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RECALCULATION of NOx emissions, as An “adjustment”, TO the SpanISH national Inventory (may 2013)

Executive Summary
The inventory team has been aware in the course of the last years that the update of emissions factors (EFs) for relevant vehicle categories of road transport were introducing an upward driver in the NOx emissions time series that had important negative consequences on the possibility to comply with the once established 2010 emission ceiling of the Gothenburg Protocol (GP) . This is so because when more than ten years ago that ceiling was establish the expectations were that the relevant concerned vehicle technologies would be to achieve much greater NOx emissions reductions than what they have actually achieved.
In a letter dated 28th February 2013, Spain committed to providing the Secretariat of the CLRTAP, by June 4th, with a report on the recalculation of NOx emissions that would take into account how the NOx emissions would have evolved if their EFs have follow the expectations that there were on them when the GP ceilings were established. Therefore, a supplementary effort has been made to collate the necessary information about that expectations scenario and to develop the subsequent algorithm for the recalculation of the emissions. The result of this work is contained in this report that provides the basis to substantiate an adjustment procedure.
This effort has been made as an “adjustment” for the purpose of compliance assessment with the 2010 GP targets. The “adjustment” compares, for the relevant vehicle categories,  what had been the emissions with the once expected EFs of COPERT III (the COPERT version of 2001, when the 2010 GP ceilings were established) versus the corresponding updated EFs of COPERT 4 version 9.0 (the ones with which the 2013 Submission to CLRTAP was prepared).
Table 1 below shows the NOx emissions ceiling assigned to Spain for 2010 under the GP (847kt NOx), as well as the estimates of the emissions reported in the 2012 and 2013 editions of the national inventory, together with the present preliminary recalculation with the expectations scenario for the NOx reduction effectiveness of the intervening relevant EURO vehicle technologies. The table also shows a comparison of the emissions with the emissions ceiling (absolute figures and deviation percentages).
Table 1. – NOX Emissions ceiling for 2010 and estimated emissions 2010-2011.

	
	
	NOX

	
	 
	(kt)
	(%)

	Ceiling for 2010
	847
	 

	Edition
	Year
	 
	 

	2012 ed. (series 1990-2010)
	2010
	890.3
	5.1%

	2013 ed. (series 1990-2011)
	2010
	882.1
	4.1%

	
	2011
	915.4
	8.1%

	Recalculation for "adjustment" (May 2013)
	2010
	759.1
	-10.4%

	
	2011
	804.9
	-5.0%


1. description AND SCOPE OF aPplication
One important source of NOx emissions in the national inventory is, as is well known, the road traffic sector. Within this sector, NOx EFs of passenger cars as well as of heavy duty vehicles have been significantly revised in COPERT 4 version 9.0 as compared to COPERT III, and it is for these categories that the recalculation in this report is referred to.
In the 2013 Edition of the Inventory, Spain was using, for the estimation of NOx emissions from road transport the COPERT 4 version 9.0 methodology, as available in the EMEP/EEA 2009 Guidebook, as this is considered the most reliable and updated version of the COPERT emissions model at the time of preparation of the 2013 Inventory Edition.
The basis of reference for this “adjustment” on the inventory NOx emissions are the corresponding EFs that were expected for future EURO technologies when the NOx GP ceiling for 2010 was established. These expected EF factors have been obtained from the, in 2001 published, COPERT III edition of the road transport emissions model.
The difference in NOx emissions of road traffic between the estimates in the 2013 Edition of the Inventory and the figures estimated with the COPERT III EFs of the intervening technologies is the “adjustment” recalculated to that 2013 edition.
To fulfil the commitments derived from the March 4th letter, Spain has calculated that difference in the NOx Emissions (with COPERT 4 version 9.0 versus COPERT III) quantifying the negative impact that on the achievement of the 2010 NOx target of the GP has had the lower than expected emissions reductions of the concerned EURO technologies. Therefore, Spain considers that to assess the potential non compliance issue, these May 2013 revised estimates for NOx in the Road Traffic sector of NFR should be taken into account, as a “adjustment”, to the 2013 Edition of the Inventory.
This recalculation was performed by the Unit of Air Quality and Industrial Environment (SGCAMAI) at the Ministry of Agriculture, Food and Environment (Ministerio de Agricultura, Alimentación y Medio Ambiente, MAGRAMA), with the technical assistance of Análisis Estadístico de Datos, S.A. (AED). The Transport Expert Panel of the Task Force on Emissions and Projections (TFEIP) of CLRTAP has been consulted to get the historic information, that of COPERT III, on the relevant prospective EFs reductions potential of the concerned EURO technologies as they were expected when the 2010 NOX ceiling of the GP was established.

