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Abstract With the rapid development of the world trade, the shipping industry is experiencing a rapid increase. 

Yet, there is an urgent issue deserving much attention. Ships produce substances that cause air pollution. For 

example, the flue produces NOx, COx, especially SOx. The impact of the massive emissions of these substances 

to the atmosphere is increasing.  

In the context of IMO, the MARPOL Convention was implemented in January 2020. As I know, MARPOL 

Annex VI lowered the global sulfur emission standard from 3.5% to 0.5%. It focuses on no marine pollution but 

air pollution not only in China, but also in the world. Normally, there are two measures for controlling SOx 

emission,one is using low sulphur bunker, another one is Scrubber. This project comprehensively analyzes the 

current status and problems of ship's air pollution emissions, analyzes the main emission reduction measures to 

reduce ship's atmospheric emissions, and conducts economic analysis of emission reduction measures. I will 

apply both Quantitative and Qualitative methods to select which way is much better to control SOx emissions, 

so as to provide decision supports for the formulation and implementation of emission reduction measures in 

China. 
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Introduction 

According to the information provided by Norway to IMO
1
, Norwegian ships emit NOx 6.02 million tons per 

year, which accounts for 7% of the world's total emissions; SOx 6.34 million tons, accounting for 4% of the 

world's total emissions; COx annual emissions approximately 1.24 million tons, accounting for 2% of the 

world's total emissions; VOC380,000 tons (Christer Ågren AirClim 2019). The polluted atmosphere can affect 

the climatic and coastal countries beyond 1000 km away. Among the pollutants, SO2 and SO3 in SOx are the 

culprit of acid rain.  

The 70th MEPC
2
 meeting held in October 2016 lowered the global sulfur emission standard from 3.5% to 0.5%, 

and the MEPC decided to start implementation of MARPOL
3
 on January 1, 2020.  

The policy of controlling sulfur emissions in the European Union and North America is also very strict. The EU 

in advance implemented the sulfur oxide emission standard in MARPOL 73/78 Annex VI before 2020, and 

gradually expanded the scope of application of the sulfur emission standard. North America has also advanced 

the implementation time of sulfur emission control standards. From this, it can be seen that the international 

community is accelerating the legislative process and continuously strengthening the control of ship sulfur 

emissions in China. 

                                                           
1
IMO: International Maritime Organization 

2
MEPC: Maritime Environment Protection Committee 

3
MARPOL: Maritime Agreement Regarding Oil Pollution of Liability 
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China is a major country in international trade, and the issue of shipping emissions control is quite important. 

This article analyzes the current status of air emissions from ships, and analyzes the main measures for 

controlling ships’ SOx emissions, and the economic analysis of emission reduction measures provides decision 

supports for the formulation and implementation of emission reduction measures for shipping companies in 

China. 

In this research，research questions narrow the purpose down into specific questions that the researcher would 

like to answer or address in the study. I will ask, “which way is better for control SOx emission in China?  --

Scrubber? --Low sulphur bunker? 

 

Materials and Methods 

1. Quantitative research 

In this case the subject of study is a container ship operating between ports of Mainland China and Taiwan. The 

basic information, including information about engine, bunkers and shifts is provided by the shipping company 

(Table 1). The ship uses Tier II middle speed diesel engine (MSD). 

 
Note: MSD

4
 (Middle Speed Diesel) means medium-speed diesel engine; HFO

5
 means heavy bunker oil; MGO

6
 

means marine gas oil; Tier I, II and III represents engines manufactured in 2000-2010, 2011-2015 and after 

2016, respectively. Tier III engines are mainly used in nitrogen emission control zones in the United States. 

The time frame of this study is September 6 – 13, 2019. The ship carries out approximately 44 voyages a year; 

each lasts 8 days and thus the total days in service is 352 days. I will comprehensively consider the ship’s 

current status of emission and how installing a scrubber and using LSFO
7
 would affect energy consumption and 

emission. Starting from October 1, 2018, ships bound for the port of Ningbo-Zhoushan that have entered the 

Ship Emission Control Area in Waters of Yangtze River Delta (SECAWYRD) shall use LSFO with sulfur 

content ≤ 0.5% m/m. 

There are three options below to analyze the different scenarios of using low sulfur fuel and scrubber. Through 

comparing them, we could find out which way is more cost-effective. 

1. High-sulfur oil  No emission reduction 

measures and use the high 

sulphur bunker 

2.  0.5%+0.5%(sulphur emission 

control area) 

0.5% diesel elsewhere (global 

and SECAWYRD standard) 

3 Exhaust gas processing device HFO for main and auxiliary 

engines and reach 0.5% 

The first scheme is the current status of the ship – that is, no emission reduction measures have been applied. 

