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SUMMARY 

Executive summary: In this document, the final results of a Black Carbon measurement 
campaign on a single cylinder 4-stroke medium speed research 
engine are presented. The aim of the study was to analyse the impact 
of fuel oil quality on Black Carbon emissions. Furthermore, the 
composition of the particulate matter in the exhaust gas and a detailed 
fuel oil analysis of the VLSFOs are presented. The formation of Black 
Carbon is dominated by the aromatic content and H/C ratio of a fuel 
and could not be compensated by engine settings (injection timing or 
pressure). The aromatic fraction of investigated VLSFO fuels were 
dominated by harmful polycyclic aromatic hydrocarbons (PAH). 

Strategic direction, if 
applicable: 

3 

Output: 3.3 

Action to be taken: Paragraph 38 

Related documents: PPR 5/24; MEPC 74/10/8, MEPC 74/18 and PPR 7/8 

Background 

1 MEPC 62 agreed for the first time, and delegated to the Sub-Committee on Bulk 
Liquids and Gases (now PPR), to consider the impact on the Arctic of Black Carbon (BC) 
emissions from international shipping. After MEPC 68 approved the Bond et al. definition 
of BC, as proposed by PPR 2, PPR 5 identified the three most appropriate BC measurement 
methods: FSN, PAS, and LII (PPR 5/24, paragraph 7.18). 
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2 According to the terms of reference agreed at MEPC 62, PPR 6 completed its work 
on the "Consideration of the impact on the Arctic of Black Carbon emissions from international 
shipping" and requested the Committee to provide instruction on further work on the reduction 
of the impact on the Arctic of Black Carbon emissions from international shipping. 

3 Document MEPC 74/10/8 (Finland et al.) suggested draft terms of reference (ToR) for 
the PPR Sub-Committee to reduce the impact on the Arctic of Black Carbon emissions from 
international shipping, which were agreed at PPR 7 for approval at MEPC 75. One of the ToR 
is to further evaluate the recommended Black Carbon measurement methods (FSN, PAS, LII) 
to be used in conjunction with regulations to control Black Carbon emissions from marine diesel 
engines. 

4 At MEPC 74, some delegations expressed the view that the recommended 
BC measurement methods needed further work to achieve convergence of results and 
agreement, and that the impact of the 0.50% sulphur fuels (VLSFOs) needed to be considered 
(MEPC 74/18, paragraph 5.65). 

5 Germany has completed a BC measurement campaign on a 4-stroke medium speed 
marine test engine (type 1L32/44CR-TS, see table 2) using two of the three identified 
appropriate BC measurement methods (FSN and PAS) to analyse the impact of different fuel 
oil qualities on BC emissions. Although other factors affect BC emissions, the aromatic content 
of the fuels was emphasized, with tests that covered the range from 0% to almost 100% 
aromatic compounds (table 1) under four different engine loads according to the E2 cycle. The 
three tested VLSFOs were ordered with aromatic contents of 70-95% to identify the impact of 
aromatic compounds on BC emissions. No statements were made about the global market 
share of these tested VLSFOs with high aromaticity. The measurement campaign was 
conducted by a consortium comprising of the companies DNV GL Maritime, Germany; 
MAN ES, Augsburg; Marena Ltd. Jever and WTZ Roßlau. The project was funded by the 
German Environment Agency.1 

6 The initial results of the BC measurement campaign were presented in document 
PPR 7/8 (Finland and Germany), but at that time measurements of particulate matter (PM) 
(figure 2) and particle number (PN) size distribution (figure 3) were still in progress. 
Furthermore, variation of injection timing and rail pressure has been undertaken to indicate the 
trade-off between NOX and BC (figure 4). The results of these relevant data are now presented 
in this document. Additionally, a detailed fuel oil analysis of the tested fuel samples was carried 
out using a high temperature two-dimensional gas chromatography with high resolution time-
of-flight mass-spectrometry (GC x GC-HRTOFMS) to relate the molecular composition to the 
BC emissions.  

