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Sammanfattning 
SMED står för Swedish Environmental Emissions Data, som är ett 

samarbete mellan IVL Svenska Miljöinstitutet AB, SCB Statistiska 

Centralbyrån, SLU Sveriges Lantbruksuniversitet, och SMHI Sveriges 

Meteorologiska och Hydrologiska Institut. 

I detta projekt har ett stort antal emissionsfaktorer för sjöfart (shipping) och 

småbåtar (recreational boats) utvärderats och nya uppdaterade emissions-

faktorer har tagits fram. De uppdaterade emissionsfaktorerna omfattar även 

en översyn tillbaka i tiden till år 1990 och för vissa parametrar även prognos 

till år 2035.   

Många av de nuvarande emissionsfaktorerna som används inom sjöfart och 

för småbåtar uppdaterades för över tio år sedan. Sedan dess har fler 

mätningar och utredningar utförts av fartygsemissioner och fartygsteknik, 

samt mer luftreningsteknik på fartyg har installerats. Även ny lagstiftning 

kommer att komma eller har redan trätt i kraft som kan tjäna som grund för 

uppdateringen, i synnerhet för prognoser. Dessutom har teknikutveckling 

och bränsleförändringar under de senaste tio åren påverkat utsläppen, vilket 

behöver återspeglas i den svenska rapporteringen av utsläpp till luft.  

De uppdaterade emissionsfaktorerna är generellt högre än de nuvarande för 

tidigare år, för att sedan sjunka under de nuvarande i nutid och generellt 

fortsätta sjunka i prognoserna. Stora variationer förekommer emellertid 

mellan parametrar, t.ex. emissionerna av ammoniak (NH3) från sjöfarten 

kommer att öka till följd av antagen ökad användning av SCR-rening.      

De totala emissionerna är i allmänhet i nivå med de nuvarande, för vissa 

parametrar finns betydande skillnader, särskilt för tidigare år (1990-2000). 

De uppdaterade och nuvarande emissionerna tenderar att bli mer lika ju 

närmare nutid man kommer.   
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Summary 
SMED is short for Swedish Environmental Emissions Data, which is a 

collaboration between IVL Swedish Environmental Research Institute, SCB 

Statistics Sweden, SLU Swedish University of Agricultural Sciences, and 

SMHI Swedish Meteorological and Hydrological Institute. 

Within the current project, several national emission factors for shipping 

and recreational boats have been reviewed. Revised factors have been 

proposed for the historic years 1990-2015 and for some parameters also the 

future years 2016-2035.  

Many of the present emission factors that are used within the shipping and 

recreational boat sectors for the Swedish emission inventory were last 

reviewed and updated more than ten years ago. Since then, more 

measurement and analysis data have become available and abatement 

technologies have been installed, as well as further, new legislation has and 

will come into force that can serve as a basis to update some emission 

factors. In addition, technology development and fuel changes during the 

last ten years have in many cases affected emission levels, which needs to 

be reflected in the Swedish air emission reporting. 

The revised emission factors are in general higher in earlier years then those 

presently used. For recent years, emission factors are in general close to the 

present ones, and for projected years they drop further. However, there are 

large differences between the parameters, for example ammonia (NH3) in 

shipping will rise in the future due to increased use of SCR.  

The total revised emissions are in general in line with the present, for some 

substances there are considerable differences, especially for earlier years 

(e.g. 1990-2000). The revised and present emissions tend to be more similar 

for recent and present years.        

 

 

Keywords: Air pollution, Shipping, recreational boats, emission factors, 

Sulphur fuel content, abatement technology. 
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Background 
Emission factors (EF) for marine engines (shipping) and recreational boats 

are used in the SMED1 consortium in order to estimate the national emission 

to air in Sweden and internationally.  

In the Swedish emission inventory, emissions from the shipping and 

recreational boat sectors are calculated using data on fuel consumption 

and EFs. Many EFs are however last updated more than ten years ago 

and run the risk of being outdated and not representative for current 

conditions.  

There have been studies showing that some EFs do not represent the 

present emissions from the sector and should be updated. One 

example is the composition of engine types in Swedish waters where 

earlier calculations have been based on an inaccurate composition 

picture.   

EFs for several pollutants are likely to have changed continuously, 

due to lower fuel sulphur content, technological development in 

engines, changed engine type composition and more widespread use 

of emission control technologies. 

 

 

 

 
1 SMED = Svensk MiljöEmissionsData 
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Objective 
 

The Swedish Environmental Protection Agency (Swedish EPA - 

Naturvårdsverket) intends to develop new and update present EFs for a 

number of parameters regarding emissions to air from shipping and 

recreational boats in Sweden. The updated EFs are expected to be more 

accurate than the present ones.  

With new and updated EFs it is possible to calculate more accurately the 

total emissions and they also enable to perform more robust emission 

projections and emission scenarios. Total current emissions to air from 

shipping and recreational boats are reported to the Swedish EPA as a part of 

Sweden’s international reporting obligations on air emissions. 
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Scope 
 

The scope of this study is to present a new set of EFs for air pollutants from 

shipping and recreational boats. Some of the EFs will replace present ones 

back to year 1990, some will be new parameters that are not earlier used in 

the international reporting. A projection of future EFs (until year 2035) is 

also conducted for some parameters. Moreover, this study´s scope also 

includes an assessment of EF differences between national (domestic) and 

international shipping. The compilation in Table 1 illustrates the study’s 

scope. 

 
Table 1. Scope of this study with respect to emission parameters and desired EFs for different time 
periods and fuel types.  

Emission parameter   Shipping  
(RO or MGO/MDO2) 

Recreational Boats 
(Gasoline or Diesel) 

Name Short 
name 

Update 
1990-2015  

Projection 
2017-2035 

Update 
1990-2015  

Projection 
2017-2035 

Nitrogen dioxde NOX 
 

 x x 

Carbon monoxide CO 
 

 x 
 

Volatile organic compounds NMVOC 
 

 x x 

Total suspended particles TSP x  x x 

Particle mass <10 µm PM10 x  x x 

Particle mass <2.5 µm PM2,5 x x x x 

Black carbon BC x x x x 

Ammonia NH3 x x x x 

Arsenic As x 
   

Cadmium Cd x 
   

Chromium Cr x 
   

Copper Cu x 
   

Mercury Hg x 
   

Nickel Ni x 
   

Lead Pb x 
   

Selenium Se x 
   

Zinc Zn x    

benso(a)pyren b(a)p x 
   

benso(b)fluoranten b(b)f x 
   

benso(k)fluoranten b(k)f x 
   

indeno(1,2,3-cd)pyren ind x 
   

PAH4 total PAH4 x 
   

Dioxin/Furan (TEQ WHO) Dioxin x 
   

Polychlorinated biphenyl, 
total 

PCB tot x 
   

Hexachlorobenzene HCB x 
   

 
2 RO = Residual oil; MGO = Marine gas oil; MDO = Marine diesel oil, see section Fuel Type.  
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Methodology 
 

Influencing aspects on shipping emissions 

to air 

Overview 

Estimating EFs in shipping does not differ from other technical studies 

when it comes to the necessary first step: to delimit the relevant impact 

parameters that may influence the calculations and are used according to 

practice in the field. By experience, literature review, expert discussions and 

other sources, the following parameters are determined within the scope of 

current study:  

 

1. Engine type 

2. Fuel type 

3. Sulphur content in fuel and “Fuel quality” 

4. Engine operation mode (load) 

5. Use of air pollution control technologies 

 

Fuel Type 

In this study, the task was to estimate EFs for the following fuel types; 

Shipping:  

a) Heavy fuel oil (HFO), also called Bunker fuel oil (BFO) or Residual 

oil (RO) 

b) Marine diesel oil (MDO) 

c) Marine gas oil (MGO) 

Marine distillates can be broadly divided into two categories namely MGO 

and MDO. MDO is classified as fuel with a viscosity3 between 5,5 - 50 cSt4 

and MGO 1 - 5,5 cSt. The majority of world-wide sales of marine distillates 

are produced and sold under quality standards categorised under ISO 8217, 

which places maximum limits on their chemical and physical properties, 

including sulphur content (Entec, 2002). 

For MDO and MGO, there is no specific information found that differ these 

two in any of the studied literature or other sources, consequently calculated 

EFs for the two fuel types are the same in all cases.     

 
3 At 50°C 
4 cSt = centistokes, physical unit for kinematic viscosity.   



  

 12 

Engine type  

The emissions are dependent not only on fuel type and operation mode, but 

also the “engine type” where the fuel is combusted. It is practice in the field 

of shipping and in earlier studies to categorize the engines into five main 

engine types (Trozzi, 2016; Cooper and Gustafsson, 2004; Moldanová et. 

al., 2010; Segersson and Fridell, 2012), these are; 

 

• Slow speed diesel engine (SSD) 

• Medium speed diesel engine (MSD) 

• High speed engine (HSD) 

• Steem turbines  (ST)  

• Gas turbines (GT) 

 

Since the EFs often differ between these categories, information on how the 

fuel consumptions is distributed between these engine types is required in 

order to calculate EFs as fuel as basis. An earlier study by SMED 

(Segersson and Fridell, 2012) investigated the engine type distribution in 

Swedish domestic shipping, including auxiliary engines.  

The engine type distribution used earlier followed a composition for 

European conditions, and was also used for domestic shipping - 

unfortunately it gave a somewhat misleading distribution for Swedish 

conditions. The reason is that the European fleet outside Scandinavia is 

dominated by the fuel efficient low-speed diesel engines (SSD), but for 

Swedish domestic shipping, there is a relatively large number of ferries 

which typically have medium-sized diesel engines (MSD) (Segersson and 

Fridell, 2012).  

In Table 2 the percentage distribution of the combination of engine types 

and fuel types, in Sweden and Europe, respectively, are shown.  

 

 

 

 

 
Table 2. Percentage distribution between engines types, within each fuel type, in Sweden and in 
Europe (year 2011). 

  Sweden 

HFO 

 

MD 

Europe 

HFO 

 

MD 
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SSD 19.3   0.0 44.5   0.6 

MSD 68.7 28.4 47.0   4.7 

HSD 10.9 45.9   2.5 46.8 

GT   0.0 25.5   0.1 32.2 

ST   1.2   0.2   6.0 15.8 

Total 100 100 100 100 

 

Engine operating mode (engine loads) 

The engine load - which is the ratio of the used engine power to the installed 

maximum engine power - will influence the emissions. The dependence of 

EFs will vary for different substances. For substances where the emissions 

are decided by fuel parameters (such as metals and sulphur) the EFs, when 

given as mass of emission per mass of fuel consumed, will not depend on 

engine load.    

