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Summary 
IMO has taken steps to mitigate the carbon footprint of shipping, and these efforts have gained an 

acceptable momentum through the implementation of energy regulations since 2013 and the approval 

of greenhouse gas strategies recently. In spite of this, there are fundamental challenges in formulating 

and implementing of these regulations. One of the most chronic barriers against ship energy efficiency 

is the lack of a discerning operational energy efficiency indicator. The CII formulation has been 

criticized in numerous academic literature and some proposals have been received by the IMO in this 

regard. Another concern is about the validity and reliability of the yearly reported data.  

The purpose of this study is to shed light on these challenges and to present two hypotheses in response. 

The first hypothesis is a modified formula for voyage-based CII calculation and then a new method for 

CII averaging over a period of time, and the second hypothesis is a voyage-based data collection 

mechanism at ports. In the first hypothesis, the objectives of presenting a modified CII formula and 

introducing the cumulative averaging method are to close the loopholes in the current CII formula as 

well as to emphasize the ballast voyages in the CII calculations, and to add the dimension of time to the 

current time-independent CII formula. In the second hypothesis, the establishment of a voyage-based 

data collection mechanism could result in a highly reliable data set, omission of the detrimental role of 

some flag states, distributed workload of data collection and process, unification of the current data 

collection systems, and demotivation of the ship and shore staff in misreporting of ship operational data. 

Finally, we show how this operational indicator (CII) in combination with the technical index (EEDI) 

could be connected to a differentiated bunker levy to exploit the maximum potential of the energy 

regulations.  

 

Keywords: Ship Energy Efficiency, Carbon Intensity Indicator, Cumulative Average, Data Collection, 

Market Based Measure 
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1. Introduction 
In the wake of vital contemporary concerns of the world, climate change and global warming, industry 

sectors are strengthening their efforts to green their operations. A breakthrough was made in 1997 with 

the Kyoto Protocol, which put a strong focus on the need to reduce emissions and combat global 

warming. Accordingly, IMO reviews and measures the amount of greenhouse gases (GHG) produced 

by shipping through GHG studies, the most recent of which is the 4th one, in order to go about enacting 

the proper legislation to reduce the emissions. In line with IMO's second greenhouse gas (GHG) study 

[1], there is a high potential for CO2 reduction, which is a compelling reason for regulating ship energy 

consumption. Finally, as of 1st January 2013, energy regulations were enforced, including EEDI on the 

technical side to ensure the efficient design of new ships, and on the operational side, requiring operators 

to have SEEMP onboard ships above 400 GT. 

1.1. IMO initial GHG strategy 

Paris Agreement in 2015, a replacement for Kyoto Protocol [2], was another historical milestone to 

increase global awareness of climate change and urging industrial sectors to reduce their carbon 

footprints. Under the influence of the Paris Agreement, and to maintain the decarbonization initiatives 

in shipping, the IMO approved an initial GHG strategy as part of its roadmap for 2050 within MEPC 

70. Later in MEPC 72, this strategy was adopted. The IMO's initial GHG strategy targeting a 50% 

reduction in greenhouse gas emissions by 2050, is categorized into short-, medium-, and long-term 

measures with timelines for achieving the target. The short-term measures including EEXI, CII, and 

enhanced SEEMP were adopted through the IMO’s 76th MEPC meeting in June 2021. 

1.2. Problem statement 

1.2.1. Ambiguities in CIIs formula  

While the application of EEOI as an indicator of operational efficiency has been optional since the 

enforcement of energy regulations in 2013, the approval of CII as a short-term measure has made it 

mandatory for all vessels to measure this indicator. However, even four years after the approval of the 

IMO GHG strategy, no consensus is yet reached on the method for calculating the transport work [3]. 

Generally speaking, the main difference lies in the choice between EEOI and AER. "In AER the 

denominator is the product of the ship's deadweight times the distance sailed in a year, and in EEOI it 

is the actual tonne‐miles carried by ship in a year" [3]. As opposed to the EU MRV which emphasizes 

the actual cargo tonnage in the CII formula, the IMO DCS replaces the actual cargo weight with the 

ship's deadweight. This is yet another factor contributing to the disparity.  

On the other hand, the CII formula itself has been the source of ambiguities. Wang et al. [4] have proven 

some loopholes in the CII formula at least on paper. They have shown under some circumstances and 

by intentional detouring from the main route (extension of traveled distance) in both laden and ballast 
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voyages the CII figure could be pulled down to ensure compliance with CII limits while the actual CO2 

emission has been increased. 

The CII formula poses an inherent problem of being independent of time. In other words, in the CII 

formula, the dimension of time or ship speed is a missing link and there is no evidence that the calculated 

emission has been emitted under what period or ship speed. Specifically, this flaw can show up in 

benchmarking and determining the limits of the A-E rating system. Hopefully, the EEXI 

implementation could enable the speed range for different types and sizes of ships to be more specified 

and the CII benchmarking to become more concrete. Incorporating the time dimension into the CII 

formula can enhance monitoring and thereby improve the emission reduction effects. Later in section 

3, we will demonstrate how this can be accomplished. 