7 Aromatic content of fuel oils is a well-known factor that affects BC formation. 
Therefore, for automotive petrol and jet fuels (Jet-A: 1, Jet-B: 1) aromaticity was limited to 35% 
and 25%, respectively (EU Directive 2009/30/EC;2 ASTM D 1655 ed. 2010, ASTM D 6615 
ed. 2010). However, for marine fuels no limit for aromatic content exists and is not part of 
ISO 8217. Aromatic compounds in marine fuels stabilize the asphaltenes, keep them in 
"solution" and prevent agglomeration or precipitation. Nevertheless, the determination of 
aromatic compounds in highly viscous media like residual fuels is a challenge and no 
standardized analytical method yet exists. 

1 Grant number: FKZ  3718 57 100 0. 

2 Directive 2009/30/EC: amending Directive 98/70/EC as regards the specification of petrol, diesel and gas-oil, 
and introducing a mechanism to monitor and reduce greenhouse gas emissions, and amending Council 
Directive 1999/32/EC as regards the specification of fuel used by inland waterway vessels and repealing 
Directive 93/12/EEC. 
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8 The calculated carbon aromaticity index (CCAI) was developed many years ago as 
part of ISO 8217 for marine residual fuels. CCAI used to be a good indicator for ignition quality, 
which also depends on the aromatic content. The CCAI calculation methodology was based 
on refinery fuel oil parameter analysis, which was common in the 1980s. Since the introduction 
of the 0.50% sulphur limit, the chemistry of fuel oil blends has become more complex.3 CCAI 
is calculated from the viscosity and density of the fuel. Fuel oils with a similar CCAI can have 
different ignition qualities (CIMAC, 2011).4 Consequently, the use of the CCAI is questionable 
as the right tool to predict ignition and combustion qualities of fuels under the 2020 global 
sulphur cap circumstances. Hence, the estimated cetane number (ECN), a standard test 
method according to IP-541, was developed to better reflect ignition and combustion properties 
of today's fuel qualities. 

Conclusions from the initial results (document PPR 7/8) 

9 Regarding the correlation between PAS and FSN measurement devices, the PAS 
instrument measured marginally higher BC emissions for the three VLSFOs compared to the 
FSN, while the FSN measured slightly higher BC emissions for the Gas to Liquid (GtL) and 
HFO fuels. For DMA, both instruments agreed well. Overall, the FSN data showed higher 
scattering than the PAS data and the reproducibility was slightly better for the PAS instrument. 

10 Furthermore, the initial results showed a clear correlation of aromatic content with BC 
emissions, showing correlation coefficients for the PAS data of 0.86, 0.98 and 0.97 for 25%, 
50% and 75% engine load, respectively. For the 100% engine load point, there was no clear 
trend, possibly due to the extremely low BC emissions of <2 mg/Nm³.  

11 Germany and Finland concluded in document PPR 7/8 that it is necessary to 
implement aromatic content or H/C ratio in the specification for marine fuels of the ISO 8217 
petroleum standard. This would enable a better qualification of marine fuels with respect to 
their environmental performance in terms of BC emissions and benefit their characterization 
for ignition and combustion quality. It has been suggested that the International Organization 
for Standardization (ISO) reviews ISO 8217 to include specifications that consider these 
results. 

Description of the Black Carbon measurement campaign 

12 Emphasis of the measurement campaign was to analyse the BC emissions of 0.50% 
sulphur content residual fuels from different sources and different production processes, for 
comparison to two conventional fuels, HFO and DMA, as reference (Ref.), and a possible future 
synthetic GtL fuel, at varying engine ratings on a test bed. All tests were performed with the same 
lube oil. The tested fuels and their varying sulphur and aromatic content are listed in table 1. 