2. Results

This section presents the results of recalculation of the emissions with inclusion of the NOX after the “adjustment”, previously commented, has been implemented; while the methodology and base data will be explained in the following section.

It should be pointed out that the modifications only affect NFR categories 1A3bi (Passenger cars) and 1A3biii (Heavy duty vehicles
) within the road transport sector, so the modifications in question are restricted to these two NFR categories. The re-estimations do not include any of the rest of the NOx emitting categories of road transport sector (1A3bii Light duty vehicle and 1A3biv Mopeds & motorcycles), as well as the other sectoral sources in the national inventory not belonging to the road transport sector.

Finally, special mention should be made of the fact that the emissions considered are those located with the territory covered by the EMEP grid, which excludes, in the case of Spain, the Canary Islands and the cities of Ceuta and Melilla in North Africa. In consequence, the results given below, although in line with the stipulations contained in the Gothenburg Protocol, do not correspond to those for the total national territory.

The following Tables 2, 3, 4 and 5 give the numerical results for the submission in February, 2013, the recalculation and the differences between them, in both absolute and relative terms.

Table 2. - NOX emissions according to the February 2013 submission (kt NOX)
	Year
	Road transport sector (kt)
	Other sectors (kt)
	Total Inventory (kt)

	
	Passenger cars
	Heavy duty vehicles
	Buses
	Motorcycles & Mopeds
	Light duty vehicles
	
	

	2010
	156
	145
	29
	2
	22
	528
	882

	2011
	145
	130
	29
	2
	20
	590
	915


Table 3. - NOX emissions according to the recalculated adjustment (kt NOX)

	Year
	Road transport sector (kt)
	Other sectors (kt)
	Total Inventory (kt)

	
	Passenger cars
	Heavy duty vehicles
	Buses
	Motorcycles & Mopeds
	Light duty vehicles
	
	

	2010
	115
	63
	29
	2
	22
	528
	759

	2011
	108
	56
	29
	2
	20
	590
	805


Table 4. - Absolute differences in NOX emissions (kt NOX): estimation from the submission in February 2013 versus the present recalculated adjustment
	Year
	Road transport sector (kt)
	Other sectors (kt)
	Total Inventory (kt)

	
	Passenger cars
	Heavy duty vehicles
	Buses
	Motorcycles & Mopeds
	Light duty vehicles
	
	

	2010
	-41
	-82
	0
	0
	0
	0
	-123

	2011
	-37
	-73
	0
	0
	0
	0
	-111


Table 5. - Relative differences in the NOX emissions (%): estimation in the February 2013 versus the present recalculated adjustment
	Year
	Road transport sector (%)
	Other sectors (%)
	Total Inventory (%)

	
	Passenger cars
	Heavy duty vehicles
	Buses
	Motorcycles & Mopeds
	Light duty vehicles
	
	

	2010
	-26
	-56
	0
	0
	0
	0
	-14

	2011
	-26
	-57
	0
	0
	0
	0
	-12


3. MetHodology AND DATA SOURCES
As mentioned above, this revision has estimated the adjustment that is associated to the change from the use of COPERT III instead of COPERT 4 version 9.0 to make the estimation coherent with the emission factors that for the selected categories of road transport were used when the NOX GP ceilings were established for 2010.

The following sub-sections explain the methodology used for the calculation of this adjustment. So, in paragraph 3.1, the emissions factors comparison is presented and then, within it, distinction is made between passenger cars and heavy duty vehicles. Then, in paragraph 3.2, the detailed results of this adjustment are presented for the sake of transparency of the process performed.
3.1 Emission factors comparison
3.1.1 Passenger cars
The COPERT III methodology estimated higher emissions for gasoline passenger cars for EURO normatives than the COPERT 4 version 9.0 methodology, being the biggest difference in the highway pattern. But, on the contrary, the COPERT III methodology estimated for diesel passenger cars a higher reduction than the COPERT 4 version 9.0 methodology and the diesel passenger cars emitted much more than gasoline passenger cars. Additionally the diesel passenger cars fleet has increased to the point of being the main fuel used in the Spanish passenger cars.

