stationary engines and non-contact process kilns. The first three types of installations are intended to generate electricity, steam or heat in accordance with the requirements of the refining plants, and do not present any peculiarity with respect to the installations of this kind that there may be in other sectors. However, process furnaces are specific to this sector, as a series of physical-chemical reactions take place on the crude oil, such as distillation, catalytic reforming, hydro-treatment, catalytic cracking, alkylation, hydrocracking, etc., that give rise to the various fractions of crude oil into which it breaks down. There is no contact between the flame or combustion gases and the crude oil or its resulting fractions in these furnaces. It should be mentioned that the emissions these furnaces might generate through the non-combustive processes taking place inside them are included in category 1B2a. The emissions from the waste gas flares are not included either, as they are listed in category 1B2c.

Table 7.1.7.a shows the fuel consumptions, expressed in energy terms (TJ of lower heating power), used as the activity variable for the emission estimations. The data on these consumptions, as well as the fuels’ characteristics, have been collected by means of an individualized questionnaire to each of the ten refineries in Spain. The fuels consumed are basically fuel-oil and refinery gas, with notably lower amounts of gas-oil and natural gas, and practically testimonial amounts of LPG and naphtha. The increase observed in gas fuel consumption (natural gas) is due to the gradual installation of co-generation units at the refineries.

TABLE 7.1.7.a
FUEL CONSUMPTION

	
	FUEL CONSUMPTION (TJLHV)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Liquid fuels
	155.424
	180.400
	182.620
	182.559
	184.833
	176.839

	Gaseous fuels
	820
	11.050
	10.761
	12.166
	10.251
	14.839

	Total
	156.244
	191.450
	193.381
	194.724
	195.084
	191.678


For the estimation of CO2 emissions, preference is given, providing that the pertinent data has been made available, to the calculation procedure starting from the carbon content of each fuel used, and complemented by the stoichiometric calculation raised to the mass of CO2 with inclusion of the oxidation factor. For this latter figure, the default values proposed by the IPCC are taken. For the estimation of CH4 and N2O emissions, the factors selected in the various methodological guidelines (EMEP/CORINAIR, IPCC) are taken for the energy activity variable (GJ) in LHV terms. This same procedure is followed for the estimation of other pollutants considered in the CRF (NOX, NMVOC and CO), whereas for SO2 preference is given to the estimated emissions provided by the plants (normally by mass balance).

Table 7.1.7.b shows the emissions of CO2 for each type of fuel, with this gas giving the source its nature as a key source. Table 7.1.7.c complements the previous information by including the emissions associated with combustion of CH4 and N2O, with all of the emissions of the three gases being expressed in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) of the CO2 equivalent emissions; the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Energy” sector; and the ratio of the CO2 equivalent emissions to the crude oil processed.

TABLE 7.1.7.b
CO2 EMISSIONS

	
	CO2 EMISSIONS (Gg)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Liquid fuels
	10.862
	12.335
	12.403
	12.389
	12.394
	11.903

	Gaseous fuels
	45
	617
	599
	672
	542
	835

	Total
	10.907
	12.951
	13.002
	13.061
	12.936
	12.738


TABLE 7.1.7.c
CO2 EQUIVALENT EMISSIONS: INDICES AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	11.296
	12.838
	12.910
	12.899
	12.894
	12.385

	Index CO2-eq
	100,0
	113,7
	114,3
	114,2
	114,2
	109,6

	% CO2-eq of total
	3,97
	3,77
	3,49
	3,35
	3,36
	3,10

	% CO2-eq of energy
	5,29
	4,99
	4,56
	4,38
	4,36
	3,97


	
	1990
	1998
	1999
	2000
	2001
	2002

	Crude oil processed (kt)
	53.556
	60.859
	60.023
	59.174
	57.320
	57.892

	kt CO2-eq / kt crude oil
	0,211
	0,211
	0,215
	0,218
	0,225
	0,214


C) 1A1c. Manufacture of solid fuels and other energy industries

This category includes the emissions generated in the transformation of solid fuels (coke plants, coal gasification), as well as those generated at non-specific combustion installations both in this sector and in coal mining and the production of oil and natural gas.

The basic activity variable used is fuel consumption. In the cases of coke plants located in integrated iron and steel plants and coal gasification, the data were collected by means of individual questionnaires to the plants carrying out these activities. For the remaining activities in this category, including the coke plants not included above, the information has been based on the data from the International Energy Agency. The main fuels used in this category are coke gas and blast furnace gas among solid fuels, fuel-oil and gas-oil among the liquid fuels and natural gas as a gaseous fuel. Table 7.1.8.a presents the fuel consumptions expressed in energy terms (TJ of lower heating power).

TABLE 7.1.8.a
FUEL CONSUMPTION

	
	FUEL CONSUMPTION (TJLHV)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Liquid fuels
	2.754
	3.787
	4.337
	3.693
	3.633
	4.628

	Solid fuels
	15.656
	11.148
	10.230
	11.536
	10.862
	11.337

	Gaseous fuels
	3.824
	9.680
	9.253
	8.518
	9.753
	4.444

	Total
	22.234
	24.615
	23.820
	23.747
	24.249
	20.409


For the estimation of CO2 emissions, preference is given, providing that the pertinent data has been made available, to the calculation procedure starting from the carbon content of each fuel used, and complemented by the stoichiometric calculation raised to the mass of CO2 with inclusion of the oxidation factor. For this latter figure, the default values proposed by the IPCC are taken. For the estimation of CH4 and N2O emissions, the factors selected in the various methodological guidelines (EMEP/CORINAIR, IPCC) are taken for the energy activity variable (GJ) in LHV terms. This same procedure is followed for the estimation of other pollutants considered in the CRF (NOX, NMVOC and CO), except for those cases where the plants have provided measured emissions (particularly for SO2 and NOX).

Table 7.1.8.b shows the emissions of CO2 for each type of fuel, with this gas giving the source its nature as a key source. Table 7.1.8.c complements the previous information by including the emissions associated with combustion of CH4 and N2O, with all of the emissions of the three gases being expressed in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) of the CO2 equivalent emissions, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Energy” sector.

TABLE 7.1.8.b
CO2 EMISSIONS

	
	CO2 EMISSIONS (Gg)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Liquid fuels
	203
	279
	303
	357
	317
	455

	Solid fuels
	1.664
	859
	775
	851
	752
	792

	Gaseous fuels
	210
	542
	518
	477
	546
	249

	Total
	2.078
	1.680
	1.596
	1.685
	1.615
	1.496


TABLE 7.1.8.c
CO2 EQUIVALENT EMISSIONS: INDICES AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	2.142
	1.729
	1.641
	1.737
	1.658
	1.543

	Index CO2-eq
	100,0
	80,7
	76,6
	81,1
	77,4
	72,1

	% CO2-eq of total
	0,75
	0,51
	0,44
	0,45
	0,43
	0,39

	% CO2-eq of energy
	1,00
	0,67
	0,58
	0,59
	0,56
	0,49


D) 1A2 and 1A4. Stationary combustion in industry and other sectors

These categories, which jointly make up a key source in CO2 emissions for solid, liquid and gaseous fuels, include a wide variety of combustion processes performed either in industry or in other sectors (commerce, institutions, residences, as well as in agriculture, forestry and fishing).

The basic data sources for the activity variables (fuel consumptions) have been:

-
For the industrial sector (category 1A2) the national fuel balance, complemented with data from the main sectorial associations (cement, lime, bricks and tiles, ceramics, etc.) and direct information from individualized questionnaires sent to the plants. In general the aggregate consumptions of the national fuel balance have been respected but in some cases their sectorial distribution has been revised to make it consistent with the direct information coming for some sectors from the business associations and the individual questionnaires sent to the plants.

-
For the commercial, institutional and residential sectors (categories 1A4a and 1A4b), the information on fossil fuels has basically been taken from the national fuel balance, and for biomass an estimation has been made of the consumptions starting from the data provided by the Institute for Energy Diversification and Saving (IDAE).

-
For the agriculture, forestry and fishing sector (category 1A4c), the estimation has been made starting from the knowledge of the activity patterns and the energy requirements associated with them, assuming that practically all of the fuel is gas-oil. As for the information on activity patterns in the sub-sectors, deep-sea fishing, agricultural and forestry machinery, the following process has been followed:

*
Deep-sea fishing: the data collected includes information on the power of the fishing fleet provided by the Sub-Directorate General for the Fishing Fleet, and hypotheses on the duration of their stop-overs in port and operations at sea.

*
Agricultural and forestry machinery: for agricultural machinery the initial information has been the installed power of the fleet of machines considered to be operational by type of machinery (tractors, harvesters, etc.) according to data provided by the Sub-Directorate General for Agricultural Production Resources at the Spanish Ministry of Agriculture, Food and Fishing (MAPA in its Spanish acronym) and with certain hypotheses on the number of effective hours/year for each type of machine and its energy requirements per hour of standard operation. A similar process has been followed for forestry machinery, but taking into account that the information has been provided by experts in the sector.

Finally, the data for stationary combustion in the agricultural sector (motors and other installations) are taken from the information on this in the national fuel balance except for gas-oil for which a proportion of the consumption effected in moving agricultural machinery is estimated.

Table 7.1.9.a presents the estimated fuel consumptions for these two categories taken together.

TABLE 7.1.9.a
FUEL CONSUMPTION

	
	FUEL CONSUMPTION (TJLHV)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Liquid fuels
	605.701
	700.332
	721.286
	722.116
	748.344
	711.175

	Solid fuels
	155.679
	74.141
	66.417
	66.201
	64.921
	66.798

	Gaseous fuels
	172.262
	427.080
	506.155
	575.724
	636.834
	693.227

	Biomass
	157.767
	154.118
	155.969
	157.338
	157.753
	158.023

	Other fuels
	
	407
	998
	1.106
	1.035
	1.423

	Total
	1.091.408
	1.356.079
	1.450.825
	1.522.485
	1.608.887
	1.630.646


In order to produce the estimation of the CO2 emissions default emission factors have been used for the fuel type, taken from the main references of the IPCC Good Practice Guidance and the EMEP/CORINAIR Guidebook. This general rule has, however, been qualified when the specific characteristics of the fuels are available, as is the case, among others, of the industrial sectors for integrated steel and iron working, manufacture of paper and pulp, and manufacture of aluminium, where this information is available through the individual questionnaire sent to the plants. In certain cases where the basic information about fuel consumptions was not available, but the amounts of products manufactured or main raw material used were known, the emission factors for the product or raw material as indicated in the EMEP/CORINAIR Guidebook have been converted to fuel factors assuming an energy requirement per unit of product or raw material and a “mix” of standard fuels in the sector of reference. This has been the case mainly in the non-ferrous metalworking industry and in the glass industry.

Table 7.1.9.b shows the emissions of CO2 for each type of fuel, with this gas giving the source its nature as a key source. Table 7.1.9.c complements the previous information by including the emissions associated with combustion of CH4 and N2O, with all of the emissions of the three gases being expressed in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) of the CO2 equivalent emissions, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Energy” sector.

TABLE 7.1.9.b
CO2 EMISSIONS

	
	CO2 EMISSIONS (Gg)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Liquid fuels
	45.247
	53.484
	55.137
	55.281
	55.977
	53.102

	Solid fuels
	15.079
	7.140
	6.132
	5.939
	5.992
	5.694

	Gaseous fuels
	9.466
	23.963
	28.425
	32.392
	34.135
	37.288

	Biomass
	
	
	
	
	
	

	Other fuels
	
	31
	79
	89
	85
	118

	Total
	69.792
	84.618
	89.773
	93.700
	96.189
	96.203


TABLE 7.1.9.c
CO2 EQUIVALENT EMISSIONS: INDICES AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	72.668
	87.728
	92.969
	96.896
	99.411
	99.294

	Index CO2-eq
	100,0
	120,7
	127,9
	133,3
	136,8
	136,6

	% CO2-eq of total
	25,54
	25,74
	25,10
	25,15
	25,92
	24,84

	% CO2-eq of energy
	34,02
	34,13
	32,86
	32,92
	33,64
	31,79


E) 1A3a. Civil aviation

This category includes the transport activities carried out by aircraft at national level, with a distinction being drawn between two different types of operations: a) landing and take-off cycles (LTO) of aircraft in airports and b) cruising. LTO comprises the operations of landing (below 1,000 m. in altitude), the taxiing by the aircraft to the disembarking gate, the taxiing from the departure gate to the head of the runway, and take-off (once more up to 1,000 m. in altitude).

In order to effect the estimation of the fuel consumptions, the calculation has started from the data shown in the statistics of the International Energy Agency, and then the fuel consumption has been estimated for the landing and take-off operations, with the remaining consumption being attributed to cruising. The estimation of the fuel consumptions during LTO is done individually for each type of aircraft, based on the information provided by the Directorate General for Civil Aviation (DGAC) at the Ministry of Development and by the Spanish Airports Body AENA (Aeropuertos Españoles y Navegación Aérea). Table 7.1.10.a presents the fuel consumptions expressed in energy terms (TJ of lower heating power).

TABLE 7.1.10.a
FUEL CONSUMPTION

	
	FUEL CONSUMPTION (TJLHV)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Aviation gasoline
	
	477
	434
	434
	434
	477

	Jet kerosene
	56.845
	64.346
	70.720
	74.969
	76.617
	69.246

	Total
	56.845
	64.823
	71.154
	75.403
	77.051
	69.723


The estimation of the emissions is done differently depending on whether it is an LTO or cruising. For LTO cycles, the emissions of CO2, CH4 and SO2 are calculated using the emission factors selected from EMEP/CORINAIR, whereas for the rest of the pollutants considered in the CRF mean emission factors have been taken each type of engine for LTO, deduced from the data supplied by the International Civil Aviation Organization (OACI). In the case of cruising, the emissions have been calculated as a function of the fuel consumption using emission factors selected from EMEP/CORINAIR.

Table 7.1.10.b shows the emissions of CO2 for each type of fuel, with this gas giving the source its nature as a key source. Table 7.1.10.c complements the previous information by including the emissions associated with combustion of CH4 and N2O, with all of the emissions of the three gases being expressed in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) of the CO2 equivalent emissions, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Energy” sector.

TABLE 7.1.10.b
CO2 EMISSIONS

	
	CO2 EMISSIONS (Gg)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Aviation gasoline
	
	35
	32
	32
	32
	35

	Jet kerosene
	4.135
	4.688
	5.156
	5.465
	5.587
	5.049

	Total
	4.135
	4.722
	5.188
	5.497
	5.618
	5.084


TABLE 7.1.10.c
CO2 EQUIVALENT EMISSIONS: INDICES AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	4.177
	4.770
	5.240
	5.552
	5.675
	5.136

	Index CO2-eq
	100,0
	114,2
	125,4
	132,9
	135,9
	123,0

	% CO2-eq of total
	1,47
	1,40
	1,41
	1,44
	1,48
	1,28

	% CO2-eq of energy
	1,96
	1,86
	1,85
	1,89
	1,92
	1,64


1A3b Road Transport

In this heading, the pollution emission source is the consumption of fuels: leaded or unleaded gasoline, diesel and liquefied petroleum gases. In terms of CO2 equivalent emissions in 1990 and 2002, the greenhouse gases are ranked as follows in table 7.1.11.

TABLE 7.1.11
EMISSIONS OF GREENHOUSE GASES

	Year
	CO2
	N2O
	CH4
	CO2
Equivalent

	1990
	51,390 kt
	98.28%
	673 kt
	1.29%
	228 kt
	0.44%
	 52,291 kt

	2002
	83,418 kt
	97.20%
	2,197 kt
	2.56%
	204 kt
	0.24%
	 85,819 kt


Activity variables

Three main activity variables are used to calculate the emissions of road traffic:

I The fuel consumption figures drawn up by the inventory is of the data from the following sources:

· “Energy Statistics of OECD Countries” published by the International Energy Agency

· “Energy Balance Sheets” from EUROSTAT, and

· “Estadísticas de Consumo de Productos Petrolíferos” (Statistics on the Consumption of Oil-related Products) published by the Sub-Directorate General for Hydrocarbons at the Ministry of Economy.

II The official figures on the operational fleet of vehicles, distributed by categories, age, cylinder capacity and useful load, as published in the Anuario Estadístico (Statistical Yearbook) of the Directorate General for Traffic at the Ministry of Internal Affairs.

III The distance figures broken down by category of vehicle on the networks of roads on which vehicles travel in interurban and rural modes, namely: the general interest state network (RIGE in its Spanish acronym), the networks run by the regional governments and those of the provincial councils; these figures are provided by the Directorate General for Roads at the Ministry of Development.

Fuel consumption

The most outstanding aspect of the trend in fuel consumption seen over the years for which the Inventory has been conducted has been the sustained growth of diesel consumption, which has by itself covered the needs derived from the increased distance travelled by the vehicles. Thus, while the consumption of the different grades of gasoline has remained practically constant (the consumption of liquefied petroleum gases is marginal) at the level of 8,150 tonnes, diesel fuel has gone from 8,090 tonnes in 1990 to over 18,200 in 2002. This has led to an alteration in the relative distribution of the consumptions between petrol and diesel fuel, shifting from a practically 50:50 split in 1990 to a situation in 2002 where diesel fuel represents more than two thirds of the total consumption, as can be seen in the figure 7.1.5.

FIGURE 7.1.5
CONSUMPTION OF GASOLINE AND DIESEL
(figures in tonnes)
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Fleet of vehicles

The fleet of operational vehicles has undergone considerable growth between 1990 and 2002. As can be seen in the figure 7.1.6, the total of operational vehicles on the road has grown by between 42% and 86%, depending on the category of vehicle under consideration: motorcycles and mopeds 49%, lightweight cargo vehicles 86%, heavyweight vehicles 42% and cars 56%.

FIGURE 7.1.6
FLEET OF VEHICLES
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If we regard the distribution by the vehicles’ fuel type, cars can be seen to have a highly disparate evolution. The growth in petrol-engined cars (18%), while considerable, does not bear comparison with that in diesel-powered cars (around 400%). This disparity is manifested, therefore, in the age distribution of the operational fleet, a very relevant aspect when it comes to the calculation of emissions, as this phenomenon gives rise to a lower age for diesel-powered cars when compared to gasoline models (the sample median of the age distribution of diesel cars is between 3 and 4 years of age, whereas it is over 9 years for gasoline-engined cars) which is clearly consistent with the tendency towards the gradual replacement of gasoline by diesel experienced in the last few years. (The evolution of the total number of cars as well as the age and fuel distributions in 2002 can be seen in the figures 7.1.7 and 7.1.8).

FIGURE 7.1.7
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FIGURE 7.1.8
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Distances travelled

Between 1990 and 2002, there has been a sustained growth in the distances travelled in any of the three driving patterns considered: interurban, rural and urban, with the total distance going from 191,665 million kilometres in 1990 to 323,547 in 2002, in other words an increase of approximately 69% in thirteen years. By vehicle category, the greatest increase corresponds to lightweight vehicles for cargo transport (92%), followed by cars with 73%, and then heavyweight cargo vehicles (58%), as can be seen in the figure 7.1.9.

FIGURE 7.1.9
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As for the distribution of distances travelled according to the driving pattern, it can be said that this shows great stability over the years, with interurban driving representing around 50% of the total mileage, rural driving 20% and urban mode the remaining 30%. The same could be said for the distribution of mileage according to vehicle category, where the main categories show very little variation: cars range between 73% of the total in 1990 and 75% in 2002, whereas heavyweight vehicles, whether for freight or passenger transport, go from 12.83% in 1990 to 11.78% in 2002. The figure 7.1.10 show the representation of both distributions (the distances are expressed in millions of kilometres).

FIGURE 7.1.10
distribution of distances travelled according to the driving pattern
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Emission factors

The calculation of the emission factors and emissions for CO2, N2O and CH4 has been based on the publications and documents of the CORINE AIRE project working group, more specifically on the methodology set out in the technical report by the European Environment Agency: “COPERT III Computer Programme to Calculate Emissions from Road Transport”.

The CO2 emission factors have been calculated from the characteristics of the fuels (their carbon content) so as to obtain the final emissions, that is to say assuming that all of the carbon contained in the fuel will in the final reckoning end up combining with oxygen to form CO2. The calculation formula used was:
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represents the final emissions of CO2 produced by the consumption of fuel 
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is the ratio between the number of hydrogen and carbon atoms in fuel 
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(1.8 for petrol, 2.0 for diesel fuel and approximately 2.53 for liquefied petroleum gases).

