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            Abstract
          
        

        
          The development of modern industry has long relied on fossil fuels as a primary energy source, leading to the advancement of various energy technologies. However, the continued and indiscriminate use of fossil fuels has resulted in the emission of large quantities of greenhouse gases (GHGs), significantly accelerating global warming. In response to the potential severe environmental consequences of global warming, various industrial sectors are actively seeking strategies to reduce GHG emissions. Within the maritime industry, the International Maritime Organization (IMO) is spearheading the "Net-Zero Project" to reduce GHG and carbon dioxide emissions from ships, with the ultimate goal of transitioning the sector into one that emits no greenhouse gases. To achieve this, the maritime sector has been developing regulatory and technological measures based on both short-term and mid-to-long-term strategies. Among these, the Energy Efficiency Existing Ship Index (EEXI) and Carbon Intensity Indicator (CII) regulations represent key components of the initial phase and have been continuously enforced. Building on a previous study that utilized SPS (Special Purpose Ship) code and the block coefficient of ships to identify comparable ship types and analyze EEXI values, the present study focuses on the carbon intensity regulation. This study selected a 5,500-ton class government-owned training vessel, Ship A, which is currently exempt from CII regulation, as the research subject. The vessel’s carbon intensity was calculated and compared with those of similar ships of the same size and using the same type of fuel. Furthermore, this study proposes strategies to reduce the vessel’s carbon intensity, such as converting the generator’s fuel type and increasing the ship's operational voyage distance. Based on these analyses, methods are suggested to ensure stable operation should the vessel become subject to future CII regulations. Additionally, the study emphasizes the need to develop a new carbon intensity calculation formula tailored for vessels with short voyage distances. This research is expected to contribute to the development of technical and operational strategies that enable the maritime industry to effectively respond to climate change and promote the establishment of a sustainable maritime environment.

        

        
          
            초록
          
        

        
          산업의 발전은 오랜 기간 동안 화석연료를 기반으로 다양한 에너지원의 개발과 함께 이루어져 왔다. 그러나 이 과정에서 무분별한 화석연료의 사용이 지속되었고, 그 결과 다량의 온실가스가 배출되어 지구 온난화를 가속화시키는 주요 원인이 되었다. 이에 따라 향후 지구 환경에 심각한 영향을 미칠 수 있는 온난화 문제를 완화하기 위해 각 산업 분야에서는 온실가스 배출량을 저감하기 위한 다양한 방안을 모색하고 있다. 해운 산업의 경우, 국제해사기구(IMO)를 중심으로 'Net-zero 프로젝트'를 추진하여 선박에서 발생하는 온실가스 및 이산화탄소 배출량을 감소시키고, 궁극적으로는 온실가스를 배출하지 않는 산업으로의 전환을 목표로 하고 있다. 이를 위해 해운 분야에서는 초기 전략과 중장기 전략에 기반한 규제 및 기술 개발이 병행되고 있으며, 그 중 선박 에너지 효율지수(EEXI) 규제와 탄소집약도(CII) 규제는 대표적인 초기 단계의 대응 전략으로 지속적으로 시행되고 있다. 본 연구는 선행 연구에서 SPSS 코드와 선박 방형계수를 활용하여 유사선종을 선정하고 EEXI를 비교 분석한 결과를 바탕으로, 후속 연구로서 탄소집약도 규제에 초점을 맞추었다. 연구 대상은 탄소집약도 규제에서 예외 대상인 5,500톤급 관공선 실습선 A호로 설정하였으며, 동급의 크기와 동일한 연료를 사용하는 유사 선종과 비교하여 해당 선박의 탄소집약도 지수를 산정하고 그 차이를 분석하였다. 아울러, 대상 선박의 탄소집약도 저감을 위한 전략으로 발전기의 연료유 변경 운항, 항해 거리의 증대 등을 제안하였다. 이러한 분석을 통해 해당 선박이 향후 탄소집약도 규제 대상 선박으로 지정될 경우에도 안정적인 운항을 지속할 수 있는 방안을 제시하였으며, 항해 거리가 짧은 선박에 적합한 새로운 탄소집약도 산정식 개발의 필요성을 제언하였다. 본 연구는 해운 산업이 기후변화 대응에 있어 기술적 및 운항적 측면에서 실질적 전략을 수립하고, 지속가능한 해운 환경 조성을 위한 기반을 마련하는 데 기여할 것으로 기대된다.
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      1. Introduction
      In the early days of humankind, the power needed for human life was created by using materials collected from nature and further expanding the power through the power of objects or people. In the development process of these power sources, fossil fuels have been used by humans to create energy sources from nature for a long time. However, global warming is occurring due to greenhouse gases emitted through these fossil fuels. In particular, the rate of sea level rise is accelerating.