The ship now uses diesel only at berths in the SECAWYRD (emission control zone of the Yangtze River Delta), 

while in other places 2.2% high sulphur bunker (HFO) is allowed. According to survey data, HFO contains 

2.2% of sulfur while diesel contains only 0.1%. 

 

                                                           
4
MSD: Middle Speed Diesel 

5
HFO:Heavy FuelOil 

6
MGO: Marine Gas Oil 

7
LSFO: Low Sulphur Fuel Oil 
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The second scheme is that the ship uses low sulphur bunker with 0.5% sulfur content (hereinafter 0.5% low 

sulphur fuel oil) in and outside the SCARWYRD. This scheme would be executed if in 2020 0.5% Low sulphur 

fuel oil and above is allowed in non-emission-control areas worldwide, and in the SECAWYRD 0.5% low 

sulphur fuel oils is allowed. 

The third scheme assumes that a closed-loop exhaust gas processing device is applied. Both main and auxiliary 

engines still use 2.2% HFO, and thus the device shall process sulfides to meet the 0.1% cap in the SECAWYRD 

and the 0.5% standard worldwide. 

The following table is calculation about the normal bunker NPV and IRR, and I also following the same method 

to calculate others plan. 

 
 

2. Qualitative research 

From above cash-flow calculation, we got the cost situation and profit situation due to both two methods. 

Aiming to understand the situation of in the real world of the shipping company how to control SOx emission, I 

design a interview to analyse advantages and disadvantages of scrubber and Low sulphur bunker. The first step 

is that we need to determine the final number of interview people (Hunter, 2002). I select 20 people，who are 

working in shipping industry to join this interview. Different from a survey, an interview needs to respect the 

interviewees by using expressions as close as possible to the interviewees and their expressions, so as to avoid 

some unnecessary misunderstandings and resonate with the interviewees (Sharma, 2009). For example, most of 

the interviewees are shipping industry staff in this Interview, and try to make them understand in straightforward 

language. As for face-to-face interviewees, I will try to take a recording after the interviewees agree so that I can 

analyze the results later. If any interviewee is unable to conduct a face-to-face interview, as said in the above 

survey, Facebook and WeChat are also acceptable. The interview questions are in both Chinese and English for 

recording. 

Different from a survey, an interview may encounter communication problems: (1) the respondents refuse to 

answer (2) the interview location is highly disturbed (3) the respondents are impatient during the interview, etc. 

My way of dealing with them is not to offend the taboos of the interviewees but keep the conversation 

harmonious, and leave controversial issues to the end. It is also important for interviewees to express their ideas 

as freely as possible (Sharma, 2009). the following is the table of interview form. 
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Results & Discussion 

1. Quantitative research result 

 
As is shown in the chart: to compare with the IRR and NPV from plan1 to plan 3. In the first chart (to compare 

with the IRR), the largest number of IRR is using the normal high sulphur bunker, without any solution for 

controlling sulphur emission, accounting for 635%. The next largest one is using 0.5% low sulphur fuel oil, 

being 331%, which is 204% lower than the former using high sulphur bunker and using 0.5% bunker.By way of 

contrast, the least IRR for using scrubber and this figure is only 204%. 

In the second part of the chart related to NPV. Clearly, differentfrom IRR, using the normal high sulphur bunker 

has the highest number of NPV, it is about 2.5million. Using scrubber comprises the next largest NPV (1.8 

million). By contrast, using 0.5 % low sulphur fuel oil is the smallest number of NPV, which is only 1.3million. 
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In order to ensure the accuracy of the results, I have selected another set of shipping bunker data from Japanese 

to calculate and analyze. I selected a set of data on May 4th 2020. The high sulphur bunker price is138.64$, and 

0.5 low sulphur fuel oil is 215.5$. The above is the result of the IRR and NPV in each plan. From the above table, 

we can find that the IRR have the same situation with the bunker used in shanghai:  

IRR (High sulphur bunker) >IRR (0.5% Low sulphur bunker) > IRR (scrubber).  

And the NPV also has the same situation: 

NPV (High sulphur bunker) > NPV (scrubber)>NPV (0.5% Low sulphur bunker). 

However, further analyses of the costs of emission reduction measures show that low sulphur fuel oil are better 

than scrubber， from a cost-effective perspective (Arof, A. 2018). The cost-benefit analysis of emission 

reduction measures shows that the installation of exhaust gas processing equipment is better than the plan use of 

LSFO. In other words, the Scrubber is not the most cost-effective option. Yet, from NPV perspective, scrubber is 

better than Low sulphur bunker. 

 

2. Qualitative research result 

"Any act of adding machinery to a ship increases risk," represents the thinking of many shipping 

companies (Koilo, 2019). In addition, insurance companies are evaluating the higher risks that ships equipped 

with scrubbers may face. At present, a number of ships have had accidents due to the installation of scrubbers. 