The application of the above formula produces the following CO2 emission factors per unit of mass for each of the three types of fuel under consideration: gasoline, 3.183, diesel fuel, 3.138 and liquefied petroleum gases, 3.023 (all three expressed in terms of kg of CO2/kg of fuel).

The emission factors for N2O and CH4 per kilometre travelled, on the other hand, have been calculated as functions of the type of vehicle and the speeds representing the driving modes and vehicle categories analyzed, namely:
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is a function of speed that gives the mass of pollutant 
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 (N2O or CH4) emitted by vehicles in class 
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per unit of distance travelled.

When applying this methodology, the table 7.1.12 of speeds has been used:

TABLE 7.1.12
DRIVING STYLES

	
	Interurban
	Rural
	Urban

	CARS
	Range
	80 - 130
	40 – 80
	10 - 40

	
	Represented by
	105
	65
	25

	LigHTWEIGHT VEHICLEs
	Range
	80 - 130
	40 – 80
	10 - 40

	
	Represented by
	100
	65
	25

	HEAVYWEIGHT VEHICLEs
	Range
	80 - 100
	40 – 80
	10 - 40

	
	Represented by
	95
	60
	25

	BUSES AND COACHES
	Range
	80 - 105
	40 – 80
	10 - 40

	
	Represented by
	95
	60
	25

	MotoRcYcles
	Range
	80 - 130
	40 – 80
	10 - 40

	
	Represented by
	105
	65
	25

	MOPEDS
	Range
	
	40 – 50
	10 - 40

	
	Represented by
	
	45
	25


The figures 7.1.11 show the functions for the emission of nitrous oxide and methane for the main vehicle categories.

FIGURE 7.1.11
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FIGURE 7.1.11 (Cont.)

[image: image59.emf]N

2

O EMISSION FUNCTIONS

(LIGHT DUTY <=3,5t)

0

10

20

30

40

50

60

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105 110 115120 125130

SPEED KM/H

mg

/

km

LIGHTDUTY CONVENTIONAL GASOLINE LIGH DUTY EURO I -93/59/EEC GASOLINE

LIGHT DUTY DIESEL

U R H

N

2

O EMISSION FUNCTIONS

(LIGHT DUTY <=3,5t)

0

10

20

30

40

50

60

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105 110 115120 125130

SPEED KM/H

mg

/

km

LIGHTDUTY CONVENTIONAL GASOLINE LIGH DUTY EURO I -93/59/EEC GASOLINE

LIGHT DUTY DIESEL

U R H


[image: image60.emf]N

2

O EMISSION FUNCTIONS

(HEAVY DUTY AND BUSES)

0

5

10

15

20

25

30

35

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105 110 115120 125130

SPEED KM/H

mg

/

km

HEAVY DUTY GASOLINE HEAVY DUTY AND BUSES DIESEL

U R H

N

2

O EMISSION FUNCTIONS

(HEAVY DUTY AND BUSES)

0

5

10

15

20

25

30

35

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105 110 115120 125130

SPEED KM/H

mg

/

km

HEAVY DUTY GASOLINE HEAVY DUTY AND BUSES DIESEL

U R H


FIGURE 7.1.11 (Cont.)
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FIGURE 7.1.11 (Cont.)
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FIGURE 7.1.11 (Cont.)

[image: image65.emf]METHANE EMISSION FUNCTIONS

(HEAVY DUTY AND BUSES)

0

20

40

60

80

100

120

140

160

180

200

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110 115 120125130

SPEED KM/H

mg

/

km

GASOLINE >= 16t DIESEL <16t DIESEL DIESEL BUSES

U R H

METHANE EMISSION FUNCTIONS

(HEAVY DUTY AND BUSES)

0

20

40

60

80

100

120

140

160

180

200

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110 115 120125130

SPEED KM/H

mg

/

km

GASOLINE >= 16t DIESEL <16t DIESEL DIESEL BUSES

U R H


Emissions

The emissions calculated by applying the COPERT III methodology to the activity variables indicated above (distances travelled, fuel consumptions and operational fleet) are shown in the table 7.1.13 and figure 7.1.12 broken down by vehicle category.

TABLE 7.1.13
CO2-EQUIVALENT EMISSIONS BY VEHICLE CATEGORY (kt)

	YEAR
	HEAVYWEIGHT VEHICLES
	MOTORCYCLES
	LIGHTWEIGHT VEHICLES
	CARS
	TOTAL

	1990
	18,020
	820
	5,582
	27,872
	52,294

	1991
	18,564
	915
	5,961
	29,357
	54,797

	1992
	18,707
	1,025
	6,434
	31,856
	58,023

	1993
	18,902
	882
	6,510
	31,261
	57,554

	1994
	20,067
	989
	7,036
	32,676
	60,767

	1995
	21,429
	831
	7,361
	32,032
	61,652

	1996
	22,587
	901
	7,792
	34,438
	65,718

	1997
	21,378
	865
	8,302
	35,910
	66,455

	1998
	23,871
	873
	9,656
	38,793
	73,192

	1999
	25,602
	803
	10,164
	40,716
	77,285

	2000
	27,707
	705
	10,145
	40,845
	79,402

	2001
	28,089
	725
	12,179
	42,329
	83,322

	2002
	29,313
	590
	11,075
	44,840
	85,819


FIGURE 7.1.12
CO2-EQUIVALENT EMISSIONS BY VEHICLE CATEGORY (kt)
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G) 1A3d. Domestic maritime traffic

This category includes the emissions from merchant marine activities on voyages with their ports of origin and destination both in Spain, regardless of the flag under which the vessel is sailing or whether the nationality of the ship-owners is Spanish or foreign. This section does not include the emissions from deep-sea fishing, which are included in activity 1A4c.

In order to estimate the fuel consumption carried out in this activity, regard has been had for the publication entitled “Energy Statistics of OECD countries” from the International Energy Agency (IEA) and the data provided by the Association of Spanish Ship-Owners (ANAVE). Table 7.1.14.a presents the fuel consumptions expressed in energy terms (TJ of lower heating power).

TABLE 7.1.14.a
FUEL CONSUMPTION

	
	FUEL CONSUMPTION (TJLHV)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Residual oil
	16.072
	11.152
	14.438
	15.628
	19.094
	20.848

	Gas/Diesel oil
	3.659
	6.025
	8.600
	8.413
	8.057
	9.448

	Total
	19.731
	17.177
	23.038
	24.041
	27.151
	30.296


For the estimation of the emissions of CO2, CH4 and N2O, selected factors have been taken from EMEP/CORINAIR and from the document entitled “COPERT III. Methodology and Emission Factors”. For the other pollutants considered in the CRF (NOX, NMVOC and CO), the study entitled “Marine Exhaust Emissions Research Programme” from Lloyds Register has been used, whereas for SO2 the emission factors, yearly variables for gas-oil, have been derived from the mass balance depending on the sulphur content in the fuels.

Table 7.1.14.b shows the emissions of CO2 for each type of fuel, with this gas giving the source its nature as a key source. Table 7.1.14.c complements the previous information by including the emissions associated with combustion of CH4 and N2O, with all of the emissions of the three gases being expressed in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) of the CO2 equivalent emissions, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Energy” sector.

TABLE 7.1.14.b
CO2 EMISSIONS

	
	CO2 EMISSIONS (Gg)

	Type
	1990
	1998
	1999
	2000
	2001
	2002

	Residual oil
	1.268
	880
	1.139
	1.233
	1.506
	1.645

	Gas/Diesel oil
	268
	442
	631
	617
	591
	693

	Total
	1.536
	1.322
	1.770
	1.850
	2.098
	2.338


TABLE 7.1.14.c
CO2 EQUIVALENT EMISSIONS: INDICES AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	1.550
	1.334
	1.786
	1.867
	2.117
	2.359

	Index CO2-eq
	100,0
	86,0
	115,2
	120,4
	136,5
	152,2

	% CO2-eq of total
	0,54
	0,39
	0,48
	0,48
	0,55
	0,59

	% CO2-eq of energy
	0,73
	0,52
	0,63
	0,63
	0,72
	0,76


H) 1A1, 1A2 y 1A4. Combustion activities (except transport)

These three categories jointly make up a key source for their emissions of N2O. Since the corresponding fuel consumptions have been indicated above, Table 7.1.15.a below only presents the N2O emissions. These data are complemented with the index for the evolution over time (base 100 in 1990) for these emissions in terms of CO2 equivalent, and their contribution to the CO2 equivalent emissions of the total inventory and the “Energy” sector.

TABLE 7.1.15.a
N2O EMISSIONS

	
	1990
	1998
	1999
	2000
	2001
	2002

	N2O (kt CO2-equivalent)
	2.895
	3.407
	3.733
	3.792
	3.874
	3.888

	Index CO2-equivalent
	100,0
	117,7
	128,9
	131,0
	133,8
	134,3

	% CO2-eq of total
	1,02
	1,00
	1,01
	0,98
	1,01
	0,97

	% CO2-eq of energy
	1,36
	1,33
	1,32
	1,29
	1,31
	1,24


I) 1B1. Fugitive emissions – Solid fuels
Basic information sources: The information on coal was provided by the reports from international bodies (“Energy Statistics of OECD Countries” by the IEA-OECD) or national institutions (Ministry of Economy, “Statistics on the Manufacture of Coking Paste , Coke Oven and Blast Furnace Gas” from the Ministry of Science and Technology, the “Carbunión Report” from the coal-mining companies’ business association or the “Report on the exploitation of the electrical system” from the Spanish Electricity Network).
Description of the main emitting activities: Coal-mining is the predominant source of CH4, with a share exceeding 98% of the estimates for IPCC category 1B1. By extraction technique, and despite the gradual decline observed in recent years, reference must be made to the high contribution of underground mining both in the extraction phase itself and in the post-mining activities. See figure 7.1.13

figure 7.1.13.
main ch4 emitting activities
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Activity variables and emissions: The table 7.1.16 describes, by IPCC category, activity variables and methane emission sources considered in Table1.B.1 of the CRF.
table 7.1.16
activity variables and ch4 emission sources

	IPCC Category
	CH4 Emission Source
	Activity data

	1B1a. Coal mining and handling

	1B1a.i
	Underground mining activities
	Coal extraction
	Gross coal production (anthracite, other bituminous and sub-bituminous coal)

	
	Underground post-mining activities
	First treatment (handling, transportation and pre-treatment of coals)
	

	
	
	Coal storage
	

	1B1a.ii
	Surface mining activities
	Coal extraction
	Gross coal production (anthracite, other bituminous coal, sub-bituminous coal and lignite)

	
	Surface post-mining activities
	First treatment (handling, transportation and pre-treatment of coals)
	

	
	
	Coal storage
	

	1B1b. Solid fuel transformation

	
	Coke oven door leakage and extinction
	Production of coke oven coke


Methodological breakdown by emission sources:  Each of the emission sources described in the table above has been dealt with individually, with the cluster of methane estimates so obtained being assigned to IPCC category 1B1 on the CRF. The methodology used for each emission source is briefly documented below:

a) Production, first treatment and storage of coal: The methodology used is the IPCC’s Tier 2. The emission factor per tonne of product is country-specific, with a distinction being drawn by type of coal and extraction technique. This term has been determined from the methane content in coals, differentiated by the coalfields in Spain, and collected in a sectorial study prepared by AITEMIN
 
.

b) Coke oven door leakage and extinction : A default emission factor was applied, in terms of the mass of coke produced, as proposed by EMEP/CORINAIR (345 g CH4/t)
.

Evolution of the activity variables and emission factors implicit in the CRF: The total gross coal produced by mining has undergone a constant and practically linear decline (a fall of 40% in 2002 with respect to 1990). The breakdown by extraction techniques retains this same trend (a drop of 33.4% in open-cast productions and 46.5% from underground coalfaces), although less smoothed. The CH4 emission factors in mining present distinctive behaviour depending on the type of activity (mining or post-mining activities ) and extraction technique (underground or open-cast). Both trends depend on the percentage participation of types of coal with a high methane content (other bituminous and sub-bituminous coal) in the activity variable used for each activity. Thus, the evolution of the extraction series,  well-smoothed (decreasing for underground mining with a reduction of 9% in 2002 over 1990 and increasing for open-cast mining, up to 32%) should be noted alongside the less homogenous increase observed in the post-mining activities. 

As mentioned in the methodology section, the methane emission factor for the transformation of solid fuels has remained constant for the period 1990-2002.

Evolution of the emissions:  The CH4 emissions in this category have fallen by 43% in 2002 with respect to 1990, mainly due to a fall of the same order in underground mining (43.4%). The rest of the sources included, except the post-mining activities in open-cast mining (of scant repercussion on the total), also reveal reductions (12.1% for open-cast mining activities and 18.2% for the transformation of solid fuels).

J) 1B2. Fugitive emissions – Oil and natural gas
Basic information sources: As the main sources of basic information, in the case of oil, special mention must be made of the individual questionnaires for refineries, which collect information by processes. For the transport and distribution of natural gas, it was opted to apply a similar treatment, developing specific questionnaires that were sent to two companies with extensive national coverage, one for transport and the other for distribution.
Description of the main emitting activities: The main sources of CO2 in Oil and natural gas are the processes applied in the oil refining industry
 (IPCC category 1B2a.iv Refining/Storage), including fluid catalytic cracking and the processing of petroleum products, with a contribution in 2002 of 66.5 and 22.1% respectively (see table 7.1.17 and figure 7.1.14).
table 7.1.17
main co2 emission sources

	IPCC category
	CO2 Emissions (kt)

	
	1990
	1998
	1999
	2000
	2001
	2002

	1B2a.iv
	Oil refining / storage
	1.564,17
	1.797,00
	1.750,63
	1.997,30
	1.864,29
	1.930,32

	1B2.b.ii
	Gas transmisión
	0,07
	0,08
	0,05
	0,20
	0,26
	0,32

	 
	Gas distribution
	0,18
	0,06
	0,09
	0,28
	0,35
	0,43

	1B2c.i
	Oil flaring
	168,70
	195,59
	192,69
	193,88
	193,76
	188,47

	1B2c.ii
	Gas flaring
	10,29
	20,90
	9,90
	5,43
	8,09
	29,41

	1B2
	Oil and natural gas
	1.743,41
	2.013,63
	1.953,36
	2.197,09
	2.066,76
	2.148,94


FIGURE 7.1.14
main co2 emission sources
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Activity variables and emission sources: For a better understanding of Table 1.B.2 in the CRF, the table 7.1.18 gives a brief description of the activity variable and the sources emitting CO2 included in each sub-category considered in IPCC category 1B2.

table 7.1.18
activity variables and co2 emission sources

	IPCC Category
	CO2 Emission Sources 
	Activity data

	1B2a. Oil

	1B2a.ii
	Production
	-
	Crude oil extraction from land-based and off-shores installations

	1B2a.iii
	Transport
	-
	Purchase of crude oil by refineries

	1B2a.iv
	Refining/Storage
	Processing of petroleum products
	Processing of crude oil at refineries

	
	
	Coke calcining
	

	
	
	Hydrogen plants
	

	
	
	Steam reforming
	

	
	
	Fluid catalytic cracking
	

	
	
	Sulphur recovery plants
	

	1B2a.v
	Distribution of petroleum products
	-
	Domestic consumption of petroleum products (sales)+ Production of gasoline

	1B2b. Gas natural

	1B2b.i
	Production/ Processing
	-
	Gas extraction from land-based and off-shores installations

	1B2.b.ii
	Transmission
	Gas pipelines
	Domestic consumption of natural gas

	
	
	Venting at compression plants
	

	
	
	Gas leak from underground storages
	

	
	Distribution
	Distribution networks (regulation and metering stations, networks or pipelines, connection points, internal mains and community installations )
	Domestic consumption of natural gas, LPG, gas manufactured from naphtha and coal, and propanized air

	1B2c. Venting and flaring

	1B2c.i
	Flaring of oil
	Flaring of waste gas and/or refinery gas at petroleum refineries
	Processing of crude oil at refineries

	1B2c.ii
	Flaring of gas
	Flaring at regasification plants at the natural gas supply network
	Natural gas flaring at regasification plant


Methodological breakdown by emission sources: The emissions of CO2 from IPCC category 1B2 have been calculated by grouping together the estimates made for each emitting source indicated in the preceding table. Their estimation methodologies are indicated below:

a) Coke calcining: The country-specific methodology comprises the application of an emission factor based on the mass balance of carbon in coke (loss of carbon during calcination of green coke). The emission factor estimated in this way is 1,009.8 kg CO2 per tonne of green coke, a value derived by assuming 91.8% of C in green coke and a weight loss of 30% between green coke and calcinated coke (1,009.8 = (44/12)*0.918 *0.30* *1,000)
. 

b) Steam reforming, hydrogen plants and sulphur recovery plants: Estimated emissions provided by the refineries by means of a questionnaire. 

c) Fluid catalytic cracking
 (FCC): The CO2 emission factors used, expressed in terms of feedstock mass into the FCC, have been determined at the plant level from the coke carbon retained in the units’ catalyst. With the information available in the refining sector questionnaires (feedstock processed and coke retained in the catalyst), and assuming 91.8% C in the coke
, the ratios of CO2 emitted by the plant have been reached.  

d) Flaring at oil refineries The limitation of questionnaires to plants with a declaration of CO2 emitted has been resolved by following, when absent, the simplified EMEP/CORINAIR methodology. The default emission factor (3.14 kg CO2/tonne of crude oil processed
 ) is derived from expert judgement in the CORINAIR programme, which gave a figure of 0.1% of the total C in crude oil as the CO2-carbon emitted through flares. This assumption enables us to estimate CO2 emissions, taking a 85.5% of carbon content in the crude oil as the default parameter, according to the following procedure : 3.14=0.855*0.001*(44/12)*1,000.

e) Gas pipelines, venting at compression stations, underground storage and flares at regasification plants: The estimation of emissions was done by taking an emission factor per unit of natural gas, after deduction of the average annual gas composition. The basic information (emissions and molar composition) has been collected by means of a questionnaire to a transport company, requiring the use of regression methods or elevation ratios to achieve the integrity of the series reported by plant and type of installation. 

f) Natural gas distribution network: The estimation methodology has required a modification of the detailed methodology set out in EMEP/CORINAIR
, so as to ensure the completeness of the emissions for this activity. The estimations of natural gas emitted by type of installations and/or pipelines
, provided by a distribution company by means of a questionnaire, were raised to the entire network length. The emission factors for natural gas emitted were deduced by considering a mean annual speciation of natural gas (information provided by the gas transport company). 

Evolution of the activity variables and emission factors implicit in the CRF: Excepting gas flares, a relatively stable behaviour is assumed for the rest of the activity variables. The consumption of natural gas, increased by 286% with respect to the base year, reveals a sustained climb, much more pronounced after 1995; on the other hand, the crude oil processed at refineries shows a relative equilibrium with slight increases with respect to the base year, close to 8% in 2002. The evolution of the gas incinerated at the regasification plant, data provided by the natural gas transport company, presents considerable inter-annual fluctuations (over 200% for certain years) that may be justified by the very nature of the flares, since their use is subject to extremely variable conditions.

In connection with the emission factors, heterogeneity can be seen in their evolution. The flares, with inter-annual variations not greater than 5%, and storage and refinery, with up to 15% for certain years, have relatively consistent emission factors throughout the series 1990-2002. In gas transport and distribution the factors vary considerably throughout the series, depending greatly on the annual variation suffered by the molar compositions declared by the transport company.

Evolution of the emissions: The emissions of CO2 in this category have increased by 23.3% in the period 1990-2002 as a result of increases experienced in refining and storage of petroleum products (23.4%) and, to a lesser extent, by flares at refineries (11.7%).

The high increases in gas (330% in transport, 133% in distribution and 186% in flares) do not significantly affect the total in view of their small contributions. The evolution of the transport and distribution series is strongly marked by the speciation of the natural gas, where the influence after 1999, with recovery of the percentage of carbon dioxide contained in natural gas, combines with the increase in natural gas emitted in both networks. Natural gas flares depend solely on the variations suffered in the natural gas incinerated at the gasification plant, given the relative stability seen in the carbon content of natural gas.

OTHER SOURCES
Following the CRF sources nomenclature, other activities might additionally be considered under the heading of industrial processes albeit not as key sources in the inventory. A few of the most important of these are indicated below for the group of “Other sources”.