      In order to reduce the amount of greenhouse gases generated, measures are being prepared for each industry, and preparations and efforts are being made to reduce greenhouse gases in shipping sales (Mu et al.[2022]), which emits 2.6% of greenhouse gases among industries. As a process to reduce greenhouse gases, the Green House Gas Study group was formed at the 45th meeting of MEPC(Marine Environment Protection Committee), and in 2003, 'IMO policy and implementation plan related to reduction of greenhouse gas emissions from ships' was adopted to respond to greenhouse gas emissions at the IMO level in MEPC (IMO[2023a]; MEPC 80/WP.6 ANNEX 1 group's reflection on the status of discussion on the draft 2023 IMO GHG strategy). It was requested to identify a regulatory mechanism and present a plan to do so. In addition, at the MEPC 53rd meeting in 2005, interim guidelines for voluntary ship CO2 emission index testing were resolved through Circ./471, and in 2006, ship technical implementation (targeting new ships) was implemented to respond to greenhouse gas emissions in the international shipping sector. At the 62nd meeting of MEPC, an amendment was made to add Chapter 4 to Annex 6 of the Marine Pollution Prevention Convention in order to mandate the Energy Efficiency Designed ship Index (EEDI) for new ships and the Ship Energy Efficiency Management Plan (SEEMP) for all ships was adopted (Čampara et al.[2018]).

      The 70th MEPC approved the Comprehensive IMO Strategy roadmap to enforce greenhouse gas reductions and emphasized specific reduction activities and schedules including short-term, medium-term, or long-term measures until 2023. At the 73rd meeting, a follow-up program was approved to implement IMO's initial strategy and a schedule of short-term measures until 2023 was established. In particular, the 4th IMO GHG study investigated greenhouse gas emissions from ships from 2012 to 2018, and the greenhouse gas emissions from total shipping (including domestic, international, and fishing) were 1.076 billion tons as of 2018 (Samar et al.[2023]), and CO2 emissions were 10 million tons. Since it accounted for 2.89% of global emissions at 5.6 million tons, a more active reduction strategy was required. Currently, technical measures are being taken by applying ship energy efficiency index regulations to existing ships and new ships, and based on 2023 operation performance. Starting in 2024, each ship's capacity 5,000 tons or more will be assigned an A to E rating according to the carbon intensity index based on carbon dioxide emissions. If the ship receives an E rating or a D rating for three consecutive years, the ship will establish an improvement plan and undergo re-verification. Operational measures to restrict operations are being implemented. Similar to the international situation, domestic emissions of greenhouse gases that cause global warming and air pollution are occurring significantly (Lee et al.[2023]).

      According to the National Institute of Environmental Research (NIER, 2018), carbon monoxide (CO), nitrogen oxides (NOx), sulfur oxides (SOx), fine dust (PM10/2.5) emitted from ships. Volatile organic compounds (VOCs), ammonia (NH3), and incompletely combusted hazardous substances (BC: Black Carbon) accounted for 6.4% of the total domestic emissions, of which nitrogen oxides (NOx) accounted for 13.1%, SOx for 10.9%, and fine Dust (PM10/PM2.5) accounts for 9.6%. Among the emissions from ships, cargo ships arriving and departing domestic and international ports showed the highest emissions at 50.6%, and the emission rate from fishing boats was also significant at 42.6% (Lee et al.[2020]). In response to this, in Korea, starting from 2021, we are evaluating the condition of public sector vessels and converting them into eco-friendly vessels. In addition, we are establishing national reduction goals (Marco et al.[2022]). We are preparing for international shipping reduction goals through this. Domestically and internationally, many studies are being conducted to show that regulations on greenhouse gas reduction are being strengthened and that preparations are needed to meet upward goals (Kim and Choi[2023]; Lee et al.[2020]).

