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Summary

As part of an on-going project to improve the quality of Swedish marine emission reporting, SMED
(Swedish Methodology for Environmental Data, a collaboration between the Swedish Environmental
Research Institute, Statistics Sweden and the Swedish Meteorological and Hydrological Institute) has derived
emission factors for ships (> 100 Gross Register Tonnage). The basis for this type of reporting is that only
emissions derived from Swedish sold marine fuels are accounted for. This work presents the agglomerated
emissions factors to suit available activity data (i.e. Swedish marine fuel sales) enabling total emissions for
the period 1990 — 2002 to be calculated.

When tentatively comparing the new emission totals with those reported earlier (using older emission factor
data), a striking difference is that SO, emissions have been previously underestimated (ca. 5 times too small
for International sea traffic). The new HC and CO emissions are however approximately half of those
calculated earlier. For NOy, the older estimates agree reasonably well with the new estimates.

Sammanfattning

Med syftet att forbattra den svenska rapporteringen av marina emissioner har SMED (Svenska Miljo
Emissions Data, ett konsortium bestdende av IVL Svenska Miljoinstitutet, Statistiska Centralbyran och
Sveriges Meteorologiska och Hydrologiska Institut) tagit fram emissionsfaktorer for fartyg (> 100 Brutto
tonnage). Grunden for denna typ av rapportering ar att endast emissioner fran i Sverige salda marina branslen
ingar. Detta arbete presenterar emissionsfaktorerna anpassade till aktivitetsdatan sa att de totala emissionerna
for perioden 1990-2002 kan beraknas.

Jamfort med de tidigare uppskattningarna (med de gamla emissionsfaktorerna) &r SO»-emissionerna ca. fem
ganger storre baserade pa denna studie. De nya HC- och CO-emissionerna ar daremot ungefér halften av de
som har rapporterats tidigare. Vad galler NOy-emissionerna finns det inga signfikanta skillnader mellan de
gamla och nya berékningarna.



Contents

1 INTRODUGCTION ...ttt ettt ettt e e et s e s s e e e s bt e e e s abbe e s s sab e e e s st beessbbasesssrenesssrbeness 4
R A N [V o] ==l = (0 N (o LT 4
1.2 ENGINE DISTRIBUTION AND OTHER EMISSION FACTORS DATA ....ccuttiiiieeeeeiitirrieeeeesssisvnieeseeens 5
2 AV = I (O 510 IO 1€ 2R 5
2.1 ASSUMPTIONS 1eettteeiiiitttettee e e e e iibb e et e e e e st bbr e e e e s e et saa b bbb e eese et saab b b beeeseessasb b e baeesesssabbabaeeeeessasbtbanes 5
2.2 ENGINE / FUEL DISTRIBUTION ... .utittittiieietttiesitteessistesssssssssssasesssssstssssssssssssssssesssssessssssssssssens 6
3 1 U1 I I T 7
3.1 EMISSION FACTORS ....ccttiieiettie e e etteee e sttt e e eettee e s st aeeestte e s eebaeeessabeeesasbbeseaastaeeessbeeeesbbeeeeanressesarens 7
3.2 1Y [T (07N L] N T OTTTUPRRRROt 7
4 REFERENGCES ... oottt ettt e ettt e ettt e e st e e e ettt e e s ett e e e s sab et e s sbbesesbbeeessabeeesastaesesanens 8
APPENDIX 1 SHIP EMISSION FACTORS ...ttt ettt ettt svan e vte s s eraa e e s aaeas 9
APPENDIX 2 COMPARISON OF OLD AND NEW ESTIMATES. ..o 10

1 Introduction

The Swedish Methodology for Environmental Data (SMED) has initiated a multi-phase project with
the aim to improve the quality of Swedish marine emission reporting. Recently a comprehensive
review of emission factors for ships (> 100 gross tonnage and using Swedish sold fuels) was
undertaken and completed in January 2004 (Cooper and Gustafsson, 2004). Thus emission factors
were proposed for 28 different pollutants as a function of engine and fuel type and taking into
account emission reduction measures.

A key issue to be resolved however before these emission factors could be used directly to calculate
the total emissions, was their compatibility with the available activity data (Swedish marine fuel
sales). Since the emission factors reported in Cooper and Gustafsson, 2004 depend on engine / fuel
type, they needed to be weighted against the distribution of engine / fuel types of the ships using
Swedish sold fuel. An additional issue raised at the last reference group (Andersson, 2004)
concerned the importance of reliable data on the fuel sulphur content for the Swedish sold fuels. To
this end, data from Swedish refineries was incorporated in the final report after the reference group
meeting and the revised fuel sulphur values were included in the final report. A further point
discussed at the reference group meeting concerned the possible adjustment of HCB, PCB and
dioxin/furan emission factors since new data would hopefully become available during the Spring
of 2004 (comprehensive measurement project funded by the Swedish Environmental Protection
Agency).