In reality, the engine load is constantly varying but may be generalized to 

different “operational modes”. The operational modes are often generalized 

into three phases; 1) at berth/in port, 2) maneuvering and 3) at sea. “At sea” 

is the completely dominant mode and represents the time when the ship 

operates at cruise speed on open sea, where the engine is normally estimated 

to be 80% for the main engines (Cooper and Gustafsson, 2004; Moldanova, 

2010, Trozzi et. al. 2016).            

Sulphur content in fuel and Fuel quality 

When calculating emissions to air from shipping, the Fuel Sulphur Content 

(FSC) has been a crucial parameter for a long time, mainly because of its 

complete correlation to the sulphur dioxides emissions, but also its impact 

on the formation of particulates. FSC also indicates a general “fuel quality”. 

The Swedish Transport Agency - Transportstyrelsen (2016) was contacted 

to collect fuel analysis of different fuel types (HFO, MDO, MGO) with 

respect to FSC, and they shared an analysis data sheet for around 440 

marine fuel samples. Information was also given whether the samples were 

taken in port or at sea, and whether sampling had been preceded by a fuel 

switch. The last mentioned aspect may have certain relevance if the ship is 

just coming from a port outside SECA5. All samples were taken in the ports 

of Stockholm, Gothenburg and Malmö.   

 
5 SECA = Sulphur Emission Control Area 
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The analysis result are shown in the Table 3. 

 
Table 3. Average FSC in marine fuels analyzed in Sweden, samples taken in Stockholm, 

Gothenburg and Malmoe (2015). 

Fuel type Number of 
samples 

FSC,  

average (%) 

  

HFO 12 0.8513   

MGO 405 0.0842   

MDO 22 0.0876   

 

FSC is obviously needed to calculate SOX/SO2 emissions (not included in 

this study), but is also essential when it comes to estimations of the 

particulate fractions since sulphate (SO4) becomes the dominant component 

of the particles in the atmosphere.  

The correlation between FSC and PM emissions was examined within the 

Transphorm project6 (Moldanová et al., 2010) which reviewed several 

previous studies and measurement campaigns of EFs for shipping.  

When the study compiles all the available measurement data of EFPM (g/kg 

fuel, RO) at cruise conditions (engine load 75-90%), and plots them against 

FSC, there is a clear positive trend in EFs for PM. By regression analysis of 

the observed data points, the authors suggest that EFs PM for HFO relate to 

FSC according to the formula below; 

 

EF (PM) = 2.084*FSC1.4633   (F1) 

 

Transphorm further presents EFPM2.5 values as a function of engine load and 

FSC (STEAM2 model, Jalkanen et al. (2011), for references see 

Transphorm report), see Table 4.  

 
 

Table 4. Total PM2.5 emission factors (g/kWh) at selected engine loads and FSC (wt-%), 
(Moldanová et al. 2010).  

 
6 Transport related Air Pollution and Health impacts – Integrated Methodologies for 
Assessing Particulate Matter. 
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If applying the formula mentioned above (F1), the conclusion is that it 

works well for levels of FSC higher than about 1.5-2%, but its correlation to 

PM emissions quickly weakens below that FSC level. Due to relatively low 

sulphur contents in the Swedish fuel analysis, the FSC from this perspective 

generally seems to have minor interest. Still, the FSC indicates a general 

“fuel quality” which indirectly affects other parameters and is valuable 

information when evaluating other studies. Moreover, the formula may be 

relevant when updating EF for previous years, when the fuel has higher 

levels of sulphur.    

Air pollution control technologies 

Air pollution control technologies influence the actual emissions, when 

separating or transforming pollutants in the exhaust gas stream after the 

combustion takes place. This principle to abate air pollutions is called “end-

of-pipe” and differs from so called “process-internal” or changes in fuel 

and/or matter. In this study, control technologies only refer to end-of-pipe 

solutions. The most common air pollution control technologies used in 

shipping are the following; 

• SCR - Selective Catalytic Reduction  

• EGR - Exhaust Gas Recirculation7 

• OC - Oxidation Catalyst  

• Scrubber - Absorption in a liquid, often water (with or without 

additives) 

SCR and EGR aim at reducing NOX emissions, but SCR at the same time 

causes NH3-emission by using ammonia as the reducing agent (without SCR 

the NH3- emission is normally insignificant). Oxidation catalyst mainly 

affects CO and VOC, and possibly also particles. Installing scrubbers on 

ships is intended primarily to clean sulfur oxides (SOX), but can also absorb 

particulates to varying degrees (and consequently substances physically 

bound to the particles). A scrubber can also reduce the emissions of VOCs 

 
7 EGR works by recirculating a portion of an engine's exhaust gas back to the engine 
cylinders, it is a border case if it is called “end-of-pipe”.  
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and possibly other gaseous substances that are soluble in the scrubbing 

liquid. 

In this study, scrubbers and SCR are the only control technologies of 

interest due to the scope of emission parameters to be evaluated. The effect 

of oxidation catalyst on particles is uncertain and has been ignored in this 

study.        

Scrubbers 

In the analysis results from Transportstyrelsen, it was sometimes noted 

whether the ship in question has a scrubber or other cleaning technology 

installed. Of the 420 samples, this note was only on one single vessel 

(0.25%), which means that the purification is negligible in the (analyzed) 

fleet, or that the information  is not filled in.   

There is no (known) existing compilation of control technology on ships 

available today. Experts have been contacted and give a consistent picture 

that there is no such information possible to evaluate, but the general 

opinion is that the share of ships in Swedish waters that have scrubbers 

installed is very small and negligible today (2017)8. However, the 

Environmental Manager of Gothenburg Port9 claims that there are about 800 

ships in the world that have scrubbers installed, which means around 1% of 

the world fleet and this picture is also representative for domestic marine 

waters.     

According to a technical note from the BONUS research project SHEBA 

(2017), the maximum use of scrubbers in total for all ship types in year 2030 

is estimated to about 15 % and in year 2040 about 20 % (with respect to fuel 

heat content). It is also assumed that ships with scrubbers when combusting 

RO/HFO emit particles in line with the MDO/MGO emission levels (Fridell 

and Salo, 2014).   

Selective Catalytic Reduction (SCR) 

Regarding use of SCR, a comparison of the number of ships with NOX-

certificates show that 29 international ships have SCR installed year 2015, 

but only five national ships10 (Fridell, 2015).   

In the project SHEBA (2017), an estimation of the future use of SCR use 

has been made (Fridell, 2017). The calculations are based on a number of 

 
8 Reidar Grundström (2017) at Swedish Maritime Administration; Caroline Petrini (2017) 
Transportstyrelsen; Hulda Winnes (2017) at IVL and Erik Fridell (2017) at IVL.   
9 Edward Molitor (2017). 
10 National and International traffic is defined in section National (domestic) and 
International shipping 
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basic assumptions: that NECA11 will come in force in year 2021, an average 

ship lifetime of 27 years, and that 50 % of the new ships introduced to the 

fleet have SCR installed.     

National (domestic) and International shipping 

This study also includes analyzing the difference between emissions from 

shipping “national” (domestic) and “international”. National or domestic 

shipping is defined as routes between Swedish ports, and international, by 

consequence, are routes that call at least one foreign port.  

Fuel consumption  

Fuel consumption data for shipping is provided by SCB (Statistics Sweden) 

and labeled as fuel used in sectors 1A3d (ii National navigation (shipping)) 

and 1D (Bunkers, International navigation)12. The fuel data is in turn 

divided into three categories; diesel, EO1 and EO2-5. Diesel and EO1 are 

merged to one value and interpreted as corresponding to MDO/MGO, while 

EO2-5 is interpreted as HFO/RO in the calculations of total emissions.   

 

Emission parameters 

Particulates 

Regarding the EFs for particulates (PM), emissions vary with engine type, 

fuel type, FSC and engine operation mode. Cooper and Gustafsson (2004) 

presented EFPM for cruise conditions for different marine engines and fuels, 

divided into residual oil and marine distillates together with EFPM from Lloyds 

emission database based on studies from European Commission (EC, 2002). 

These EFs are based on a larger number of measurements (about 45 

measurements in the IVL database and 25 in Lloyd’s database). The average 

FSC in RO for the studies were 2.3% and 2.7% respectively. 

Moldanova (2010) claims that some measurements indicate that the PM2,5 

represents about 50 - 70% of the total suspended particles (TSP) could be as 

PM2.5 and the remainder as PM10. Also other studies show that, as for other 

diesel engines, the emissions are dominated by particles with diameter < 1 

μm (i.e. TSP = PM10 = PM2.5). There are also studies that show the presence 

of larger (tar-like and re-entrained) particles in the exhaust from slow speed 

engines using HFO (Lyyränen et al., 1999; Fridell et al., 2008; Moldanova 

et al., 2009) indicating that TSP may be larger than PM10.   

 
11 NECA = NOX Emission Control Area.   
12 CRF/NFR-codes 
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Black carbon/ Soot 

Black carbon (BC, often assumed as synonymous to elemental carbon (EC), 

sometimes incorrectly named as “soot”) needs a special introduction and has 

been suffering from definition problems. Here, we simply note that BC is 

solid matter and appears as a part of combustion (or non-combustion) 

particles.    

EFs for BC are often derived as a share of EFPM, and it is proposed to use 

the BC fractions derived from the plume measurements made by Lack et al. 

(2009) and to distinguish only between fuel types (Trozzi et. al. 2016). The 

main reason for this choice is that the study is very comprehensive having 

measured the emissions from 211 commercial vessels. The data for slow 

speed engines from Lack et al. (2009) is used to represent HFO/RO, 

whereas the average of the emissions from medium and high speed engines 

is used to represent MDO/MGO (Trozzi et. al., 2016).  

In Kindbom et. al. (2015) there is a collation of current values published for 

“soot” EFs from marine engines and large commercial vessels. There are 

several variables that affect the non-coherence of the available “EFsoot”. 

They are related at least to the measurement position (exhaust pipe or 

ambient plume), if the engine is slow speed 2-stroke or medium speed 4-

stroke, the type of operation of the engine, the age, i.e. emission category of 

the engine, the accuracy of information of the emission source(s) in plume 

measurements or powering/fuel consumption at the moment of the 

measurement. The EFsoot is thus a function of both engine load and fuel 

quality (Kindbom et. al. 2015).   

Metals 

Metal emissions to air from shipping normally have their origin in the fuel 

but may also be derived from lubricant oil (Moldanová et al., 2010). The 

engine or other metal components may also contribute to the metal 

emissions, although this is dependent on which metal and maybe other 

circumstances. An estimation of EFs for metals can consequently not be 

based solely on the metal content in the fuel. Anyway, according to 

Moldanová et al (2010), there is a large variability in fuel composition 

affecting the EFs for metals, which is often larger than the effect of engine 

load.    