      This study aims to assess and improve the carbon intensity of vessels currently classified as exempt from CII regulations, with a particular focus on training or low sailing distance vessels that are gradually being considered for inclusion in future regulatory frameworks. Although these vessels are not yet subject to CII requirements, they still contribute to greenhouse gas emissions particularly carbon dioxide during operation. As part of early commercialization efforts and in alignment with the IMO's initial greenhouse gas reduction strategy, this study investigates the potential for reducing carbon intensity through alternative propulsion methods. To that end, a training vessel currently used for educational and operational purposes was selected as the subject of analysis. The vessel's carbon intensity was evaluated under various operational scenarios, including the use of LPG-fueled engines in place of conventional diesel engines. The results confirmed that switching to LPG engines significantly improved carbon intensity performance, demonstrating the viability of alternative fuels even in vessels not yet regulated. This highlights the importance of pro-actively developing and validating carbon reduction strategies for exempt vessels, in preparation for future policy changes and the broader goal of achieving maritime decarbonization.

    

    

  
    
      2. Criteria and Research Methods for Adopting Similar Vessel Type
      
        2.1 Criteria for adopting similar Vessel type
        As greenhouse gases emitted from ships were found to be one of the causes of global warming, regulations to reduce carbon dioxide, one of the greenhouse gases, were implemented led by the IMO. Therefore, in order to meet the strengthening regulatory standards, the shipping and shipbuilding industries are meeting regulations by converting ship fuel oil, installing Selective Catalytic Reduction (SCR) or Exhaust Gas Recirculation (EGR) systems, or Engine Power limit (EPL) system (Kim and Choi[2023a]; Carlo et al.[2013]). In addition, the Coast Guard manages ship emissions through onboard inspections for domestic ships, but actual measurements such as the operation of various emission devices and fuel standards require a lot of time and effort, and also depend on the ship's busy operation schedule. Due to restrictions, most inspections are carried out on paper, which limits management. In order to reduce greenhouse gases from ships, regulations have been strengthened to change air pollutant generation into actual inspections, and a monitoring system for each sea area using Coast Guard vessels has been established to conduct actual site inspections. Research was conducted to ensure data-based management, and that technological development and legal support are needed to introduce environmentally friendly ships in the short and long term. In addition to status surveys and research on actual reductions, various studies on technology and regulations were conducted. In addition to technical research, such as research on carbon dioxide reduction technology considering the operating mode of ships or research that can increase the ship energy efficiency index, it is also related to regulations (Kim and Choi[2023b]), so when the tonnage limit is lowered from the current carbon intensity regulation, it can be used on practice ships or domestic ships. There is also research showing that government ships may also be subject to regulation, and if exempt ships are included in the current regulations, regulation-related legislation or standards must be prepared, and research has also been conducted on the limitations of the current greenhouse gas reduction regulations. In a previous study (Lim et al.[2023], ro-ro passenger ships were selected among 11 regulated ship types for ships exempt from the ship energy efficiency index regulation and compared, and the comparison ship types were determined based on the purpose and shape of the ship. First, the type of ship that meets the purpose of the ship was selected as it corresponds to the SPS Code, one of the IMO Codes for ships performing official duties or ships operating for special purposes. In addition, in order to confirm the degree to which the shape of the ship is similar, ship types with similar square coefficients were identified through various dimensions of the ship, and finally, a ro-ro passenger ship was selected as the standard ship type, and the Required EEXI and Attained EEXI of the ships subject to study were compared to the Required EEXI. In connection with the studied cases of ways to satisfy EEXI, carbon intensity was calculated through IMO DCS data, which is the operation data of one of the ships under study, compared with Ro-Ro passenger ships of the same tonnage, and the carbon intensity index was reduced accordingly. That study to check what can be done(Lim et al.[2023]).