The comparison for NOX emission factors between COPERT 4 version 9.0 and COPERT III is shown in the table 6 below. The emission factors had been calculated for a speed of 105 km/h for the highway pattern, 65 km/h for the rural pattern and 25 km/h for the urban pattern in both methodologies. As it can be seen in the table, the pre-EURO functions had not been compared, that is because there is no change between methodologies of those functions. Neither have been compared Euro 5 because it was not included in COPERT III methodology.
Table 6. - Passenger cars NOX emission factors (g/km)

	Vehicle type
	COPERT 4
	COPERT III

	Fuel
	Normative
	Cylinder capacity
	H
	R 
	U
	H
	R 
	U

	Gasoline
	Euro 1
	<1.4 l
	0.51
	0.27
	0.33
	0.65
	0.34
	0.37

	
	
	>1.4 l and <2 l
	0.51
	0.27
	0.33
	0.58
	0.33
	0.37

	
	
	>2 l
	0.51
	0.27
	0.33
	0.55
	0.40
	0.49

	
	Euro 2
	<1.4 l
	0.18
	0.15
	0.20
	0.23
	0.12
	0.13

	
	
	>1.4 l and <2 l
	0.18
	0.15
	0.20
	0.21
	0.12
	0.13

	
	
	>2 l
	0.18
	0.15
	0.20
	0.20
	0.14
	0.18

	
	Euro 3
	<1.4 l
	0.05
	0.06
	0.08
	0.16
	0.08
	0.09

	
	
	>1.4 l and <2 l
	0.05
	0.06
	0.08
	0.14
	0.08
	0.09

	
	
	>2 l
	0.05
	0.06
	0.08
	0.13
	0.10
	0.12

	
	Euro 4
	<1.4 l
	0.02
	0.03
	0.07
	0.08
	0.04
	0.05

	
	
	>1.4 l and <2 l
	0.02
	0.03
	0.07
	0.07
	0.04
	0.05

	
	
	>2 l
	0.02
	0.03
	0.07
	0.07
	0.05
	0.06

	Diesel
	Euro 1
	All categories
	0.69
	0.56
	0.76
	0.67
	0.50
	0.90

	
	Euro 2
	All categories
	0.71
	0.56
	0.84
	0.67
	0.50
	0.90

	
	Euro 3
	All categories
	0.79
	0.67
	0.83
	0.52
	0.38
	0.69

	
	Euro 4
	All categories
	0.62
	0.42
	0.70
	0.36
	0.26
	0.47


(H) Highway pattern, (R) Rural pattern and (U) Urban pattern.
3.1.2 Heavy duty vehicles
The other main source of NOX emissions in the road transport sector is the heavy duty vehicles. The methodology of these vehicles has undergone a big change, in COPERT III there were very few functions for determining the NOX emission factor, but in COPERT 4 there are thousands of functions.

In order to make the comparison, there have been estimated some implicit emission factors for the year 2011, making some adjustments to compare with COPERT III. That comparison is shown in the table 7 below. The COPERT III emission factors had been calculated with a speed of 95 km/h for the highway pattern, 60 km/h for the rural pattern and 25 km/h for the urban pattern in both methodologies.

Table 7. - Heavy duty vehicles NOX emission factors (g/km)

	Vehicle type
	COPERT 4 (implicit emission factors)
	COPERT III

	Fuel
	Normative
	Tonne
	H
	R 
	U
	H
	R 
	U

	Diesel
	PRE EURO
	< 7,5 t
	6,69
	6,48
	8,63
	3,68
	2,17
	4,21

	
	
	7,5 t – 16 t
	8,03
	7,99
	11,09
	4,25
	4,29
	8,57

	
	
	16 t – 32 t
	10,67
	11,15
	16,62
	6,86
	9,06
	15,40

	
	
	> 32 t
	14,43
	15,59
	22,63
	10,46
	13,52
	22,04

	
	EURO I
	< 7,5 t
	4,49
	4,45
	6,02
	3,32
	1,52
	2,95

	
	
	7,5 t – 16 t
	4,78
	4,80
	6,71
	3,83
	3,00
	6,00

	
	
	16 t – 32 t
	7,04
	7,46
	11,39
	3,77
	5,44
	8,47

	
	
	> 32 t
	10,12
	11,10
	
	5,76
	8,11
	12,12

	
	EURO II
	< 7,5 t
	4,35
	4,35
	6,06
	2,39
	1,19
	2,10

	
	
	7,5 t – 16 t
	4,97
	5,07
	7,38
	2,77
	2,36
	4,29

	
	
	16 t – 32 t
	7,06
	7,56
	11,87
	3,09
	4,08
	6,16

	
	