1.1 Aim of project

To gather latest engine / fuel distribution, HCB, PCB and dioxin/furan emission factor data and
thereby provide agglomerated emission factors based on those reported in Cooper and Gustafsson,
2004. In turn this work permits a calculation of the total marine emissions for Swedish reporting
duties 2004.



1.2 Engine distribution and other emission factors data

As discussed at the last reference group meeting (Andersson, 2004), it was anticipated that data
from the Swedish Maritime Administration could enable a good estimate of the engine / fuel type
distribution for ships using Swedish fuel. Unfortunately, this information has not been obtained and
since the deadline for reporting the Swedish 2004 emissions is imminent, alternative measures have
been necessary (see section 2.2). Regarding, new emission factor data, a preliminary report
covering measurements of HCB, PCB and dioxin/furan from ship exhaust has however become
available (Gunnarsson and Johansson, 2004) and thus the previous factors for these species in
Cooper and Gustafsson, 2004 can be revised (Table 1).

Table I. New HCB, PCB and dioxin/furan emission factors used in this work.
Residual Qil Marine Distillate
ng/kKWh Ng/kWh
Old emission factors &
HCB 8 8
Total PCB 100 100
Dioxin / Furan (given as TEQ International) 1 1

New emission factors 2

HCB 30 20
Total PCB 120 90
Dioxin / Furan (given as TEQ WHO) 0,1 0,03

3 Reported in Cooper and Gustafsson, 2004. Note that this data focused largely on very few measurements from the
early 1990s.

b) Preliminary report from an on-going study financed by Swedish Environmental Protection Agency (Gunnarsson and
Johansson, 2004).

2  Methodology

2.1 Assumptions

Four key assumptions have been made to allow a stepwise derivation of the so-called “usable
emission factors” (i.e. those factors which can be directly multiplied with the activity data to
calculate the total emissions).

e Regarding the available activity data compiled by Statistics Sweden (SCB); marine diesel and
fuel oil Eol, are all essentially covered as “marine distillate fuel (MD)” and fuel oils Eo2 — E06
can be equated with “residual oil fuel (RO)”. These 3 SCB fuel groups can thus be
agglomerated to the nomenclature of the 2 marine fuel types without any significant loss of
emission information (see section 5.1 in Cooper and Gustafsson, 2004.)

e Although the emission factors for the three operating modes provided in Cooper and
Gustafsson, 2004 provide valuable knowledge for predicting local emissions (Andersson, 2004),
the emissions ”in port” and “manoeuvring” are relatively very small compared to those “at sea”
when considering the national total emissions. For this reason, the derived usable emission
factors have been obtained only from the main engine (ME) emission factors for “at sea”
operation. For quick reference purposes, these factors are presented in Appendices 1 and 2 of
Cooper and Gustafsson, 2004 for the years 1990-2002.



An important step in this work is to agglomerate the emission factors in Cooper and Gustafsson,
2004 so that no distinction is made between engine types. In order to weight the emission
factors correctly, data on the distribution of engine / fuel types for all the ships using Swedish
sold fuel is required. Unfortunately this has not been available and instead a weighting based on
the engine / fuel distribution of the European fleet has been attempted (see section 2.2 below
and 5.2 in Cooper and Gustafsson, 2004.). This distribution has thus been assumed to be valid
for ships using Swedish sold fuel and unchanged for all years 1990 — 2002.

Although almost all ”International sea traffic” is associated with larger ships (> 100 gross
tonnage) operating on marine distillates (marine diesel + Eol fuels) and residual oils (Eo2 — E06
fuels), this is not so for “National Navigation”. In this case some of the fuel used will be by
smaller vessels < 100 gross tonnage and some vessels are operated using petrol as a fuel. A
review and update of emission factors for these smaller vessels is planned as a future work item
within SMED. Bearing this in mind, combining solely the emission factors in this report with
activity data (marine distillates and residual oils for national navigation) will not yield the

correct total emissions for “National Navigation” *.

2.2 Engine / fuel distribution

As outlined in section 5.2 of Cooper and Gustafsson, 2004, engine / fuel distributions can be

derived for the European shipping fleet using several assumptions. These results are presented in
Table Il and are assumed as the best available estimate at present to match and weight with the
emission factors given in Cooper and Gustafsson, 2004. It should be noted that even in deriving this
data for the European fleet (based on LMIS data) some anomalies in the data were encountered

which raises its uncertainty further.