      

      
        2.2 Carbon Intensity and Calculation Method
        In its simplest form, the calculated annual Carbon Intensity Indicator (CII) (Kubilay[2024]) for an individual vessel refers to the ratio of the mass of carbon dioxide emitted to the total transport operations performed in a given year.
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        In Equation (1), "j" is the type f fuel oil, "FCj" is the annual fuel consumption by oil type [ton], and "Cfi" is the conversion factor for each oil type to convert fuel consumption into carbon dioxide emissions [tCO₂/tFeul], and is specified EEDI (Energy Efficiency Designed ship Index) calculation guidelines (MEPC.308 (73rd)). Also representative values are 3.114 for Heavy Feul Oil (HFO), 3.206 for Marine Gas Oil (MGO), 3.151 for Light Fuel Oil (LFO), and 3.000 for Liquified Propane Gas (LPG). "Capacity" refers to ship capacity, and GT (Gross Tonnage) or DWT (Dead Weight Tonnage) is applied to each ship type. For ro-ro passenger ships, GT is used. And The IMO originally designed the CII regulation using 2008 as the reference year. However, due to the limited availability of 2008 data, the CII baseline was derived based on the operational carbon intensity performance of each ship type in 2019, and the baseline for ro-ro passenger ships was calculated through the capacity and parameters of individual ships calculated using 2019 IMO Data Collection System (DCS) data. The equation presented in the guideline is derived through regression analysis, where the collected data were used by setting the attained CII as the dependent variable and the ship's capacity as the independent variable. The parameters "a" and "c" were estimated based on the attained CII values and capacities of individual ships using the 2019 IMO DCS (Data Collection System) dataset. These parameters vary depending on the ship type and size. For the comparable ship type ro-ro passenger, the parameter values are 'a' is 7540 and 'c' is 0.578, which leads to the formulation of Equation (2) formula for calculating the 2019 reference value defined in the guidelines (G2) is as follows: Equation (2). (IMO [2021]; Resolution MEPC.333 (76) Guidelines on Operational Carbon Intensity Indicators and the Claculation Methods (CII GUIDELINES, G2).

        
          
          

          Fig. 1. 
				
          

          
            Grade range and Grade range Calculation formula.
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        In addition, in order to calculate the carbon intensity that must be met for the relevant year, the value of the reduction factor must be multiplied. This reduction factor is generally indicated as "Z" in Rule 28 of Chapter 6 of MARPOL Annex, and is defined as a coefficient that quantifies the decrease in carbon intensity compared to a designated baseline year. The annual carbon intensity of a ship's operations is a positive value representing a percentage of the required value. Based on this reduction factor, the vessel's annual operating CII allowable value is calculated as follows, and the reduction rate 'Z' has a value of 1% in 2020, 2% in 2021, and 3% in 2022. Equation (3) below is as follows, and the value calculated through this is called Required CII.
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        The operational carbon intensity level is based on the annual operational carbon intensity index achievement value among five grades (A, B, C, D, E) representing the highest, upper, middle, lower, and lowest grades. The rating is given through comparison of the vessel's annual operation CII achievement value and the boundary value, and the boundary is set based on the CII distribution of each individual vessel in 2019. The grade is classified through a grade range calculation formula using a vector (expressed as a dd vector) indicating the direction and distance deviating from the allowable value and the annual CII allowable value. Table 1 shows that four grade ranges can be calculated based on Ro-Ro passenger ships. The four ranges are largely divided into "Inferior boundary", "Upper boundary", "Lower boundary", and "Superior boundary" (IMO[2021];Resolution MEPC.333(76) Guidelines on Operational Carbon Intensity Indicators and the Claculation Methods (CII GUIDELINES, G1).

        
          Table 1. 
				
          

          
            Grade range and Grade range Calculation formula
          
          

        

        
          
            
              	Grade range
              	Grade range Calculation Formula
            

          
          
            	Superior Boundary
            	0.72 × Required CII
          

          
            	Lower Boundary
            	0.90 × Required CII
          

          
            	Upper Boundary
            	1.12 × Required CII
          

          
            	Inferior Boundary
            	1.41 × Required CII
          

        

        

      

      
        2.3 Calculate CII of the study ship and compare it with the similar Vessel type
        Similar to the previous study (Lim et al.[2023], Attained CII was calculated using the carbon intensity calculation formula for ro-ro passenger ships using data from one of the six ships under study, and ways to reduce carbon intensity accordingly were sought and confirmed. Training vessel A, the vessel subject to this study, was built in 2016 and is a vessel of over 5,000 tons that trainees board and sail in the ocean area as well as domestically. It is a ship of 5,000 tons or more and meets the carbon intensity regulation standards applied to ships sailing in the ocean area. Table 2 shows the main features of training ship A.

        
          Table 2. 
				