3  Joint Inspection Group 2019: The supply and use of 0.50%-sulphur marine fuel. JIG 

4  CIMAC 2011: Fuel quality guide – ignition and combustion. 
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Table 1: Fuel oil qualities tested in the BC measurement campaign 
as declared by the suppliers and as actually analysed 

Fuel Sulphur content [%] Aromatic content [%] 
declared 

by supplier 
analysed 

(ISO 20884 
:2011) 

declared 
by supplier 

analysed 
with GC x 

GC-TOFMS 
Gas to Liquid (GtL) 0 <0.0005 0 n.a.
DMA Ref. 0.10 0.051 20 n.a.
HFO Ref.  2.50 1.48 50 n.a.
VLSFO <0.5 0.40 70 73.7 
VLSFO <0.5 0.32 80 83.1 
VLSFO <0.5 0.31 95 97.3 

n.a: not analysed

13 The test engine was a single-cylinder medium speed marine diesel engine 
(MAN 1L32/44CR-TS) with a displacement of >30 litre, with a modern common-rail injection 
system and a two-stage turbocharging process. Further details of the engine are listed in 
table 2. The engine was operated to meet the corresponding IMO Tier-II NOX limit. Further 
details about measurement instruments and test conditions are described in related previous 
document PPR 7/8. 

Table 2: Technical details of the test engine 

Test engine MAN 1L32/44CR-TS 
Bore 32 cm 

Stroke 44 cm 
Nominal speed 750 rpm 
Nominal power 640 kW 

Final Results 

Correlation of PAS and FSN 

14 Figure 1 shows the final correlation of equivalent Black Carbon (eBC)5 data measured 
with PAS and FSN instruments. The dataset includes the analyses of document PPR 7/8 and 
is supplemented with additional measurements for PM, PN, variation of injection timing and 
rail pressure. All correlation coefficients (R²) are close to the optimum of 1. HFO had the lowest 
correlation coefficient with 0.86 and the VLSFO (95% aromatic compounds) had the highest 
R² with 0.98. The slopes of the regression lines are higher than 1 for all VLSFOs and below 1 
for HFO and GtL. For the DMA fuel, FSN and PAS show an almost perfect 1:1 correlation. 
The likely reason for this good correlation is that the instruments were calibrated with 
automotive diesel (EN 590 quality), which is closest to the composition of DMA. The results 
suggest that the PAS instrument measured slightly higher BC concentrations for VLSFOs and 
lower for HFO and GtL. The already good correlations of PAS and FSN data presented in 
document PPR 7/8 were not only confirmed but also improved by inclusion of additional data 
from the supplementary measurements. 

5 Petzold, A., Ogren, J. A., Fiebig, M., Laj, P., Li, S.-M., Baltensperger, U., Holzer-Popp, T., Kinne, 
S., Pappalardo, G., Sugimoto, N., Wehrli, C., Wiedensohler, A. and Zhang, X.-Y. 2013: Recommendations 
for reporting "black carbon" measurements, Atmos. Chem. Phys., 13, 8365-8379. 
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Figure 1: Final correlation of PAS and FSN eBC results including supplementary data. 

Mass and composition of the particulate matter 

15 The thermogravimetric analysis (TGA) for organic carbon (OC) and elemental 
carbon (EC) from the PM filter samples revealed a systematic offset of +14 mg/kWh compared 
to FSN and +16 mg/kWh compared to PAS. Furthermore, the correlation coefficients (R²) were 
very low, 0.4 in both cases (figure 9 in the annex). After a thorough review of each step of the 
analysis in the measurement procedure, it was concluded that an overestimation of the EC 
occurred due to sample overload, incomplete extraction of the OC, and pyrolytic effects during 
the first thermal treatment of the samples. This again highlights the challenges associated with 
the TGA method for EC from marine engine exhaust gas. Therefore, in figure 2 and table 3 the 
EC values have been discarded and replaced by the respective BC values from the PAS 
instrument taken in parallel to the PM samples, while the OC has been corrected accordingly 
to maintain the total carbon (TC) from the TGA analysis. 