Table II. Assumed engine / fuel distribution of ships operating with Swedish sold fuel.
Engine / Fuel type ® Fraction of all ships using Swedish sold fuel
SSD/MD 0.0002

SSD /RO 0.4346

MSD / MD 0.0016

MSD / RO 0.4604

HSD / MD 0.0165

HSD / RO 0.0243

GT/MD 0.0109

GT/RO 0.0005

ST/MD 0.0054

ST /RO 0.0455

Sum 1.0000

% SSD = Slow speed diesel, MSD = Medium speed diesel, HSD = High-speed diesel, GT = Gas turbine. ST = Steam
turbine, MD = Marine Distillate fuel and RO = Residual Oil fuel.

Since virtually all MD fuel use in Table Il is associated with turbine and high-speed diesel
machinery, the NOy emission factors in Appendix 1 for this fuel are considerably lower than those
for RO.

! Especially for HC and CO emissions since the specific emission factors for these species are significantly greater for
small vessels compared to ships > 100 gross tonnage.



3 Results

3.1 Emission factors

Ship emission factors (> 100 gross tonnage and years 1990 — 2002) for calculating the total marine
emissions for Swedish reporting duties 2004 are presented in Appendix 1.

3.2 Implications

In light of the results generated in this work and the activity data provided by SCB (Appendix 3 in
Cooper and Gustafsson, 2004), it is possible to make tentative comparisons between previously
reported international sea traffic emissions with the new estimates for 1990 - 2002. Appendix 2
presents the comparisons as simple diagrams for some pollutants * (i,e, for NO,, SO,, CO,
NMVOC, CO,, CHy4, and N,O). The following comments can be drawn:

e The general trend over the 12 year period is similar for all pollutants which is largely due to the
amount of fuel sold for each year®. Changes in the trends due to for example the introduction of
NOx reduction equipment and fuel sulphur content are less pronounced.

e SO, emissions have been previously, grossly underestimated (ca. 5 times too small for
International traffic). This was due to a previous (and acknowledged) error in the value of the
fuel sulphur content used for residual oil. One can however observe a slower increase in SO,
emissions over the period due to cut backs in fuel sulphur content in comparison to CO, (which
are solely due to increased fuel use).

e The new HC and CO emission estimates are approximately half of those calculated earlier. This
is explained by the higher emission factors previously used (based on data from 1980s).

e For NOy the older estimates agree reasonably well with the new estimates despite the
introduction of NOy reduction measures (accounted for in the new estimates but not accounted
for in the previous estimates). As pointed out in Cooper and Gustafsson, 2004 only 5,7% of the
RO fuel sold in Sweden in 2002 was used for ships with catalytic equipment for NOy reduction
(SCR) for international traffic. If all the SCR ships calling on Swedish ports had chosen to
purchase Swedish fuel, this percentage would increase to 11,8%. One should note that the
difference observed for the curves between the old and new emissions is also partly due to the
variation of the old emission factor over the period i.e. the factor decreased by 3% from 1990 to
1996 and then increased again by 2% from 1996 to 2001.

e CO;emissions are ca. 3% higher in the new estimates largely as a result of improved data on the
heating value and density of the fuels.

e For N,O emissions, the new estimates are ca. 30% higher while the CH4 emissions are more
than 10 times lower. These differences can be explained by the very uncertain emission factors
cited in IPCC and CORINAIR which have been used in the old estimates. This is discussed
further in European Commission, 2002,

e For NH3 and PM only previous emission data for 2002 have been obtained (LRTAP reporting).
For the new estimates, NH3 emissions are nearly 4 times higher and the PM emissions
marginally lower i.e. by 24%, 20% and 27% for PM1o, PM,sand TSP respectively.

2 Note that for many of the pollutants included in this work, e.g. heavy metals and persistent organic pollutants, no
previous reporting of emissions has been made and therefore no direct comparisons are possible.

* One should note however that Swedish fuel sales may vary for different years due to primarily fluctuating fuel prices
within the international fuel market. Thus they do not reflect the total amount of sea transport occurring in the region.
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Appendix 1 Ship emission factors