          

          
            Specification of Training ship A formula
          
          

        

        
          
            
              	 
              	Training Ship
            

          
          
            	Gross Tonnage(MT)
            	5255 TON
          

          
            	Main Engine
            	B&W 6S35MC, 4440 kW
          

          
            	Aux. Engine
            	600PS per 1 Engine
          

          
            	Maximum & AVG. Speed
            	16.5 knot / 15.5 knot
          

        

        

        The carbon intensity was calculated for each year using the three years of operation information from 2020 to 2022 of training ship A. This was implemented in accordance with Chapter 6 of the Annex to the MARPOL Convention, and the degree of exhaust gas pollution was measured by measuring greenhouse gases generated from the ship. As a regulation for measurement, the annual fuel oil consumption of international sailing ships with a gross tonnage of 5,000 tons or more was calculated using Equation (1) through IMO DCS, a system that mandates reporting to the flag government. Table 3 calculates the operation data of training ship A from 2020 to 2022 and the amount of fuel consumed by the main engine and auxiliary engine according to Equation (1) and the conversion coefficient for each type of fuel. The calculated value at this time is Attained CII.

        
          Table 3. 
				
          

          
            Consumption and Sailing Mile of each years
          
          

        

        
          
            
              	 
              	2020
              	2021
              	2022
            

          
          
            	H.F.O
            	344.8
            	-
            	-
          

          
            	L.F.O
            	259.3
            	79.3
            	67.9
          

          
            	L.S.M.G.O
            	248.6
            	699.2
            	699.2
          

          
            	Sailing Mile
            	3606
            	3296
            	3527
          

          
            	Sailing Time
            	316 Hour 5 Min
            	343Hour 18 Min
            	345 Hour 30 Min
          

          
            	Attained CII (gCO2 /t-nm)
            	141.84
            	143.97
            	132.49
          

        

        

        The reference CII was calculated using Equation (2), the carbon intensity calculation formula for Ro-Ro passenger ships selected as the standard ship type, and the Required CII was derived by reflecting the reduction rate for each year. The results are shown in the graph below.

        As shown in the graph in Fig. 2, in 2020, a 1% reduction rate was applied in equation (2), and the Attained CII was 141.84 gCO2/t∙nm, which was about 2.90 times higher than the Required CII of 48.84 gCO2/t∙nm, and when calculating the grade. You can see that it is rated 'E'.

        
          
          

          Fig. 2. 
				
          

          
            Graph of Attained and Required CII data in 2020.
          
          

          

        

        The Fig. 3 graph is data from 2021, and a reduction rate of 2% was applied for 2021. Attained CII was 143.97 gCO2/t∙nm, Required CII was about 2.97 times higher than 48.35 gCO2/t∙nm, and was rated 'E' when calculating the grade.

        
          
          

          Fig. 3. 
				
          

          
            Graph of Attained and Required CII data in 2021.
          
          

          

        

        Fig. 4 applies data from 2022, and a reduction rate of 3% was applied in 2022. Attained CII was 132.49 gCO2/t∙nm, Required CII was 2.76 times higher than 47.85 gCO2/t∙nm, and was rated 'E' when calculating the grade. Overall, the Attained CII value is higher than the Required CII value, so the Attained CII value in 2020 and 2021 is 2.9 times higher than the Required CII value, and 2.7 times higher in 2022, confirming that the value of Attained CII is much higher than the Required CII.

        
          
          

          Fig. 4. 
				
          

          
            Graph of Attained and Required CII data in 2022.
          
          

          

        

        Fig. 5 displays the Attained CII and Required CII for each year in a bar graph, and when calculating the grade for each year, it can be seen that all training ship A falls into the E grade. Currently, the training ship A is exempt from regulations, but if it becomes subject to regulations in the future, it will not be able to operate until a ship improvement plan is established and re-verification is performed, so preparation is needed(Li et al. [2023]).

        
          
          

          Fig. 5. 
				
          

          
            Comparison of CII (2020 to 2022).
          