16 Figure 2 shows the mass and composition of the particulate matter (PM) in terms of BC, 
organic carbon (OC), sulphates and associated water (H2SO4 + H2O), and ash content for the 
individual E2 mode points of each fuel. Table 3 shows the respective E2-Cycle weighted values 
and the share of BC to total PM. As expected, GtL had the lowest PM emissions with 0.049 g/kWh 
in the E2-Cycle. The sulphate fraction results from the sulphur content of the lube oil, which has 
been analysed at 5010 ppm. The BC emission was 7 mg/kWh (15% of total PM mass) and the OC 
emission 33 mg/kWh. Due to the non-detectable ash content, GtL would be suitable for the further 
reduction of the BC emissions with a DPF. The low sulphate emissions would also allow to further 
reduce the OC emissions with an oxidation-catalyst, which contains sulphur sensitive noble metals. 

17 DMA also had relatively low PM emissions with 0.087 g/kWh (E2-Cycle), but almost 
twice as much as GtL, mainly caused by OC with 58 mg/kWh. More than a third (36%) of total 
PM mass at full engine load consisted of sulphates. BC emissions of DMA was 11 mg/kWh 
(13% of PM). The share of ash was exceptionally low with less than 1 mg/kWh, which coincides 
with the low ash content of the fuel of 0.0005%. 
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18 HFO had the highest PM emissions of all tested fuels with 0.858 g/kWh in the 
E2-Cycle, which mainly relate to the high sulphur content of the fuel and the resulting sulphate 
emissions. At 100% engine load the sulphate emissions accounted for 57% (468 mg/kWh) of 
the PM mass. OC and ash emissions were also the highest with 344 mg/kWh and 32 mg/kWh, 
respectively. The high ash content of the PM coincides with the high ash content of the fuel 
of 0.016%. This high ash content excludes the application of a DPF for BC reduction (according 
to the state of the art), which would be blocked rapidly. BC with 15 mg/kWh represents 2% of 
the total PM emissions.  

19 All three VLSFOs with high aromatic content had emissions between DMA and HFO 
and emissions that differ only slightly. The total PM emissions range from 0.244 to 0.257 g/kWh 
in the E2-Cycle and are nearly three times higher than that for DMA. The sulphate emissions 
are the dominating share of total PM emissions with 139-162 mg/kWh. At 100% load sulphate 
emissions account for around 63% of total PM. The second largest fraction is OC, which ranges 
from 66-71 mg/kWh, followed by ash emissions of 7, 16 and 8 mg/kWh. 
The ash emissions (7-16 mg/kWh) are reflected by the ash content of the fuels with 0.0035% 
(70), 0.008% (80) and 0.004% (95), respectively. 

20 As opposed to all other PM fractions, the BC emissions of the dedicated VLSFO 
samples are the highest of all fuels with 21 to 26 mg/kWh, which are approximately twice as 
much as in PM of DMA and approximately 40-70% higher than in the PM of HFO. Related to 
the total PM emissions of the VLSFOs, the BC emissions account for 8 to 11%. 

Table 3: Weighted averages (E2 cycle values) of BC, ash, sulphate and associated 
water and OC for all tested fuels 

Fuel 
(aromatic 
content [%]) 

PM 
[g/kWh] 

BC (PAS) 
[mg/kWh] 

Ash 
[mg/kWh] 

Sulphate 
& H2O 

[mg/kWh] 

OC 
[mg/kWh] 

BC share 
of PM [%] 

