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1	Introduction
In this factsheet a method for the calculation of diffuse emissions resulting from inland navigation is described. Inland navigation comprises shipping activities that are categorised in domestic as well as international navigation. Here, inland navigation is defined as all shipping (both domestic and international) activity on inland waters. This factsheet does not include recreational vessels and seagoing vessels. 
Professional inland vessels cause losses of PAHs to surface water as a result of the following sources:
· Coatings (paint products applied to vessels). Ships’ outer hulls are fitted with coatings to protect against organisms growing on the hull. PAH-components and metals in the paint products leach out into the surrounding surface water, leading to diffuse emissions into surface waters.
· Bilge water. Ships unintentionally collect bilge water (the bilge is the lowest compartment on a ship) while traveling. Bilge water is often contaminated with oil containing PAHs. Although boat masters are required to collect and deliver the bilge water, it is assumed that a certain amount still is discharged illegally, leading to diffuse emissions of PAHs into surface waters.
· Oil spills of cargo and fuels. Oil spills are the result of accidental and intentional discharges of liquid waste. Spills are caused by a series of incidents and events, in some cases intentionally. The nature of the spilled material varies from mineral oils such as fuels and greases to watery oil emulsions. 

2	Calculation methods
The emissions are calculated for inland vessels. Emissions are calculated by multiplying an activity rate (AR), in the case of inland navigation the number of ton-kilometres (tkm) traversed by all professional vessels on inland waters within a country/River basin, by an emission factor (EF), expressed in emission per AR unit. The calculation method is shown in the formula below:




Where: 
	Es
	=
	Emission of substance (pollutant) to surface waters

	AR
	=
	Activity rate, in this case the traffic performance (distance covered on the EU surface waters in 106tkm)

	EF
	=
	Emission factor (kg/106tkm)



The emission calculated in this way is referred to as the total emission. Because all emissions are released directly into surface waters, the total emission equals the net emission to surface waters.

3	Activity rates
As activity rate is chosen the number of ton-kilometres traversed in inland navigation because it is a well-known unit of measurement within transport, it represents activities of vessels on inland waters and because it is assumed that the numbers are available for most EU member states. There is no discern in type of inland vessels. Emissions are calculated for the inland navigation sector as a whole, therefore the total amount of ton-kilometres per EU member state is required. 

Activity rates are monitored per country. Table 1 shows the national number of ton-kilometres traversed by inland vessels in the years 2018, 2019 and 2020 (most recent year on Eurostat (Eurostat, 2021)). For a quantification on a River Basin District scale, more detailed information is needed.
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Table 1 Number of ton-kilometres per EU member states (Eurostat, 2021).
	Member State
	Amount of 106 ton-kilometres performed 
by all vessel’s inland navigation

	
	2018
	2019
	2020

	Belgium
	151972
	155695
	156131

	Bulgaria
	15462
	18735
	18924

	Czechia
	390
	779
	397

	Germany
	197904
	205066
	188022

	France
	59582
	64313
	55979

	Croatia
	8182
	6491
	7077

	Luxembourg
	5741
	6433
	5755

	Hungary
	6926
	8592
	8803

	Netherlands
	357279
	357069
	349006

	Austria
	7202
	8512
	8247

	Poland
	3126
	2870
	2517

	Romania
	29714
	33261
	30518

	Slovakia
	5567
	6430
	6004

	Finland
	
	527
	512
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In this section it is explained how the EU inland navigation emission factors are obtained. The general applied method consists of dividing the Dutch 2019 emissions by the Dutch 2019 number of ton-kilometres traversed (ER 2021). In this way, an implied emission factor for inland navigation is derived. Emissions and ton-kilometres were obtained from the Dutch factsheets ‘Coatings, inland navigation’, ‘Oil spills by inland navigation’ and ‘Discharges of bilge water by inland navigation’ (Netherlands National Water Board – Water Unit, 2016a, 2016b, 2016c). These factsheets contain emissions that were calculated with data obtained from (inter)national literature sources. Therefore, it is assumed that the derived implied emission factors are suitable for the calculation of diffuse emissions in the EU. 