          

          

        

      

    

    

  
    
      3. Research on Ways to Reduce CII
      
        3.1 Reduction due to increase in sailing distance fuel type
        Training ship A is currently not a ship subject to carbon intensity regulations in 2024, but in the future, as abnormal climates due to global warming continue to occur and in order to reduce greenhouse gases from a national perspective, carbon intensity regulations can be strengthened across all ship types in the ship field. Because there is a possibility, there is a need to reduce carbon intensity (Lim et al.[2023]). Ways to reduce the carbon intensity of ships include converting ship fuel oil to fuel with a low carbon conversion coefficient such as LNG or LPG (Jeong et al.[2024]), or reducing fuel consumption by reducing the speed of the ship, and reducing the ship's speed to the power of cube (Dan et al.[2020]). There is a way to lower fuel consumption by reducing the ship's load, which is proportional to. Among these, this study sought ways to reduce carbon intensity by considering the characteristics of training ship A. In Table 3, it can be seen that in the case of training ship A, the anchoring time is longer than the sailing time. If the anchorage time is relatively long and the voyage period is short, the voyage distance corresponding to the denominator is reduced, and the fuel consumption, which is a component in the numerator, is bound to increase because the generator and boiler are operated periodically during the anchorage period, so when calculating carbon intensity, it is high. The value comes out. Accordingly, we first compared the data with the data when the sailing distance increased.

        Table 4 shows that the training ship A sailed 6,515 miles in 2023, which is 1.8 times more than in 2022, and the fuel consumption in 2023 was 821.4 tons for LSMGO and 51.5 tons for VLSFO. Based on this, the Attained CII values were compared and the Required values of the baseline Ro-Ro passenger ship were compared. When compared to CII, Attained CII was 81.66 gCO2/t∙nm, which was 1.7 times higher than the required CII of 46.87 gCO2/t∙nm, but it was confirmed that it was significantly reduced compared to Attained CII from 2020 to 2022, which had a relatively small sailing distance. In Fig. 6, it can be clearly seen that Attained CII has decreased. This means that Attained CII has decreased as the denominator in Equation (1) increases as the sailing distance increases.

        
          Table 4. 
				
          

          
            Sailing data of Training ship A on 2023
          
          

        

        
          
            
              	 
              	2023
            

          
          
            	L.F.O
            	51.5
          

          
            	L.S.M.G.O
            	821.4
          

          
            	Sailing Mile
            	6515
          

          
            	Sailing Time
            	532 Hour 5 Min
          

          
            	Attained CII (gCO2/t-nm)
            	81.66
          

        

        

        
          
          

          Fig. 6. 
				
          

          
            Comparison of CII (2020 to 2023).
          
          

          

        

      

      
        3.2 Reduction due to change in fuel type for Engine
        According to IMO DCS Data from 2020 to 2023, training ship A has a short operating time and a long anchorage period, and even during the anchorage period, a large amount of carbon dioxide is generated due to the use of fuel due to the operation of the generator and boiler. Accordingly, this study attempted to calculate carbon intensity by applying a generator using LPG fuel with the characteristics shown in Table 5 instead of operating the generator of training ship A by LSMOG fuel using while at anchor (Lim et al.[2024]).

        Two LPG generators with a maximum output of 230 kW were operated to generate electricity during the berthing period, and carbon intensity was calculated by reflecting the amount of LPG consumed in the operation of the generators in fuel consumption while at berth. The biggest difference is that when a generator using diesel and LPG fuel, which is used as fuel for a generator on an existing training ship during the anchorage period, is installed, the carbon conversion coefficient is different. MGO has a value of 3.206, LFO has a value of 3.151, and propane LPG has a value of 3.000 (Lee and Nam[2017]).

        
          Table 5. 
				
          

          
            Specification of LPG Engine
          
          

        

        
          
            
              	Item
              	LPG engine
            

          
          
            	Classification
            	L6AF
          

          
            	Engine type
            	I6 TCI(WGT)
          

          
            	Displacement
            	11,670 [cc]
          

          
            	Bore x Stroke
            	133 × 140 [mm]
          

          
            	Max. Power
            	230 kW/1,800 [rpm]
          

          
            	Compression ratio
            	9.5 : 1
          

          
            	EM compliance
            	IMO Tier III
          

          
            	Fuel Consumption
            	45 kg/h
          

          
            	Application
            	Marine generator
          

        

        

        According to the IMO DCS data, the average of the generator operation time while anchored in the training ship A is shown in Table 6, and the LPG consumption when operating two LPG generators was calculated by reflecting the fuel consumption per hour presented in Table 5.