Gas to Liquid 
(GtL) (0) 0.049 7.43 0.0 8 33 15 

DMA Ref. (20) 0.087 11.31 0.86 16 58 13 

HFO 2.5% S 
Ref. (50) 0.858 15.08 32 468 344 2 

0.50% S (70) 0.257 20.91 7 162 66 8 

0.50% S (80) 0.254 21.46 16 147 70 8 

0.50% S (95) 0.244 26.23 8 139 71 11 
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Figure 2: Particle mass and composition (BC (PAS), OC, ash and sulphates) of all 
tested fuels at respective engine loads 

Particle number size distribution 

21 The real-time PN size distribution has been analysed with a Cambustion DMS500 in 
a size range from 5-1000 nm. This is one of the very rare occasions where a particle size 
measurement of a marine engine exhaust gas has been reported (figure 3). However, the 
interpretation of the results is not straightforward. The interpretation of the size distribution is 
challenging for the following reasons. The state of aggregation (volatile, semi-volatile, solid), 
the actual composition (BC, sulphates, ash) within each size-range, and their corresponding 
densities as a function of size are unknown. Furthermore, one has to keep in mind that the 
measurement principle is based on electrical charge count of assumed spherical particles, 
which does not take into account the real morphology of exhaust particles and the possibility 
of multiple charges of the same particle. However, the general trend is that the combustion of 
GtL together with DMA emitted the lowest particle numbers at all engine loads over the entire 
size range. Combustion of the three VLSFOs had particle sizes and numbers, which were 
closely together, but considerably higher than for GtL and DMA at all engine loads. 
The combustion of HFO caused similar particle numbers to the VLSFOs but showed a shift to 
larger particle sizes in the range of 10-100 nm. 
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Figure 3: Particle number size distribution according to their electrical mobility for all 
tested fuels at 25% engine load 

NOX – eBC – trade-off 

22 Figure 4 shows the NOX – eBC (PAS) Trade-Off for the 25% generator load point. 
The values were determined with variation of the start of injection and variation of the pressure 
in the common rail injection system. The area of NOX Tier II compliance has been marked in 
light green and NOX Tier II exceedance in light red. For the latter case, the NOX emissions 
would have to be reduced externally, for example by SCR.    

23 The results show the different levels of trade-off curves for the tested fuels. The highest 
BC emissions are clearly shown for the 95% aromatic content VLSFO test sample.  The curves 
indicate the distinct levels of the trade-off curves for the investigated fuels. While the distance 
between the 70% and 80% aromatic fuels is marginal, the distances between the other fuels 
are significant and much wider as for instance the difference for increased injection pressure. 
Furthermore, it can be concluded that the different BC emission levels of the different fuels can 
neither be compensated by varying the start of injection nor by variations in rail pressure. For 
different engine types and sizes, the exact form of the NOX-eBC trade-off curves as well as their 
BC emission sensitivity towards aromaticity cannot be predicted and may well differ. However, 
similar trend curves can be anticipated for any diesel engine.  
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Figure 4: NOX-BC Trade-Off example for 25% generator load with variation of injection 
timing and rail pressure. Grey dotted thin lines are based on empiric gradients. 

Detailed fuel oil analysis 

24 The three VLSFOs have been analysed with a high temperature comprehensive 
two-dimensional gas chromatography with high resolution time-of-flight mass-spectrometry 
(GC x GC-TOFMS).6 The method provides a more detailed insight into the chemical composition 
of the fuels and relates the single molecular compounds to their BC emissions. The detailed 
values of the compounds and their derivatives based on number of carbon atoms are presented 
in the annex, figures 6-8, and the major compound groups are presented in table 4. 

25 The chemical analysis revealed that the VLSFO with 70% aromatic compounds 
(suppliers' information) actually contains 73.7% of aromatics. For the sake of comparison with 
document PPR 7/8, the co-sponsors left the original aromatic content from the suppliers' 
information in the figures. The dominating fraction, as in all analysed VLSFOs, are naphthalene 
and its alkylated derivatives at 25.5%. The parent naphthalene (C10) has a concentration of 
only 3.3% in the total fuel, whereas the alkylated naphthalenes (C12-C13) occur in 
concentrations from 7-8%. All other naphthalenes (C10 and larger than C13) had a smaller 
share. Acenaphthenes and iso-alkanes represent the second and third largest fractions of 
approximately 10%. 