The methodology for the three sources is described in detail in the factsheets of the Netherlands National Water Board (2016a, 2016b, 2016c). The following is a brief description of how the emissions were calculated:
· Coatings. Emissions for leaching from coatings are calculated by a simple method which involves multiplying an activity rate (AR), in this case the "wet surface area x route covered" of inland vessels on country specific routes, by an emission factor (EF) per substance, expressed in emission per unit of AR. The occurrence of PAH-based coatings plays also an important role in this respect.
· Bilge water. The emissions are calculated by multiplying the quantity of bilge water produced (minus the collected amount of bilge water) by the average content of mineral oil in the bilge water.  The average oil content in the bilge water is the emission factor (EF), expressed in emission per unit of AR (mg/kg). The PAH emission is then derived from the assumed PAH content in the mineral oil. 
· Oil spills. The emissions are calculated based on the recorded quantity of spills annually. In this derivation, the activity rate (AR) is the annually registered spilled quantity of mineral oil (kg). The emission factors (EF) for the assumed PAH content is expressed in g/kg of the AR. 
To obtain emission factors per pollutant, emissions for all sources calculated in the mentioned Dutch factsheets were added up and divided by the number of ton-kilometres on Dutch inland waters so that emission factors representative for the sum of all three sources are compiled. The results are emission factors for each pollutant in kg/106 tkm. In Table 2 the calculated emission factors are shown.

Table 2: Implied emission factors per substance per source for inland navigation in g/106 tonkilometres.
	Emission to surface water (g/106 tonkm)
	Leaching from coatings
	Discharges of bilge water
	Oil spills of cargo and fuels
	EF 

	Anthracene
	0.68
	0.061
	0.88
	1.6

	Benz[a]anthracene
	0.7
	0.0081
	0.12
	0.83

	Benzo[a]pyrene
	0.72
	0.004
	0.059
	0.79

	Benzo[b]fluoranthene
	0.89
	0.004
	0.0008
	0.89

	Benzo[g,h,i]perylene
	0.77
	0.0001
	0.002
	0.77

	Benzo[k]fluoranthene
	0.38
	0.004
	0.0008
	0.38

	Chrysene
	0.77
	0.004
	0.059
	0.83

	Fluoranthene
	1.4
	0.041
	0.58
	2.02

	Indeno[1,2,3-c,d]pyrene
	0.72
	0.004
	0.0003
	0.73

	Naphtalene
	13.5
	0.44
	6.3
	20.2

	Phenantrene
	1.4
	0.3
	4.4
	6.1



5	Emissions to water
Emissions from coatings result from contact of the ship with surface water, therefore these emissions are directly (for 100%) released into surface waters. Emissions of bilge water are assumed to be partly collected and partly released into surface waters. Collected bilge water is usually treated; the pollutants therein are not released into the environment. The discharged part however is assumed to be directly released into surface waters. Oil spills are also directly released to surface water. Therefore, the emissions from inland navigation are for 100% released into surface waters.
6	Conclusions
The emission factors described are derived from international literature, used for the Netherlands and have also been applied in the Rhine catchment. The emission factors can also be applied to other countries of RBDs. In case there should be more (country specific) information available on the use of PAH coatings, the collection of bilge water or the occurrence (amount and size) of oil spills, these can be adjusted.

7	References
Eurostat, 2021; https://ec.europa.eu/eurostat/databrowser/view/ttr00007/default/table?lang=en
Netherlands National Water Board – Water Unit, 2016a. Emission estimates for diffuse sources, Netherlands Emission Inventory, Coating inland navigation, in cooperation with Deltares and TNO. 

Netherlands National Water Board – Water Unit, 2016b. Emission estimates for diffuse sources, Netherlands Emission Inventory, Discharges of bilge water by inland navigation, in cooperation with Deltares and TNO.

Netherlands National Water Board – Water Unit, 2016c.  Emission estimates for diffuse sources, Netherlands Oil spills by inland navigation, in cooperation with Deltares and TNO.

ER, 2021. Dutch Emission data inland shipping, ER1990-2018, www.emissieregistratie.nl



6
P12 - INLAND NAVIGATION, 06-09-2021
image1.wmf
EF

AR

E

s

´

=


oleObject1.bin