	> 32 t
	10,93
	12,11
	18,40
	4,71
	6,09
	8,82

	
	EURO III
	< 7,5 t
	2,92
	2,91
	4,35
	1,68
	0,83
	1,47

	
	
	7,5 t – 16 t
	3,82
	4,00
	6,32
	1,94
	1,65
	3,00

	
	
	16 t – 32 t
	5,57
	6,04
	10,06
	2,16
	2,85
	4,31

	
	
	> 32 t
	8,93
	9,96
	15,56
	3,30
	4,26
	6,17

	
	EURO IV
	< 7,5 t
	1,96
	1,94
	2,55
	1,17
	0,58
	1,03

	
	
	7,5 t – 16 t
	2,71
	2,83
	4,08
	1,35
	1,15
	2,10

	
	
	16 t – 32 t
	3,98
	4,28
	6,56
	1,51
	1,99
	3,02

	
	
	> 32 t
	6,24
	7,01
	10,56
	2,30
	2,98
	4,32

	
	EURO V
	< 7,5 t
	1,03
	1,16
	2,75
	0,67
	0,33
	0,59

	
	
	7,5 t – 16 t
	1,36
	1,59
	3,93
	0,77
	0,66
	1,20

	
	
	16 t – 32 t
	2,02
	2,42
	6,06
	0,86
	1,14
	1,73

	
	
	> 32 t
	3,08
	3,63
	8,01
	1,32
	1,70
	2,47


(H) Highway pattern, (R) Rural pattern and (U) Urban pattern.

3.2 Detailed results
In the tables 8 and 9 below can be seen the estimation made for the years 2010 and 2011 respectively. The results shown for COPERT III have been estimated with only the vehicle types shown in the emission factors comparison, so the emissions of pre EURO passenger cars, EURO V passenger cars, LPG passenger cars, gasoline heavy duty vehicles, light duty vehicles, motorcycles, mopeds and buses are maintained the same in both sceneries (COPERT 4 and COPERT III).
Table 8. - Detailed results of year 2010 (t NOX)
	 
	 
	 
	COPERT 4
	COPERT III

	CATEGORY
	CLASS
	NORMATIVE
	H
	R
	U
	TOTAL
	H
	R
	U
	TOTAL

	Passenger cars
	Gasoline
	ECE 15/04
	4.033
	1.076
	2.064
	7.173
	4.033
	1.076
	2.064
	7.173

	
	
	EURO I - 91/441/EEC
	1.340
	266
	1.552
	3.158
	1.595
	338
	1.766
	3.699

	
	
	EURO II - 94/12/EC
	894
	270
	1.517
	2.680
	1.066
	223
	1.028
	2.317

	
	
	EURO III - 98/69/EC S 2000
	619
	270
	1.278
	2.167
	1.648
	354
	1.410
	3.411

	
	
	EURO IV - 98/69/EC S 2005
	210
	140
	887
	1.237
	884
	190
	629
	1.703

	
	
	EURO V - EC 715/2007
	17
	11
	70
	99
	17
	11
	70
	99

	
	Diesel
	CONVENTIONAL
	253
	74
	148
	475
	253
	74
	148
	475

	
	
	EURO I - 91/441/EEC
	1.030
	309
	599
	1.937
	998
	275
	704
	1.978

	
	
	EURO II - 94/12/EC
	4.287
	1.254
	2.694
	8.235
	4.069
	1.122
	2.875
	8.066

	
	
	EURO III - 98/69/EC S 2000
	24.252
	7.639
	17.109
	49.000
	15.936
	4.397
	14.185
	34.518

	
	
	EURO IV - 98/69/EC S 2005
	37.321
	9.452
	28.324
	75.096
	21.398
	5.903
	19.264
	46.565

	
	
	EURO V - EC 715/2007
	2.510
	636
	1.811
	4.956
	2.510
	636
	1.811
	4.956

	
	LPG
	ALL
	0
	0
	23
	23
	0
	0
	23
	23

	
	TOTAL
	76.765
	21.396
	58.075
	156.236
	54.406
	14.599
	45.976
	114.981

	Heavy duty vehicles
	Diesel
	CONVENTIONAL
	5.378
	1.544
	429
	7.350
	3.195
	939
	338
	4.472

	
	
	EURO I - 91/542/EEC S I
	2.756
	805
	256
	3.816
	1.845
	476
	205
	2.526

	
	
	EURO II - 91/542/EEC S II
	15.444
	4.697
	1.174
	21.315
	7.217
	2.227
	615
	10.059

	
	