26 The GC-analysis of the VLSFOs with 80% and 95% aromatic compounds (suppliers' 
information) revealed that these fuels contain 83.1% and 97.3%, of which naphthalenes and 
its alkylated derivatives represent the major fraction with 40.8% and 54.6%, respectively. 

6 Jennerwein, M. K., Escher, M., Gröger, T. M., Wilharm, T., Zimmermann, R.: Proof of concept of 
high-temperature comprehensive two-dimensional gas chromatography time-of-flight mass spectrometry for 
two-dimensional simulated distillation of crude oils, DOI: 10.1021/acs.energyfuels.7b01799, Energy & Fuels, 
2017, 31, 11651−11659. 
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The parent naphthalene dominates with 18% in the VLSFO with 97.3% aromatic compounds, 
whereas the alkylated naphthalenes (C11 and C12) occur both with approximately 13%.  

Table 4: Chemical groups of the major compounds of the VLSFOs after GC x GC-
HRTOFMS analysis. Grey shaded lines represent the aromatic compounds 

Type of 
hydrocarbon 

Chemical groups including the 
alkylated compounds 

Unit VLSFO 
(73.7%) 

VLSFO 
(83.1%) 

VLSFO 
(97.3%) 

paraffinic n-Alkanes % 4.37 6.70 1.67 
iso-Alkanes % 9.45 5.69 0.59 
Naphthenes/Olefines % 3.41 2.91 0.00 
Dinaphthenes/Olefines % 4.91 0.75 0.00 

aromatic Alkylbenzenes % 6.64 6.25 3.83 
Naphthobenzenes % 8.30 7.94 6.71 
Indenes % 7.34 9.05 10.47 

polycyclic 
aromatic 

Naphthalenes % 25.51 40.81 54.64 
Biph./Diph.meth./Acenaphthenes % 10.82 8.67 9.62 
Fluorenes % 6.14 4.71 5.11 
Phenanthrenes % 6.85 5.08 6.18 
Pyrenes/Fluoranthenes % 0.91 0.31 0.47 

27 Each of the chemical compounds have their specific yield sooting indices (YSI) 
according to Das et al. (2018).7 The National Renewable Energy Laboratory developed a 
software tool to predict the YSI of a compound as a function of its carbon types and chemical 
structure. The sooting tendencies of aromatic compounds are much higher than for paraffinic 
compounds and increase with increasing size of the molecules. Polycyclic aromatic 
hydrocarbons (PAHs) such as naphthalenes and phenanthrenes are among the highest 
sooting compounds. Their dominance in the VLSFO caused the good correlation between 
aromatic content and BC emissions. 

28 The high aromatic content of the investigated VLSFOs not only causes concerns 
regarding their effects on BC emissions and therefore the impact of international shipping in 
the Arctic, but also raises concerns regarding their impact on human and environmental health 
in cases of evaporation, incomplete combustion and oil spills. Especially some PAHs are 
known to be harmful substances with carcinogenic and mutagenic properties that affect human 
health. PAHs belong to the most harmful substances due to their environmental toxicity, 
persistence and bioaccumulation. Therefore, they are limited to 8% in automotive diesel8 fuel. 
The investigated VLSFOs with 70, 80 and 95% aromatic content contained 50, 60 and 76% 
PAH (table 4), respectively. 

29 As the detailed GC x GC-TOFMS-analysis is very expensive and not standardized, 
the hydrogen content of a hydrocarbon, either as H/C ratio or H% by weight, is a good indicator 
for the aromatic content of fuels and measurement of H and C is a standardised method 

7 Das, D. D., St. John, P. C., McEnally, C. S., Kim, S., & Pfefferle, L. D. (2018). Measuring and predicting 
sooting tendencies of oxygenates, alkanes, alkenes, cycloalkanes, and aromatics on a unified scale. 
Combustion and Flame, 190, 349–364. 