Metals are normally physically bounded to the particles (except Hg), and 

thus the determination of EFs for metals mean chemical analysis of the 

particulate matter. In Moldanová et al (2010), EFs for different metals 

obtained from particle filter deposits are reported. EFs for twelve metals and 

semimetals, as well as sulphur and phosphorus were obtained from XRF 
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analyses. Four of them are matching the scope of this study (Chromium 

(Cr), Nickel (Ni), Copper (Cu) and Zinc (Zn)).    

Polyaromatic hydro carbons (PAHs) 

Different species of PAHs occur in the fuel used in shipping; however the 

combustion process like incomplete combustion, e.g. at low engine loads, 

also creates PAHs.  

EFs for  benso(a)pyren, benso(b)fluoranten, benso(k)fluoranten, 

indeno(1,2,3-cd)pyren and PAH4 (the sum of the four previous), are 

presented in Moldanová et al (2010), which are the same parameters as 

desired in this study. Some EFs for different engine loads (30%, 57% and 

80%) are also presented in the same report differentiated with respect to 

engine type.  

Ammonia 

Emissions of ammonia from diesel engines are normally low but the use of 

SCR for NOX reduction, where urea or ammonia is used as reducing agent, 

may lead to a certain ammonia slip. For shipping the fraction of the fuel 

used in ships with SCR can be used to determine the EFs for ammonia.  

Other emission parameters  

Within the scope of this project, also the emissions of dioxin/furans, total 

PCB, and HCB from shipping are evaluated. EFs are found in Cooper and 

Gustafsson (2004a; 2004b) only. Cooper and Gustafsson (2004b) provide 

preliminary updated EFs (based on new measurements) for HCB, total PCB 

and dioxins that are confirmed in the IVL Report B1620 (Cooper, 2004).   

 

Calculation of shipping emission factors  

General sources 

EMEP/EEA air pollution emission inventory guidebook 2016 (Trozzi et. al. 

2016) is the technical expert guidance to prepare national emission 

inventories. The guidebook supports the reporting of emissions data under  

the UNECE Convention on CLRTAP13 and the EU National Emission 

Ceilings Directive.14 This document is an important information source in 

this study and is from now on called simply Guidebook 2016. 

 
13 CLRTAP = Convention on Long-range Transboundary Air Pollution. 
14 www.eea.europa.eu/publications/emep-eea-guidebook-2016  

http://www.eea.europa.eu/publications/emep-eea-guidebook-2016
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The Guidebook 2016 describes procedures that present the selection of 

methods for estimating emissions from shipping (and boats), dependent on 

available information. These are called Tier 1, 2 and 3 and are explained 

below:  

1. Tier 1, default EFs based on fuel consumption per fuel type 

2. Tier 2, EFs based on fuel consumption per fuel type and engine type 

(country specific) 

3. Tier 3, EFs for vessel movements stratified by engine technology 

either as mass/kWh or mass/h.        

Considering the methodology proposed in Guidebook 2016, the Tier 1 

and/or Tier 2 are the appropriate levels when estimating EF in this study, 

since information about fuel consumption and engine types/ fuel types are 

available, but not the vessels or boats movements (Tier 3).  

The study Methodology for calculating emissions from ships, part 1 and 2 

(Cooper and Gustafsson, 2004) has since it was published been a natural 

(and the only comprehensive) information source for calculating emission to 

air from shipping in Sweden. It presents EFs for not less than 28 different 

emission parameters from shipping. Some of these EFs have been used by 

SMED and the international reporting for some years but need to be 

updated. Some have not been in use for this purpose because there has been 

no obligation to report them. Cooper and Gustafsson (2004) is despite its 

age a valuable source for estimating EFs of parameters when other 

information sources cannot be find . 

Engine type 

The information sources of EFs for shipping rarely provides information 

that can be used to differentiate between domestic and international EFs. 

Anyway, the compositions of engine types (see section Engine types) is 

different in the rest of Europe than in Sweden, and this fact serves as a 

ground how to differ EFs in this case. Thus, “Europe” is used to represent 

international, and “Swedish domestic” is used for domestic. International 

emissions will therefore be calculated with EFs that are weighted with the 

distribution from Cooper and Gustafsson (2004), while domestic emissions 

are calculated with EFs based on the distribution in Segersson and Fridell, 

(2012).  

Engine load 

Most of the fuel is consumed in the main engine when cruising at sea, where 

the engine load is generally assumed to be 80% (Trozzi et. al. 2016). Lower 

engine loads occur when the ship is in port or approaching berth (with other 
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EFs), but no easily accessible information has been found about the 

distribution of fuel consumption between different engine loads.  

We judge that an engine load of 80 % is totally dominant and it is 

reasonable to let it represents the whole ship journey in this study. 

Therefore, EFs from other operation modes have not been accounted for.  

Fuel Sulphur Content 

According to the sample analyses made by Transportstyrelsen (2016) the 

FSC of MDO/MGO is around 0.1% and the FSC of HFO/RO around 1%. 

This information is used when choosing EFs given in the sources if the 

values differ with respect to FSC.  

Particulates and black carbon (TSP, PM10, PM2,5, BC) 

The method to estimate the EFPM is described below.  

First, the EF for today (2015) is determined when combining relevant 

sources, which in practice means the Cooper and Gustafsson (2004) study, 

the Transphorm study and data given in Guidebook 2016 (source: Entec 

2002 and Entec 2007). Our assessment is that Cooper and Gustafsson 

(2004) is the most reliable general source, and the PM EFs of today are 

calculated mainly based on that study.  

For the years 1990-2006 - when the FSC was high enough to make the 

Transphorm formula relevant - this formula is used. In year 2006 the FSC 

was 1.8% but decreased quickly to 1.3 % in year 2007 for HFO/RO. The 

formula in Transphorm is deemed trustworthy for higher FSC because of the 

relatively solid analysis data and being a more recent source than Cooper 

and Gustafsson. The EFPM for the years 2007-2015 are then calculated 

through linear interpolation.      

We assume that the figure given in the SHEBA-document about scrubbers is 

applicable to Swedish conditions, and the EF for particulate parameters is 

computed by applying a linear increase of scrubber use from 2016 (1% 

scrubbers) to 2030 (17% scrubbers), and 2040 (20% scrubbers) - though our 

calculation do not go beyond year 2035.  

EFTSP and EFPM10 are finally extrapolated from EFPM2.5 with the same 

relation as for the EFs in Guidebook 2016 for Tier 1.    

Due to the multitude of variables and uncertainties that affect the EFsoot, a 

detailed conclusive breakdown of the data is not possible. Only some 

tentative conclusions can be drawn, like for example with MSDs the EFsoot 

tends to rise steadily with lower engine load. For the SSDs there is no 
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general trend, and the EFsoot is relatively constant irrespective of load 

(Kindbom et. al. 2015). 

The conclusion of the uncertainties about BC when estimating EFs from 

shipping is that the most reasonable method is to calculate BC directly as a 

share of PM, and using the proposed shares given by Trozzi et. al. (2016) in 

Guidebook 2016, see Table 5: 

 
Table 5. BC- share of PM for different fuel types suggested by Trozzi et al. (2016) in 

Guidebook 2016.  

Fuel type BC- share of PM 

HFO 0.12 

MGO 0.31 

Gasoline (boats) 0.05 

Diesel (boats) 0.55 

Ammonia (NH3) 

In the research project SHEBA, calculations of future EFs for NH3 for 

shipping have been performed (Fridell, 2017). The EF projection is based on 

a number of assumptions, but the controlling parameter is the use of SCR 

domestically and internationally. EFs are given for the years 2015, 2020, 

2025 and 2030. 

EFs for NH3 are also found in Cooper and Gustafsson (2004), with 

distinction between domestic and international shipping due to greater 

fraction of SCR in use domestically. 

Moldanová et al. (2010) presents an EFNH3 expressed as an addition if SCR 

is installed (+ 0.1 g/kWh). 

To calculate the EFNH3 for shipping, the values from SHEBA have been 

used as baseline, but with some adjustments of the EF 2015 to align with 

Cooper and Gustafsson (2004) values to considering different engine 

composition (domestic and international EF). The EFs 2015 for both sources 

are almost the same except for domestic RO, which is slightly higher with 

engine composition taken into account. Linear interpolation is used in 

general to connect all years in between. 

Metals (As, Cd, Cr, Cu, Hg, Ni, Pb, Se, Zn) 

To estimate EFs for metals, the measurements with the most representative 

conditions should be chosen. In our case, measurements that are done when 

using a fuel with FSC close to 1% (HFO) and 0.1% (MDO/MGO) are 

preferable as information source. Note that the FSC obviously does not have 
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a direct influence on the metal emissions but is a good indicator of the 

general fuel quality which gives information also about other substances and 

emission parameters (like metals).  

Cooper and Gustafsson (2004) is used as the primary source for EF metals, 

but also data from the Transphorm study has been weighted in for some 

metals when reasonable (Cr, Ni, Zn). Since the metals are strongly bound to 

the particles, the percentage change of EFPM over time is directly used also 

for metals (except Hg). EFHg are set to a constant value for all years in the 

absence of other information.    

Polyaromatic Hyrocarbons (PAH) 

EFPAHs have basically two sources that are both deemed as reliable: 

Transphorm (Moldanová et al., 2010) and Cooper and Gustafsson (2004). 

Transphorms EFs are about 3- 6 times higher, and are chosen as the prime 

data source for these substances. To use Transphorm instead of Cooper and 

Gustafsson is reasonable in this case since the study is newer and deemed 

well-supported.       

Since the PAHs are strongly bound to the particles, the percentage change of 

PM EFs is directly used also for PAHs. (PAHs also appear in gas phase, 

however, this has been ignored in this study.)      

Other (Dioxin/Furan, PCB tot, HCB) 

No other data source then Cooper and Gustafsson (2004) has been found 

about these parameters, and is therefore used. The EFs given are the same 

for all engine types but differ between to two fuel types, these numbers are 

suggested as EFs in this study without adjustments.   

Since these substances are strongly bound to the particles, the percentage 

change of EFPM is directly used also for these.   

Uncertainties 

Uncertainties refer to the estimated error span of a (computed) value, often 

given as a percentage. In Cooper and Gustafsson (2004), the uncertainties 

are given in two different intervals depending on the parameter; 20-50% and 

>50%, respectively. 

In Guidebook 2016 (Trozzi et. al. 2016), the uncertainty for particles (TSP, 

PM10, PM2.5) is estimated to 25% (at sea).  