Gg/TJ as fuel supplied ene
Main Politants Eadticuiate Matter Priovity Metals Other Metais Persistent Orpanic Follutants Greenhouse gas poliutants
HOx €O | HMVOC | SOx HH3 ISP PM10 | PM2.§ Pb cd Hg hs Cr Cu Hi Se Zn PCB | DioxFur Ben(kiflu | Indenopyr PAH 4 HCB coz2 CHa H20
Int. MD 000089 [ 71E-05 | 16E-05 |19E-04 | 20B-07 |1 6E-05 | 1BE-05 | 16E-05 | 35609 [1.2F-10 |1 2E-12 | 7.0E-10 | 1 2E-09 | 4 0E-08 | 23E-08 | 1212 | 2 3E-08 | 88612 2915 S7E-1 1.9E-10 97E-11 1.9E-10 5.8E-10 19612 00744 3 2E-07 4 8E-06
Int. RO 0.00M70 | 90E-05 | 28E-05 |14E-03 | 64E-07 (1.0E-04 | 10E-04 | 1.0E-04 | 37E-09 |3.2E-10 |7 3E-11|21E-08 | 3.0E-08 | 49E-05 | 53E-07 | 49E-10 | 34E-058 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 38E-12 00778 5.7E-07 39E-06
Hat. MD | 000084 | 59E-05 | 15805 |1.8E04 | 72607 [1.6E-05) 16E05 | 16605 | 3.56-08 |1.2E-10|1.2E-12| 7.OE-10| 12608 | 40E-06 | 2.3E-06 | 12612 | 2.3E-08 | 88612 | 29E-15 S7E-1 1.8E-10 8.7E-11 1.8E-10 5.6E-10 1.8E-12 0.0744 3.2E07 4.8E06
Hat. RO 000144 [ 82605 | 27E-05 [11E03 )| 27E-06 |1 0E-04 | 10E04 | 10F-04 | 37E09 |326-10 | 73E-11 | 21E-08 | 30E-08 | 49E-08 | §3E-07 | 49F-10 | 34E-08 [ 1.4E-11 12614 1.2E-10 23E-10 12610 2 3E-10 7 0E-10 35612 00776 5 7E-07 39E-06
2001
Int. MD 000080 [ 71E-05 | 16E-05 |19E-04 | 20E-07 |1 6E-05 | 1BEDS | 1BE05 | 35609 [126-10 |1 2E12 | 70E-10 | 1 2E-08 | 40E-08 | 23E-08 | 12612 | 23E-08 | 8812 28E15 S7E-1 1.8E-10 S7E-11 1.8E-10 5.8E-10 189E12 00744 32607 4 BE-D6
Int. RO 000172 [ SOE-05 | 28E-05 |11E-03 | S9E-07 |10E-04 | 10E-04 | 10E-04 | 37E-09 |32F-10 |7 3E-11 | 21E-08 | 30E-08 | 4 9E-08 | 83E-07 | 49E-10 | 34E-08 [ 1.4E-11 12614 1.2E-10 23E-10 12810 23E-10 7.0E-10 35612 0o77E 5 7E-O7 39E-06
Hat. MD | 000034 | 69E-05 | 16E-05 |19E-04 | 69607 [1.6E-05)| 16ED5 | 16E-05 | 3.56-09 |1.2E-10|1.2E-12| 7.OE-10 |1 2E-09 | 40E-05 | 2.3E-05 | 12612 | 2.3E-08 | 58612 | 29E-15 97E-1 1.9E-10 9.7E-11 1.9E-10 S.8E-10 1.9E-12 0.0744 3.2E-07 4.3E-08
Hat. RO 000143 | 8.26-05 | 27E-05 |14E03 ) 2.96-06 (1.0E-04 | 10E04 | 1.0E-04 | 3FE09 |3.26-10 | 7.3E-11 | 2.1E-06 | 3.0E-05 | 48606 | §3E07 | 49E-10 | 34E-08 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 3.5E-12 0.0776 S.7E07 39E06
2000
Int. MD | 000090 ) 71E-05 | 16E-05 |23E-04 | 20607 [1.6E-05 | 16E05 | 16E-05 | 3.56-00 |1.2E-10|1.2E-12| 7.0E-10 |1 2E-09 | 40E-05 | 2.3E-05 | 12612 | 2.3E-08 | 58612 | 29E-15 97E-1 1.9E-10 9.7E-11 1.9E-10 S.8E-10 1.9E-12 0.0744 3.2E-07 4.3E-08
Int. RO 0.00M74 | 90E-05 | 28E-05 |14E03 ) SH8E-07 [1.0E-04 | 10E-04 | 1.0E-04 | 3FE09 |3.26-10 |7.3E-11|21E-06 | S.0E-05 | 48606 | §3E07 | 49E-10 | 34E-08 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 3.5E-12 00776 S.7E07 39E06
Hat. MD 000085 [ B9E-05 | 16E-05 |23F-04 | BEE-O7 |1 6E-05 | 1BE-05 | 16FE-05 | 35609 [1.2F-10 |1 2E-12 | 7.0E-10 | 1 2E-09 | 4 0E-08 | 23E-08 | 1212 | 2 3E-08 | 88612 2915 S7E-1 1.9E-10 97E-11 1.9E-10 5.8E-10 19612 00744 3 2E-07 4 8E-06