Category 1A1a also includes a sub-class of “other fuels” for electricity generation carried out at municipal solid waste incinerator plants as part of the strategy for energy recovery. These plants only emit CO2 that can be calculated as part of the emissions for the fossil fuel fraction in the waste incinerated and their scant size means they do not appear as key sources for the emission of this pollutant.

Category 1A1c also includes the emissions due to the combustion of liquid fuels in coke plants and in another set of activities including non-specific combustion in coal mining and the production of oil and natural gas, although, in view of the small energy consumption of these fuels at these installations, their emissions of CO2 do not constitute a key source in the inventory, whether for level or for trend.

In stationary combustion, whether of industrial origin (category 1A2) or in other sectors grouped in category 1A4, the emissions of CO2 from the use of the “other fuels” class do not constitute a key source in the inventory, whether for level or for trend, because of the scant participation of this kind of fuel in these sectors.

Other crosstabs of activities with pollutants that, although included within the energy sector, are not identified as key sources whether for level or for trend in the period of the inventory are the following:

1A3a – Civil aviation: emissions of CH4 and N2O.

1A3b – Road transport: emissions of CH4.

1A3d – National marine traffic: emissions of CH4 and N2O.

1A3c and 1A3e – railways and other transport: emissions of CO2, CH4 and N2O.

1B1 – Fugitive emissions in mining and coal processing: CO2
.

1B2 – Fugitive emissions of oil and natural gas: CH4

7.2. INDUSTRIAL PROCESSES

SECTOR OVERVIEW

In 2002, the emissions from industrial processes represent 6.86% of the total emissions in Spain, in terms of CO2 equivalent, implying a reduction over the base year in which they represented 8.72% of the total. On the other hand, the emissions of CO2 equivalent in this sector have seen an increase of 9.61% in 2002 with respect to the base year, going from 22,772 kilotonnes of CO2 equivalent in 1990 to 27,418 kilotonnes in 2002. Figure 7.2.1 shows the evolution of the emissions in terms of CO2 equivalent throughout the period 1990-2002 by component categories according to the CRF nomenclature.

FIGURE 7.2.1
EVOLUTION OF CO2 EQUIVALENT EMISSIONS
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-
Basic data sources (activity variables, algorithms and emission factors).

For the estimation of emissions from industrial processes, after discounting the contribution of combustion which has already been dealt with in the preceding section 7.1, the relevant activity variables are specific for each sector or activity under consideration, and may refer to the main product, the main input or a relevant raw material in the process or activity.

Apart from the characterization of the pertinent product, input or raw material, for a proper estimation of the emissions it is of great importance to distinguish where appropriate between the production processes used, as the technology applied determines to a large extent the emissions of the gases considered in many cases.

With respect to the estimation algorithms, the basic references have been taken from the IPCC Guidelines (Revised 1996 Guidelines and the Good Practice Guidance for 2000), complemented on occasion with the EMEP/CORINAIR Guidebook. In connection with the methodologies proposed by the IPCC, whenever the data required for the case have been available, advanced methodological tiers have been applied for the estimation of emissions.

Specific mention is made below to the data sources for the key activities in this sector when each of the activities is presented.

-
Completeness, transparency and time-series consistency.

In general, it is felt that a high degree of coverage has been achieved in the estimation of emissions over the total of the activities potentially generating pollutant emissions. The foregoing notwithstanding, it should be indicated that in this edition of the inventory it has not been possible to develop the methodology for the estimation of potential emissions from fluorinated gases due to considerable shortcomings in the basic information. In another activity, such as the use of limestone and dolomite, the degree of coverage is partial, with some activities such as construction and acidifier emission-abatement processes pending estimation. Furthermore, complete coverage has been achieved in the manufacture of lime with respect to the manufacturing plants devoted to the sale of lime, as well as in other sectors (iron and steel industry, paper industry). However, the diagnosis of the production levels in other self-consumption sectors, including the food sector, is pending. Mention should also be made of the fact that the existence or otherwise of emissions of halocarbons and SF6 is still pending for the semiconductor manufacturing industry.

The data on activity variables, emission factors and algorithms used to make the estimation of the emissions can be traced and are considered sufficiently transparent to be able to diagnose the inventory’s quality. The current edition of the inventory has extended the series inventoried to 2002, now covering the period 1990-2002, and whenever there have been changes in the methodology or coverage of the activity variables and emission factors chosen as representative with respect to the previous edition, the series of estimated emissions has been back-projected consistently to 1990. In this same line, whenever evidence has been found of a need for recalculation (for instance, due to the detection of errors), the entire set of the time series has also been revised.

The remainder of this section examines in detail the key data sources for the industrial processes sector.

KEY SOURCES ANALYSIS
The analysis of key sources for the period 1990-2002 has identified, within IPCC source category 2 “Industrial Processes”, the following activities:

-
Cement production (2A1) for its CO2 emission level for the entire period 1990-2002 and for its behaviour in the period 1991-2002.

-
Lime production (2A2) for its behaviour in the emissions of CO2 in 1994.

-
Nitric acid production (2B2) for its level of N2O emissions in the period 1990-2001 and for its behaviour in the period 1991-2002.

-
Aluminium production (2C3) for its behaviour in the emissions of PFCs in the years 1991 and 2000-2002.

-
Manufacture of HCFC-22 (2E1) for its level of HFC emissions in the period 1990-2001 and for its behaviour in the years 1991-2000 and 2002.

-
Consumption of halocarbons and SF6 (2F) for the overall level of emissions of HFCs and PFCs in 2001 and 2002 and for their behaviour in period 1997-2002.

Table 7.2.1 below summarizes the foregoing and gives the contribution of the emissions level and the trend for the key categories in this sector, as well as the absolute values in terms of CO2 equivalent, all referring to 2002.

TABLE 7.2.1
KEY SOURCES: LEVEL AND TREND CONTRIBUTION

	IPCC Activity
	Gas
	CO2-e
(Gg)
(2002)
	Level contribution
(2002)
	Trend contribution
(2002)

	Code
	Description
	
	
	%
	Key Source
	Range
	%
	Key Source
	Range

	2A1
	Cement production
	CO2
	15.853
	3,97
	YES
	6
	1,32
	YES
	16

	2A2
	Lime production
	CO2
	1.433
	0,36
	NO
	27
	0,11
	NO
	40

	2-2A1-2A2-2C1
	Other industrial processes
	CO2
	2.877
	0,72
	YES
	19
	0,37
	NO
	28

	2B2
	Nitric acid production
	N2O
	1.945
	0,49
	NO
	25
	1,58
	YES
	15

	2C3
	Aluminium production
	PFC
	192
	0,05
	NO
	48
	0,73
	YES
	21

	2E1
	Production of HCFC-22
	HFC
	1.029
	0,26
	NO
	31
	1,76
	YES
	14

	2F
	Consumption of halocarbons and SF6
	HFC & PFC
	2.791
	0,7
	YES
	20
	2,09
	YES
	12


A) 2A1. Cement production.

In this activity the emissions envisaged are those produced during the process of manufacture of clinker as a result of the decarbonizing of limestone (calcium carbonate), to produce calcium oxide:

CaCO3 ( CaCO + CO2
This emission of CO2 is inherent to the process for manufacturing clinker, since it is a practically fixed value per tonne of clinker manufactured. The emissions corresponding to combustion activities are dealt with in CRF category 1A2f.

The production of cement clinker is used as the activity variable for emissions estimation. This information has been taken from the publication “Industrias del Cemento” (Cement Industries) for the years 1990-1998, whereas for the years 1999-2002 the information has been provided by the cement manufacturing association (OFICEMEN). Table 7.2.2.a presents the clinker production expressed in tonnes.

TABLE 7.2.2.a
CLiNKER production

	CLINKER PRODUCTION (tonnes)

	1990
	1998
	1999
	2000
	2001
	2002

	23.211.731
	26.103.860
	27.280.915
	27.840.499
	28.382.550
	29.357.596


For estimating CO2 emissions there are several references that propose different emission factors (EMEP/CORINAIR, IPCC). However, here it has been decided to use the information supplied by the Association of Cement Manufacturers, which states the emissions of CO2 arising from decarbonising as 540 kg CO2/tonne of clinker produced.

Table 7.2.2.b shows the emissions of CO2 for this activity, with this gas giving the source its nature as a key source. Table 7.2.2.c shows these emissions in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) of the CO2 equivalent emissions, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Industrial Processes” sector.

TABLE 7.2.2.b
CO2 EMISSIONS

	CO2 EMISSIONS (Gg)

	1990
	1998
	1999
	2000
	2001
	2002

	12.534
	14.096
	14.732
	15.034
	15.327
	15.853


TABLE 7.2.2.c
CO2 EQUIVALENT EMISSIONS: INDEX AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	12.534
	14.096
	14.732
	15.034
	15.327
	15.853

	Index CO2-eq
	100,0
	112,5
	117,5
	119,9
	122,3
	126,5

	% CO2-eq of total
	4,40
	4,14
	3,98
	3,90
	4,00
	3,97

	% CO2-eq of ind. proc.
	55,04
	51,01
	49,33
	48,53
	54,35
	57,82


B) 2A2. Lime production

In the analysis of the key sources, this activity is not identified for its contribution to the level in any of the years of the period under consideration, but it is identified for its trend in 1994. For this reason, the information referring to this activity is given below.

The emissions considered here are those produced in the decarbonization process during the manufacture of lime and calcinated dolomite. The commercial products on which the data has been distinguished include quicklime and slaked lime, for which it is assumed that the material is calcium carbonate, and calcinated dolomite for which it is assumed that the raw material is calcium carbonate and magnesium carbonate. The production data given in Table 7.2.3.a have been obtained through the publication entitled “Industrias del Yeso y de la Cal” (Gypsum and Lime Industries) for the period 1990-1998 and by means of the information provided by the Spanish National Association of the Lime Manufacturing Industry (ANCADE in its Spanish acronym) for the period 1999-2002. This series also includes the production of lime in other industries (integrated iron and steel) corresponding to 1990.

TABLE 7.2.3.a
LIME PRODUCTION

	LIME PRODUCTION (tonnes)

	1990
	1998
	1999
	2000
	2001
	2002

	1.131.566
	1.710.780
	1.748.364
	1.793.099
	1.871.984
	2.002.275


The emission factors of CO2 proposed in the IPCC Reference Manual (Table 2.2) are of 790 and 910 kg CO2/t of the calcinated material depending on whether it is calcite or dolomite. However here it has been decided to use the data supplied by the Association of the Lime Manufacturing Industry (ANCADE), in which the emission factors are distinguished depending on the type of lime manufactured (quicklime or dead-burned dolomite). For hydrated lime, a conversion has been carried out for the emission factor stated for quicklime using for this purpose the following conversion factor supplied by ANCADE:

1 t of quicklime = 1,32 t of hydrated lime

considering that the quicklime is completely pure and its hydration is produced at 100%.

For the manufacture of lime in other industries, and given that the process of manufacture differs from that used in the construction industries, it has been decided to use the emission factor proposed in the IPCC Reference Manual (790 kg CO2/t of lime).

Table 7.2.3.b shows the emissions of CO2 for this activity, with this gas giving this source its nature as a key source. Table 7.2.3.c shows these emissions in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) of the CO2 equivalent emissions, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Industrial Processes” sector.

TABLE 7.2.3.b
CO2 EMISSIONS

	CO2 EMISSIONS (Gg)

	1990
	1998
	1999
	2000
	2001
	2002

	917
	1.231
	1.240
	1.277
	1.335
	1.433


TABLE 7.2.3.c
CO2 EQUIVALENT EMISSIONS: INDEX AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	917
	1.231
	1.240
	1.277
	1.335
	1.433

	Index CO2-eq
	100,0
	134,2
	135,3
	139,3
	145,6
	156,3

	% CO2-eq of total
	0,32
	0,36
	0,33
	0,33
	0,35
	0,36

	% CO2-eq of ind. proc.
	4,03
	4,45
	4,15
	4,12
	4,73
	5,23


C) 2. Industrial processes (except 2A1, 2A2 and 2C1). 

This is a ragbag of activities grouping together, with respect to CO2 emissions, the activities corresponding to industrial processes, except for the manufacture of cement and lime, and the processes used in the production of iron and steel. The list of activities considered warrants special attention to be paid, for their importance in CO2 emissions, to the production and use of sodium carbonate, the manufacture of ammonia, the production of carbides, ferroalloys and aluminium.

Table 7.2.4.a shows the emissions of CO2, with this gas giving this source its nature as a key source. Table 7.2.4.b complements this information by including the associated emissions of CH4, N2O, PFCs, HFCs and SF6, with the emissions as a whole being expressed in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) of the CO2 equivalent emissions, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Industrial Processes” sector.

TABLE 7.2.4.a
CO2 EMISSIONS

	CO2 EMISSIONS (Gg)

	1990
	1998
	1999
	2000
	2001
	2002

	2.399
	2.595
	2.649
	2.676
	2.839
	2.877


TABLE 7.2.4.b
CO2 EQUIVALENT EMISSIONS: INDEX AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	8.610
	11.515
	13.096
	13.823
	10.665
	9.263

	Index CO2-eq
	100,0
	133,7
	152,1
	160,5
	123,9
	107,6

	% CO2-eq of total
	3,03
	3,38
	3,54
	3,59
	2,78
	2,32

	% CO2-eq of ind. proc.
	37,81
	41,67
	43,86
	44,62
	37,82
	33,79


D) 2B2. Nitric acid production

This activity considers the emissions coming from the manufacture of nitric acid. In the case of NOX, the associated emission factors depend on the type of manufacturing process used, with a distinction being drawn between low, medium or high pressure. For this reason, the data on the activity variable used (production of nitric acid) distinguishes between the amounts manufactured for each of the processes mentioned. Table 7.2.5.a presents the nitric acid production.

TABLE 7.2.5.a
NITRIC ACID PRODUCTION

	NITRIC ACID PRODUCTION (tonnes)

	1990
	1998
	1999
	2000
	2001
	2002

	1.329.107
	998.973
	1.081.888
	1.063.017
	941.992
	896.360


For estimating the emissions of N2O the emission factor has been taken from the report by the Business Federation for the Chemicals Industry in Spain (FEIQUE) supplied to the Ministry of Science and Technology for the inventories of greenhouse effect gases, namely 7 kg N2O/tonne of nitric acid.

Table 7.2.5.b presents the emissions of N2O for this activity, with this gas giving this source its nature as a key source. Table 7.2.5.c gives these emissions in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) for the emissions of CO2 equivalent, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Industrial Processes” sector.

TABLE 7.2.5.b
N2O EMISSIONS

	N2O EMISSIONS (Gg)

	1990
	1998
	1999
	2000
	2001
	2002

	9,3
	7,0
	7,6
	7,4
	6,6
	6,3


TABLE 7.2.5.c
CO2 EQUIVALENT EMISSIONS: INDEX AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	2.884
	2.168
	2.348
	2.307
	2.044
	1.945

	Index CO2-eq
	100,0
	75,2
	81,4
	80,0
	70,9
	67,4

	% CO2-eq of total
	1,01
	0,64
	0,63
	0,60
	0,53
	0,49

	% CO2-eq of ind. proc. 
	12,67
	7,84
	7,86
	7,45
	7,25
	7,09


E) 2C3. Aluminium production

Primary aluminium production constitutes a key source in the inventory because of the associated PFC emissions. The data on activity variables and the parameters of the emissions estimation algorithm have been collated by means of an individualized questionnaire for each of the three production plants.

From the information received a distinction is drawn by plants and the series of manufacturing method used (prebaked anodes with side or central worked and the vertical studs Söderberg process). Within each series, information was obtained on the following parameters:

Efficiency of the electric current

Number of anode effects per pot and day

Duration of the anode effect in minutes

Using this information, the emissions are estimated by application of the Tier 3b method referred to in the IPCC Good Practice Guidance.

The information on activity variables and process parameters are not given here as these figures are confidential since all of the plants belong to only one company.

Table 7.2.6.a shows the PFC emissions for this activity, with these gases giving this source its nature as a key source. Table 7.2.6.b complements the foregoing information by including the associated emissions of CO2, and expressing the emissions as a whole in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) of the CO2 equivalent emissions, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Industrial Processes” sector.

TABLE 7.2.6.a
PFC EMISSIONS
	
	PFC EMISSIONS (tonnes)

	
	1990
	1998
	1999
	2000
	2001
	2002

	CF4
	114,3
	99,7
	91,2
	50,0
	24,7
	26,5

	C2F6
	9,3
	8,9
	7,9
	4,2
	1,7
	2,1


TABLE 7.2.6.b
CO2 EQUIVALENT EMISSIONS: INDEX AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	1.379
	1.288
	1.230
	930
	759
	781

	Index CO2-eq
	100,0
	93,4
	89,2
	67,4
	55,0
	56,6

	% CO2-eq of total
	0,48
	0,38
	0,33
	0,24
	0,20
	0,20

	% CO2-eq of ind. proc.
	6,06
	4,66
	4,12
	3,00
	2,69
	2,85


F) 2E1. Production of HCFC-22

This activity considers the emissions of HFC-23 arising as a by-product in the manufacture of HCFC-22. During the period under inventory, three HCFC‑22 manufacturing plants have been operational, either temporarily or throughout the interval in question. The information on the production of this compound, the activity variable, has been provided by the production centres themselves.

The information on HFC-23 emissions is based on the estimates made by the centres themselves, complemented for certain years by a default emission factor. Therefore, the estimation methodology applied in this case is a combination of Tier 1 and Tier 2 in the IPCC’s terminology.

The information on activity variables and process parameters is not given here as it is confidential since all of the plants belong to two companies.

Table 7.2.7.a shows the emissions of HFC-23 for this activity, with this gas giving this source its nature as a key source. Table 7.2.7.b gives these emissions in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1990) for the CO2 equivalent emissions, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Industrial Processes” sector.

TABLE 7.2.7.a
HFC-23 EMISSIONS

	HFC-23 EMISSIONS (tonnes)

	1990
	1998
	1999
	2000
	2001
	2002

	205,4
	434,0
	503,5
	540,4
	248,1
	87,9


TABLE 7.2.7.b
CO2 EQUIVALENT EMISSIONS: INDEX AND RATIOS

	
	1990
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	2.403
	5.078
	5.891
	6.323
	2.903
	1.029

	Index CO2-eq
	100,0
	211,3
	245,1
	263,1
	120,8
	42,8

	% CO2-eq of total
	0,84
	1,49
	1,59
	1,64
	0,76
	0,26

	% CO2-eq of ind. proc.
	10,55
	18,37
	19,73
	20,41
	10,29
	3,75


G) 2F. Consumption of halocarbons and SF6 

This group includes the activities of CRF category 2F that generate emissions of HFCs or PFCs, namely those corresponding to refrigeration and air conditioning (2F1), fire extinguishers (2F3) and aerosols (2F4). This section does not include the emissions of SF6 in electrical equipment.

With respect to refrigeration and air conditioning, information has been supplied for certain years by the business associations for this sector. These data have been extrapolated for recent years by the inventory working party with the help of information on evolution proxies taken from the automobile industry, which has also provided data on plants for the main gas under consideration (HFC‑134a). For the national production of motor vehicles, the emission factors are those derived from the data obtained in questionnaires from the manufacturing plants, and are taken from the IPCC guidelines for the other sub-sectors.

For fire extinguishers, the information on the amounts of fluorinated gases consumed in the maintenance and new installation of fire-fighting equipment has been obtained by means of a questionnaire addressed to the main companies in the sector. On the basis of the activity variables data, the inventory working party has performed an extrapolation for the total sector on the basis of an estimation of the coverage of the companies providing data. The emissions estimation has been effected by calculating in each year the existing stock of fluorinated gases in the equipment installed and applying the default emission factor suggested in the IPCC Guidelines.

With respect to aerosols, the information on the activity variable (gases incorporated into aerosol devices) has been provided by the main association of the manufacturers in this sector. The activity variable is the apparent consumption of each gas, as the result of adding together domestic production plus the net balance of imports minus exports. As for the time-related activity variable, it is assumed that 50% of the emissions are generated in the reference year for the apparent consumption and the other 50% in the following year. The default emission factor suggested in the IPCC Guidelines is applied.