An uncertainty range of 20 % for the EFBC is stated by Lack et al. (2009), 

and this EF uncertainty range is adopted for the Guidebook 2016 as well. 

There are no uncertainties provided in the Transphorm study (Moldanová et. 

al., 2010).  
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Uncertainties are applied for each parameter separately according to the 

sources above. If an EF is calculated based on more than one calculation 

factor, the uncertainty range is increased.   

 

Calculation methods for Recreational 

boats 

General information 

The literature research about recreational boats (also called leisure crafts) 

leads us to the following main sources; the Guidebook 2016 (Trozzi et. al., 

2016), a number of Boating surveys or Båtlivsundersökning (BL) and two 

EU directives. The Boating survey is an examination about recreational 

boats that is made every fifth year in Sweden, which supplies various data 

about the recreational boat population, engine type, user habits, fuel types 

etc.  

Calculations of EFs for recreational boats differ somewhat from estimations 

of EFs for shipping. One important parameter is, as for shipping, the fuel 

type (for recreational boats gasoline or diesel), but in addition to that, the 

emissions are mostly dependent on engines changes because of new 

legislation and technological development, or if the engine is working with 

two or four strokes (2s, 4s). Since new engines that enter the market seem to 

be in constant change, the exchange of the engine stocks is accordingly 

important factors for calculation of weighted EF for gasoline and diesel 

respectively.   

Information sources 

The current study has considered information from BL2004, BL2010 and 

BL2015 regarding different boat categories, fuel type, engine type, power 

class and their distribution in the Swedish recreational boat population. 

Unfortunately, the information for these parameters are often given one at a 

time and the distribution for one parameter within another has to be 

assumed to be the same as the general distribution.  

The BL2004 and BL2010 separate data about different engine types (most 

important is the distinction between 2-s and 4-s), but not the latest BL2015, 

which only separates the use of gasoline and diesel. Anyhow, there is a short 

yearly publication15 where information is found about the share of 

 
15 Fakta om båtlivet i Sverige 2016.  
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traditional 2s-engines (which is important due to especially high emissions 

for some substances). 

Relevant legislation that affects the emission performance of the engines are 

two EU directives: 

• 2003/44/EG- on the approximation of the laws, regulations and 

administrative provisions relating to recreational craft (2003/44) 

• 2013/53/EU- on recreational craft and personal watercraft 

(2013/53) 

The first directive came into force in 2006 for diesel engines and in 2007 for 

gasoline engines, and specific EFs for these are given in Guidebook 2016 

(Trozzi et. al., 2016). The second directive came into force in 2016, and to 

estimate its influence on the emissions, the two directives have been 

compared.  

Literature search for EFs of recreational boats yielded a poor outcome. In 

the Guidebook 2016 (Trozzi et. al. 2016) there are however EFs given for 

the seven parameters NOX, CO, NMVOC, TSP, PM10, and PM2.5, divided 

into five EF sets: 2s before 2003/44, 4s before and after 2003/44, and diesel 

before and after 2003/44. There are in addition EFs in Guidebook given as 

g/kWh (Tier 3) that also contains information about 2s after 2003/44. The 

EF information for Tier 3 is difficult to exploit since we do not hold 

corresponding activity data, still the values give some information about EF 

relations for some substances and engine types (2s vs 4s). 
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Calculation methods for EFs 

Calculation of weighted EFs for gasoline and diesel engines are based on 

estimations of shares (percentage) of engine type categories (nr 1-7 below) 

and how they develop over time. To perform such a calculation the engines 

are separated as following: 

1. 2s gasoline engines, before and after 2003/4416 

2. 4s gasoline engine before 2003/44     

3. 4s gasoline engine after 2003/44 but before 2013/53    

4. 4s gasoline engine after 2013/53    

5. Diesel engines before 2003/44 

6. Diesel engines after 2003/44 but before 2013/53 

7. Diesel engines after 2013/53 

When a new engine type enters the market and the old type is not sold 

anymore, a drop of the old one in the population is based on the estimated 

lifetime, which is assumed to be10 years for gasoline and 15 years for diesel 

(Guidebook, 2016) . Lifetime is here interpreted as average lifetime, which 

means that 50% of the engines bought a certain year is still in use after the 

lifetime has passed.  

The calculation methods to obtain specific percentage shares for each year 

and each category are based on the principle that values given in the 

information sources are primarily used. To obtain values for years between 

the given ones (or numbers for categories without given numbers), the 

decrease of population based on lifetime and the fact that the sum of all 

categories has to be 100%, are used. Lastly, interpolation has been used.  

The total boat stock for each year is linearly interpolated between the three 

years of BLs (with only small changes in the stock). The fact that a few 

boats have more than one engine has been taken into account. The future 

stock (years 2016-2035) has been assumed to be constant and the same as 

year 2015 (565 000).    

The ratios between emission limits in the former and the second directives 

have been calculated, and the relations for every parameter have been 

applied to estimate EFs for the newer engines (future EFs from 2016 and 

onwards). The distribution of engine power classes within the stock is taken 

 
16 Emission factors for gasoline are the same before and after except for VOC and CO. The 
EFs after 2003/44 are considerable different than before- still its share (new 2s) is very 
small when composing a weighted EFs for all gasoline engines. Since it also would 
complicate the calculations and the fact that the gasoline EFVOC anyway drops quickly and 
there is no EFCO projection in this study, these differences are not taken into account.    
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into account in this calculation (the legislation sometimes differs depending 

on power class).  

For BC, a fraction PM is used following the same principle as for shipping 

(see Table 5).         

Fuel consumption recreational boats 

Fuel consumption for recreational boats divided between gasoline and diesel 

has been estimated earlier by SCB until the year 2010 (Eklund, 2014). 

These numbers have been used also in this study to compute the total 

emissions during those years. For the year 2015, a new calculation is 

performed within this project based on figures given in the BL2015 and the 

same calculation methods used by Eklund (2014). Fuel consumption 

numbers for the years 2011-2015 are obtained through interpolation. Total 

consumption of gasoline is considerably higher with the new calculations 

carried out within this project. This may be explained by a general shift to 

larger engines, but also that the calculation is based on all the “seaworthy 

boats with engines” this time (Transportstyrelsen, 2015) - the former 

calculation excluded a number of these boats (Eklund, 2014).  
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Results 

Total emissions 

Shipping  

 
Figure 1. Total emissions of PM and BC from domestic shipping. 

 

 
Figure 2. Total emissions of PM and BC from international shipping. 
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Figure 3. Total emissions of As, Cr, Cu and Pb from domestic shipping. 

 

 
Figure 4. Total emissions of As, Cr, Cu and Pb from international shipping. 

 

 

 



  

 30 

 
Figure 5. Total emissions of Cd, Hg and Se from domestic shipping (Hg Present coincides with the 
revised).  

 

 
Figure 6. Total emissions of Cd, Hg and Se from international shipping (Hg Present coincides with 
the revised).  

 

 

 



  

 31 

Figure 7. Total emissions of Ni and Zn from domestic shipping. 

 

 

 
Figure 8. Total emissions of Ni and Zn from international shipping. 
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Figure 9. Total emissions of PAHs, Dioxin, PCB and HCB from domestic shipping. 

 

 

 
Figure 10. Total emissions of PAHs, Dioxin, PCB and HCB from international shipping. 
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Figure 11. Total emissions of NH3 from domestic shipping. 

 

 
Figure 12. Total emissions of NH3 from domestic shipping. 
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Recreational boats / Leisure crafts 

 

 
Figure 13. Total emissions of NOx from recreational boats. 

 

 
Figure 14. Total emissions of CO and VOC from recreational boats. 
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Figure 15. Total emissions of PM and BC from recreational boats. 

 

 

 
Figure 16. Total emissions of NH3 from recreational boats.
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Table 6. Overview of total emissions for Domestic Shipping, year 1990-2015.  

 

TSP/ 
PM10 

PM2,5 BC NH3 As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH
1-4 

Diox-
in 

PCB HCB 

 
kt kt kt kt t t t t t t t t t t t t t t g kg kg 

1990 
0.67 0.61 0.09 0.003 0.088 0.002 0.083 0.344 0.0002 2.490 0.028 0.002 0.242 0.002 0.006 0.002 0.003 0.012 0.060 0.095 0.024 

1991 
0.54 0.49 0.07 0.003 0.071 0.001 0.067 0.251 0.0002 2.016 0.021 0.002 0.184 0.001 0.004 0.001 0.002 0.009 0.047 0.071 0.018 

1992 
0.47 0.43 0.07 0.003 0.062 0.001 0.059 0.236 0.0001 1.763 0.019 0.001 0.168 0.001 0.004 0.001 0.002 0.008 0.042 0.065 0.016 

1993 
0.29 0.26 0.04 0.002 0.037 0.001 0.036 0.165 0.0001 1.056 0.013 0.001 0.111 0.001 0.002 0.001 0.001 0.005 0.027 0.044 0.011 

1994 
0.23 0.21 0.03 0.002 0.029 0.001 0.028 0.150 0.0001 0.802 0.012 0.001 0.094 0.001 0.002 0.001 0.001 0.004 0.022 0.039 0.010 

1995 
0.23 0.21 0.04 0.003 0.027 0.001 0.027 0.184 0.0001 0.740 0.014 0.001 0.107 0.001 0.002 0.001 0.001 0.004 0.023 0.045 0.011 

1996 
0.15 0.14 0.03 0.003 0.016 0.001 0.017 0.168 0.0000 0.427 0.013 0.000 0.088 0.000 0.001 0.000 0.001 0.003 0.018 0.039 0.009 

1997 
0.33 0.30 0.05 0.005 0.041 0.001 0.041 0.224 0.0001 1.159 0.018 0.001 0.140 0.001 0.003 0.001 0.002 0.006 0.032 0.058 0.014 

1998 
0.39 0.35 0.06 0.006 0.047 0.001 0.047 0.279 0.0001 1.318 0.022 0.001 0.169 0.001 0.003 0.001 0.002 0.007 0.038 0.071 0.017 

1999 
0.42 0.38 0.07 0.008 0.050 0.001 0.050 0.324 0.0001 1.391 0.026 0.001 0.191 0.001 0.003 0.001 0.002 0.008 0.043 0.081 0.020 

2000 
0.40 0.37 0.07 0.008 0.047 0.001 0.048 0.329 0.0001 1.314 0.026 0.001 0.191 0.001 0.003 0.001 0.002 0.008 0.042 0.081 0.020 

2001 
0.44 0.40 0.07 0.010 0.052 0.001 0.052 0.326 0.0001 1.458 0.026 0.001 0.195 0.001 0.004 0.001 0.002 0.008 0.044 0.082 0.020 