Hat. RO 0.00140 | 81E-05 | 26E-05 |1.1E-03 | 31E-06 (1.0E-04 | 10E-04 | 1.0E-04 | 37E-09 |3.26-10 |7 3E-11 | 2.1E-08 | 3.0E-08 | 49E-05 | §3E-07 | 49E-10 | 34E-035 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 3.5E-12 0.0776 5.7E-07 3.9E-06
1998
Int. MD 000081 [ 71E-05 | 16E-05 |28E-04 | 20B-07 |1 6E-05 | 1BE-05 | 16F-05 | 35609 [1.2F-10 |1 2E-12 | 7.0E-10 | 1 2E-09 | 4 0E-08 | 23E-08 | 1212 | 2 3E-08 | 88612 2915 S7E-1 1.9E-10 97E-11 1.9E-10 5.8E-10 19612 00744 3 2E-07 4 8E-06
Int. RO 00078 | 90E-05 | 28E-05 |1.2E-03|47E-07 [1.0E-04 | 10E-04 | 1.0E-04 | 37E-09 |3.2E-10 |7 3E-11|21E-08 | 3.0E-08 | 49E-05 | §3E-07 | 49E-10 | 34E-08 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 38E-12 00778 5.7E-07 39E-06
Hat. MD | 000085 | 58E-05 | 16805 |2.8E04 | 68607 [1.6E-05) 16E05 | 16605 | 3.56-08 |1.2E-10|1.2E-12 | 7.OE-10| 12608 | 40E-06 | 2.3E-06 | 12612 | 2.3E-08 | 88612 | 29E-15 S7E-1 1.8E-10 8.7E-11 1.8E-10 5.6E-10 1.8E-12 0.0744 3.2E07 4.8E06
Hat. RO 000144 [ 81E-05 | 26E-05 [12F03 )| 30E-06 |1 0E-04 | 10E04 | 10F-04 | 37E09 |32F-10 | 73611 | 21E-08 | 30E-08 | 4 9E-08 | §3E-07 | 489F-10 | 34E-08 [ 1.4E-11 12614 1.2E-10 23E-10 12610 2 3E-10 7 0E-10 35612 00776 5 7E-07 39E-06
1998
Int. MD 000081 [ 71E-05 | 16E-05 |33E-04 | 20E-07 |1 6E-05 | 16E05 | 16E05 | 35608 [126-10 |1 2612 | 70E-10 | 1 2E03 | 40E-058 | 23E-058 | 12E12 | 23FE-08 | 88612 28E-15 STE-1 1.8E-10 S TE-11 1.8E-10 S58E-10 18E12 00744 32607 4 8E-06
Int. RO 000179 [ SOE-05 | 28E-05 | 12605 ) 41E-07 |10E-04 | 10E-04 | 10E-04 | 37E-09 |32F-10 |7 3E-11 | 21E-08 | 30E-08 | 4 9E-08 | 83E-07 | 49E-10 | 34E-08 | 1.4E-11 12614 1.2E-10 23E-10 12810 23E-10 7.0E-10 35612 0o77E 5 7E-O7 39E-06
Hat. MD | 000090 ) 71E-05 | 16E-05 |33E-04 | 24E-07 [1.6E-05| 16ED5 | 16E-05 | 3.56-09 |1.2E-10|1.2E-12| 7.0E-10 |1 2E-09 | 40E-05 | 2.3E-05 | 12612 | 2.3E-08 | 58612 | 29E-15 97E-1 1.9E-10 9.7E-11 1.9E-10 S.8E-10 1.9E-12 0.0744 3.2E-07 4.3E-08
Hat. RO 000143 | 61E-05 | 26E-05 |1.2E03 ) 3.26-06 (1.0E-04 | 10E04 | 1.0E-04 | 3FE09 |3.26-10 | 7.3E-11 | 2.1E-06 | 3.0E-05 | 48606 | §.3E07 | 49E-10 | 34E-08 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 3.5E-12 0.0776 S.7E07 39E06
1997
Int. MD | 000091 | 71E-05 | 16E-05 | 3FE-04 | 20607 [1.6E-05 | 16E05 | 16E-05 | 3.56-00 |1.2E-10|1.2E-12| 7.0E-10 |1 2E-09 | 40E-05 | 2.3E-05 | 12612 | 2.3E-08 | 58612 | 29E-15 97E-1 1.9E-10 9.7E-11 1.9E-10 S.8E-10 1.9E-12 0.0744 3.2E-07 4.3E-08
Int. RO 000180 | 91E-05 | 28E-05 |1.2E03 | S4E-07 [1.0E-04 | 10E-04 | 1.0E-04 | 3FE09 |3.26-10 |7.3E-11|21E-06 | S.0E-05 | 489606 | §3E07 | 49E-10 | 34E-08 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 3.5E-12 00776 S.7E07 39E06
Hat. MD 000081 [ 71E-05 | 16E-05 |37E04 | 20E07 |1 6E05 | 1BEDS | 1BE-05 | 35609 (12610 |1 2E12 | 70E-10 | 1 2F08 | 40E-08 | 23F-08 | 1212 | 23F-08 | 88612 28E15 S7E-1 1.8E-10 S7E-11 1.8E-10 58E-10 18912 00744 32807 4 8E-06