Table 7.2.8.a shows the emissions for each type of gas for each of these activities. Since the use of these gases was marginal prior to 1995 and, therefore, their associated emissions are very small, the series is given for the period 1995-2002. For this reason too, the fluorinated gases take 1995 as the basis for computing the evolution of the emissions. Table 7.2.8.b gives these emissions in terms of CO2 equivalent. This same table gives the index for the evolution over time (base 100 in 1995) for the emissions of CO2 equivalent, and the contributions of the CO2 equivalent emissions of this category to the total of the inventory and the “Industrial Processes” sector.

TABLE 7.2.8.a
HFCs & PFCs EMISSIONS
	
	HFCs & PFCs EMISSIONS (tonnes)

	Category
	Gas
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	2F1
	HFC-125
	
	3,66
	10,40
	19,15
	29,60
	41,58
	53,91
	66,30

	
	HFC-134a
	
	58,75
	139,54
	259,76
	412,43
	577,23
	740,41
	905,93

	
	HFC-143a
	
	4,33
	12,16
	22,31
	34,43
	48,34
	62,65
	77,03

	
	C3F8
	
	0,50
	1,40
	2,58
	3,98
	5,59
	7,24
	8,91

	2F3
	HFC-23
	0,26
	0,59
	2,70
	6,21
	15,75
	33,21
	51,55
	67,55

	
	HFC-125
	
	
	
	
	0,07
	0,19
	0,33
	0,66

	
	HFC-227ea
	0,83
	1,39
	2,83
	5,21
	8,36
	12,32
	16,85
	21,88

	
	HFC-236fa
	
	
	
	
	0,15
	0,39
	0,67
	0,94

	
	C4F10
	0,05
	0,20
	0,22
	0,25
	0,28
	0,33
	0,37
	0,42

	2F4
	HFC-134a
	1,62
	3,36
	3,56
	93,67
	204,20
	230,07
	220,22
	159,92


TABLE 7.2.8.b
CO2 EQUIVALENT EMISSIONS: INDEX AND RATIOS

	
	1995
	1998
	1999
	2000
	2001
	2002

	CO2-eq (Gg)
	8
	705
	1.255
	1.818
	2.348
	2.791

	Index CO2-eq
	100,0
	8.922,1
	15.872,8
	23.000,5
	29.704,5
	35.299,8

	% CO2-eq of total
	0,00
	0,21
	0,34
	0,47
	0,61
	0,70

	% CO2-eq of ind. proc.
	0,03
	2,55
	4,20
	5,87
	8,33
	10,18


OTHER SOURCES

Following the CRF sources nomenclature, other activities might additionally be considered under the heading of industrial processes albeit not as key sources in the inventory. A few of the most important of these are indicated below for the group of “Other sources”.

Category 2C1 includes the emissions for the iron and steel manufacturing processes excluding those referring to the associated combustion processes, which are in category 1A2a.

The production of halocarbons and SF6, except for the manufacture of HCFC‑22 (categories 2E2 and 2E3).

Category 2F7 includes the SF6 emissions from electrical equipment. In the case of Spain, this is the only source generating emissions of this gas.

7.3.- solvents and other product use

SECTOR OVERVIEW

Emissions due to the use of solvents and other products constitutes a minor source of greenhouse gas emissions for the inventory. Specifically, they represented in 2002 0.42% of the total emissions in Spain in CO2 equivalent terms, implying a reduction with respect to the base year when they represented 0.46% of the total. On the other hand, the CO2 equivalent emissions in this sector have undergone an increase of 27.35% during 2002 with respect to the base year, growing from 1,330 kilotonnes of CO2 equivalent in 1990 to 1,694 kilotonnes in 2002. Figure 7.3.1 shows the evolution of the emissions in CO2 equivalent terms throughout the period 1990-2002 by component categories according to the CRF nomenclature.

FIGURE 7.3.1
EVOLUTION OF CO2 EQUIVALENT EMISSIONS
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As can be seen in the graph, the relative importance of this category is very small in the inventory, and it does not constitute a key source by level of emission nor by trend in any year of the period under study.

7.4.- AGRICULTURE

SECTOR OVERVIEW
The Agriculture emissions represent (in 2002) 10.67% of Spain’s total emissions of CO2 equivalent (CO2-eq), implying a backwards step in terms of its significance as a source of emissions with respect to 1990 when this sector represented 13.13% of the total. In the meantime, emissions have grown by 14.12% in the same period, rising from 37,373 Kt of CO2-eq in 1990 to 42,650 in 2002.  This phenomenon is due to the greater increase in emissions from other sectors (see figure 7.4.1).

The most relevant source for base data is the “Agrarian Statistical Yearbook” published by the Ministry of Agriculture, Food and Fisheries (MAPA in its Spanish acronym). The main methodological sources, on the other hand, are the methodological documents of the IPCC, EMEP/CORINAIR and, for specific national issues, the document entitled “Estimation of Greenhouse Gas Effects 2001” by the MAPA (in its different versions).

FIGURE 7.4.1
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Completeness: Most of the sources and gases in this sector have been estimated.

Transparency:  The data management system used when compiling the Inventory  has a very fine degree of detail with data disaggregated by provinces (Spain’s third-level administrative unit, of which there are 50). This implies a large amount of data to be processed and an apparent complexity in their review. 

There is a difference between the base data for animal husbandry in the Inventory, supplied by the MAPA, and the data used by the FAO. This is due to the use of a number of farming surveys in the Inventory whereas the FAO only refers to the December surveys. For those years in which information is missing, recourse is had to the data for the closest year for which information is available, except where the weather conditions indicate otherwise.

KEY SOURCES ANALYSIS

The key sources identified for the period 1990-2002, in order of importance of their emissions, are: a) Enteric Fermentation in Domestic Cattle (CH4)
; b) Manure Management (CH4)
; c) Agricultural Soils - Direct Emissions (N2O)
; d) Agricultural Soils - Indirect Emissions (N2O)
; e) Agricultural Soils - Animal Production (N2O)
; f) Manure Management (N2O)
 (see table 7.4.1).

table 7.4.1
key sources

	Code
	Description
	GHG
	CO2-eq
	Contribution Level
	Contribution Trend

	
	
	
	(2002)
	%
	Key S.
	Range
	%
	Key S.
	Range

	4A
	Enteric Fermentation in Domestic Livestock  
	CH4
	14,720
	3.68
	YES
	7
	2.29
	YES
	11

	4B
	Manure Management
	CH4
	8,627
	2.16
	YES
	11
	0.08
	NO
	46

	4D1
	Agricultural Soils - Direct Emissions
	N2O
	8,357
	2.09
	YES
	12
	2.72
	YES
	8

	4D3
	Agricultural Soils - Indirect Emissions 
	N2O
	5,205
	1.30
	YES
	15
	1.19
	YES
	17

	4D2
	Agricultural Soils - Animal Production
	N2O
	3,306
	0.83
	YES
	18
	0.46
	NO
	26

	4B
	Manure Management 
	N2O
	1,633
	0.41
	NO
	26
	0.49
	YES
	24


A) IPCC 4A. Enteric Fermentation in Domestic Livestock (CH4 Emissions):

Description of the main emissions-generating activities: The main sources of CH4 in this activity are non-dairy cattle (4A1b) with 44.98% of the emissions followed by sheep (4A3) with 29.83% and dairy cattle (4A1A) with 17.48% of the total emissions in this activity in year 2002.

FIGURE 7.4.2
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Activity variables: The data for the activity variable come from the “Agrarian Statistical Yearbook”, as well as from the “Monthly Agrarian Statistical Bulletins” (both published by the MAPA). As mentioned in the summary, all of the annual surveys are used and their mean value is taken for the number of animals in each type. The base data used are more disaggregated than those of the IPCC, with each animal category being divided into sub-categories based on those included in the above-mentioned MAPA documents.

Methodological breakdown: Two methodologies have been used in this activity: Tier 2 for animals with greater significance for emissions (cattle and sheep) and Tier 1 for the emissions of other animal species.

In the case of animals with Tier 1, the default emission factor (E.F.) for developed countries of the IPCC has been used (IPCC Manual, Table 4‑3) but taking a value 20% lower for young animals.

For the animals with Tier 2, the IPCC methodology has been followed but, since some of the activity data needed to apply this methodology are not available in Spain, national methodologies have been used for their calculation (usually based on disaggregation by breeds, and their characteristics, within the different animal species).

Evolution of the activity variables and emission factors implicit in the CRF: The activity variable is the number of live animals. In the period 1990-2002 there is a significant increase in non-dairy cattle (54.23%), as well as in swine (increase of 47.29%), whereas dairy cattle and goat herds fell back in head numbers (27.18 and 16.83% respectively). For equine animals (horses, mules and asses), no data are available other than the 1986 census and therefore the activity variable is the same for the entire period (see figure 7.4.3).

FIGURE 7.4.3
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In the emission factors for Tier 1 animals, there is a slight variation year on year because of the differing percentage of young animals born. For sheep and non-dairy cattle (both Tier 2) hardly any variation in EE can be observed. Dairy cattle, on the other hand, suffered an increase in EF from 88.61 to 104.49 Kg CH4/head and year (17.92%). This increase is due to lactation energy. This energy increases because of the growth in milk production in Spain and the drop in the number of animals.

Evolution of the emissions: For the period in question the emissions of this activity increase by 16.35%, with the main category responsible being non-dairy cattle with an increase of 105.11 kt of CH4 (2,207 kt of CO2-eq), a 50% increase. Emissions by swine also increase considerably (48.60%), but this only represents 222 kt CO2‑eq more, because of their relatively low weighting. Both increases are due to a larger number of animals, not to a large variation in the emission factor. In the meantime, both goats and dairy cattle have seen their emissions cut by 2.93 and 20.15% respectively, because of the decline in the number of animals in these species.

B) IPCC 4B. Manure Management (CH4 Emissions):

Description of the main emissions-producing activities: there is one source that stands out over all the other emissions sources in this activity, namely swine herds (4B8) with 85.51% of the emissions in 2002. Of the remaining animals, mention must be made of non-dairy cattle with 4.91%, dairy cattle with 3.97% and Poultry (hens and chickens) with 3.53% of the emissions (see figure 7.4.4).

FIGURE 7.4.4
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Activity variables: As in the previous case, the activity variable is the number of animals (please refer to Enteric Fermentation).

Methodological breakdown: Similarly to the case of enteric fermentation, the IPCC methodology has mostly been followed in this activity. Tier 2 has been adopted for beef and pork herds, whereas the other animals have been treated using the Tier 1 method. This group has two methodological peculiarities: the smoothing of the MCF and EF functions provided by the IPCC, and the use of a classification system for the N excreted by the animals according to the type of manure management that is not the default IPCC system. The MCF and EF functions for Tier 1 animals presented by the IPCC are staged and in view of the problems that this posed in the administrative divisions with temperatures close to 15ºC, it was decided to smooth the functions (this modification was accepted by the IPCC). With respect to the management systems, the experts in the sector provided their own calculation methodology, in view of Spain’s uniqueness in this case.

Evolution of the activity variables and emission factors implicit in the CRF: We have already explained in the previous heading (Enteric Fermentation) the increase in the numbers of non-dairy cattle and the reduction in dairy animals. In the case of swine, there is a strong increase of 47.29% (1990-2002), going from 16,992,389 live pigs in 1990 to 25,028,885 in 2002. Poultry (hens and chickens) also experienced an increase but only by 5.85% (see figure 7.4.5).

In most cases, the emission factors increased slightly. Exceptions can be seen in dairy cattle, with an increase of 17.25%, growing from 11.87 to 13.92 Kg CH4/head and year (even though their total emissions reduced over this period) and in swine herds where the reduction was 1.34%.

FIGURE 7.4.5
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Evolution of the emissions: The emissions undergo a gradual increase mainly caused by the greater size of the herds. This increase is 38.68%, rising from 6,221 to 8,627 kt of CO2-eq. Practically all of this rise is due to swine where the emissions grew by 2,301 kt because of the larger numbers of animals.

C) IPCC 4D. Agricultural Soils (N2O Emissions):

Description of the main emissions-producing activities: Three key sources can be seen in this activity: a) Direct Emissions (4D1)
, b) Indirect Emissions (4D3)
 and c) Animal Production (4D2)
. In addition to these activities, there is another that refers to emissions from sludge and compost but its weighting is practically nil. The main sources of emissions in this activity are 4D1 (which represents 49.14%), 4D3 (30.60%) and 4D2 (19.44%) of the emissions for this activity in 2002 (see table 7.4.6).

FIGURE 7.4.6

	[image: image81.emf]CO2-eq Emissions in IPCC 4D (Kt N2O)

(1990)

19.45

3.09

9.01

15.60

4.99

0.36

Synthetic Fert. Animal Wastes

Fixing & Residues Animal Prod.

Indirect Emis. Sludges & Compost


	[image: image82.emf]CO2-eq Emissions in IPCC 4D (Kt N2O)

(2002)

18.18

16.79

0.45

5.77

3.01

10.66

Synthetic Fert. Animal Wastes

Fixing & Residues Animal Prod.

Indirect Emis. Sludges & Compost




Activity variables: The activity variable is the N contained in each of the different emissions sources involved in these activities. For synthetic fertilization, the activity variable is the N content in fertilizers and the information is provided by the Spanish National Association of Fertilizer Manufacturers (ANFFE). The rest of the activity variables are obtained from the data in the MAPA’s “Agrarian Statistical Yearbook”. To calculate the N contained in the crop residues, a national methodology is used. The data on the use of sludge and compost come from IPCC Group 6 (Waste).
Methodological breakdown: For the calculation of the emissions, the IPCC methodology is generally used with equations 4.20, 4.30 and 4.18 from the IPCC Good Practices Handbook, as well as the other equations used for the preceding ones. The specific changes adopted are: i) to find the N contained in the manure from grazing animals (4D2), the disaggregation provided by the IPCC for Western Europe has not been followed but instead an in-house methodology has been applied (consistent with that of the emissions in activity 4B); ii) the value taken as the FracGASF parameter was that obtained in the calculation of the emissions of NOX and NH3 included in the Inventory; iii) for the FracLEACH  parameter, the value adopted was 0.15 Kg. N / Kg. N applied, a figure within the IPCC range but not the default value (0.3).

Evolution of the activity variables and emission factors implicit in the CRF: The consumption of synthetic fertilizers goes through considerable inter-annual variations but, taking the extremes of the period, there is only a variation of ‑6.55%. The N contained in the animal fertilizers increased by 15.49% as did the animal production, which increased by 18.32%, in both cases due to the increase in herd numbers. The A.V. for the indirect emissions increases as a result of the increase in the rest of the A.V. The considerable increase of 123.25% in the N contained in sludge must be mentioned, although its low weighting in the emissions reduces its impact to almost nothing.

The emission factors correspond to the default values given by the IPCC and do not have any annual variability.

Evolution of the emissions: The total emissions for this activity undergo a slight increase of 4.49% in the period 1990-2002, going from 16,277 to 17,008 kt of CO2‑eq. By activities, direct emissions (4D1) suffer a decline of 2.08% in emissions due to the reduction of the emissions from synthetic fertilization that is not counteracted by the increase in those due to organic fertilization. Indirect emissions (4D3) increased by 7.62%, whereas those due to animal production (4D2) rose by 18.32% because of the larger number of animals.

D) IPCC 4B. Manure management (N2O Emissions):

Description of the main emission-producing activities: One source is outstanding over all the others producing emissions in this activity, namely the treatment of manure by means of solid storage and dry lot, responsible for close to 95% of the emissions. No anaerobic lagoons are used in Spain and the “other” treatments are only used on a small fraction of dairy cattle (see figure 7.4.7).

FIGURE 7.4.7
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Activity variables: In this case, the activity variable is the N contained in each type of manure treatment. This is calculated using the number of animals (please refer to Enteric Fermentation), the excretion of N per animal and the percentage of that N in each treatment system.

Methodological breakdown: The IPCC methodology (equation 4.18, Good Practices) has been used. For the parameter of N excreted, the values taken were those in the table of default values in the IPCC Reference Manual (Table 4‑20), using the row entitled “Near East & Mediterranean” (subsequently applying age-related correction factors as recommended by the IPCC). The percentage of N in each treatment system has already been explained in the section on “Manure Management (CH4)”.

Evolution of the activity variables and emission factors implicit in the CRF: There is a widespread increase in the numbers of animals as explained above. The excretion of N does not vary in practice (as it is only affected by the percentage of young animals). The calculation of the N contained in each management system is the same every year. The solid systems fell by 1.47% (1990-2002) with the N content going from 160,571 t in 1990 to 158,217 t in 2002. The liquid systems, on the other hand, increase considerably by 38.03%, going from 133,456 t in 1990 to 184,207 t in 2002.

The figure 7.4.8 shows the Pasture Range (IPCC 4D2) and Daily Spread as both as destinations of the N excreted by the animals.

FIGURE 7.4.8
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Evolution of the emissions: The emissions of this group almost do not change during this period, going from 1,632 to 1,633 kt of CO2‑eq between 1990 and 2002. This is because, despite the considerable increase in herd numbers, the distribution of manure treatment strategies has changed towards those with a lower emission factor, resulting in an almost non-existent variation.

7.5.- LAND USE CHANGES AND FORESTRY: NET UPTAKE OF CO2 BY THE FORESTRY BIOMASS

Two aspects are differentiated:

-
FOREST AREA calculation

-
MASS calculation

The forest area and its mass  in Spain have been estimated on the basis of the data used in the National Forestry Inventory (NFI) and, specifically for this work, data have been taken from the Second NFI for the provinces with data up to the middle of August 2003 from the Third NFI
, as listed in the APPENDIX.

We estimate that the Second NFI takes the year 1990 as the base year for its production (2nd NFI, 1986-1995) and the Third NFI the year 2000 (3rd IFN, 1997-2006).

The calculation method accepts the relative error of less than 10% assumed in the National Forestry Inventory with a confidence factor of 95%.

The methods of calculation are given below in a simplified format (please refer to the APPENDIX for further details).

FOREST AREA CALCULATION

The data correspond to the provincial values, a consideration that must be taken into account in the calculations at the level of Region (called Autonomous Community in Spain) or at the National level, as the increase or decrease factors calculated are not the same for each province.

The FOREST AREA used for the calculation corresponds to the sum of the following uses referred to in the Second and Third National Forestry Inventories:

-
Forest Land: Land covered with trees with a Tree Crown Cover (Fracción de Cabida Cubierta or FCC) greater than or equal to 20%.

-
Thinly and sparse populated forests: Land covered with trees with a Tree Crown Cover (Fracción de Cabida Cubierta or FCC) between 5 and 20%.

PROVINCIAL FOREST AREAS
Taking the FOREST AREA in hectares as the starting point, a provincial level list is obtained with the following distribution:

1
List of the years following 1990

2
Increase in the forest area (ha): this is the difference between the forest areas for two consecutive years.

3
Forest Area (ha): from the figures given in the Second and Third National Forest Inventories, the annual increase or decrease factor (CIAS in its Spanish acronym) is calculated by comparing these figures, assuming a potential extension of the forest area over time. In those province where there is no value for the Third NFI, this variation factor has been estimated from the values of the provinces for which such data are available (please refer to the APPENDIX). Through this variation factor and starting from the forest area for 1990 given in the Second NFI, it is possible to obtain the surface areas for the remaining years.

The table 7.5.1 shows an example of these surfaces for the province of Cáceres.

TABLE 7.5.1
forest area for the province of cáceres

	YEAR
	CÁCERES

	
	FOREST AREA INCREMENT(ha)
	FOREST AREA (ha)

	1990
	23.688
	756.289

	1991
	24.430
	779.977

	1992
	25.195
	804.407

	1993
	25.985
	829.603

	1994
	26.798
	855.588

	1995
	27.638
	882.386

	1996
	28.504
	910.024

	1997
	29.396
	938.527

	1998
	30.317
	967.924

	1999
	31.267
	998.241

	2000
	32.246
	1.029.507

	2001
	33.256
	1.061.753

	2002
	34.298
	1.095.009


FOREST AREAS BY REGIONS AND AT NATIONAL SCALE
By Regions and at National level, we also obtain the table 7.5.2 with the following columns.