2002 
0.45 0.41 0.07 0.010 0.055 0.001 0.055 0.319 0.0001 1.549 0.025 0.001 0.195 0.001 0.004 0.001 0.002 0.008 0.045 0.081 0.020 
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TSP/ 
PM10 

PM2,5 BC NH3 As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH
1-4 

Diox-
in 

PCB HCB 

 
kt kt kt kt t t t t t t t t t t t t t t g kg kg 

2003 
0.60 0.55 0.09 0.014 0.076 0.002 0.074 0.369 0.0002 2.146 0.030 0.002 0.239 0.002 0.005 0.002 0.003 0.011 0.057 0.097 0.024 

2004 
0.55 0.50 0.08 0.013 0.071 0.001 0.068 0.305 0.0002 1.991 0.025 0.002 0.206 0.001 0.005 0.001 0.002 0.010 0.050 0.082 0.020 

2005 
0.50 0.45 0.07 0.013 0.064 0.001 0.061 0.273 0.0002 1.809 0.022 0.001 0.185 0.001 0.004 0.001 0.002 0.009 0.045 0.074 0.018 

2006 
0.37 0.34 0.06 0.011 0.046 0.001 0.045 0.235 0.0002 1.306 0.019 0.001 0.150 0.001 0.003 0.001 0.002 0.007 0.035 0.061 0.015 

2007 
0.31 0.28 0.05 0.009 0.038 0.001 0.037 0.210 0.0001 1.061 0.017 0.001 0.130 0.001 0.003 0.001 0.002 0.006 0.030 0.054 0.013 

2008 
0.26 0.24 0.04 0.008 0.031 0.001 0.032 0.210 0.0001 0.869 0.017 0.001 0.123 0.001 0.002 0.001 0.001 0.005 0.027 0.052 0.013 

2009 
0.47 0.42 0.06 0.015 0.062 0.001 0.058 0.219 0.0003 1.759 0.018 0.001 0.160 0.001 0.004 0.001 0.002 0.008 0.041 0.062 0.016 

2010 
0.44 0.40 0.06 0.014 0.058 0.001 0.055 0.215 0.0003 1.641 0.018 0.001 0.154 0.001 0.004 0.001 0.002 0.008 0.039 0.060 0.015 

2011 
0.39 0.35 0.05 0.013 0.050 0.001 0.048 0.199 0.0002 1.422 0.016 0.002 0.139 0.001 0.003 0.001 0.002 0.007 0.035 0.055 0.014 

2012 
0.22 0.20 0.03 0.008 0.029 0.001 0.027 0.102 0.0001 0.823 0.008 0.001 0.075 0.001 0.002 0.001 0.001 0.004 0.019 0.029 0.007 

2013 
0.21 0.19 0.03 0.008 0.027 0.001 0.026 0.104 0.0001 0.769 0.009 0.001 0.074 0.000 0.002 0.001 0.001 0.004 0.019 0.029 0.007 

2014 
0.21 0.19 0.03 0.008 0.027 0.001 0.026 0.117 0.0002 0.763 0.009 0.001 0.079 0.001 0.002 0.001 0.001 0.004 0.019 0.032 0.008 

2015 
0.12 0.11 0.02 0.005 0.013 0.000 0.014 0.118 0.0001 0.346 0.009 0.000 0.063 0.000 0.001 0.000 0.001 0.002 0.013 0.028 0.007 
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Table 7. Overview of total emissions for International Shipping, year 1990-2015. 

 

TSP/ 
PM10 

PM2,5 BC NH3 As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH
1-4 

Diox-
in 

PCB HCB 

 
kt kt kt kt t t t t t t t t t t t t t t g kg kg 

1990 
5.54 5.00 0.69 0.016 0.77 0.012 0.70 1.84 0.002 21.93 0.16 0.002 1.62 0.012 0.047 0.014 0.021 0.093 0.452 0.58 0.15 

1991 
6.84 6.18 0.84 0.019 0.95 0.015 0.87 2.21 0.002 27.19 0.19 0.002 1.98 0.015 0.058 0.017 0.025 0.115 0.556 0.71 0.18 

1992 
7.73 6.98 0.95 0.022 1.08 0.017 0.98 2.51 0.002 30.70 0.22 0.001 2.24 0.016 0.065 0.019 0.029 0.130 0.628 0.80 0.21 

1993 
7.81 7.06 0.96 0.022 1.09 0.017 0.99 2.52 0.002 31.05 0.22 0.001 2.26 0.017 0.066 0.019 0.029 0.131 0.635 0.81 0.21 

1994 
9.30 8.40 1.14 0.026 1.30 0.021 1.18 2.98 0.003 36.99 0.26 0.001 2.68 0.020 0.078 0.023 0.035 0.156 0.754 0.96 0.25 

1995 
9.25 8.35 1.14 0.026 1.29 0.021 1.17 2.94 0.003 36.82 0.25 0.001 2.66 0.020 0.078 0.023 0.034 0.155 0.749 0.95 0.25 

1996 
8.61 7.78 1.06 0.027 1.20 0.019 1.09 2.81 0.003 34.18 0.24 0.000 2.50 0.018 0.073 0.021 0.032 0.145 0.701 0.90 0.23 

1997 
10.09 9.12 1.25 0.031 1.41 0.023 1.28 3.30 0.003 40.03 0.28 0.001 2.93 0.021 0.085 0.025 0.038 0.169 0.821 1.05 0.27 

1998 
10.98 9.92 1.36 0.036 1.53 0.025 1.39 3.62 0.004 43.53 0.31 0.001 3.20 0.023 0.093 0.027 0.041 0.184 0.895 1.15 0.30 

1999 
11.21 10.13 1.38 0.036 1.57 0.025 1.42 3.56 0.004 44.63 0.31 0.001 3.22 0.024 0.095 0.028 0.042 0.188 0.908 1.15 0.30 

2000 
10.49 9.48 1.28 0.036 1.47 0.023 1.33 3.29 0.004 41.85 0.29 0.001 3.00 0.022 0.089 0.026 0.039 0.175 0.848 1.06 0.28 

2001 
10.40 9.40 1.27 0.036 1.46 0.023 1.32 3.21 0.004 41.55 0.28 0.001 2.95 0.022 0.088 0.026 0.038 0.174 0.838 1.05 0.27 
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TSP/ 
PM10 

PM2,5 BC NH3 As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH
1-4 

Diox-
in 

PCB HCB 

 
kt kt kt kt t t t t t t t t t t t t t t g kg kg 

2002 
9.05 8.18 1.11 0.031 1.27 0.020 1.15 2.83 0.003 36.12 0.25 0.001 2.58 0.019 0.076 0.022 0.033 0.151 0.731 0.92 0.24 

2003 
11.42 10.32 1.40 0.042 1.60 0.025 1.45 3.54 0.005 45.60 0.31 0.002 3.25 0.024 0.096 0.028 0.042 0.191 0.921 1.15 0.30 

2004 
12.68 11.45 1.54 0.051 1.78 0.028 1.61 3.85 0.006 50.74 0.34 0.002 3.58 0.027 0.107 0.031 0.046 0.211 1.019 1.26 0.33 

2005 
11.80 10.66 1.44 0.052 1.65 0.026 1.50 3.61 0.006 47.16 0.31 0.001 3.34 0.025 0.100 0.029 0.043 0.197 0.949 1.18 0.31 

2006 
11.60 10.48 1.41 0.056 1.63 0.026 1.47 3.54 0.006 46.38 0.31 0.001 3.28 0.024 0.098 0.029 0.043 0.193 0.933 1.16 0.30 

2007 
11.87 10.72 1.44 0.058 1.67 0.026 1.51 3.59 0.007 47.51 0.31 0.001 3.34 0.025 0.100 0.029 0.043 0.198 0.953 1.18 0.31 

2008 
11.21 10.13 1.36 0.056 1.58 0.025 1.42 3.35 0.006 44.93 0.29 0.001 3.14 0.023 0.095 0.028 0.041 0.187 0.899 1.11 0.29 

2009 
11.59 10.47 1.40 0.058 1.63 0.025 1.47 3.43 0.007 46.51 0.30 0.001 3.24 0.024 0.098 0.028 0.042 0.193 0.927 1.14 0.30 

2010 
10.07 9.10 1.23 0.052 1.41 0.022 1.28 3.17 0.006 40.12 0.28 0.001 2.88 0.021 0.085 0.025 0.037 0.168 0.814 1.02 0.27 

2011 
8.48 7.67 1.05 0.045 1.18 0.019 1.07 2.77 0.005 33.67 0.24 0.001 2.47 0.018 0.072 0.021 0.032 0.142 0.691 0.88 0.23 

2012 
8.03 7.26 1.00 0.043 1.12 0.018 1.02 2.70 0.005 31.77 0.23 0.001 2.37 0.017 0.068 0.020 0.030 0.135 0.658 0.85 0.22 

2013 
7.40 6.69 0.92 0.040 1.03 0.017 0.94 2.53 0.004 29.21 0.22 0.001 2.19 0.016 0.062 0.018 0.028 0.125 0.608 0.79 0.21 

2014 
7.58 6.85 0.96 0.042 1.05 0.017 0.96 2.72 0.005 29.76 0.23 0.001 2.29 0.016 0.064 0.019 0.029 0.128 0.628 0.84 0.22 

2015 
5.93 5.37 0.83 0.036 0.78 0.015 0.74 3.09 0.003 21.95 0.25 0.000 2.16 0.014 0.049 0.016 0.026 0.105 0.536 0.85 0.21 
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Table 8. Overview of total emissions from recreational boats, year 1990-2015. (kt) 

 

N
O

X  

C
O

 

N
M

V
O

C
 

TSP
 

P
M

10  

P
M

2,5  

B
C

 