Hat. RO 0.0M75 | 90E-05 | 28E-05 |12E-03)|53E-07 (1.0E-04 | 10E-04 | 1.0E-04 | 37E-09 |3.26-10 |73E-11|24E-08 | 3.0E-08 | 49E-05 | §3E-07 | 49E-10 | 34E-05 | 1.4E-11 1.2E-14 4 2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 3.5E-12 00776 5.7E-07 3.9E-08
1996
Int. MD 000081 [ 71E-05 | 16E-05 |42F-04 | 20B-07 |1 6E-05 | 1BE-05 | 16F-05 | 35609 [1.2F-10 |1 2E-12 | 70E-10 | 1 2E-09 | 4 0E-08 | 23E-08 | 1212 | 2 3E-08 | 88612 2915 S7E-1 1.9E-10 97E-11 1.9E-10 5.8E-10 19612 00744 3 2E-07 4 8E-06
Int. RO 000180 | 91E-05 | 28E-05 |1.2E-03 | 34E-07 (1.0E-04 | 10E-04 | 1.0E-04 | 37E-09 |3.2E-10 |7 3E-11|21E-08 | 3.0E-08 | 49E-05 | 53E-07 | 49E-10 | 34E-08 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 38E-12 00778 5.7E-07 39E-06
Hat. MD | 000081 | 71E-05 | 16E-05 |42E04 | 20607 [1.6E-05) 16E05 | 16605 | 3.56-08 |1.2E-10|1.2E-12| 7.OE-10| 12608 | 40E-06 | 2.3E-06 | 12612 | 2.3E-06 | 88612 | 29E-15 S7E-1 1.8E-10 8.7E-11 1.8E-10 5.6E-10 1.8E-12 0.0744 3.2E07 4.8E06
Hat. RO 000180 [ 81E-05 | 28605 [12F03 ) 34507 |1 0E-04 | 10E04 | 10F-04 | 37609 |32F-10 | 73E-11 | 21E-08 | 30E-08 | 49E-08 | §3E-07 | 489F-10 | 34E-08 [ 1.4E-11 12614 1.2E-10 23E-10 12610 2 3E-10 7 0E-10 35612 00776 5 7E-07 39E-06
1995
Int. MD | 000081 | 71E-05 | 16E-05 |42E04 | 20607 [1.6E-05) 16E05 | 16605 | 3.56-08 |1.2E-10|1.2E-12| 7.OE-10| 12608 | 40E-06 | 2.3E-06 | 12612 | 2.3E-06 | 88612 | 29E-15 S7E-1 1.8E-10 8.7E-11 1.8E-10 5.6E-10 1.8E-12 0.0744 3.2E07 4.8E06
Int. RO 000180 [ 81E-05 | 28E-05 |13E03 )| 34E-07 |1 0E-04 | 10E04 | 10F-04 | 37609 |32F-10 | 73611 | 21E-08 | 30E-08 | 4 9E-08 | §3E-07 | 49F-10 | 34E-08 [ 1 4E-11 12614 12610 23E-10 12810 23E-10 70E10 35612 00776 57E-O7 39E06
Hat. MD | 000091 | 71E-05 | 16E-05 |42E-04 | 20607 [1.6E-05)| 16ED5 | 16E-05 | 3.56-00 |1.2E-10|1.2E-12| 7.0E-10 |1 2E-09 | 40E-05 | 2.3E-05 | 12612 | 2.3E-08 | 58612 | 29E-15 97E-1 1.9E-10 9.7E-11 1.9E-10 S.8E-10 1.9E-12 0.0744 3.2E-07 4.3E-08
Hat. RO 000150 | 91E-05 | 28E-05 |1.3E03 ) S4E-07 (1.0E-04 | 10E04 | 1.0E-04 | 3FE09 |3.26-10 | 7.3E-11 | 21E-06 | 3.0E-05 | 48606 | §.3E07 | 49E-10 | 34E-08 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 3.5E-12 0.0776 S.7E07 39E06
1994
Int. MD | 000091 | 71E-05 | 16E-05 |42E-04 | 20607 [1.6E-05)| 16ED5 | 16E-05 | 3.56-00 |1.2E-10|1.2E-12| 7.0E-10 |1 2E-09 | 40E-05 | 2.3E-05 | 12612 | 2.3E-08 | 58612 | 29E-15 97E-1 1.9E-10 9.7E-11 1.9E-10 S.8E-10 1.9E-12 0.0744 3.2E-07 4.3E-08
Int. RO 000180 | 91E-05 | 28E-05 |1.3E03 ) S4E-07 [1.0E-04 | 10E-04 | 1.0E-04 | 3FE09 |3.26-10 |7.3E-11|21E-06 | S.0E-05 | 489606 | §3E07 | 49E-10 | 34E-08 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 3.5E-12 00776 S.7E07 39E06
Hat. MD 000081 [ 71E-05 | 16E-05 |42F04 | 20E07 |1 6E05 | 1BEDS | 1BE05 | 35609 (12610 |1 2E12 | 70E-10 ) 1 2F08 | 40E-08 | 23F-08 | 12F12 | 23F-08 | 88612 28E15 S7E-1 1.8E-10 S7E-11 1.8E-10 58E-10 18912 00744 32807 4 8E-06
Hat. RO 000180 [ S1E-05 | 28E-05 | 13603 | 34E-07 |1 0F-04 | 10E-04 | 10F-04 | 37E-09 |3.2F-10 | 7 3E-11 | 21E-08 | 30E-08 | 4 9E-08 | §3E-07 | 49F-10 | 34F-08 [ 1.4E-11 12E-14 1.2E-10 2 3E-10 1.2E-10 2 3E-10 70E-10 35612 00776 5 7E-O07 3 9E-06
