'.) Check for updates

Journal of Korean Society for Atmospheric Environment
Vol. 38, No. 2, April 2022, pp. 258-268
https://doi.org/10.5572/KOSAE.2022.38.2.258

p-ISSN 1598-7132, e-ISSN 2383-5346

EE
2 MM HEEl= 7|12ESE2| s §d 244}
HiE2 =3

Analysis of Emission Characteristics and Estimation of Air
Pollutants Emitted from Small Ship
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Abstract Regulations on domestic ports and ships have been in progress in accordance with regulations established by
IMO (International Maritime Organization), but most of them have only aimed at large vessels more than 400 tons or a
capacity of 130 kW. However, the IMO regulations are hardly applied to a port situation in Korea because more than 90% of
the ships registered in Korea are considerably small less than 10 tons. The air pollutants emission released from the ships are
estimated only based on regional fuel consumption and emission factors, but it is also noted that the emission characteristics
of automobiles show various emission characteristics depending on the operating conditions. Thus, it is assumed that the
emission characteristics of the ships are also determined by the operating conditions, but the associated data in this aspect
are still insufficient. This study aimed to investigate the effect of the operating conditions of the ships less than 10 tons on the
characteristics of the air pollutants emission. The results showed that more amount of NOx and particle material were
discharged in the low-speed regions whereas high-speed regions emitted more amount of CO and CO,. Moreover, the NOx
emissions estimated by the field study were approximately 20 times higher than the NOx emissions of fishing ship in South
Chungcheong Province based on CAPSS (Clean Air Policy Support System). This indicated that the previous activity-based
data were underestimated compared with the actual emissions. Future studies should collect more data to verify the accuracy
of these results. Furthermore, emission factors should be estimated for each operation condition based on the collected data
to calculate the national emissions as accurately as possible.
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Fig. 1. View of ship’s body and engine.
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Fig. 2. Performance curves of ships's engine.
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Fig. 3. Schematic diagram of set-up instrument and photo of ship’s sampling stack.
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Fig. 4. Operational profile of the engine loading, speed and fuel consumption.
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Table 1. Emission factor of air pollutants by fuel and ship’s type.
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Fig. 5. Variations in engine output, speed and fuel consumption with operation conditions.
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Table 2. Summary of particulate and gaseous pollutants measured in this study.

NOx (ppm) CO (ppm) CO, (%) 0, (%) PM,s(mg/m®)  MP (#/cm3) NP (#/cm?3)
Mean SD. Mean SD. Mean SD. Mean SD. Mean SD. Mean SD. Mean S.D.
650rpm 1,299 8 75 6 4 17 - 1.0 0.1 326 56 9,956,129 367,717
950rpm 1,337 8 89 10 5 0 14 0 0.9 0.1 327 42 9,662,879 351,611
1,200 rpm 1,365 12 86 11 7 0 11 0 14 0.2 325 24 7,594,052 827,033
1,400rpm 1,388 12 76 8 8 0 10 0 1.0 0.1 365 55 6,928,781 911,027
1,500rpm 698 129 77 15 7 1 12 2 1.2 0.1 243 23 2,923,636 359,353
1,700rpm 869 124 103 22 8 1 10 2 0.7 0.1 336 10 6,300,606 2,048,282
1,900rpm 948 8 118 14 9 9 0 0.7 0.1 322 16 4,925,076 620,319
Break time 420 7 136 10 2 - 21 - 04 1.3 279 100 2,983,202 3,526,972
% Measurement range of MP and NP: MP 0.3~20 pm/NP 5.6~560 nm
Table 3. Estimated NOx emission factor suggested in this study.
650rpm 950rpm 1,200rpm 1,400 rpm 1,500 rpm 1,700 rpm 1,900 rpm

Fuel consumption (kg/year) 86.7 118.3 2444 299.6 370.5 504.6 670.14
NOx emission (kg/year) 14,747 15,178 15,496 15,757 7,924 9,865 10,765
EF (kg/ton) 170.0 182.3 63.4 52.6 214 19.6 16.1
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Table 4. Summary of NOx estimated by non-road mobile source in ChungNam.

(unit: ton/year)

Source Non-road mobile source Ship Small ship Small ship
(CAPSS, 2019) (CAPSS, 2019) (CAPSS, 2019) (this study)
Emission 15,716 6,509 192 4,238
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