N
H

3  

1990 0.524 13.045 5.124 0.314 0.314 0.314 0.038 0.00015 

1991 0.529 13.135 5.073 0.311 0.311 0.311 0.038 0.00015 

1992 0.535 13.226 5.023 0.308 0.308 0.308 0.038 0.00015 

1993 0.540 13.316 4.973 0.305 0.305 0.305 0.038 0.00015 

1994 0.546 13.406 4.923 0.302 0.302 0.302 0.038 0.00015 

1995 0.551 13.496 4.872 0.299 0.299 0.299 0.037 0.00015 

1996 0.557 13.586 4.822 0.296 0.296 0.296 0.037 0.00015 

1997 0.562 13.676 4.772 0.293 0.293 0.293 0.037 0.00015 

1998 0.568 13.766 4.722 0.290 0.290 0.290 0.037 0.00015 

1999 0.573 13.856 4.671 0.287 0.287 0.287 0.037 0.00015 

2000 0.579 13.947 4.621 0.284 0.284 0.284 0.037 0.00015 

2001 0.584 14.037 4.571 0.281 0.281 0.281 0.037 0.00015 

2002 0.590 14.127 4.521 0.278 0.278 0.278 0.036 0.00015 

2003 0.595 14.217 4.470 0.275 0.275 0.275 0.036 0.00015 

2004 0.603 14.350 4.396 0.271 0.271 0.271 0.036 0.00015 

2005 0.640 14.890 4.437 0.274 0.274 0.274 0.037 0.00016 

2006 0.687 14.638 4.430 0.275 0.275 0.275 0.039 0.00017 

2007 0.733 14.457 4.425 0.276 0.276 0.276 0.040 0.00018 

2008 0.778 14.334 4.419 0.276 0.276 0.276 0.041 0.00019 

2009 0.833 14.185 4.352 0.274 0.274 0.274 0.043 0.00020 

2010 0.920 13.971 4.035 0.256 0.256 0.256 0.043 0.00021 

2011 1.002 14.944 4.018 0.248 0.248 0.248 0.042 0.00023 

2012 1.093 15.854 3.922 0.235 0.235 0.235 0.040 0.00024 

2013 1.192 16.706 3.751 0.218 0.218 0.218 0.038 0.00026 

2014 1.301 17.505 3.505 0.196 0.196 0.196 0.036 0.00027 

2015 1.417 18.333 3.188 0.170 0.170 0.170 0.034 0.00029 
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Discussion 
 

The revised EFs for shipping and recreational boats differ from the present, 

which has several reasons. The present EFs are mostly the same all years 

1990-2015 (except NH3), and sometimes even missing some years (BC 

1990-2000). This indicates that the sources for the present EFs do not 

account for factors that change over time. The closer we come today, the 

revised and present EFs tend to be more similar, and around the year 2010 

many EFs are similar or more or less exactly the same.  

The most influencing factor that differentiate EFs earlier years are that the 

revised are based on data about the fuel sulphur content in RO/HFO- which 

obviously not the present takes into account. This strongly affects the 

particle EFs (TSP, PM10, PM2,5, BC) and all the parameters that are bound 

to them, namely metals and also PAHs, as well as dioxins, PCB and HCB.  

However, also other important factors are influencing the revised EFs in 

comparison to the present, especially for recent years. These are the updated 

information about engine type distribution and its difference between 

domestic and international shipping, and measurement data from recently 

performed studys- mostly Transphorm. Control technologies affects the 

projected EFs, but cannot explain the differences during the years 1990-

2015.    

When it comes to recreational boats, the present EFs are mostly constant 

over the years, as for shipping. They are probably based on less detailed 

information about engine types (and their different EFs) and without any 

information about how the engine population develop over time. Especially 

the recreational boats EFs should be much more accurate than the present, 

since the revise are based on detailed calculations about engine population 

exchange and new legislation.  

Many uncertainties remain, in general are the basic EF values from Cooper 

and Gustafsson (2004) deemed as more uncertain than the data of other 

factors that may affect them, which are engine type distribution, fuel sulphur 

content, use of control technologies etc.      
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Conclusions 
This project intended to develop updated emissions factors for shipping and 

recreational boats in Swedish water. This aim has been achieved and 

updated emission factors have been presented. The emission factors 

comprise 20 emission parameters to air for shipping and 8 for recreational 

boats, with distinction between the main fuel types used in the sector. The 

project has also assessed how the emission factors developed over time, 

from year 1990 until year 2015. For recreational boats and for some 

parameters for shipping, emission factors projections have been performed, 

which takes into account supposed changes that influence the emission 

factors.  

The updated emission factors are based on the best available sources that 

have been found from literature research and expert judgement. However, 

there are many subjective decisions about calculation methods and how to 

reason when the sources are insufficient - everything is explained in this 

report. From experience of this project, there are some areas where 

information is lacking and could be suggested for future work, these are: 

1. How large portion of fuels are consumed with lower engine loads 

then 80%. 

2. Investigate how the fuel consumption is distributed between the 

engines types (and not only the engine population).  

3. Better understanding of how the abatement technologies affect 

the emissions and how to estimate the extent and use of 

abatement technology in a certain fleet.  

4. Develop approaches how to estimate future development of 

abatement technologies in regards to coverage and efficiencies, 

which could yield more transparent scenarios that are easier to 

update and to compare.  

5. More research about how all the substances that are assumed to 

be bound to the particles behave when the particle concentration 

decreases. 

6. How to evaluate different measurement and analysis methods 

when it comes to judge values credibility for different substances. 

7. Better understanding about the diversity of recreational boat 

engines and their relation to given emission figures. 
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Appendix 1- Emission Factors 
Shipping 
 
Table 9. Revised emission factors for Domestic and International Shipping using MDO/MGO, for 
the years 1990-2015. The values for PM2,5 and BC are also valid until year 2035.   

 

Domestic International Unit 

TSP 18.6 17.8 g/GJ 

PM10 18.6 17.8 g/GJ 

PM2,5 17.3 16.6 g/GJ 

BC 5.76 5.51 g/GJ 

NH3 See Table 12 See Table 12 g/GJ 

As 0.707 0.707 mg/GJ 

Cd 0.118 0.118 mg/GJ 

Cr 1.767 1.767 mg/GJ 

Cu 47.1 47.1 mg/GJ 

Hg 1.178 1.178 µg/GJ  

Ni 0.014 0.014 g/GJ 

Pb 0.004 0.004 g/GJ 

Se 1.178 1.178 mg/GJ 

Zn 20.6 20.6 mg/GJ 

benso(a)pyren 0.099 0.099 mg/GJ 

benso(b)fluoranten 0.131 0.131 mg/GJ 

benso(k)fluoranten 0.074 0.074 mg/GJ 

indeno(1,2,3-cd)pyren 0.205 0.205 mg/GJ 

PAH4 total 0.509 0.392 mg/GJ 

Dioxin/Furan (TEQ WHO) 0.003 0.003 µg/GJ  

PCB tot 0.010 0.010 mg/GJ 

HCB 2.33 2.33 µg/GJ  
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Table 10. Overview of revised emission factors for Domestic Shipping using RO/HFO, year 1990-2015. 

 

TSP/ 
PM10 

As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH1

-4 
Dioxi

n 
PCB 
tot 

HCB 

 
g/GJ mg/GJ mg/GJ mg/GJ mg/GJ µg/GJ g/GJ g/GJ g/GJ mg/GJ mg/GJ mg/GJ mg/GJ mg/GJ mg/GJ µg/GJ mg/GJ µg/GJ 

1990 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1991 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1992 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1993 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1994 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1995 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1996 
216 30.5 0.47 27.5 61.1 73.5 0.87 0.005 0.72 59.3 0.45 1.83 0.53 0.78 3.58 0.017 0.021 5.41 

1997 
216 30.5 0.47 27.5 61.1 73.5 0.87 0.005 0.72 59.3 0.45 1.83 0.53 0.78 3.58 0.017 0.021 5.41 

1998 
204 28.8 0.44 25.9 57.5 73.5 0.82 0.005 0.68 55.8 0.42 1.72 0.50 0.73 3.37 0.016 0.019 5.09 

1999 
204 28.8 0.44 25.9 57.5 73.5 0.82 0.005 0.68 55.8 0.42 1.72 0.50 0.73 3.37 0.016 0.019 5.09 

2000 
191 27.0 0.41 24.3 54.1 73.5 0.77 0.005 0.64 52.5 0.39 1.62 0.47 0.69 3.17 0.015 0.018 4.79 

2001 
191 27.0 0.41 24.3 54.1 73.5 0.77 0.005 0.64 52.5 0.39 1.62 0.47 0.69 3.17 0.015 0.018 4.79 

2002 
191 27.0 0.41 24.3 54.1 73.5 0.77 0.005 0.64 52.5 0.39 1.62 0.47 0.69 3.17 0.015 0.018 4.79 

2003 
176 24.9 0.38 22.4 49.8 73.5 0.71 0.004 0.59 48.3 0.36 1.49 0.43 0.63 2.92 0.014 0.017 4.41 

2004 
162 22.8 0.35 20.6 45.7 73.5 0.65 0.004 0.54 44.3 0.33 1.37 0.40 0.58 2.68 0.013 0.015 4.04 
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TSP/ 
PM10 

As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH1

-4 
Dioxi

n 
PCB 
tot 

HCB 

2005 
147 20.8 0.32 18.7 41.7 73.5 0.59 0.004 0.49 40.4 0.30 1.25 0.36 0.53 2.44 0.012 0.014 3.69 

2006 
134 18.9 0.29 17.0 37.8 73.5 0.54 0.003 0.44 36.7 0.28 1.13 0.33 0.48 2.21 0.011 0.013 3.34 

2007 
128 18.1 0.28 16.3 36.3 73.5 0.52 0.003 0.43 35.2 0.26 1.09 0.31 0.46 2.12 0.010 0.012 3.21 

2008 
123 17.4 0.27 15.6 34.8 73.5 0.50 0.003 0.41 33.7 0.25 1.04 0.30 0.44 2.04 0.010 0.012 3.08 

2009 
118 16.6 0.25 15.0 33.3 73.5 0.47 0.003 0.39 32.3 0.24 1.00 0.29 0.42 1.95 0.009 0.011 2.95 

2010 
112 15.9 0.24 14.3 31.8 73.5 0.45 0.003 0.37 30.8 0.23 0.95 0.27 0.40 1.86 0.009 0.011 2.81 

2011 
107 15.1 0.23 13.6 30.3 73.5 0.43 0.003 0.36 29.4 0.22 0.91 0.26 0.38 1.77 0.009 0.010 2.68 

2012 
102 14.4 0.22 12.9 28.8 73.5 0.41 0.003 0.34 27.9 0.21 0.86 0.25 0.37 1.69 0.008 0.010 2.55 

2013 
96 13.6 0.21 12.3 27.3 73.5 0.39 0.002 0.32 26.5 0.20 0.82 0.24 0.35 1.60 0.008 0.009 2.41 

2014 
91 12.9 0.20 11.6 25.8 73.5 0.37 0.002 0.30 25.0 0.19 0.77 0.22 0.33 1.51 0.007 0.009 2.28 

2015 
86 12.1 0.19 10.9 24.3 73.5 0.35 0.002 0.29 23.6 0.18 0.73 0.21 0.31 1.42 0.007 0.008 2.15 
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Table 11. Overview of revised emission factors for International Shipping using RO/HFO, year 1990-2015. 