1993
Int. MD 000081 [ 71E-05 | 16E-05 |47E04 | 20E-07 |1 6E-05 | 1BEDS | 1BE05 | 35609 [126-10 |1 2E12 | 70E-10 | 1 2E-08 | 40E-08 | 23E-08 | 12612 | 23E-08 | 8812 28E15 S7E-1 1.8E-10 S7E-11 1.8E-10 5.8E-10 189E12 00744 32607 4 BE-D6
Int. RO 000180 [ 81E-05 | 28E-05 |13E03 )| 34E-07 |1 0E-04 | 10E04 | 10F-04 | 37609 |32F-10 | 73611 | 21E-08 | 30E-08 | 4 9E-08 | §3E-07 | 49F-10 | 34E-08 [ 1 4E-11 12614 12610 23E-10 12810 23E-10 70E10 35612 00776 57E-O7 39E06
Hat. MD | 000091 | 71E-05 | 16E-05 | 47E-04 | 20E-07 [1.8E-05 | 16E05 | 16E-05 | 3.56-09 |1.2E-10|1.2E12| 7.0E-10 |1 2E-09 | 40E-05 | 2.3E-05 | 12612 | 2.3E-08 | 58612 | 29E15 97E-U1 1.9E-10 9.7E-11 1.9E-10 £.8E-10 1.9E12 0.0744 3.2E-07 4.3E-08
Hat. RO 000150 | 91E-05 | 2.8E-05 |1.3E-03 ) 34E-07 (1.0E-04 | 10E-04 | 1.0E-04 | 3.7E-09 |3.26-10 |7 3E-11 | 2.1E-06 | 3.0E-05 | 4.9E-06 | §.3E-07 | 49E-10 | 3.4E-08 | 1.4E-11 1.2E-14 1 2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 3.5E-12 0.0776 5.7E-07 3.9E-06
1992
Int. MD 000081 [ 71E-05 | 16E-05 |47E-04 | 20B-07 |1 6E-05 | 1BE-05 | 16E-05 | 35609 [1.2F-10 |1 2E-12 | 7.0E-10 | 1 2E-09 | 4 0E-08 | 23E-08 | 1212 | 2 3E-08 | 88612 2915 S7E-1 1.9E-10 97E-11 1.9E-10 5.8E-10 19612 00744 3 2E-07 4 8E-06
Int. RO 000180 | 91E-05 | 28E-05 |13E-03 | 34E-07 (1.0E-04 | 10E-04 | 1.0E-04 | 3FE-09 |3.2E-10 |7 3E-11|21E-08 | 3.0E-08 | 49E-05 | 53E-07 | 49E-10 | 34E-08 | 1.4E-11 1.2E-14 1.2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 38E-12 00778 5.7E-07 39E-06
Hat. MD | 000081 | 71E-05 | 16E-05 |4.FE04 | 20607 [1.6E-05) 16E05 | 16605 | 3.56-08 |1.2E-10|1.2E-12| 7.OE-10| 12608 | 40E-06 | 2.3E-06 | 12612 | 2.3E-08 | 88612 | 29E-15 S7E-1 1.8E-10 8.7E-11 1.8E-10 5.6E-10 1.8E-12 0.0744 3.2E07 4.8E06
Hat. RO 000180 [ 81E-05 | 28E-05 [13E03 )| 34E-07 |1 0E-04 | 10E04 | 10F-04 | 37609 |32F-10 | 73E-11 | 21E-08 | 30E08 | 49E-08 | §3E-07 | 49F-10 | 34E-08 [ 1.4E-11 12614 1.2E-10 23E-10 12610 2 3E-10 7 0E-10 35612 00776 5 7E-07 39E-06
1991
Int. MD | 0.00091 | 71E-05 | 1.66-05 | 4.7E-04 | 20607 |1.66-05 | 16605 | 16605 | 35609 |1.26-101.26412| 7.06-10 | 12609 | 40606 | 23E-08 | 126412 | 23E-08 | 8B4z | 29645 | 97E-1 1.9E-10 9.7E-11 1.9E-10 5.6E-10 1.9E-12 00744 3.2E-07 4 BE-06
Int. RO |noman | 81605 | 28605 [1.3603 | 34807 10604 | 10E04 | 10604 | 37608 (32610 (73641 | 21608 | 30608 | 49608 | 83607 | 48E40 [ 34608 | 1481 | 12644 | 12610 2 3610 12610 2 3E-10 7.0E-10 35612 0.0776 5 7E07 39E05
Hat. MD 000081 [ 71E-05 | 16E-05 |47E04 | 20E07 |1 6E05 | 1BEDS | 1BE-05 | 35609 (12610 |1 2E12 | 70E-10 | 1 2F08 | 40E-08 | 23F-08 | 1212 | 23F-08 | 88612 28E15 S7E-1 1.8E-10 S7E-11 1.8E-10 58E-10 18912 00744 32807 4 8E-06
Hat. RO 0.00M30 | 91E-05 | 2.8E-05 |13E-03 | 34E-07 (1.0E-04 | 10E-04 | 1.0E-04 | 37E-09 |3.26-10 | 73E-11 | 24E-08 | 3.0E-08 | 49E-05 | §3E-07 | 49E-10 | 34E-05 | 1.4E-11 1.2E-14 4 2E-10 2.3E-10 1.2E-10 2.3E-10 7.0E-10 3.5E-12 00776 5.7E-07 3.9E-08
1990