8 Directive 2009/30/EC: amending Directive 98/70/EC as regards the specification of petrol, diesel, and gas-oil 
and introducing a mechanism to monitor and reduce greenhouse gas emissions and amending Council 
Directive 1999/32/EC as regards the specification of fuel used by inland waterway vessels and repealing 
Directive 93/12/EEC. 
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(ASTM D 5291: 2016). Hydrogen content is one of the oldest parameters used to predict its 
sooting tendency,9 which is calculated based on following formula: 

30 The H/C ratio varies from ca. 2.14 for 0% aromatic compounds to 1.35 for 
nearly 100% aromatic compounds (figure 5). The more aromatic the nature of the fuel, the 
lower the H/C ratio, as aromatic compounds contain more double bonds and therefore less 
hydrogen. Figure 5 shows the good correlation of the H/C-ratio with aromatic content with a 
correlation coefficient R² of 0.89. The results indicate that H/C-ratio is a good measure for the 
aromatic content of the fuels. It should, however, be noted that measurement of H and C 
content is not a part of ISO 8217 and not included in the BDN. 

Figure 5: H/C-ratio in relation to the aromatic content of the fuels 

Conclusions 

31 The conclusions are based on tests on the 4-stroke medium speed 1L32/44CR-TS 
research engine and are expected to be representative for similar engine types. While similar 
trends would be expected for other engine types, the sensitivity of BC emissions to aromatic 
content may differ. More research with different engine types and sizes is needed to confirm 
this hypothesis. 

9 Martel, R., Charles, C. and Leonard, A. (1973) Hydrogen content as a measure of the combustion 
performance of hydrocarbon fuels, Tech. Rep. May, Air Force Aero Propulsion Laboratory, Wright-Patterson 
Air Force Base. 
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32 The correlation between the BC measurement methodologies PAS and FSN were 
confirmed and improved by additional data compared to the initial results presented in 
document PPR 7/8. This confirms the applicability of both instruments for BC measurements 
on a marine engine operated on a large variety of fuels. 

33 The measurement campaign clearly shows the strong dependency between 
BC emission levels and the aromatic content of the fuels. Increasing aromatic content leads to 
higher BC emissions. Instead of the aromatic content of the fuel, the H/C ratio could be used 
in same context, which decreases with increasing aromaticity. 

34 It can be concluded that the different BC emission levels of the different fuels can 
neither be compensated by varying the start of injection nor by variations in rail pressure. 

35 A detailed fuel oil analysis revealed the highly aromatic nature of the investigated 
specific products and a link could be established between the consequential sooting tendency 
of the fuels. 

36 The high content of PAH in the tested fuels raises concerns regarding their impact on 
human and environmental health. However, more research and also field analysis (with global 
coverage) is required to confirm the prevalence of PAH within the aromatic fraction of residual 
fuels. 

37 Even though the tested fuels might not be representative for the global market share, 
for the reduction of BC emissions from international shipping and its impact on the Arctic, it is 
regarded necessary to implement and limit aromatic content, or H/C ratio in marine fuels. It is 
suggested that the International Organization for Standardization reviews ISO 8217 to include 
specifications that consider these results.  

Action requested of the Sub-Committee 

38 The Sub-Committee is invited to consider the information contained in this document 
and to take action, as appropriate. 

***
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ANNEX 

Figure 6:  Chemical composition of the VLSFO with 73.7% aromatic content from 
C7-C25 

Figure 7:  Chemical composition of the VLSFO with 83.1% aromatic content from 
C7-C25 
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Figure 8:  Chemical composition of the VLSFO with 97.3% aromatic content from 
C7-C25 

Figure 9:  eBC-EC correlation 

___________ 