 

TSP/ 
PM10 

As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH1-

4 
Dioxin 

PCB 
tot 

HCB 

 
g/GJ mg/GJ mg/GJ mg/GJ mg/GJ µg/GJ g/GJ g/GJ g/GJ mg/GJ mg/GJ mg/GJ mg/GJ mg/GJ mg/GJ µg/GJ mg/GJ µg/GJ 

1990 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1991 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1992 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1993 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1994 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1995 
242 34.2 0.52 30.8 68.3 73.5 0.97 0.006 0.80 66.3 0.50 2.05 0.59 0.87 4.01 0.019 0.023 6.05 

1996 
216 30.5 0.47 27.5 61.1 73.5 0.87 0.005 0.72 59.3 0.45 1.83 0.53 0.78 3.58 0.017 0.021 5.41 

1997 
216 30.5 0.47 27.5 61.1 73.5 0.87 0.005 0.72 59.3 0.45 1.83 0.53 0.78 3.58 0.017 0.021 5.41 

1998 
204 28.8 0.44 25.9 57.5 73.5 0.82 0.005 0.68 55.8 0.42 1.72 0.50 0.73 3.37 0.016 0.019 5.09 

1999 
204 28.8 0.44 25.9 57.5 73.5 0.82 0.005 0.68 55.8 0.42 1.72 0.50 0.73 3.37 0.016 0.019 5.09 

2000 
191 27.0 0.41 24.3 54.1 73.5 0.77 0.005 0.64 52.5 0.39 1.62 0.47 0.69 3.17 0.015 0.018 4.79 

2001 
191 27.0 0.41 24.3 54.1 73.5 0.77 0.005 0.64 52.5 0.39 1.62 0.47 0.69 3.17 0.015 0.018 4.79 

2002 
191 27.0 0.41 24.3 54.1 73.5 0.77 0.005 0.64 52.5 0.39 1.62 0.47 0.69 3.17 0.015 0.018 4.79 
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TSP/ 
PM10 

As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH1-

4 
Dioxin 

PCB 
tot 

HCB 

2003 
176 24.9 0.38 22.4 49.8 73.5 0.71 0.004 0.59 48.3 0.36 1.49 0.43 0.63 2.92 0.014 0.017 4.41 

2004 
162 22.8 0.35 20.6 45.7 73.5 0.65 0.004 0.54 44.3 0.33 1.37 0.40 0.58 2.68 0.013 0.015 4.04 

2005 
147 20.8 0.32 18.7 41.7 73.5 0.59 0.004 0.49 40.4 0.30 1.25 0.36 0.53 2.44 0.012 0.014 3.69 

2006 
134 18.9 0.29 17.0 37.8 73.5 0.54 0.003 0.44 36.7 0.28 1.13 0.33 0.48 2.21 0.011 0.013 3.34 

2007 
132 18.6 0.28 16.7 37.2 73.5 0.53 0.003 0.44 36.1 0.27 1.11 0.32 0.47 2.18 0.010 0.013 3.29 

2008 
130 18.3 0.28 16.5 36.6 73.5 0.52 0.003 0.43 35.6 0.27 1.10 0.32 0.47 2.15 0.010 0.012 3.25 

2009 
128 18.0 0.28 16.2 36.1 73.5 0.51 0.003 0.42 35.0 0.26 1.08 0.31 0.46 2.12 0.010 0.012 3.20 

2010 
126 17.8 0.27 16.0 35.5 73.5 0.51 0.003 0.42 34.5 0.26 1.06 0.31 0.45 2.08 0.010 0.012 3.15 

2011 
124 17.5 0.27 15.7 35.0 73.5 0.50 0.003 0.41 34.0 0.26 1.05 0.30 0.44 2.05 0.010 0.012 3.10 

2012 
122 17.2 0.26 15.5 34.4 73.5 0.49 0.003 0.40 33.4 0.25 1.03 0.30 0.44 2.02 0.010 0.012 3.05 

2013 
120 16.9 0.26 15.2 33.9 73.5 0.48 0.003 0.40 32.9 0.25 1.01 0.29 0.43 1.98 0.010 0.011 3.00 

2014 
118 16.7 0.25 15.0 33.3 73.5 0.48 0.003 0.39 32.3 0.24 1.00 0.29 0.42 1.95 0.009 0.011 2.95 

2015 
116 16.4 0.25 14.7 32.8 73.5 0.47 0.003 0.39 31.8 0.24 0.98 0.28 0.42 1.92 0.009 0.011 2.90 
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Table 12. Overview of revised emission factors for Domestic and International Shipping using 
RO/HFO (and MDO for NH3), years 1990-2015, and projection years 2016-2035. (kg/GJ)   

       PM2,5 BC NH3 (RO) NH3 (MDO) 

 Dom. Intern. Dom. Intern. Dom. Intern. Dom. Intern. 

1990 218.5 218 29.0 29.0 0.65 0.64 0.31 0.20 

1991 218.5 218 29.0 29.0 0.89 0.64 0.35 0.20 

1992 218.5 218 29.0 29.0 1.14 0.64 0.38 0.20 

1993 218.5 218 29.0 29.0 1.39 0.64 0.42 0.20 

1994 218.5 218 29.0 29.0 1.63 0.64 0.46 0.20 

1995 218.5 218 29.0 29.0 1.88 0.64 0.49 0.20 

1996 195.2 195 25.9 25.9 2.12 0.64 0.53 0.20 

1997 195.2 195 25.9 25.9 2.37 0.64 0.57 0.20 

1998 183.9 184 24.4 24.4 2.62 0.64 0.60 0.20 

1999 183.9 184 24.4 24.4 2.86 0.64 0.64 0.20 

2000 172.8 173 23.0 23.0 3.11 0.64 0.68 0.20 

2001 172.8 173 23.0 23.0 3.35 0.64 0.71 0.20 

2002 172.8 173 23.0 23.0 3.60 0.64 0.75 0.20 

2003 159.2 159 21.2 21.2 3.60 0.64 0.75 0.20 

2004 146.0 146 19.4 19.4 3.60 0.64 0.75 0.20 

2005 133.2 133 17.7 17.7 3.60 0.64 0.75 0.20 

2006 120.7 121 16.0 16.0 3.60 0.64 0.75 0.20 

2007 115.9 119 15.4 15.8 3.60 0.64 0.75 0.20 

2008 111.1 117 14.8 15.6 3.60 0.64 0.75 0.20 

2009 106.3 115 14.1 15.3 3.60 0.64 0.75 0.20 

2010 101.5 114 13.5 15.1 3.60 0.64 0.75 0.20 

2011 96.7 112 12.9 14.9 3.60 0.64 0.75 0.20 

2012 91.9 110 12.2 14.6 3.60 0.64 0.75 0.20 

2013 87.1 108 11.6 14.4 3.60 0.64 0.75 0.20 

2014 82.4 106 10.9 14.1 3.60 0.64 0.75 0.20 

2015 77.6 105 10.3 13.9 3.60 0.64 0.75 0.21 

2016 77.0 104 10.2 13.8 3.60 0.64 0.75 0.21 

2017 77.0 104 10.2 13.8 3.60 0.64 0.75 0.21 

2018 76.3 103 10.1 13.7 3.60 0.64 0.75 0.21 

2019 75.7 102 10.1 13.5 3.60 0.64 0.75 0.21 

2020 75.1 101 10.0 13.4 3.60 0.64 0.75 0.21 

2021 74.5 100 9.9 13.3 3.60 0.72 0.83 0.39 

2022 73.8 99 9.8 13.2 3.60 0.81 0.90 0.57 

2023 73.2 98 9.7 13.0 3.60 0.90 0.98 0.76 
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       PM2,5 BC NH3 (RO) NH3 (MDO) 

 Dom. Intern. Dom. Intern. Dom. Intern. Dom. Intern. 

2024 72.6 97 9.6 12.9 3.61 0.99 1.05 0.94 

2025 72.0 96 9.5 12.8 3.61 1.08 1.13 1.13 

2026 71.3 95 9.5 12.7 3.83 1.18 1.33 1.33 

2027 70.7 94 9.4 12.5 4.05 1.29 1.53 1.53 

2028 70.1 94 9.3 12.4 4.26 1.40 1.72 1.72 

2029 69.4 93 9.2 12.3 4.48 1.51 1.92 1.92 

2030 68.8 92 9.1 12.1 4.70 1.62 2.12 2.12 

2031 68.5 91 9.1 12.1 4.92 1.73 2.32 2.32 

2032 68.2 91 9.0 12.0 5.14 1.84 2.52 2.52 

2033 67.9 90 9.0 12.0 5.36 1.95 2.72 2.72 

2034 67.7 90 8.9 11.9 5.58 2.06 2.92 2.92 

2035 67.4 89 8.9 11.8 5.80 2.17 3.12 3.12 
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Figure 17. Development of revised domestic EF for TSP/PM10 using RO years 1990-2015, in 
comparison with the present EF.   

 
Figure 18. Development of revised domestic EF for PM2,5 using RO years 1990-2035, in 
comparison with the present EF.   
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Figure 19. Development of revised domestic EF for BC using RO years 1990-2035, in comparison 
with the present EF.   

 

 
Figure 20. Development of revised domestic EF for NH3 using RO years 1990-2035, in comparison 
with the present EF.   
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Figure 21. Development of revised domestic EF for PCB and Dioxin/Furan using RO years 1990-
2015, in comparison with the present EF.   

 

 
Figure 22. Development of revised domestic EF for PAH4 and HCB using RO years 1990-2015, in 
comparison with the present EF.   
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Figure 23. Development of revised international EF for BC using RO years 1990-2015, in 
comparison with the present EF.    

 

 
Figure 24. Development of revised international EF for PM2,5 using RO years 1990-2035, in 
comparison with the present EF.   
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Figure 25. Development of revised international EF for BC using RO years 1990-2035, in 
comparison with the present EF.   

 

 
Figure 26. Development of revised international EF for NH3 using RO years 1990-2035, in 
comparison with the present EF.   
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Figure 27. Development of revised international EF for PAH and HCB using RO years 1990-2015, in 
comparison with the present EF.   

 
 

 

Figure 28. Development of revised international EF for PCB and Dioxin/Furan using RO years 1990-
2015, in comparison with the present EF.   

 



  

 59 

 
Figure 29. Development of revised EFs for NH3 years 2010-2035.   
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Appendix 2- Emission Factors 
Recreational boats 
 
Table 13. Emissions Factors for Recreational boats using gasoline, revised back to year 1990, and 
projected until year 2035.  