1
List of the years following 1990

2
Increase in the forest area (ha): this is the difference between the forest areas for two consecutive years.

3
Forest Area (ha): obtained from adding together the forest areas for the different provinces and regions respectively

table 7.5.2
forest area in extremadura region

	YEAR
	EXTREMADURA

	
	FOERST AREA INCREMENT
(ha)
	FOREST AREA
(ha)

	1990
	40.740
	1.457.591

	1991
	41.897
	1.498.331

	1992
	43.087
	1.540.228

	1993
	44.311
	1.583.315

	1994
	45.570
	1.627.626

	1995
	46.866
	1.673.196

	1996
	48.199
	1.720.063

	1997
	49.571
	1.768.262

	1998
	50.982
	1.817.833

	1999
	52.435
	1.868.816

	2000
	53.929
	1.921.250

	2001
	55.466
	1.975.179

	2002
	57.047
	2.030.645


FOREST AREA BY SPECIES AT NATIONAL SCALE
In order to complete the first column of table 7.5.3, the forest  area is obtained by species or group of species, calculating the percentage of forest area represented by each species or group of species vis-à-vis the total forest area for each year and assuming that this percentage is maintained for the other years.

The species or groups of species used have been taken from table 106 in the Second National Forestry Inventory, grouped together into the main species or groups (please refer to the Appendix).

table 7.5.3
forest area by species at national scale

	SPECIES
	FOREST AREA 2ND NFI 1990
	% 
	FOREST AREA 1991
	....
	FOREST AREA 1998
	FOREST AREA 1999
	FOREST AREA

2000
	FOREST AREA

2001
	FOREST AREA

2002

	Abies alba
	60.216,14
	0,43
	61.791
	 
	74.141
	76.112
	78.140
	80.227
	82.374

	Pinus halepensis
	1.544.689,52
	11,11
	1.585.091
	 
	1.901.885
	1.952.459
	2.004.489
	2.058.019
	2.113.097

	Pinus nigra
	565.589,79
	4,07
	580.383
	 
	696.377
	714.895
	733.946
	753.546
	773.713

	Pinus pinaster
	1.354.196,48
	9,74
	1.389.616
	 
	1.667.342
	1.711.680
	1.757.293
	1.804.221
	1.852.507

	Pinus pinea
	473.801,15
	3,41
	486.193
	 
	583.363
	598.876
	614.835
	631.254
	648.148

	Pinus radiata
	314.927,76
	2,26
	323.165
	 
	387.752
	398.063
	408.671
	419.584
	430.813

	Pinus sylvestris
	1.617.752,24
	11,63
	1.660.065
	 
	1.991.843
	2.044.809
	2.099.299
	2.155.362
	2.213.045

	Pinus uncinata
	52.273,80
	0,38
	53.641
	 
	64.362
	66.073
	67.834
	69.645
	71.509

	Other Conifers
	928.560,69
	6,68
	952.847
	 
	1.143.282
	1.173.684
	1.204.960
	1.237.139
	1.270.248

	Other Conifers
	6.912.007,57
	49,71
	7.092.792
	 
	8.510.348
	8.736.651
	8.969.466
	9.208.997
	9.455.453

	Castanea sativa
	83.497,18
	0,60
	85.681
	 
	102.805
	105.539
	108.351
	111.245
	114.222

	Fagus sylvatica
	311.115,22
	2,24
	319.252
	 
	383.058
	393.244
	403.723
	414.505
	425.598

	Quercus faginea
	247.653,29
	1,78
	254.131
	 
	304.921
	313.029
	321.371
	329.953
	338.784

	Quercus ilex
	1.384.912,60
	9,96
	1.421.135
	 
	1.705.161
	1.750.504
	1.797.152
	1.845.145
	1.894.526

	Quercus pyrenaica
	340.454,17
	2,45
	349.359
	 
	419.181
	430.328
	441.795
	453.593
	465.733

	Quercus robur
	188.101,67
	1,35
	193.021
	 
	231.599
	237.757
	244.093
	250.611
	257.318

	Quercus suber
	152.329,43
	1,10
	156.314
	 
	187.554
	192.542
	197.672
	202.951
	208.383

	Populus spp.
	53.767,98
	0,39
	55.174
	 
	66.201
	67.962
	69.773
	71.636
	73.553

	Eucalyptus spp.
	379.852,69
	2,73
	389.788
	 
	467.690
	480.127
	492.921
	506.085
	519.629

	Other Broadleaves
	3.850.967,81
	27,70
	3.951.690
	 
	4.741.470
	4.867.553
	4.997.264
	5.130.716
	5.268.028

	Other Broadleaves
	6.992.652,04
	50,29
	7.175.546
	 
	8.609.641
	8.838.584
	9.074.116
	9.316.441
	9.565.773

	TOTAL
	13.904.659,61
	100,00
	14.268.338
	 
	17.119.988
	17.575.235
	18.043.582
	18.525.438
	19.021.226


MASS CALCULATION
Just like the forest area calculation, the data correspond to provincial species values, a consideration that must be taken into account in the calculations at the level of Regions or at the National scale, as the calculated increase or decrease factors are not the same in each province.

The main variable used is the Volume Over Bark of the National Forestry Inventory, the volume convertible to lumber with bark in m3 or the trunk of the tree measured from the base at the breast heigh diameter of 1.3 m.

Taking the Volume Over Bark (m3) as the starting point, we obtain several tables by species and provinces, by species and regions and by species at the national scale; these tables are discussed below.

VOLUMES BY SPECIES AND PROVINCIES

Annual mass increase factor (CIAM): calculated by means of a comparison of the Second and Third National Forest Inventories (where no provincial data are available in the Third NFI, these are estimated from the other provinces calculated so far), given as m3/year (please refer to the APPENDIX).

Volume Over Bark of the years after 1990: calculated by multiplying the VCC and the annual increase factor (CIAM), verifying that it coincides with the figure from the Third NFI or 2000 (whenever this information is available).

table 7.5.4
volumen by species and provincies

	CÁCERES
	Specie
	ANNUAL MASS INCREMENT FACTOR (CIAM)
	Volume Over Bark  2ND NFI 

(m3)
	Volume Over Bark 1991

(m3)
	......
	Volume Over Bark 1999

(m3)
	Volume Over Bark 2000
(m3)
	Volume Over Bark 2001
(m3)
	Volume Over Bark 2002
(m3)

	
	Quercus pyrenaica
	1,069
	1.531.763
	1.638.857
	
	2.814.083
	3.010.831
	3.221.335
	3.446.556

	
	Quercus ilex
	1,069
	3.066.081
	3.278.414
	
	5.601.505
	5.989.422
	6.404.202
	6.847.706

	
	Quercus suber
	1,056
	1.193.149
	1.260.643
	
	1.957.819
	2.068.570
	2.185.585
	2.309.220

	
	Árboles fuera de monte (ribera arbolada)
	1,157
	123.802
	143.331
	
	462.630
	535.606
	620.094
	717.909

	
	Castanea sativa
	1,017
	582.814
	592.856
	
	679.678
	691.389
	703.302
	715.420

	
	Pinus pinaster
	1,055
	3.287.936
	3.471.033
	
	5.354.778
	5.652.972
	5.967.772
	6.300.101

	
	Pinus pinea
	1,097
	116.636
	128.048
	
	270.206
	296.644
	325.669
	357.533

	
	Eucalyptus camaldulensis
	1,025
	530.990
	544.632
	
	667.173
	684.314
	701.895
	719.928

	
	Other broadleaves
	1,100
	83.751
	92.195
	
	198.809
	218.853
	240.918
	265.208

	
	Pinus sylvestris/Pinus nigra
	0,10
	29.321
	26.389
	
	2.932
	0
	0
	0

	
	Juniperus communis/J. oxycedrus
	0,10
	9.193
	8.274
	
	919
	0
	0
	0

	
	TOTAL CACERES
	
	10.555.436
	11.184.671
	
	18.010.535
	19.148.602
	20.370.772
	21.679.582


VOLUMES BY SPECIES AND REGIONS

Volume Over Bark for the years after 1990: where there are several provinces in a Region, the values of the Volume Over Bark for the species of the different provinces are added together and a table is obtained with the Volume Over Bark for the Region.

BIOMASS BY SPECIES AND REGIONS

Biomass: calculated as the product of the Volume Over Bark (m3) and the BEF*, measured in tonnes of dry matter per cubic metre (t ms/m3), obtaining tonnes of dry matter for the corresponding species in the community in question.

table 7.5.5
biomass by species in extremadura region

	BIOMASS

EXTREMADURA
	Specie
	BEF
(t ms/m3)
	BIOMASS
1990

(t ms)
	BIOMASS
1991

(t ms)
	.....
	BIOMASS
1999

(t ms)
	BIOMASS
2000

(t ms)
	BIOMASS
2001

(t ms)
	BIOMASS
2002

(t ms)

	
	Quercus pyrenaica
	1,11
	1.700.257
	1.819.131
	
	3.123.632
	3.342.023
	3.575.682
	3.825.678

	
	Quercus ilex
	1,28
	10.310.195
	10.952.799
	
	17.782.855
	18.895.690
	20.078.699
	21.336.343

	
	Quercus suber
	1,28
	2.825.345
	2.951.621
	
	4.210.498
	4.404.627
	4.608.385
	4.822.273

	
	Wooded bank
	0,62
	76.757
	88.865
	
	286.831
	332.076
	384.458
	445.103

	
	Castanea sativa
	0,75
	437.111
	444.642
	
	509.759
	518.542
	527.477
	536.565

	
	Pinus pinaster
	0,55
	2.267.235
	2.390.412
	
	3.650.756
	3.849.321
	4.058.711
	4.279.518

	
	Pinus pinea
	0,73
	516.433
	553.262
	
	964.369
	1.034.357
	1.109.582
	1.190.451

	
	Eucalyptus camaldulensis
	0,81
	1.184.472
	1.205.203
	
	1.386.523
	1.411.266
	1.436.505
	1.462.251

	
	Other broadleaves
	0,80
	183.841
	204.143
	
	472.650
	525.046
	583.275
	647.988

	
	Pinus sylvestris/Pinus nigra
	0,62
	18.179
	16.361
	
	1.818
	0
	0
	0

	
	Juniperus communis/J. oxycedrus
	0,80
	7.354
	6.619
	
	735
	0
	0
	0

	
	TOTAL
	
	19.527.180
	20.633.059
	
	32.390.426
	34.312.947
	36.362.773
	38.546.171


*: BEF: Biomass expansion factor  (from VCC to total biomass for the tree); Source: CREAF, Centro de Investigación Ecológica y Aplicaciones Forestales (Environmental and Forestry Applications Research Centre). For the species which do not appear in the CREAF list, BEF values have been assigned by similarity between species, or the value of 0.8 given by the IPCC in “Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories”.
CARBON BY SPECIES AND REGIONS

Tonnes of Carbon assimilated by the biomass of a species in a given community, obtained by using the factor of 0.45 for converting dry matter to carbon, as given by the IPCC in “Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories”.

CO2 BY SPECIES AND REGIONS

The value of 44/12* (Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories) is multiplied by the figure for tonnes of carbon to give the tonnes of CO2 estimated as being in the mass of woodlands for a particular specie in a given Region.

7.6.- WASTES

SECTOR OVERVIEW

The emissions corresponding to the treatment and disposal of waste in 2002 have been estimated to be 15,666 kilotonnes of CO2 equivalent (CO2-eq), a figure representing 3.9% of the CO2-eq emissions of the entire inventory that year; the relative contribution has increased with respect to the equivalent figure for 1990, when this percentage was 3.3%. The main pollutant emitted in this sector is methane, which represented, in 2002, 35% of the total emissions of this gas according to the inventory, and secondly, a long way behind, nitrous oxide, for which the waste sector’s contribution has been 4.2% of the inventory total in 2002. In terms of the distribution among the different sources of emissions (disposal of municipal solid waste (MSW) in landfills, waste water treatment, incineration of waste, and others), the pie charts below, referring to 1990 and 2002, clearly show the dominance of the disposal of MSW in landfills, followed by waste water treatment.

FIGURe 7.6.1
EVOLUtion of CO2 EQUIVALENT emissions
(years 1990 and 2002)
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The most important source of basic information is the annual publication entitled “Environment in Spain” from the Ministry of the Environment. The general methodological sources used have essentially been the IPCC Guidelines (Reference Manual for the 1996 Revised Guidelines, and the 2000 Good Practice Guide) and the EMEP/CORINAIR Handbook.

In the waste sector, the coverage of the activities is almost complete, except for the incineration of industrial waste which, because of the difficulty in obtaining information on this activity, has not been included in this edition of the inventory.

KEY SOURCES ANALYSIS
The analysis of the emissions for the period 1990-2002 has allowed the identification of the following key sources: i) Disposal of MSW in landfills, ii) Waste water treatment. As shown in the table below, the first of these activities contributes as a key source to the level and to the trend, while the second contributes only to the level.

TABLE 7.6.1
KEY SOURCES: LEVEL AND TREND CONTRIBUTION

	Code
	Description
	Gas
	CO2-e
(kt)
	Contribution
 Level (2002)
	Contribution Trend

	
	
	
	(2002)
	%
	Key S.
	Range
	%
	Key S.
	Range

	6A
	Disposal in landfills
	CH4
	10.892
	2.7
	YES
	10
	2.5
	YES
	10

	6B
	Waste water treatment 
	CH4
	3.519
	0.6
	YES
	23
	0.2
	NO
	34


6A. Disposal of MSW in landfills. CH4 Emissions.
The disposal of MSW in landfills is the main system for treatment municipal solid waste in Spain, with a percentage, in 2002, of 61% of the total of MSW generated. Other treatment methods used include: dumping in unmanaged sites (4%), composting (22%), selective collection (8%), and incineration (5%).

In terms of management, a distinction may be drawn between controlled and uncontrolled landfill sites. In the case of controlled sites, there may also be systems for the capture and energy recovery of the biogas produced, implying in turn lower methane emission rates. In the case of uncontrolled sites, part of the mass is burnt, in order to reduce the volume, and in this case, apart from the biogas emissions from the unburnt MSW fraction, there are also emissions corresponding to the combustion of the fraction burnt.

The methodology applied for the estimation of emissions at controlled landfills and the unburnt fraction of uncontrolled ones has been the first order kinetic methodology proposed in the Reference Manual and the IPCC Good Practices Guidelines. The parameters of the algorithm for emissions estimation are those in the Reference Manual except for the methane conversion factor parameter (MCF) for uncontrolled landfill sites, because of an ignorance of the depth of the MSW deposited there (for the inventory, it has been assumed that 50% of the uncontrolled disposals are deep, i.e. more than 5 metres, using an MCF value of 0.8 and that the other 50% is shallow, i.e. less than 5 metres, associated with an MCF value of 0.4. The data source for characterization and quantification of the waste has been the annual publication entitled “Environment in Spain” from the Ministry of the Environment.

In the case of uncontrolled dumping, the estimation of the emissions from the burnt fraction has been effected by multiplying the activity variable by the corresponding emission factors. Of the total waste burnt in uncontrolled dumpsites, it has been assumed that 85% are of renewable organic origin and 15% are of fossil origin. The value of the CO2 emission factor for the fossil fraction of the burnt waste is estimated at 2,933 g CO2/tonne of fossil fraction of burnt waste. This value is reached by assuming a combustion performance percentage of 80% (thus 2,933 = 0.8 * 1,000 * 44/12). For SO2, NOX, N2O, heavy metals and persistent organic pollutants, the same factors have been taken as for the incineration of MSW. For NMVOC, CH4 and CO, the basic information comes from the CORINAIR Manual (1992).
6B. Treatment of industrial and residential-commercial waste water: CH4 Emissions.
This source category includes the treatment of waste water from industrial origins as well as residential-commercial origin.

For the treatment of industrial waste water, the methodology followed has been derived from the IPCC Reference Manual for the area sources (general statistic information) and the EMEP/CORINAIR Guidebook for the point sources (sectorial questionnaires). The activity variable taken for point sources has been the volume of waste water purified in the oil refineries and paper pulp works, where the information has been obtained through questionnaires, and for area sources it has been the organic load in terms of chemical oxygen demand in water and sludge, with the basic variables coming from the discharge regulation studies carried out by the Directorate General for Hydraulic Works and Water Quality at the Ministry of the Environment for the food sectors in 1994 and chemistry sector in 1996. In order to extend the time series homogeneously for production (food) or consumption (chemistry), the industrial production index (IPI) produced by the Spanish National Statistics Institute (INE in its Spanish acronym) was used. The emissions on the water and sludge lines are obtained as the product of the degradable organic load (water and sludge) from the methane emission factors, discounting the amount of methane recovered from this product. The values of the parameters needed by the algorithm referred to in the IPCC Guidelines have been as follows: the maximum capacity for methane production B0 = 0.25 (kg CH4/kg COD), methane conversion factors (MCF) from the water line MCFW = 0.15 and from the sludge line MCFS = 0.3, and the fraction of waste (water and sludge) for each type of treatment WS = 0.67 and SS = 0.5.

For the treatment of waste water in the residential and commercial sectors, the methodology used has been derived from the IPCC Reference Manual and the EMEP/CORINAIR Guidelines. The activity variable taken has been the organic load in terms of tonnes of BOD5. To calculate this variable, the datum used has been the population effectively served by the residential waste water treatment plants, as shown in the publication entitled “Environment in Spain” from the Ministry of the Environment. For the degradable organic load, a burden of 325 mg BOD5/litre of waste water and a flow of 250 litres/inhabitant equivalent per day has been assumed, and 365 days of operation a year (29.66 kg BOD5/inhabitant equivalent per year) and 0.75 as the fraction for the degradable organic load. The emissions on the water and sludge lines are obtained as the product of the activity variable by the methane emission factors, discounting from this result the amount of methane recovered. The values assumed for the parameters needed by the algorithm referred to in the IPCC Guidelines have been as follows: the maximum capacity for methane production B0 = 0.6 (kg CH4/kg BOD5), methane conversion factors (MCF) from the water line MCFW = 0.005 and from the sludge line MCFS = 0.3 and the fraction of waste (water and sludge) for each type of treatment WS = 1 and SS = 0.85.

OTHER SOURCES ANALYSIS
It is of interest to highlight the following non-key sources generating greenhouse gases estimated in this sector, among others: the consumption of proteins (as emissions of nitrous oxide), and the incineration of MSW.

The methodology followed for the estimation of nitrous oxide emissions is that of the IPCC Reference Manual. Protein consumption has been obtained from the publication entitled “Food in Spain (La alimentación en España)” from the Spanish Ministry of Agriculture, Fisheries and Food (MAPA). The values of the paramaters required by the algorithm for the emissions estimation are those proposed by Reference Manual IPCC: the nitrogen fraction in the protein is 0.16 kg N/kg protein and the emission factor is 0.01 kg N2O-N/kg N in the sewage waters.
The amount of municipal solid waste entering the incineration process in all of the incinerators in operation without energy recovery was obtained from the publication “The Environment in Spain”. The information of the emission factors has been taken assuming that the control technique used is the one for “control of particles”. The reference sources for the emission factors are the following: For SO2, NOX, VOC, CO, N2O, NH3  the EMEP/CORINAIR Guide Book, in the case of the VOC, 95% of NMVOC and 5% of CH4 have been assumed. For the CO2 a factor of 324 kg/ton has been assumed, calculated assuming 36% of fossil origin and 64% of biogenic origin in the waste and considering that the overall factor for CO2 per ton of waste is 900 kg (fossil + biogenic)/ton.

The values stated for the CO2 have been deduced by the working team for the Inventory based on the data for the composition of the waste. For the heavy metals, PCB and HCB, the information has been taken from the PARCOM-ATMOS Manual; nevertheless, PCB and HCB have been corrected since it is understood that they are mistaken and that the units in which they were expressed were also incorrect, all of which is reached after a comparison with the reference “Compilation of Emission Factors for POPs, a case study of Czech and Slovak Republics”. The EMEP/CORINAIR Guide Book has also been used for the DIOX and for the PAH as the sum of the corresponding factors of benzo[bk]fluoranthene, value 6.3 mg/t, and of the benzo[a]pyrene, value 0.7 mg/t.

APPENDIX
methodology for carbon dioxide estimation in the forestry sector
This Appendix comprises the following sections:

1)
List of the provinces with data in the Second and Third National  Forest Inventories until the date of calculation (August, 2003).

2)
Method for calculating the forest area:

-
Calculation of the annual forest area increase factors (CIAS)
3)
Method for calculating the mass of forests:

-
Calculation of the annual mass increase factors (CIAM)
-
Calculation of the volume over bark values when there are no species data in the 2nd NFI or in the 3rd NFI
4)
Biomass Expansion Factors (BEFs).

5)
Groupings of species or species groups in table 106 of the Second National Forest Inventory into the main species or groups of species used.

6)
Methodology for calculating the carbon emissions.