Int. MD 000031 | FAE-05 | 1BE-05 | 47E-04 [ 20E-07 BE-05 | 16E-05 | 1BE-05 [ 35609 |1 2610 |1 2EA42 | 70E10| 1 2E-09 | 40E-08 | 23E-08 | 12642 | 23608 | BBEA2 2815 TE-11 1 8E-10 97E-11 1 8E-10 5.8E-10 1 8E-12 00744 3.2E-07 4 BE-O6

Int. RO 00080 | 91E-05 | 28E-05 | 1.3E-03 [ 34E-07 OE-04 | 10E-04 | 10E-04 [ 37E-09 |32F-10 |7 3E-11| 21E-05 | 50E-08 | 4 9608 | 53607 | 49610 | 54E-08 | 1.4E-11 12614 2E-10 2 3E-10 1 2E-10 2 3E-10 7.0E-10 G5E-12 00776 5 7E-O07 39E-06

1 9
1 1
Hat. MD | 0.00091 | 74E-05 | 16605 [ 4.7E-04 [ 20507 [1.66-05 | 16605 | 16605 | 35600 [1.26-10[1.2612| 70610 | 12600 | 40E-08 | 23608 | 126412 | 23608 | 68612 | 20645 | 97E-I 1.8E-10 4 .7E-11 1.8E-10 58610 1.8E-12 0.0744 32607 4.8E-06
Hat. RO | vooieo | 91605 [ 28605 (13603 | 34607 [ 10604 [ 10604 [ 10504 | 37E09 |32610 73611 20508 | 3.06.08 | 49505 | 63607 | 49640 | 34608 | 14511 | 12EA4 | 12640 | 2360 1.2E-10 23E-10 7.0E10 35E-12 0.0776 5.7E-07 39E06




Appendix 2 Comparison of old and new estimates

Emission kton (as NO2 or SO2)
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