        Fig. 7 is a graph calculated based on the consumption in 2020. When an LPG engine is used when docking, the Attained CII is 104.85 gCO2/t∙nm, and the Attained CII based on the consumption when using a generator using existing diesel oil when docking is It can be seen that there was a reduction of 36.99 gCO2/t∙nm.

        
          
          

          Fig. 7. 
				
          

          
            Comparison of CII (Each fuel type, 2020).
          
          

          

        

        
          Table 6. 
				
          

          
            Average R/H and Fuel Consumption, Attained CII data
          
          

        

        
          
            
              	Year
              	Average Running Hour For Generator Engine
              	Fuel Cons. For G/E
              	Attained CII
            

          
          
            	2020
            	2625.2
            	236.27
            	104.85
          

          
            	2021
            	2672.8
            	240.55
            	102.59
          

          
            	2022
            	2610.1
            	234.91
            	90.59
          

          
            	2023
            	2552.9
            	229.76
            	55.20
          

        

        

        Fig. 8 is a graph calculated based on the consumption in 2021. When an LPG engine is used at anchor, the Attained CII is 102.59 gCO2/t∙nm, and the Attained CII is based on the consumption when a generator using existing diesel oil is used at anchor. It can be seen that there was a reduction of 41.38 gCO2/t∙nm.

        
          
          

          Fig. 8. 
				
          

          
            Comparison of CII (Each fuel type, 2021).
          
          

          

        

        Fig. 9 is a graph calculated based on the consumption in 2023. When an LPG engine is used at anchor, the Attained CII is 55.20 gCO2/t∙nm, and the Attained CII is based on the consumption when a generator using existing diesel oil is used when at anchor. Compared to other years, it was reduced by 26.46 gCO2/t∙nm and is calculated as 'D' compared to other years.

        
          
          

          Fig. 9. 
				
          

          
            Comparison of CII (Each fuel type, 2022).
          
          

          

        

        When LPG Engine is used, it is significantly reduced from Attained CII from 2020 to 2023, but is still higher than Required CII, and is subject to regulation as 'E' grade from 2020 to 2022 and 'D' grade from 2023. do. This confirmed again that the carbon intensity of training ship A cannot be high because the voyage distance is short and the amount of fuel used during anchorage is large. In other words, Attained CII can be reduced by reducing the fuel consumption in the numerator part of Equation (1) or by adjusting the sailing distance in the denominator. In the case of domestic flights such as practice ship A, which has a long berth day and a relatively short sailing distance, There is a need to add new elements or adjust existing formulas. For example, the carbon intensity index is calculated by dividing the carbon intensity index while sailing and at anchor, and while at anchor, it is calculated as the fuel consumption generated per kW of the generator, or the part corresponding to the existing 'voyage distance' is calculated as the total generated output kW. Modification and supplementation of existing formulas, such as replacement calculations, are necessary.

      

    

    

  
    
      4. Conclusion
      This study focused on evaluating and improving the carbon intensity performance of ships currently exempt from the Energy Efficiency Existing Ship Index (EEXI) and Carbon Intensity Indicator (CII) regulations. Using a Ro-Ro passenger vessel as a reference ship type, the Attained CII was calculated for the years 2020 to 2022, applying annual reduction targets of 1%, 2%, and 3%, respectively. The results showed that the Attained CII was approximately 2.7 to 2.9 times higher than the Required CII across all years, consistently receiving an "E" rating—indicating non-compliance with expected standards.

      To explore reduction strategies, the study analyzed the effects of increased sailing distance and alternative fuel usage. In 2023, by extending the sailing distance, the carbon intensity was reduced by approximately 60 gCO2/t·nm compared to previous years. Additionally, replacing the generator used during anchorage with an LPG-powered unit further reduced carbon intensity to a range between 26.46 and 41.90 gCO2/t·nm. Despite these efforts, the vessel remained in the "D" or "E" rating categories, primarily due to high fuel consumption during anchorage and short sailing distances, which disproportionately impacted the carbon intensity calculation.

      The findings highlight the limitations of the current CII calculation method when applied to low-activity or training vessels. As such, the study suggests the need for an alternative or revised formula that separately accounts for emissions during sailing and anchorage. One proposed method includes calculating anchorage emissions based on generator fuel consumption per kW output, and substituting "voyage distance" with total energy output where appropriate. While this study was conducted on a single training vessel, future research should validate the proposed methodology by expanding the sample size and ship types.
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