	EURO III - COM(97) 627
	38.319
	11.925
	3.485
	53.728
	15.099
	5.070
	1.511
	21.680

	
	
	EURO IV - COM(1998) 776
	33.561
	10.506
	2.879
	46.946
	13.276
	4.400
	1.308
	18.984

	
	
	EURO V - COM(1998) 776
	7.655
	2.555
	1.040
	11.250
	3.512
	1.144
	302
	4.958

	
	Gasoline
	ALL
	194
	52
	31
	277
	194
	52
	31
	277

	
	TOTAL
	103.307
	32.083
	9.293
	144.682
	44.337
	14.309
	4.309
	62.955

	Other categories
	20.344
	6.923
	25.987
	53.254
	20.344
	6.923
	25.987
	53.254

	TOTAL
	200.416
	60.403
	93.354
	354.173
	119.087
	35.831
	76.272
	231.190


(H) Highway pattern, (R) Rural pattern and (U) Urban pattern.

Table 9. - Detailed results of year 2011 (t NOX)
	 
	 
	 
	COPERT 4
	COPERT III

	CATEGORY
	CLASS
	NORMATIVE
	H
	R
	U
	TOTAL
	H
	R
	U
	TOTAL

	Passenger cars
	Gasoline
	ECE 15/04
	3.077
	809
	1.503
	5.389
	3.077
	809
	1.503
	5.389

	
	
	EURO I - 91/441/EEC
	1.040
	203
	1.157
	2.401
	1.233
	258
	1.317
	2.809

	
	
	EURO II - 94/12/EC
	785
	233
	1.281
	2.299
	935
	193
	870
	1.998

	
	
	EURO III - 98/69/EC S 2000
	545
	234
	1.104
	1.883
	1.448
	306
	1.216
	2.970

	
	
	EURO IV - 98/69/EC S 2005
	208
	138
	861
	1.207
	881
	186
	609
	1.675

	
	
	EURO V - EC 715/2007
	46
	29
	171
	246
	46
	29
	171
	246

	
	Diesel
	CONVENTIONAL
	193
	55
	107
	355
	193
	55
	107
	355

	
	
	EURO I - 91/441/EEC
	916
	270
	498
	1.684
	888
	241
	585
	1.714

	
	
	EURO II - 94/12/EC
	3.522
	1.014
	2.065
	6.600
	3.343
	908
	2.203
	6.454

	
	
	EURO III - 98/69/EC S 2000
	21.319
	6.609
	13.388
	41.315
	14.009
	3.804
	11.099
	28.912

	
	
	EURO IV - 98/69/EC S 2005
	34.832
	8.681
	25.307
	68.820
	19.971
	5.422
	17.212
	42.605

	
	
	EURO V - EC 715/2007
	6.678
	1.664
	4.582
	12.924
	6.678
	1.664
	4.582
	12.924

	
	LPG
	ALL
	0
	0
	25
	25
	0
	0
	25
	25

	
	TOTAL
	73.160
	19.939
	52.049
	145.148
	52.702
	13.874
	41.499
	108.076

	Heavy duty vehicles
	Diesel
	CONVENTIONAL
	3.446
	924
	313
	4.682
	2.090
	622
	245
	2.957

	
	
	EURO I - 91/542/EEC S I
	2.677
	718
	201
	3.596
	1.819
	392
	162
	2.373

	
	
	EURO II - 91/542/EEC S II
	12.910
	3.639
	986
	17.534
	5.955
	1.757
	521
	8.233

	
	
	EURO III - COM(97) 627
	34.007
	9.769
	2.746
	46.522
	13.443
	4.154
	1.195
	18.792

	
	
	EURO IV - COM(1998) 776
	30.517
	8.832
	2.406
	41.755
	11.912
	3.723
	1.105
	16.740

	
	
	EURO V - COM(1998) 776
	10.715
	3.300
	1.158
	15.173
	4.883
	1.485
	333
	6.700

	
	Gasoline
	ALL
	174
	43
	26
	243
	174
	43
	26
	243

	
	TOTAL
	94.445
	27.225
	7.835
	129.504
	40.275
	12.176
	3.588
	56.038

	Other categories
	20.071
	6.914
	23.508
	50.493
	20.071
	6.914
	23.508
	50.493

	TOTAL
	187.676
	54.078
	83.391
	325.146
	113.048
	32.964
	68.595
	214.607


(H) Highway pattern, (R) Rural pattern and (U) Urban pattern.
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� Neither including the buses nor coaches from this category