1)
List of the provinces with data in the Second and Third NATIONAL Forest Inventories until the date of calculation (August, 2003).

	REGIONS
	PROVINCE
	2ND NFI DATA
	3RD NFI

	PAÍS VASCO


	ALAVA
	YES
	ASSESSED

	
	GUIPUZCOA
	YES
	ASSESSED

	
	VIZCAYA
	YES
	ASSESSED

	CATALUÑA


	BARCELONA
	YES
	YES

	
	GIRONA
	YES
	YES

	
	LLEIDA
	YES
	YES

	
	TARRAGONA
	YES
	YES

	GALICIA


	CORUÑA
	YES
	YES

	
	LUGO
	YES
	YES

	
	ORENSE
	YES
	YES

	
	PONTEVEDRA
	YES
	YES

	ANDALUCIA


	ALMERIA
	YES
	ASSESSED

	
	CADIZ
	YES
	ASSESSED

	
	CORDOBA
	YES
	ASSESSED

	
	GRANADA
	YES
	ASSESSED

	
	HUELVA
	YES
	ASSESSED

	
	JAEN
	YES
	ASSESSED

	
	MALAGA
	YES
	ASSESSED

	
	SEVILLA
	YES
	ASSESSED

	PRINCIPADO DE ASTURIAS
	PRINCIPADO DE ASTURIAS
	YES
	YES

	CANTABRIA
	CANTABRIA
	YES
	YES

	LA RIOJA
	LA RIOJA
	YES
	YES

	REGION DE MURCIA
	MURCIA
	YES
	YES

	COMUNIDAD VALENCIANA


	ALICANTE
	YES
	ASSESSED

	
	CASTELLON
	YES
	ASSESSED

	
	VALENCIA
	YES
	ASSESSED

	ARAGON


	HUESCA
	YES
	ASSESSED

	
	TERUEL
	YES
	ASSESSED

	
	ZARAGOZA
	YES
	ASSESSED

	CASTILLA LA MANCHA


	ALBACETE
	YES
	ASSESSED

	
	CIUDAD REAL
	YES
	ASSESSED

	
	CUENCA
	YES
	ASSESSED

	
	GUADALAJARA
	YES
	ASSESSED

	
	TOLEDO
	YES
	ASSESSED

	CANARIAS


	LAS PALMAS
	YES
	ASSESSED

	
	STA CRUZ DE TENERIFE
	YES
	ASSESSED

	COMUNIDAD FORAL DE NAVARRA
	NAVARRA
	YES
	YES

	EXTREMADURA
	CACERES
	YES
	YES

	
	BADAJOZ
	YES
	YES

	ISLAS BALEARES
	BALEARES
	YES
	YES

	COMUNIDAD DE MADRID
	MADRID
	YES
	YES

	CASTILLA Y LEON


	AVILA
	YES
	YES

	
	BURGOS
	YES
	ASSESSED

	
	LEON
	YES
	ASSESSED

	
	PALENCIA
	YES
	ASSESSED

	
	SALAMANCA
	YES
	YES

	
	SEGOVIA
	YES
	ASSESSED

	
	SORIA
	YES
	ASSESSED

	
	VALLADOLID
	YES
	ASSESSED

	
	ZAMORA
	YES
	ASSESSED
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2)
METHOD FOR CALCULATING THE FOREST AREA


CALCULATION OF THE ANNUAL FOREST AREA INCREASE FACTORS (CIAS)

The calculations have been made at the provincial level (very important; the values for each province are different, so it must be remembered that obtaining the same factors at the Region or National scale will result in values that will not coincide with those obtained at the provincial scale).

Two different calculation situations may arise:

1
When data are available in the Second and Third NFI:

Assuming a potential increase in the forest area (SUP), the formula applied is:

	CIAS = (SUP2000/SUP1990)1/10


	PROVINCE
	FOREST AREA 2ND NFI (ha)
	FOREST AREA 3RD NFI (ha)
	CIAS

	BARCELONA
	424.187
	470.665
	1,010

	GIRONA
	326.507
	365.930
	1,011

	LLEIDA
	450.294
	537.883
	1,017

	TARRAGONA
	193.086
	252.587
	1,027

	CORUÑA
	344.163
	401.189
	1,015

	LUGO
	368.576
	463.819
	1,023

	ORENSE
	198.249
	319.627
	1,048

	PONTEVEDRA
	134.388
	220.817
	1,050

	PRINCIPADO DE ASTURIAS
	368.129
	451.116
	1,020

	CANTABRIA
	165.543
	214.257
	1,026

	LA RIOJA
	128.917
	169.552
	1,027

	MURCIA
	269.278
	316.292
	1,016

	NAVARRA
	372.467
	462.664
	1,021

	CACERES
	756.289
	1.029.507
	1,031

	BADAJOZ
	701.302
	891.743
	1,024

	BALEARES
	122.475
	186.377
	1,042

	MADRID
	195.465
	270.086
	1,032

	AVILA
	158.131
	239.307
	1,042

	SALAMANCA
	330.888
	533.384
	1,048


The way this formula is obtained is similar to that for the mass increase factor (please refer to Calculation of the Annual Mass Increase Factors).
2
When there are data in the Second NFI, but not in the Third:

Starting from the table of surface areas for the Provinces and Regions taken in both inventories, the sum total of these is obtained and the formula in the section above is applied to the result:

	CIAS = ( Σ SUP2000/ Σ SUP1990)1/10


	PROVINCES WITH 3RD NFI
	FOREST AREA 2ND NFI

(ha)
	FOERST AREA 3RD 

NFI

(ha)
	

	BARCELONA
	424.187
	470.665
	

	GIRONA
	326.507
	365.930
	

	LLEIDA
	450.294
	537.883
	

	TARRAGONA
	193.086
	252.587
	

	CORUÑA
	344.163
	401.189
	

	LUGO
	368.576
	463.819
	

	ORENSE
	198.249
	319.627
	

	PONTEVEDRA
	134.388
	220.817
	

	PRINCIPADO DE ASTURIAS
	368.129
	451.116
	

	CANTABRIA
	165.543
	214.257
	

	LA RIOJA
	128.917
	169.552
	

	MURCIA
	269.278
	316.292
	

	NAVARRA
	372.467
	462.664
	

	CACERES
	756.289
	1.029.507
	

	BADAJOZ
	701.302
	891.743
	

	BALEARES
	122.475
	186.377
	

	MADRID
	195.465
	270.086
	

	AVILA
	158.131
	239.307
	

	SALAMANCA
	330.888
	533.384
	CIAS

	TOTAL
	6.008.334
	7.796.803
	1,026


In this case, the factor so calculated and the value of 1.026 will be applied to all of the provinces not yet completed in the Third National Forest Inventory.

	PROVINCES
	FOREST AREA 2ND NFI

(ha)
	FOERST AREA 3RD 

NFI

(ha)
	INCREMENT FACTOR

	ALAVA
	143.506
	186.223
	1,026

	GUIPUZCOA
	118.255
	153.455
	1,026

	VIZCAYA
	128.244
	166.418
	1,026

	BARCELONA
	424.187
	470.665
	1,010

	GIRONA
	326.507
	365.930
	1,011

	LLEIDA
	450.294
	537.883
	1,017

	TARRAGONA
	193.086
	252.587
	1,027

	CORUÑA
	344.163
	401.189
	1,015

	LUGO
	368.576
	463.819
	1,023

	ORENSE
	198.249
	319.627
	1,048

	PONTEVEDRA
	134.388
	220.817
	1,050

	ALMERIA
	101.849
	132.166
	1,026

	CADIZ
	167.675
	217.586
	1,026

	CORDOBA
	371.634
	482.256
	1,026

	GRANADA
	221.724
	287.723
	1,026

	HUELVA
	539.922
	700.638
	1,026

	JAEN
	311.128
	403.740
	1,026

	MALAGA
	115.728
	150.176
	1,026

	SEVILLA
	276.592
	358.923
	1,026

	PRINCIPADO DE ASTURIAS
	368.129
	451.116
	1,020

	CANTABRIA
	165.543
	214.257
	1,026

	LA RIOJA
	128.917
	169.552
	1,027

	MURCIA
	269.278
	316.292
	1,016

	ALICANTE
	88.407
	114.723
	1,026

	CASTELLON
	197.991
	256.925
	1,026

	VALENCIA
	341.882
	443.648
	1,026

	HUESCA
	458.657
	595.182
	1,026

	TERUEL
	458.518
	595.002
	1,026

	ZARAGOZA
	268.357
	348.238
	1,026

	ALBACETE
	345.239
	448.004
	1,026

	CIUDAD REAL
	338.818
	439.672
	1,026

	CUENCA
	564.190
	732.130
	1,026

	GUADALAJARA
	431.360
	559.760
	1,026

	TOLEDO
	171.615
	222.698
	1,026

	LAS PALMAS
	17.578
	22.811
	1,026

	STA CRUZ DE TENERIFE
	87.336
	113.333
	1,026

	NAVARRA
	372.467
	462.664
	1,021

	CACERES
	756.289
	1.029.507
	1,031

	BADAJOZ
	701.302
	891.743
	1,024

	BALEARES
	122.475
	186.377
	1,042

	MADRID
	195.465
	270.086
	1,032

	AVILA
	158.131
	239.307
	1,042

	BURGOS
	394.213
	511.557
	1,026

	LEON
	269.209
	349.343
	1,026

	PALENCIA
	128.238
	166.409
	1,026

	SALAMANCA
	330.888
	533.384
	1,048

	SEGOVIA
	195.984
	254.321
	1,026

	SORIA
	353.582
	458.830
	1,026

	VALLADOLID
	111.600
	144.819
	1,026


Obtaining the forest area for the year 2000 using the formula:

SUP2000 = SUP1990 x (CIAS) 10
3)
METHOD FOR CALCULATING THE MASS OF WOODLAND

CALCULATION OF THE ANNUAL MASS INCREASE FACTORS (CIAM)

These calculations are effected at the provincial level by species (very important; the values for each province and species are different, so it must be remembered that obtaining the same factors at the Region or National scales will result in values that will not coincide with those obtained at the provincial scale).

Two different calculation situations may arise:

1
When data are available in the Second and Third NFI:

The formula applied is:

	CIAM = (VCC2000 / VCC1990)1/10


This formula is obtained as follows:

First, the 10-year increase factor is obtained as the quotient of the volume convertible to lumber with bark in 2000 over the same concept in 1990.

VCC2000 / VCC1990

In order to obtain the annual increase, as we assume that this growth has not been constant, we apply the following equations:

VCC1990 x CIAM = VCC1991;

VCC1991 x CIAM = VCC1992;

VCC1991 = VCC1992 / CIAM

…

VCC1999 x CIAM = VCC2000;

As:

VCC1990 x CIAM = VCC1991 = VCC1992 / CIAM;

VCC1990 x (CIAM)2 = VCC1992

Therefore:

VCC1990 x (CIAM)10 = VCC2000;
(CIAM)10 = (VCC2000/VCC1990);

and we obtain:

CIAM = (VCC2000/VCC1990) 1/10

2
When there are data in the Second NFI, but not in the Third:

	Regions and porvincies

 3rd NFI
	Volume Over Bark 1990
	Volume Over Bark 2000
	 INCREMENT
FACTOR

(VCC/año)

	ASTURIAS
	32.577.252
	47.300.541
	1,037

	BALEARES
	5.451.407
	7.525.457
	1,032

	CANTABRIA
	19.309.317
	25.206.929
	1,027

	CATALUÑA
	80.040.753
	118.288.352
	1,039

	CL-AVILA
	7.389.753
	12.057.318
	1,050

	CL-SALAMANCA
	6.433.118
	11.202.914
	1,057

	EXTEMADURA
	19.060.835
	33.255.502
	1,057

	GALICIA
	90.397.509
	133.092.753
	1,039

	LA RIOJA
	9.569.894
	15.516.950
	1,049

	MADRID
	6.798.915
	10.895.345
	1,048

	MURCIA
	3.142.054
	6.919.544
	1,082

	NAVARRA
	45.349.066
	54.651.039
	1,018

	 TOTAL
	325.519.873
	475.912.643
	1,038


From the table with the Volumes Over Bark for the provinces and Regions taken in both inventories, the total sum of these is obtained and the formula in the section above is applied to the result:

	CIAM = (Σ VCC2000 / Σ VCC1990)1/10


In this case, the factor so calculated and the value of 1.038 will be applied to all of the species in the provinces not yet completed in the Third NFI.

	Regions and porvincies

 3rd NFI
	Volume Over Bark 1990
	Volume Over Bark 2000

	ANDALUCÍA
	40.794.494
	59.641.875

	ARAGÓN
	44.622.769
	65.238.843

	ASTURIAS
	32.577.252
	47.300.541

	BALEARES
	5.451.407
	7.525.457

	CANARIAS
	9.452.863
	13.820.161

	CANTABRIA
	19.309.317
	25.206.929

	CASTILLA LA MANCHA
	49.524.458
	72.405.151

	CASTILLA LEÓN incompleto
	72.854.262
	106.513.510

	CATALUÑA
	80.040.753
	118.288.352

	CL-AVILA
	7.389.753
	12.057.318

	CL-SALAMANCA
	6.433.118
	11.202.914

	EXTEMADURA
	19.060.835
	33.255.502

	GALICIA
	90.397.509
	133.092.753

	LA RIOJA
	9.569.894
	15.516.950

	MADRID
	6.798.915
	10.895.345

	MURCIA
	3.142.054
	6.919.544

	NAVARRA
	45.349.066
	54.651.039

	PAÍS VASCO
	41.589.090
	60.803.580

	VALENCIA 
	10.946.126
	16.003.323

	TOTAL ESPAÑA
	595.303.935
	870.339.087


Obtained from the formula:

VCC2000 = VCC1990 x (CIAM) 10


CALCULATION OF THE VCC VALUES WHEN THERE ARE NO SPECIES DATA IN THE IFN2 OR IN THE IFN3

There are SItuations in certain species or groups of species for which the volume was calculated in one of the inventories but not in the other, so it is not possible to obtain a potential annual mass increase factor by comparison of the inventories. In these cases a constant increase or decrease in volume over time is assumed and the calculation is as follows:

-
where the species were not included in 3rd NFI but it was in 2nd NFI values will be given by the following equations:

VCC(YEAR) = VCC(PREVIOUS YEAR) – (VCC1990/10)

Example: in the province of Cáceres in 2nd NFI the following groups of species were included but are not referred to in 3rd NFI: Pinus sylvestris/Pinus nigra and Juniperus communis/J. oxycedrus, therefore a constant reduction is assumed for these species.

	CÁCERES
	Speciee
	COEF. OF THE ANUAL INCREASE
	VCC IFN2 (m3)
	VCC 1991

(m3)
	....
	VCC 1999

(m3)
	VCC 2000
(m3)

	
	Pinus sylvestris/ Pinus nigra
	0,10
	29.321
	26.389
	
	2.932
	0

	
	Juniperus communis/ J. oxycedrus
	0,10
	9.193
	8.274
	
	919
	0

	
	TOTAL CACERES
	 
	10.555.436
	11.184.671
	
	18.010.535
	19.148.602


-
and where the species in question have not been counted in IFN2 and appears in IFN3.

VCC(YEAR) = VCC(PREVIOUS YEAR) – (VCC2000/10)

As an example of this contrary case, we can cite the Acacia spp. in the province of Pontevedra.

	PONTEVE-DRA
	Especie
	COEF. OF THE ANUAL INCREMENT
	VCC IFN2 

(m3)
	VCC 1991

(m3)
	....
	VCC 1999

(m3)
	VCC 2000
(m3)

	
	Acacia spp. 
	0,10
	0
	24.997
	
	224.975
	249.972

	
	TOTAL PONTEVEDRA
	 
	14.576.056
	15.250.626
	
	22.294.825
	23.435.637


4)
BIOMASS EXPANSION FACTORS (BEFs)

	
	
	
	
	
	
	TREE SPECIES
	

	 
	CREAF values
	
	
	
	Ref. Flora europaea
	

	 
	values by comparison with other species
	 
	BROADLEAVESS
	

	 
	Good practice guideline values (1.6*0.5=0.8)
	 
	CONIFERS
	

	
	
	
	
	
	
	
	
	

	SPECIE
	BEF
	COMPARACION SPECIE
	
	
	SPECIE
	BEF
	COMPARACION SPECIE
	

	Acacia spp. 
	0,80
	 
	 
	
	Abies alba
	0,61
	 
	 

	Acer spp.
	0,90
	Ulmus
	 
	
	Abies pinsapo
	0,61
	Abies alba
	 

	Alnus glutinosa
	0,62
	 
	 
	
	Cedrus sp.
	0,55
	P pinaster
	 

	Árboles fuera de monte (ribera arb. )
	0,62
	Alnus 
	 
	
	Chamaecyparis lawsoniana
	0,44
	P radiata
	 

	Arboles ripícolas 
	0,62
	Alnus 
	 
	
	Coníferas alóctonas
	0,44
	P radiata
	 

	Arbutus unedo
	0,80
	 
	 
	
	Coníferas, excepto pinos y abetos 
	0,64
	P nigra
	 

	Betula spp.
	0,73
	 
	 
	
	Cupressus sp. 
	0,55
	P pinaster
	 

	Castanea sativa
	0,75
	 
	 
	
	Juniperus spp. 
	0,80
	 
	 

	Ceratonia SIliqua
	1,28
	Q ilex
	 
	
	Larix spp.
	0,64
	P nigra
	 

	Corylus avellana
	0,80
	 
	 
	
	Otras coníferas 
	0,64
	P nigra
	 

	Crataegus spp.
	0,80
	 
	 
	
	Otros pinos
	0,64
	P nigra
	 

	Erica spp.
	0,80
	 
	 
	
	Picea abies
	0,44
	P radiata
	 

	Eucalyptus spp.
	0,81
	 
	 
	
	Pinus canarienSIs
	0,55
	P pinaster
	 

	Fagus sylvatica
	0,81
	 
	 
	
	Pinus halepenSIs
	0,74
	 
	 

	Fraxinus spp.
	0,83
	 
	 
	
	Pinus nigra
	0,64
	 
	 

	Ilex spp.
	0,80
	 
	 
	
	Pinus pinaster
	0,55
	 
	 

	Laurus azorica
	0,80
	 
	 
	
	Pinus pinea 
	0,73
	 
	 

	Mezcla de árboles de ribera
	0,62
	Alnus 
	 
	
	Pinus radiata
	0,44
	 
	 

	Mezcla de pequeñas frondosas 
	0,80
	 
	 
	
	Pinus sylvestris
	0,62
	 
	 

	Myrica faya
	0,80
	 
	 
	
	Pinus uncinata
	0,61
	 
	 

	Olea europaea
	1,28
	Q ilex
	 
	
	Pseudotsuga menziesSIi
	0,44
	P radiata
	 

	Otras especies
	0,80
	 
	 
	
	Sabinares/enebrales
	0,80
	 
	 

	Otras frondosas 
	0,80
	 
	 
	
	
	
	
	

	Otras lauriSIlvas
	0,80
	 
	 
	
	
	
	
	

	Persea indica
	0,80
	 
	 
	
	
	
	
	

	Phillyrea latifolia
	0,80
	 
	 
	
	
	
	
	

	Phoenix canarienSIs
	0,80
	 
	 
	
	
	
	
	

	Platanus spp.
	0,90
	Ulmus
	 
	
	
	
	
	

	Populus sp.
	0,62
	Alnus 
	 
	
	
	
	
	

	Prunus spp.
	0,80
	 
	 
	
	
	
	
	

	Quercus canarienSIs
	1,00
	 
	 
	
	
	
	
	

	Quercus faginea 
	1,11
	 
	 
	
	
	
	
	

	Quercus ilex
	1,28
	 
	 
	
	
	
	
	

	Quercus petraea
	0,84
	 
	 
	
	
	
	
	

	Quercus pubescens (Q. humilis)
	0,89
	 
	 
	
	
	
	
	

	Quercus pyrenaica
	1,11
	Q faginea
	 
	
	
	
	
	

	Quercus robur
	0,84
	Q petraea
	 
	
	
	
	
	

	Quercus rubra
	0,80
	 
	 
	
	
	
	
	

	Quercus suber
	1,28
	Q ilex
	 
	
	
	
	
	

	Robinia pseudacacia. Sophora japonica
	0,80
	 
	 
	
	
	
	
	

	Robinia pseudacacia. Sophora japonica. GleditSIa triacanthos.
	0,80
	 
	 
	
	SOURCES:
	

	Salix spp.
	0,80
	 
	 
	
	Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories 
	

	Sorbus spp.
	0,80
	 
	 
	
	National Forestry Inventory (DGCN; Ministry of the Environment)
	

	Tilia spp.
	0,80
	Ulmus
	 
	
	Environmental and Forestry Applications Research Centre (CREAF)
	

	Ulmus spp.
	0,90
	 
	 
	
	Preparation of the SPCAN according to IFN data
	


5)
GROUPINGS OF SPECIES OR SPECIES GROUPS IN TABLE 106 OF THE SECOND FOREST INVENTORY INTO THE MAIN SPECIES OR GROUPS OF SPECIES USED.