Some analysts said that the accidents were due to serious corrosion of equipment. It was also suggested that 

improper installation of the scrubbers or improper operation of the crew could also lead to accidents. Many ships 

with scrubbers are trying to make their system work properly, and many have to assign more crew for operation. 

These all are the problems the ships need to face. Even the large shipping companies with professional technical 

teams, when facing with these problems, are under great pressure, not to mention some small and medium-sized 

shipping companies in China. As to them, these risks are devastating.  

Small and medium-sized shipping enterprises in China are obviously inferior to large ones in utilizing economic 

resources, obtaining market information and seeking external support. At the same time, the entry barriers of 

technology, capital and others for small and medium-sized enterprises in the field of production and operation 

are larger, and the existence of a large number of small and medium-sized shipping enterprises makes them face 

increasingly fierce competition. Therefore, in a time of severe market turbulence and in a financial crisis, small 

and medium-sized shipping enterprises are often the hardest-hit ones. The disadvantage of low anti-risk ability 

makes small and medium-sized enterprises in China, especially small and medium-sized enterprises established 

in a short time, have higher failure rate. Compared with small-scale enterprises, the economies of scale of large-

scale shipping enterprises are favorable for large-scale shipping enterprises to expand market coverage and 

spread operational risks. Investment in scrubber for large shipping company is also a way to diversify risk (Koilo, 

2019). 

The decisive factor is the difference between low-sulfur oil and ordinary bunker in China, which is getting 

smaller and smaller as the number of suppliers increases. The cost advantage of scrubber has gradually been lost. 

However, during the calculation of IRR and NPV form the cash-flow part, we can find that NPV using scrubber 

is relatively high. So currently using scrubber is not useless.  

Although the current supply of low-sulfur oil has unstable factors, and the quality of low-sulfur oil is also not 

good, I believe that all of them will be resolved through the technological innovation. With the support of the 

Chinese government, the continued supply of high-quality low-sulfur oil in the future will solve the supply 

problem of China's low-sulfur oil market. In addition, emerging technologies，such as the LNG technology, are 

also an important factor for solving shipping enterprises' control of sulfur emissions.  

 

Conclusion 

In the whole paper, I analyzed the research question step by step. Firstly, I got the NPV and IRR for both 

measures to control SOx emission. And secondly, in the interview I got the information that large scale 

companies in China still use scrubber, although the IRR is bad, and I got the factors still use scrubber or not. 

Finally the Regression could prove the results of interview within a small group to a wide shipping industry 

situation. In all cash flow calculations, the use of Low sulphur bunker is of the worst NPV and good IRR, but the 
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increase in investment costs caused by it is less, and the reconstruction of ships is not much, so it is also the 

direct choice for most ship companies. Although the price of Low sulphur bunker has greatly affected the 

economical efficiency and cost effectiveness of the measure. Especially in this period, due to the increase in the 

suppliers of Low sulphur bunker, and decrease the price difference between high sulphur bunker and Low 

sulphur bunker.  

Therefore, the use of Low sulphur bunker is the most direct choice to meet the sulphur emission control and also 

a minimal risk option for shipping companies, which will not put huge pressure on the cash flow of shipping 

companies in the short term and will not affect the companies by sudden technical accidents. However, the 

quality of low-sulfur bunker and its impact on the ship's engine also exist. With the more and more strict 

requirements on bunker sulfur content, the types of bunkers will continue to increase, which is also a challenge 

for shipping companies.  
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The installation of scrubber is of more profitability due to the better NPV than the use of Low sulphur bunker but 

the IRR is the worst. It is an appropriate choice to install the tail gas treatment equipment in ocean routes. 

Although the increase in the cost caused by this measure is small, but the up-front investment is a relatively large 

investment only affordable for state-owned shipping enterprises with the large cash flow.  

And for large companies in China, continuing to use desulfurization towers is an important way for companies to 

share risk. Scrubber is still a good solution when sulfur control policies continue to change. But technical risks 

and low oil prices still have a huge impact on scrubber. More and more small and medium shipping companies 

in China are giving up using scrubber. At this moment, scrubber not a good choice. 

No matter which way is chosen to control sulphur emissions, the changes in shipping costs construction are 

inevitable. Through the notices on the increase of low sulphur bunker surcharge from several shipping 

companies in China, it can be seen that all shipping companies from large shipping companies, such as OOCL, 

to small and medium-sized shipping companies, such as SITC and WAN HAI, have started to raise freight rates, 

and specifically marked the increase as the Low sulphur bunker surcharge, including INTERASIA LINES 

SINGAPORE PTE. LTD. From the table 16 showing that also has started to charge the low sulphur bunker 

surcharge covering hundreds of lines in most parts of the world from African lines to Australian lines as well as 

European India–Pakistan line. This fact shows that most companies in China are using low-sulfur bunker.  
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