 

NOX CO NMVOC TSP PM10 PM2,5 BC NH3 

 kg/GJ kg/GJ kg/GJ g/GJ g/GJ g/GJ g/GJ g/GJ 

1990 0.141 12.205 4.797 256 256 256 12.788 0.075 

1991 0.146 12.290 4.749 253 253 253 12.644 0.076 

1992 0.151 12.376 4.701 250 250 250 12.501 0.076 

1993 0.157 12.462 4.653 247 247 247 12.357 0.077 

1994 0.162 12.547 4.606 244 244 244 12.213 0.077 

1995 0.167 12.633 4.558 241 241 241 12.070 0.078 

1996 0.172 12.718 4.510 239 239 239 11.926 0.078 

1997 0.177 12.804 4.463 236 236 236 11.783 0.078 

1998 0.183 12.890 4.415 233 233 233 11.639 0.079 

1999 0.188 12.975 4.367 230 230 230 11.496 0.079 

2000 0.193 13.061 4.319 227 227 227 11.352 0.080 

2001 0.198 13.146 4.272 224 224 224 11.209 0.080 

2002 0.203 13.232 4.224 221 221 221 11.065 0.081 

2003 0.209 13.317 4.176 218 218 218 10.921 0.081 

2004 0.216 13.444 4.106 214 214 214 10.710 0.082 

2005 0.224 13.577 4.032 210 210 210 10.487 0.083 

2006 0.239 12.987 3.919 203 203 203 10.135 0.084 

2007 0.252 12.491 3.812 196 196 196 9.804 0.085 

2008 0.265 12.069 3.710 190 190 190 9.489 0.086 

2009 0.283 11.644 3.562 181 181 181 9.031 0.087 

2010 0.323 11.185 3.216 159 159 159 7.974 0.091 

2011 0.363 10.761 2.876 139 139 139 6.938 0.094 

2012 0.401 10.374 2.548 119 119 119 5.935 0.097 

2013 0.439 10.017 2.229 99 99 99 4.961 0.100 

2014 0.475 9.686 1.918 80 80 80 4.013 0.104 

2015 0.510 9.419 1.616 62 62 62 3.091 0.106 

2016 0.467 

 

1.433 54 54 54 2.719 0.108 

2017 0.430 

 

1.273 48 48 48 2.394 0.109 

2018 0.397 

 

1.134 42 42 42 2.111 0.110 

2019 0.369 

 

1.013 37 37 37 1.865 0.110 
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NOX CO NMVOC TSP PM10 PM2,5 BC NH3 

2020 0.344 

 

0.907 33 33 33 1.651 0.111 

2021 0.323 

 

0.816 29 29 29 1.464 0.112 

2022 0.304 

 

0.736 26 26 26 1.302 0.112 

2023 0.288 

 

0.667 23 23 23 1.161 0.113 

2024 0.274 

 

0.606 21 21 21 1.039 0.113 

2025 0.266 

 

0.559 19 19 19 0.932 0.113 

2026 0.254 

 

0.512 17 17 17 0.839 0.114 

2027 0.245 

 

0.472 15 15 15 0.758 0.114 

2028 0.236 

 

0.437 14 14 14 0.688 0.114 

2029 0.229 

 

0.407 13 13 13 0.627 0.114 

2030 0.222 

 

0.380 11 11 11 0.574 0.115 

2031 0.217 

 

0.357 11 11 11 0.527 0.115 

2032 0.212 

 

0.337 10 10 10 0.487 0.115 

2033 0.208 

 

0.320 9.0 9.0 9.0 0.452 0.115 

2034 0.204 

 

0.304 8.4 8.4 8.4 0.422 0.115 

2035 0.201 

 

0.291 7.9 7.9 7.9 0.395 0.115 

 
Table 14. Emissions Factors for Recreational boats using diesel, revised back to year 1990, and 
projected until year 2035. (kg/GJ fuel).  

 

NOx CO NMVOC TSP PM10 PM2,5 BC NH3 

 kg/GJ kg/GJ kg/GJ g/GJ g/GJ g/GJ g/GJ g/GJ 

1990 0.887 0.457 0.172 106 106 106 58 0.162 

1991 0.887 0.457 0.172 106 106 106 58 0.162 

1992 0.887 0.457 0.172 106 106 106 58 0.162 

1993 0.887 0.457 0.172 106 106 106 58 0.162 

1994 0.887 0.457 0.172 106 106 106 58 0.162 

1995 0.887 0.457 0.172 106 106 106 58 0.162 

1996 0.887 0.457 0.172 106 106 106 58 0.162 

1997 0.887 0.457 0.172 106 106 106 58 0.162 

1998 0.887 0.457 0.172 106 106 106 58 0.162 

1999 0.887 0.457 0.172 106 106 106 58 0.162 

2000 0.887 0.457 0.172 106 106 106 58 0.162 

2001 0.887 0.457 0.172 106 106 106 58 0.162 

2002 0.887 0.457 0.172 106 106 106 58 0.162 

2003 0.887 0.457 0.172 106 106 106 58 0.162 

2004 0.887 0.457 0.172 106 106 106 58 0.162 

2005 0.863 0.452 0.167 103 103 103 56 0.162 
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NOx CO NMVOC TSP PM10 PM2,5 BC NH3 

2006 0.850 0.449 0.164 100 100 100 55 0.162 

2007 0.837 0.447 0.161 98 98 98 54 0.162 

2008 0.825 0.444 0.158 96 96 96 53 0.162 

2009 0.819 0.443 0.157 95 95 95 52 0.162 

2010 0.818 0.442 0.156 95 95 95 52 0.162 

2011 0.817 0.442 0.156 95 95 95 52 0.162 

2012 0.816 0.442 0.156 95 95 95 52 0.162 

2013 0.815 0.442 0.156 95 95 95 52 0.162 

2014 0.814 0.442 0.155 95 95 95 52 0.162 

2015 0.812 0.441 0.155 94 94 94 52 0.162 

2016 0.784 

 

0.150 90 90 90 50 0.162 

2017 0.759 

 

0.145 86 86 86 47 0.162 

2018 0.737 

 

0.140 83 83 83 46 0.162 

2019 0.721 

 

0.137 80 80 80 44 0.162 

2020 0.704 

 

0.134 78 78 78 43 0.162 

2021 0.688 

 

0.131 75 75 75 41 0.162 

2022 0.674 

 

0.128 73 73 73 40 0.162 

2023 0.661 

 

0.125 71 71 71 39 0.162 

2024 0.649 

 

0.123 69 69 69 38 0.162 

2025 0.638 

 

0.121 68 68 68 37 0.162 

2026 0.628 

 

0.119 66 66 66 36 0.162 

2027 0.618 

 

0.117 65 65 65 36 0.162 

2028 0.610 

 

0.116 63 63 63 35 0.162 

2029 0.602 

 

0.114 62 62 62 34 0.162 

2030 0.594 

 

0.113 61 61 61 34 0.162 

2031 0.577 

 

0.109 58 58 58 32 0.162 

2032 0.572 

 

0.108 58 58 58 32 0.162 

2033 0.568 

 

0.107 57 57 57 31 0.162 

2034 0.564 

 

0.107 56 56 56 31 0.162 

2035 0.560 

 

0.106 56 56 56 31 0.162 
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Figure 30. Development of revised EF for NOX , diesel and gasoline years 1990-2035, in comparison 
with the present EF.   

 

 
Figure 31. Development of revised EF for CO gasoline years 1990-2015, in comparison with the 
present EF.   
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Figure 32. Development of revised EF for CO diesel years 1990-2015, in comparison with the 
present EF.   

 

 
Figure 33. Development of revised EF for NMVOC , gasoline years 1990-2035, in comparison with 
the present EF.  
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Figure 34. Development of revised EF for NMVOC, diesel years 1990-2035, in comparison with the 
present EF.   

 

 
Figure 35. Development of revised EF for PM, diesel and gasoline years 1990-2035, in comparison 
with the present EF.  
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Figure 36. Development of revised EF for BC, diesel and gasoline years 1990-2035, in comparison 
with the present EF.  

 

 
Figure 37. Development of revised EF for NH3 , diesel and gasoline years 1990-2035, in comparison 
with the present EF. 
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Appendix 3- Uncertainties 
 
Table 15. Overview of uncertainties in the emission factors for Shipping using RO/HFO, year 1990-2015. (%) 

 

TSP/ 
PM10 

As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH4 
total 

Dioxi
n 

PCB 
tot 

HCB 

1990 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1991 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1992 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1993 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1994 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1995 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1996 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1997 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1998 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1999 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2000 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2001 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2002 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% 20-50% >50% 20-50% no info no info no info no info 
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TSP/ 
PM10 

As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH4 
total 

Dioxi
n 

PCB 
tot 

HCB 

2003 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2004 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2005 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2006 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2007 
25-55 
% 

25-55 
% 

20-50 
% 

25-60 
% 

20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2008 
25-55 
% 

25-55 
% 

20-50 
% 

25-60 
% 

20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2009 
25-55 
% 

25-55 
% 

20-50 
% 

25-60 
% 

20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2010 
25-55 
% 

25-55 
% 

20-50 
% 

25-60 
% 

20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2011 
25-55 
% 

25-55 
% 

20-50 
% 

25-60 
% 

20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2012 
25-55 
% 

25-55 
% 

20-50 
% 

25-60 
% 

20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2013 
25-55 
% 

25-55 
% 

20-50 
% 

25-60 
% 

20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2014 
25-55 
% 

25-55 
% 

20-50 
% 

25-60 
% 

20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2015 
25-55 
% 

25-55 
% 

20-50 
% 

25-60 
% 

20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 
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Table 16. Overview of uncertainties in the emission factors for Shipping using MDO/MGO, year 1990-2015. (%) 

 

TSP/ 
PM10 

As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH4 
total 

Dioxi
n 

PCB 
tot 

HCB 

1990 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1991 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1992 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1993 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1994 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1995 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1996 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1997 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1998 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

1999 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2000 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2001 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2002 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% 20-50% >50% 20-50% no info no info no info no info 

2003 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 
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TSP/ 
PM10 

As Cd Cr Cu Hg Ni Pb Se Zn b(a)p b(b)f b(k)f ind 
PAH4 
total 

Dioxi
n 

PCB 
tot 

HCB 

2004 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2005 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2006 
no info no info no info no info 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2007 
20-50% 20-50% 20-50% 25-60 % 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2008 
20-50% 20-50% 20-50% 25-60 % 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2009 
20-50% 20-50% 20-50% 25-60 % 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2010 
20-50% 20-50% 20-50% 25-60 % 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2011 
20-50% 20-50% 20-50% 25-60 % 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2012 
20-50% 20-50% 20-50% 25-60 % 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2013 
20-50% 20-50% 20-50% 25-60 % 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2014 
20-50% 20-50% 20-50% 25-60 % 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 

2015 
20-50% 20-50% 20-50% 25-60 % 20-50 % >50% >50% >50% >50% >50% >50% >50% >50% >50% no info no info no info no info 
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