	ESPECIES O GRUPOS DE ESPECIES
TABLA 106 IFN2
	SUPERFICIE  (ha)
IFN2 (1990)
	ESPECIES O GRUPOS 
DE ESPECIES EMPLEADAS

	Coníferas exóticas alóctonas
	35.159,44
	Resto Coniferas

	Pinus sylvestris
	678.685,53
	Pinus sylvestris

	Pinus uncinata
	52.273,80
	Pinus uncinata

	Pinus pinea
	172.858,58
	Pinus pinea

	Pinus halepenSIs
	1.046.978,45
	Pinus halepenSIs

	Pinus nigra
	405.982,54
	Pinus nigra

	Pinus pinaster cantábrico
	285.046,52
	Pinus pinaster

	Pinus pinaster meditteráneo
	723.819,86
	Pinus pinaster

	Pinus canarienSIs
	69.644,11
	Resto Coniferas

	Pinus radiata
	174.229,16
	Pinus radiata

	Abies alba
	60.216,14
	Abies alba

	Abies pinsapo
	2.307,57
	Resto Coniferas

	Juniperus thurifera
	75.203,25
	Resto Coniferas

	Quercus robur, Q petraea
	99.550,70
	Quercus robur

	Quercus pyrenaica
	263.472,66
	Quercus pyrenaica

	Quercus faginea
	51.925,24
	Quercus faginea

	Quercus ilex
	823.447,26
	Quercus ilex

	Quercus suber
	104.254,92
	Quercus suber

	Árboles de ribera
	36.087,58
	Resto Frondosas

	Populus nigra, P.* canadenSIs
	53.767,98
	Populus spp.

	Eucalyptus spp, mediterráneo
	293.988,41
	Eucalyptus spp.

	Eucalyptus spp, cantábrico
	85.864,28
	Eucalyptus spp.

	Olea europaea
	16.997,65
	Resto Frondosas

	Fagus sylvatica
	311.115,22
	Fagus sylvatica

	Castanea sativa
	83.497,18
	Castanea sativa

	Pinus sylvestris y Pinus uncinata
	68.406,31
	Pinus sylvestris

	Pinus sylvestris y Pinus nigra
	616.245,73
	Pinus sylvestris

	Pinus sylvestris y Pinus pinaster
	85.675,19
	Pinus sylvestris

	Pinus sylvestris y frondosas
	168.739,48
	Pinus sylvestris

	Pinus pinea y Pinus pinaster
	170.712,83
	Pinus pinea

	Pinus pinea y frondosas
	130.229,74
	Pinus pinea

	Pinus halepenSIs y Pinus nigra
	229.678,56
	Pinus halepenSIs

	Pinus halepenSIs y Pinus pinaster
	183.184,66
	Pinus halepenSIs

	Pinus halepenSIs y Quercus ilex
	84.847,85
	Pinus halepenSIs

	Pinus nigra y Pinus pinaster
	159.607,25
	Pinus nigra

	Pinus radiata y Pinus pinaster cantabrico
	140.698,60
	Pinus radiata

	Pinus pinaster y Eucalyptus spp, cantabricos
	345.330,10
	Pinus pinaster

	Juniperus thurifera y Quercus ilex
	124.156,41
	Resto Coniferas

	Quercus robur, Quercus petraea y Fagus sylvatica
	88.550,97
	Quercus robur

	Quercus pyrenaica y Quercus ilex
	76.981,51
	Quercus pyrenaica

	Quercus faginea y Quercus ilex
	195.728,05
	Quercus faginea

	Quercus ilex y Quercus suber
	561.465,34
	Quercus ilex

	Quercus suber y quercus canarienSIs
	48.074,51
	Quercus suber

	Myrica faya y Erica arborea (fayal-brezal)
	16.318,52
	Resto Frondosas

	Frondosas-Latifoliadas
	502.602,52
	Resto Frondosas

	Coníferas y frondosas/Resinosas y latifoliadas
	622.089,91
	Resto Coniferas

	Matorral, pastizal o cultivo con arbolado ralo
	3.278.961,54
	Resto Frondosas

	TREE COVERED FOREST AREA 1900 (HA)
	13.904.659,61
	


With this assimilation of species the following table is obtained:

	SPECIES
	FOREST AREA 2ND NFI (ha)
	% 
	FOREST AREA 1991

(ha)
	.........
	FOREST AREA 1999

(ha)
	FOREST AREA 2000

(ha)
	FOREST AREA 2001

(ha)
	FOREST AREA 2002

(ha)

	Abies alba
	60.216,14
	0,43
	61.791
	
	76.112
	78.140
	80.227
	82.374

	Pinus halepenSIs
	1.544.689,52
	11,11
	1.585.091
	
	1.952.459
	2.004.489
	2.058.019
	2.113.097

	Pinus nigra
	565.589,79
	4,07
	580.383
	
	714.895
	733.946
	753.546
	773.713

	Pinus pinaster
	1.354.196,48
	9,74
	1.389.616
	
	1.711.680
	1.757.293
	1.804.221
	1.852.507

	Pinus pinea
	473.801,15
	3,41
	486.193
	
	598.876
	614.835
	631.254
	648.148

	Pinus radiata
	314.927,76
	2,26
	323.165
	
	398.063
	408.671
	419.584
	430.813

	Pinus sylvestris
	1.617.752,24
	11,63
	1.660.065
	
	2.044.809
	2.099.299
	2.155.362
	2.213.045

	Pinus uncinata
	52.273,80
	0,38
	53.641
	
	66.073
	67.834
	69.645
	71.509

	OthersConifers
	928.560,69
	6,68
	952.847
	
	1.173.684
	1.204.960
	1.237.139
	1.270.248

	Total Conifers
	6.912.007,57
	49,71
	7.092.792
	
	8.736.651
	8.969.466
	9.208.997
	9.455.453

	Castanea sativa
	83.497,18
	0,60
	85.681
	
	105.539
	108.351
	111.245
	114.222

	Fagus sylvatica
	311.115,22
	2,24
	319.252
	
	393.244
	403.723
	414.505
	425.598

	Quercus faginea
	247.653,29
	1,78
	254.131
	
	313.029
	321.371
	329.953
	338.784

	Quercus ilex
	1.384.912,60
	9,96
	1.421.135
	
	1.750.504
	1.797.152
	1.845.145
	1.894.526

	Quercus pyrenaica
	340.454,17
	2,45
	349.359
	
	430.328
	441.795
	453.593
	465.733

	Quercus robar
	188.101,67
	1,35
	193.021
	
	237.757
	244.093
	250.611
	257.318

	Quercus suber
	152.329,43
	1,10
	156.314
	
	192.542
	197.672
	202.951
	208.383

	Populus spp.
	53.767,98
	0,39
	55.174
	
	67.962
	69.773
	71.636
	73.553

	Eucalyptus spp.
	379.852,69
	2,73
	389.788
	
	480.127
	492.921
	506.085
	519.629

	Other broadleaves
	3.850.967,81
	27,70
	3.951.690
	
	4.867.553
	4.997.264
	5.130.716
	5.268.028

	Total Broadleaves
	6.992.652,04
	50,29
	7.175.546
	
	8.838.584
	9.074.116
	9.316.441
	9.565.773

	TOTAL
	13.904.659,61
	100,00
	14.268.338
	
	17.575.235
	18.043.582
	18.525.438
	19.021.226


6)
METHODOLOGY FOR CALCULATING THE CARBON EMISSIONS

The Amount of biomass removed is obtained by multiplying the figure given in the Agrarian Statistical Yearbook corresponding to the years 1990-2000 for lumber and firewood extracted by the BEF to obtain the complete biomass (1.6), by the dry matter conversion factor (0.5 t ms/m3) and by 0.001 in this last case to convert the figure to kilotonnes.

By multiplying by the carbon conversion factor of 0.45 t C/t dry matter we obtain the Gigagrammes of carbon corresponding to the biomass extracted.
The years 2001-2003 are obtained through the mean values for the previous years.
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�	The comparison of the five-year average 1998-2002 with the reference year is similar to what must be done for the quinquennium 2008-2012 with 2010 as the representative value for comparison with the reference year.


� In the period 1990-2002, its contribution to the total weighted emissions varies between 20.4%and 17.5%.


� The range is extended to 1.1%-2.3% when considering the period 1990-2002.


� The respective metrics for the level and trend are calculated by the following equations:


(1)	� EMBED Equation.3  ���


(2)	� EMBED Equation.3  ���


where:


	Lx,t is the level assessment for source x in year t


	Tx,t is the trend assessment for source x in year t


	Ex,t y Ex,0  are the emission estimates of source category x in years t and 0, respectively


	0  is the base year (i.e. 1990)








� IPCC suggests that proxy variables be applied for both groups (IPCC Reference Manual for 1996)


� The absolute figures are used with or without the year-on-year variation rates listed in the provisional statistics and sectorial reports such as the Statistical Bulletin on Hydrocarbons from CORES (the Spanish Corporation for Strategic Reserves of Oil-Based Products) or the annual  Statistical Update from SEDIGAS.


� Except for crude oil where a standard country-specific factor has been used


� Contrast aimed at detecting partial coverage in both the allocation of fuel and the identification of combustion-related source activities in the Inventory.


� The main headings correspond to tar and pitch, products which are assumed to to have a fraction larger than that proposed by the IPCC.


� AITEMIN (Association for Technological Investigation of Mining Equipment), “Measurement of the layer concentration of firedamp in several Spanish coal-mining areas”, 1989.


� The rest of the terms involved in the emission factor (please refer to the equations in the IPCC Reference Manual) have been established by obtaining expert opinion. 


� EMEP/CORINAIR  Guidebook (1996), Table 4, chapter B146.


� The CO2 emissions come from the processing of petroleum products, fluid catalytic cracking and flaring.


� Reference source for the parameters: “Oil-refining, natural gas and petrochemistry”.


� Emissions in the catalyst regenerator


� Reference source for the parameters: “Oil-refining, natural gas and petrochemistry”.


� Activity variable chosen on the grounds of the defective data coverage available for incinerated gases.


� The company sent additional documentation reporting on the estimation techniques used, in line with the detailed methodology of EMEP/CORINAIR.


� Discriminating by type of material and pipeline pressure.


� 	CO2 fugitive emissions have not been estimated for this activity as it is explaned below when commenting on the inventory exhaustivity performance. So it is pending the diagnostic of this activity as a eventual key source when its emission estimates be computed.


� 	Flaring and venting emissions in petroleum and natural gas production activities have not been estimated as the necessary primary information was not available. So it is pending the diagnostic of these activities as a eventual key source when their emission estimates be computed, although taking into account the comparativily minor activity rates of these petroleum and natural gas production activities in Spain, it is envisaged that they will not be in the list of the inventory key sources.


� Key Source by level in 1990-2002 and by trend in 1991-1995, 1997-2002.


� Key Source by level in 1990-2002 and by trend in 1991, 1993-1994, 1996, 1998.


� Key Source by level in 1990-2002 and by trend in 1991-2002.


� Key Source by level in 1990-2002 and by trend in 1991-1995, 1997-2002.


� Key Source by level in 1990-2002 and by trend in 1992, 1995, 1998-1999.


� Key Source by level in 1990-1994, 1996-1998 and by trend in 1994-1995, 1997-2002.


� This activity includes the emissions due to “synthetic fertilizers”, “animal wastes applied to soils”, “N-fixing crops” and “crop residue”.


� This activity includes the emissions for “atmospheric deposition” and “leaching and run-off”.


� Due animal manure deposited while grazing.


� 	ICONA: Second National Forest Inventory (1986-1995). National Nature Conservation Institute Ministry of Agriculture, Food and Fisheries.


	DGCN: Third National Forest Inventory (1997-2006). Directorate-General for Nature Conservation. Ministry of the Environment.
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Variation from 1990 of the AV of CRF (%)
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CO2 equivalente

		GREENHOUSE GAS SOURCE AND SINK		Base year(1)		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		CATEGORIES		CO2 equivalent (Gg)

		1.  Energy		213,595.91		213,595.91		220,809.89		230,653.06		221,704.71		231,098.67		241,596.10		230,416.80		249,355.73		257,023.69		282,954.46		294,353.40		295,494.29		312,303.82		46

		2.  Industrial Processes		25,013.68		22,771.63		21,588.79		20,289.90		18,757.34		22,569.02		25,045.94		25,235.08		26,926.31		27,634.87		29,860.84		30,976.09		28,201.38		27,417.54		10

		3.  Solvent and Other Product Use		1,329.83		1,329.83		1,349.88		1,347.10		1,273.87		1,310.92		1,355.39		1,442.32		1,523.01		1,635.51		1,673.56		1,706.90		1,616.43		1,693.51		27

		4.  Agriculture		37,373.21		37,373.21		37,180.88		36,904.90		35,600.98		37,537.26		36,776.53		40,262.37		39,589.79		40,943.27		41,922.26		43,618.90		42,989.97		42,650.34		14

		5.  Land-Use Change and Forestry (7)		-9,456.00		-9,456.00		-11,196.74		-13,154.85		-15,450.42		-15,881.90		-16,352.78		-18,785.41		-21,605.57		-23,870.79		-26,757.65		-31,746.09		-31,476.51		-35,301.49

		6.  Waste		9,485.29		9,485.29		9,966.17		10,699.15		11,349.97		11,787.06		11,697.38		12,394.71		13,116.84		13,586.41		13,966.27		14,547.57		15,157.60		15,666.31		65

		7.  Other		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				286,797.91		284,555.86		290,895.61		299,894.10		288,686.88		304,302.93		316,471.34		309,751.28		330,511.68		340,823.76		370,377.38		385,202.87		383,459.67		399,731.53

		GREENHOUSE GAS SOURCE AND SINK		Base year(1)		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		CATEGORIES		CO2 equivalent (Gg)

		1.  Energy		74.48		75.06		75.91		76.91		76.80		75.94		76.34		74.39		75.45		75.41		76.40		76.42		77.06		78.13

		2.  Industrial Processes		8.72		8.00		7.42		6.77		6.50		7.42		7.91		8.15		8.15		8.11		8.06		8.04		7.35		6.86

		3.  Solvent and Other Product Use		0.46		0.47		0.46		0.45		0.44		0.43		0.43		0.47		0.46		0.48		0.45		0.44		0.42		0.42

		4.  Agriculture		13.03		13.13		12.78		12.31		12.33		12.34		11.62		13.00		11.98		12.01		11.32		11.32		11.21		10.67

		5.  Land-Use Change and Forestry (7)		-3.30		-3.32		-3.85		-4.39		-5.35		-5.22		-5.17		-6.06		-6.54		-7.00		-7.22		-8.24		-8.21		-8.83

		6.  Waste		3.31		3.33		3.43		3.57		3.93		3.87		3.70		4.00		3.97		3.99		3.77		3.78		3.95		3.92

		7.  Other		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00

						0		-0.5146204069		-1.2530578082		-4.7419629443		0.4389552794		-1.5965418518		7.7305855231		5.9309291741		9.5524738669		12.1719719194		16.7116955254		15.0288418941		14.1200876507
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Contribución a las emisiones totales de la Agricultura (%)
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Niveles y tendencias

		1990		1990		1990		1990		1990

		1991		1991		1991		1991		1991

		1992		1992		1992		1992		1992

		1993		1993		1993		1993		1993

		1994		1994		1994		1994		1994

		1995		1995		1995		1995		1995

		1996		1996		1996		1996		1996

		1997		1997		1997		1997		1997

		1998		1998		1998		1998		1998

		1999		1999		1999		1999		1999

		2000		2000		2000		2000		2000

		2001		2001		2001		2001		2001

		2002		2002		2002		2002		2002



Suelos Agrícolas

Fermentación Entérica

Gestión Estiercol

Quema de Residuos

Cultivo de Arroz

t de CO2-eq

Emisiones CO2-eq Agricultura

16276.5881247448

12651.1774881208

7852.5485965138

365.4398728633

227.45268

16142.3046921589

12808.0616140676

7630.2585747706

364.0748125156

236.17692

15527.9335380399

12642.4927113113

8163.8516450666

354.6595023161

215.96148

14264.8616224984

12619.7092499154

8233.3859785333

362.4165755214

120.60972

15681.4456884448

12694.9682531316

8639.5936260189

353.3205788165

167.93028

14817.5436610973

12855.3155450821

8628.156297807

338.2933309466

137.21904

17246.6286440701

13817.8631372803

8561.2189084744

371.7286239158

264.93516

16325.4360666647

13673.0093842763

8927.5186210363

377.6373134203

286.1838

16858.3719488003

13982.911007111

9476.1399558153

341.9136996883

283.93596

17546.315500865

14179.3408601413

9603.5958133579

314.6239003727

278.38692

18680.6758725426

14231.1156134608

10044.3445311325

367.8718272931

294.89544

17530.754523751

14598.7761109517

10197.6690153301

367.8718272495

294.89544

17007.9627294494

14720.0599484113

10259.5463698348

367.8718272495

294.89544



Hoja3
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Numero Animales

		1990		1990		1990		1990		1990

		1991		1991		1991		1991		1991

		1992		1992		1992		1992		1992

		1993		1993		1993		1993		1993

		1994		1994		1994		1994		1994

		1995		1995		1995		1995		1995

		1996		1996		1996		1996		1996

		1997		1997		1997		1997		1997

		1998		1998		1998		1998		1998

		1999		1999		1999		1999		1999

		2000		2000		2000		2000		2000

		2001		2001		2001		2001		2001

		2002		2002		2002		2002		2002



Agricultural Soils

Enteric Fermentation

Manure Management

Field Burning of Agricultural Residues

Rice Cultivation

t of CO2-eq

CO2-eq emissions from Agriculture

16276.5881247448

12651.1774881208

7852.5485965138

365.4398728633

227.45268

16142.3046921589

12808.0616140676

7630.2585747706

364.0748125156

236.17692

15527.9335380399

12642.4927113113

8163.8516450666

354.6595023161

215.96148

14264.8616224984

12619.7092499154

8233.3859785333

362.4165755214

120.60972

15681.4456884448

12694.9682531316

8639.5936260189

353.3205788165

167.93028

14817.5436610973

12855.3155450821

8628.156297807

338.2933309466

137.21904

17246.6286440701

13817.8631372803

8561.2189084744

371.7286239158

264.93516

16325.4360666647

13673.0093842763

8927.5186210363

377.6373134203

286.1838

16858.3719488003

13982.911007111

9476.1399558153

341.9136996883

283.93596

17546.315500865

14179.3408601413

9603.5958133579

314.6239003727

278.38692

18680.6758725426

14231.1156134608

10044.3445311325

367.8718272931

294.89544

17530.754523751

14598.7761109517

10197.6690153301

367.8718272495

294.89544

17007.9627294494

14720.0599484113

10259.5463698348

367.8718272495

294.89544



Fermentacion Enterica

		Código		Descripción		GEI		CO2-e		Contribución Nivel						Contribución Tendencia

								(2002)		%		F.Clave		Rango		%		F.Clave		Rango

		4A		Fermentación Entérica en Ganado Doméstico		CH4		14,720		3.68		SI		7		2.29		SI		11

		4B		Gestión de Estiércol		CH4		8,627		2.16		SI		11		0.08		NO		46

		4D1		Suelos Agrícolas - Emisiones Directas		N2O		8,357		2.09		SI		12		2.72		SI		8

		4D3		Suelos Agrícolas - Emisiones Indirectas		N2O		5,205		1.30		SI		15		1.19		SI		17

		4D2		Suelos Agrícolas - Producción Animal		N2O		3,306		0.83		SI		18		0.46		NO		26

		4B		Gestión de Estiércol		N2O		1,633		0.41		NO		26		0.49		SI		24





Manure CH4

		CH4

		4.  Agriculture		912.4046414327		912.4046414327		910.028737413		926.4297552504		926.5620826346		951.1233909792		957.6018088603		1006.0191759041		1016.8476053144		1056.1510534005		1071.0025768566		1096.4801915692		1120.8500182207		1128.6923088557

		A.  Enteric Fermentation		602.4370232438		602.4370232438		609.907695908		602.0234624434		600.9385357103		604.5222977682		612.1578830991		657.9934827276		651.0956849655		665.8529051005		675.2067076258		677.6721720696		695.1798148072		700.9552356386

		B.  Manure Management		296.2292439978		296.2292439978		285.9528263861		311.5268762067		317.0157562561		335.9271571806		336.4995144501		332.3065119388		349.5254632256		374.1507084963		380.1546550088		401.8696572343		408.7318411502		410.7987109539

		C.  Rice Cultivation		10.83108		10.83108		11.24652		10.28388		5.74332		7.99668		6.53424		12.61596		13.6278		13.52076		13.25652		14.04264		14.04264		14.04264

		D.  Agricultural Soils		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		E.  Prescribed Burning of Savannas		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		F.  Field Burning of Agricultural Residues		2.9072941911		2.9072941911		2.921695119		2.5955366003		2.8644706683		2.6772560304		2.4101713111		3.1032212376		2.5986571232		2.6266798037		2.3846942219		2.8957222653		2.8957222632		2.8957222632

		G.  Other		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		N2O

		4.  Agriculture		58.750675136		58.750675136		58.2912036382		56.2899161822		52.074772294		56.6569910189		53.7641609318		61.728941225		58.8257595929		60.5293562903		62.6813189702		66.4284492306		62.748763015		61.1219284806

		Enteric Fermentation		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Manure Management		5.2636595889		5.2636595889		5.2427394215		5.2315717572		5.0840487005		5.1133010491		5.0376338528		5.105748896		5.1209157848		5.2225002497		5.2269292199		5.1776829975		5.2074204877		5.2670110961

		Rice Cultivation		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Agricultural Soils		52.505122983		52.505122983		52.0719506199		50.0901081872		46.0156826532		50.5853086724		47.798527939		55.6342859486		52.6626969892		54.3818449961		56.6010177447		60.2602447501		56.5508210444		54.8643959014

		Prescribed Burning of Savannas		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Field Burning of Agricultural Residues		0.981892564		0.981892564		0.9765135968		0.9682362378		0.9750409403		0.9583812973		0.92799914		0.9889063804		1.0421468188		0.9250110446		0.8533720055		0.990521483		0.990521483		0.990521483

		G.  Other		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Total		Base		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		Agricultura		37,373		37,373		37,181		36,905		35,601		37,537		36,777		40,262		39,590		40,943		41,922		43,619		42,990		42,650

		Suelos Agrícolas		16,277		16,277		16,142		15,528		14,265		15,681		14,818		17,247		16,325		16,858		17,546		18,681		17,531		17,008

		Fermentación Entérica		12,651		12,651		12,808		12,642		12,620		12,695		12,855		13,818		13,673		13,983		14,179		14,231		14,599		14,720

		Gestión Estiercol		7,853		7,853		7,630		8,164		8,233		8,640		8,628		8,561		8,928		9,476		9,604		10,044		10,198		10,260

		Quema de Residuos		365		365		364		355		362		353		338		372		378		342		315		368		368		368

		Cultivo de Arroz		227		227		236		216		121		168		137		265		286		284		278		295		295		295





Manure N2O

		SNAP		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		BOVINO		3,468,653		3,631,327		3,569,324		3,632,306		3,879,534		4,356,381		4,636,843		4,629,217		4,820,163		5,010,140		4,952,119		5,225,632		5,349,633

		CABALLAR		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778

		CAPRINO		3,663,314		2,971,617		2,836,703		2,946,511		3,068,556		2,522,528		2,935,236		3,006,714		2,779,388		2,627,448		2,829,959		3,114,038		3,046,717

		CERDAS REPRODUCTORAS		10,948,853		11,071,692		11,456,484		12,044,312		12,747,445		12,084,256		11,981,808		12,628,169		14,112,144		14,311,631		14,722,051		15,109,912		15,355,415

		GALLINAS		70,622,411		69,976,336		70,149,340		65,599,153		70,063,821		71,425,984		66,973,231		66,973,231		66,486,831		71,474,231		71,474,231		71,474,231		71,474,231

		MULAS_Y_ASNOS		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743

		OTROS_AVICOLA		17,125,339		17,144,014		17,125,718		17,106,810		17,131,781		17,131,999		17,135,432		17,135,432		20,142,609		19,005,683		19,005,683		19,005,683		19,005,683

		OVINO		23,821,736		23,371,445		24,468,874		23,872,247		22,789,818		21,039,236		23,981,987		24,857,069		24,189,964		23,964,860		24,399,645		24,300,664		24,300,664

		POLLOS ENGORDE		82,013,070		82,013,070		82,013,070		82,013,070		82,013,070		82,013,070		82,013,070		82,013,070		81,605,751		81,759,599		81,759,599		81,759,599		81,759,599

		PORCINO DE ENGORDE		6,043,536		6,133,538		6,972,407		7,045,610		7,084,755		7,396,736		7,253,302		7,412,463		8,097,199		8,465,102		9,716,371		9,887,915		9,673,470

		VACA LECHERA		1,610,541		1,567,640		1,483,672		1,407,516		1,358,176		1,278,120		1,325,651		1,293,829		1,296,508		1,223,201		1,149,794		1,149,045		1,172,848

		IPCC		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		Vacuno No Lechero		3,468,653		3,631,327		3,569,324		3,632,306		3,879,534		4,356,381		4,636,843		4,629,217		4,820,163		5,010,140		4,952,119		5,225,632		5,349,633

		Caballar		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778		247,778

		Caprino		3,663,314		2,971,617		2,836,703		2,946,511		3,068,556		2,522,528		2,935,236		3,006,714		2,779,388		2,627,448		2,829,959		3,114,038		3,046,717

		Porcino		16,992,389		17,205,230		18,428,891		19,089,922		19,832,199		19,480,993		19,235,110		20,040,632		22,209,342		22,776,733		24,438,422		24,997,827		25,028,885

		Avícola		76,665,947		76,109,874		77,121,747		72,644,763		77,148,576		78,822,720		74,226,533		74,385,694		74,584,030		79,939,333		81,190,602		81,362,146		81,147,701

		Otros Avícola		17,125,339		17,144,014		17,125,718		17,106,810		17,131,781		17,131,999		17,135,432		17,135,432		20,142,609		19,005,683		19,005,683		19,005,683		19,005,683

		Mulas y Asnos		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743		256,743

		Ovino		23,821,736		23,371,445		24,468,874		23,872,247		22,789,818		21,039,236		23,981,987		24,857,069		24,189,964		23,964,860		24,399,645		24,300,664		24,300,664

		Vacuno Lechero		1,610,541		1,567,640		1,483,672		1,407,516		1,358,176		1,278,120		1,325,651		1,293,829		1,296,508		1,223,201		1,149,794		1,149,045		1,172,848

		Evolución VA		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002

		Vacuno No Lechero		0.00		4.69		2.90		4.72		11.85		25.59		33.68		33.46		38.96		44.44		42.77		50.65		54.23		Non-Dairy Cattle

		Caballar		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		Horses

		Caprino		0.00		-18.88		-22.56		-19.57		-16.24		-31.14		-19.87		-17.92		-24.13		-28.28		-22.75		-14.99		-16.83		Goats

		Porcino		0.00		1.25		8.45		12.34		16.71		14.65		13.20		17.94		30.70		34.04		43.82		47.11		47.29		Swine

		Avícola		0.00		-0.73		0.59		-5.25		0.63		2.81		-3.18		-2.97		-2.72		4.27		5.90		6.13		5.85		Poultry

		Otros Avícola		0.00		0.11		0.00		-0.11		0.04		0.04		0.06		0.06		17.62		10.98		10.98		10.98		10.98		Other Poultry

		Mulas y Asnos		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		Mules & Asses

		Ovino		0.00		-1.89		2.72		0.21		-4.33		-11.68		0.67		4.35		1.55		0.60		2.43		2.01		2.01		Sheeps

		Vacuno Lechero		0.00		-2.66		-7.88		-12.61		-15.67		-20.64		-17.69		-19.66		-19.50		-24.05		-28.61		-28.65		-27.18		Dairy Cattle





Manure N2O
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		2002		Emision						1990		Emision		Varicion %		Variacion		Variacion CO2-eq

		A. Enteric Fermentation		700.96						A. Enteric Fermentation		602.44		16.35		98.52		2,069

		1.    Cattle		437.87						1.    Cattle		352.92		24.07		84.95		1,784

		Dairy Cattle		122.55						Dairy Cattle		142.71		-14.12		-20.15		-423

		Non-Dairy Cattle		315.32						Non-Dairy Cattle		210.21		50.00		105.11		2,207

		3.    Sheep		209.10						3.    Sheep		203.18		2.91		5.92		124

		4.    Goats		14.81						4.    Goats		17.74		-16.50		-2.93		-61

		6.    Horses		4.31						6.    Horses		4.31		-0.00		0.00		0

		7.    Mules and Asses		2.52						7.    Mules and Asses		2.52		0.00		0.00		0

		8.    Swine		32.34						8.    Swine		21.76		48.60		10.58		222

		9.    Poultry		NE						9.    Poultry		NE

		2002								1990

		Fermentacion Enterica		CH4		CO2-eq		%		Fermentacion Enterica		CH4		CO2-eq		%

		Vacuno de Leche		123		2,574		17.48		Vacuno de Leche		143		2,997		23.69		Dairy Cattle

		Vacuno no de Leche		315		6,622		44.98		Vacuno no de Leche		210		4,415		34.89		Non-Dairy Cattle

		Ovino		209		4,391		29.83		Ovino		203		4,267		33.73		Sheeps

		Otros		54		1,134		7.70		Otros		46		973		7.69		Other

				701		14,720		100.00				602		12,651		100.00

												17.9212278524
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CO2-eq Emissions in IPCC 4A (%)
(1990)



		1990				%		CO2-eq				2002				%		CO2-eq		Variacion %		Variacion

		B.  Manure Management		296.23		100.00		6,221				B.  Manure Management		410.80		100.00		8,627		38.68		2,406

		1.    Cattle		31.92		10.77		670				1.    Cattle		36.51		8.89		767		14.39		96

		Dairy Cattle		19.11		6.45		401				Dairy Cattle		16.32		3.97		343		-14.61		-59

		Non-Dairy Cattle		12.80		4.32		269				Non-Dairy Cattle		20.19		4.91		424		57.69		155

		3.    Sheep		5.45		1.84		114				3.    Sheep		5.59		1.36		117		2.66		3

		4.    Goats		0.59		0.20		12				4.    Goats		0.51		0.12		11		-14.58		-2

		6.    Horses		0.42		0.14		9				6.    Horses		0.42		0.10		9		-0.07		-0

		7.    Mules and Asses		0.24		0.08		5				7.    Mules and Asses		0.24		0.06		5		0.15		0

		8.    Swine		241.72		81.60		5,076				8.    Swine		351.28		85.51		7,377		45.33		2,301

		9.    Poultry		14.31		4.83		301				9.    Poultry		14.50		3.53		304		1.29		4

		Other Poultry		1.58		0.53		33				Other		1.75		0.43		37		10.81		4

		Porcino		241.72		5,076		81.60				Porcino		351.28		7,377		85.51		Swine

		Vacuno		31.92		670		10.77				Vacuno		36.51		767		8.89		Cattle

		Avicola		14.31		301		4.83				Avicola		14.50		304		3.53		Poultry

		Otros		8.28		174		2.80				Otros		8.51		179		2.07		Other

				296.23				100.00						410.80				100.00

		Factor de Emisión

				1990		2002

		1.    Cattle		6.28		5.60		-10.92

		Dairy Cattle(4)		11.87		13.92		17.25

		Non-Dairy Cattle		3.69		3.77		2.24

		3.    Sheep		0.23		0.23		0.64

		4.    Goats		0.16		0.17		2.70

		6.    Horses		1.71		1.70		-0.07

		7.    Mules and Asses		0.95		0.95		0.15

		8.    Swine		14.23		14.03		-1.34

		9.    Poultry		0.10		0.11		1.84



Please report CH4 emissions and activity data and other related information from other livestock in the documentation box of Table4.B(a).

Please report CH4 emissions and activity data and other related information from other livestock in the documentation box of Table4.B(a).
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CO2-eq Emissions in IPCC 4B (% CH4)
(1990)



		1990				%		CO2-eq				2002				%		CO2-eq		Variacion %		Variacion

		Sistemas Líquidos		0.21		3.98		65				Sistemas Líquidos		0.29		5.49		90		38.03		25

		Sistemas Sólidos		5.05		95.85		1,564				Sistemas Sólidos		4.97		94.38		1,541		-1.47		-23

		Otros		0.01		0.17		3				Otros		0.01		0.12		2		-27.18		-1

				5.26				1,632						5.27				1,633		0.06		1

				Population		(kg N/head/yr)		Liquid system		Daily spread		Solid storage and dry lot		Pasture range and paddock		Other		Total

		Non-Dairy Cattle		3,469		31.5		2,126,120.1		3,543,533.4		8,504,480.3		95,166,600.0		0.0		109,340,733.8

		Dairy Cattle		1,611		70.0		16,910,675.3		28,184,458.8		66,515,322.7		0.0		1,127,378.4		112,737,835.0

		Sheep		23,822		9.4		3,294,499.7		5,490,832.8		13,177,998.7		202,749,167.2		0.0		224,712,498.4

		Swine		16,992		10.1		109,610,651.2		40,596,537.5		12,178,961.2		10,075,471.4		0.0		172,461,621.3

		Poultry		152,635		0.4		0.0		16,744,341.9		50,233,025.8		0.0		0.0		66,977,367.7

		Other (please specify)																0.0

		Asses		140		40.0		418,836.0		698,060.0		1,675,344.0		2,792,240.0		0.0		5,584,480.0

		Horses		248		40.0		743,334.0		1,238,890.0		2,973,336.0		4,955,560.0		0.0		9,911,120.0

		Mules		117		40.0		351,393.0		585,655.0		1,405,572.0		2,342,620.0		0.0		4,685,240.0

		Other Poultry		17,125		0.3		0.0		1,302,368.7		3,907,106.0		0.0		0.0		5,209,474.7

		Goats		3,663		11.1		0.0		0.0		0.0		40,482,066.0		0.0		40,482,066.0

		Total per AWMS(2)						133,455,509.2		98,384,678.0		160,571,146.6		358,563,724.7		1,127,378.4		752,102,436.8

								17.7		13.1		21.3		47.7		0.1		100.0

				(1000s)		(kg N/head/yr)		Liquid system		Daily spread		Solid storage and dry lot		Pasture range and paddock		Other		Total		Variacion %		Variacion

		Non-Dairy Cattle		5,350		32.9		4,228,399.7		7,047,332.8		16,913,598.8		147,812,708.8		0.0		176,002,040.0		60.97		66,661,306.3		8,409,118.5

		Dairy Cattle		1,173		70.0		12,314,898.8		20,524,831.3		48,438,601.8		0.0		820,993.3		82,099,325.0		-27.18		-30,638,510.0		-18,076,720.9

		Sheep		24,301		9.7		3,460,507.0		5,767,511.7		13,842,028.2		211,731,885.5		0.0		234,801,932.5		4.49		10,089,434.1		664,029.5

		Swine		25,029		10.5		162,689,394.7		60,255,331.4		18,076,599.4		20,592,237.1		0.0		261,613,562.7		51.69		89,151,941.3		5,897,638.2

		Poultry		153,234		0.4		0.0		16,853,104.6		50,559,313.7		0.0		0.0		67,412,418.2		0.65		435,050.5		326,287.9

		Other (please specify)																0.0				0.0		0.0

		Asses		140		40.0		418,836.0		698,060.0		1,675,344.0		2,792,240.0		0.0		5,584,480.0		0.00		0.0		0.0

		Horses		248		40.0		743,334.0		1,238,890.0		2,973,336.0		4,955,560.0		0.0		9,911,120.0		0.00		0.0		0.0

		Mules		117		40.0		351,393.0		585,655.0		1,405,572.0		2,342,620.0		0.0		4,685,240.0		0.00		0.0		0.0

		Other Poultry		19,006		0.3		0.0		1,444,151.5		4,332,454.4		0.0		0.0		5,776,605.9		10.89		567,131.2		425,348.4

		Goats		3,047		11.2		0.0		0.0		0.0		34,018,950.0		0.0		34,018,950.0		-15.97		-6,463,116.0		0.0

																						129,803,237.4		-2,354,298.5

		Total per AWMS(2)						184,206,763.2		114,414,868.2		158,216,848.2		424,246,201.4		820,993.3		881,905,674.2

								20.9		13.0		17.9		48.1		0.1		100.0

								38.03		16.29		-1.47		18.32		-27.18

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

		Sistemas Líquidos		133,455,509.2																								184,206,763.2

		Aplicación Diaria		98,384,678.0																								114,414,868.2

		Almacén de Sólidos		160,571,146.6																								158,216,848.2

		Pastoreo		358,563,724.7																								424,246,201.4

		Otros		1,127,378.4																								820,993.3
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		1990		Emision		%		CO2-eq				2000		Emision		%		CO2-eq		Variacion %		Variacion

		D.  Agricultural Soils (1)		52.51		100.00		16,277				D.  Agricultural Soils (1)		54.86		100.00		17,008		4.49		731

		Directas		27.53		52.44		8,535				Directas		26.96		49.14		8,357		-2.08		-178

		Prod. Animal		9.01		17.17		2,794				Prod. Animal		10.66		19.44		3,306		18.32		512

		Indirectas		15.60		29.71		4,836				Indirectas		16.79		30.60		5,205		7.62		368

		Otras		0.36		0.68		111				Otras		0.45		0.82		140		25.85		29

		GREENHOUSE GAS SOURCE		EMISSIONS						EMISSIONS

		AND SINK CATEGORIES		(Gg N2O)		%		CO2-eq		(Gg N2O)		%		Varicion %		CO2-eq		Diferencia CO2-eq

		Direct Soil Emissions		27.53		52.44		8,535		26.96		49.14		-2.08		8,357		-177.62

		Fert. Sintéticos		19.45		37.05		6,031		18.18		33.14		-6.55		5,636		-394.77

		Fert. Orgánicos		4.99		9.51		1,547		5.77		10.51		15.49		1,787		239.77

		Fijación Biológica		1.05		2.00		325		0.88		1.60		-16.37		272		-53.19

		Residuos de Cultivos		2.04		3.88		632		2.14		3.89		4.84		662		30.57

		Producción Animal		9.01		17.17		2,794		10.66		19.44		18.32		3,306		511.81

		Indirect  Emissions		15.60		29.71		4,836		16.79		30.60		7.62		5,205		368.41

		Deposición Atmosférica		4.84		9.22		1,501		5.63		10.26		16.28		1,745		244.29

		Lixiviación y Escorrentía		10.76		20.49		3,335		11.16		20.34		3.72		3,459		124.12

		Other (please specify)		0.36		0.68		111		0.45		0.82		25.85		140		28.78

		Compost		0.26		0.49		80		0.22		0.41		-12.85		69		-10.24

		Lodos		0.10		0.19		32		0.23		0.42		123.25		71		39.02

				52.51				16,277		54.86				4.49		17,008		731.37

				1990		2000

		Fert. Sintéticos		19.45		18.18

		Fert. Orgánicos		4.99		5.77

		Fijación y Residuos		3.09		3.01

		Producción Animal		9.01		10.66

		Indirect  Emissions		15.60		16.79

		Lodos y compost		0.36		0.45

		Synthetic Fertilizers		990,665,271		925,817,417		-6.55

		Animal Wastes Applied to Soils		254,197,999		293,584,407		15.49

		N-fixing Crops		53,367,440		44,630,037		-16.37

		Crop Residue		103,794,985		108,816,440		4.84

		Animal Production		286,850,980		339,396,961		18.32

		Indirect  Emissions

		Atmospheric Deposition		308,192,563		358,353,230		16.28

		Nitrogen Leaching and Run-off		273,944,209		284,138,503		3.72

		Other (please specify)

		Municipal Solid Wastes Compost		13,086,920		11,404,900		-12.85

		Domestic Waste Water Sludges		5,200,625		11,610,550		123.25
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