1.2.2.   Challenges with application of EPL (How CII can complement the EEXI?) 

According to experts, the engine power limit (EPL) is the most promising technique for satisfying EEXI 

requirements. However, the potential for emission reduction by the EPL mechanism is contested [5]. In 

this vein, Ghaforian M. et al. [6] have enumerated some challenges in the implementation of EPL. One 

of the main challenges that enervate the effect of EEXI and EPL is the ship speed below the power 

(speed) limits.  Ghaforian M. et al. [6] believe “the EPL mechanism cannot encourage (compel) 

operators to sail with speeds lower than limits when it is practicable”. 

In the tramp market where most tankers are running under voyage charter parties, normally the speed 

at laden voyages is ascertained by the contractual conditions, however, in ballast legs, the ship operators 

used to select the economic speeds (slow steaming). Assume a tanker or bulk carrier sailing with 14 

and 11 knots in laden and ballast voyages respectively. After global enforcement of EEXI and EPL by 

1st January 2023, the global fleet slowdown will impose a shock to the shipping market due to the lack 

of available ships. Although the global fleet overcapacity may dump this shock wave to some extent, 

the consequences of global EPL implementation could be considerable. In this situation, slow steaming 

in particular at ballast legs might be ignored by operators (see Figure 1).  
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Figure 1: reaction of market and ship operators after EPL implementation 

As another drawback of the EPL mechanism, Ghaforian M. et al. [6] point out that a unique power limit 

for a vessel could not be optimum for both laden and ballast conditions as well as rough and calm sea 

conditions. They mention that if the definition of the power limit for a vessel is based on laden or rough 

sea conditions then this limit is very high for ballast and calm sea conditions and by contrast, if the base 

is the ballast and calm sea conditions then this power limit is not safe for laden and rough sea conditions. 

Since safety always comes prior to efficiency, a higher conservative power limit must be chosen and in 

this case, the advantage of the slow steaming potential cannot be exploited. 

Here, CII can play a critical role in complementing the EEXI/EPL potentials for CO2 reduction. The 

CII could encourage operators to reduce their speed in lower ranges beyond the EPL control to reach 

an acceptable rating (A-C). Later, we recommend our methodology to exploit the potential of EEXI and 

CII regulations. 

1.2.3. Reflection of ballast legs in the CIIs formula 
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The other concern is about ballast passages. Normally, the ballast legs are undermined and are out of 

charterers’ control (especially in voyage charter parties), and the CII formula also does not reflect the 

vessel's efficiency in this part of the operation. In CII calculations the work done in ballast passages is 

ignored due to no carriage of cargo, however, the vessel is carrying a high volume of ballast water. For 

example in a VLCC with 300,000 tonnes of DWT, the ballast water is around one-third of DWT equal 

to 100,000 tonnes. Already the emission in ballast legs is very high and any misbehaviour can 

exacerbate it. We believe the emission in the ballast legs also must be monitored and recorded separately 

and later in section 3, we demonstrate our recommendation in this regard. 

1.2.4.   Challenges in data collection and reliability of yearly reported data 

These challenges could be enumerated as follows: First, there are different motivations for data 

manipulation and enough time to do so. Sometimes ship staff may show more fuel consumption in noon 

reports to keep some fuel in hand for unforeseen situations or to sell it on the black market [7]. By 

contrast, in time charter parties, the shore management may ask ship staff to underreport the daily fuel 

consumption to avoid the charterers' performance claim [7]. Finally, collected data in the head office 

could be manipulated before sending to the flag state and verifiers. Second, there is a duality in data 

collection regulations complying with both EU-MRV and IMO-DCS. This duality has been led to extra 

administrative burden and confusion for ship and shore staff [8, 9]. Third, with the practice of yearly 

data reports, there is a high level of noise and bugs in data that requires high manpower in filtration, 

verification, and process of operational data. Forth, with yearly verification, there is a high possibility 

of carbon leakage due to fuel smuggling and underreported BDNs showing less bunkered fuel onboard 

vessels to prove less consumption. Fifth, in the annual data collection practice, awareness-raising and 

alerting the crew of their behaviour is very weak because the feedback of collected and processed data 

after one year does not send a meaningful signal to the ship staff that just joined the ship and see the 

previous staff responsible for the outcome. Sixth, the role of flag states, in particular flags of 

convenience, in data collection and process should not be ignored. Considering the lesson learned from 

the performance of flags of convenience in shipping safety, we must avoid the same experiences in 

shipping energy efficiency. Our recommendation to overcome these challenges is a voyage-based data 

collection at ports which is discussed in section 4. 

2.  Methodology 
To deal with the problems discussed in the last section, we propose two hypotheses. First, in section 3, 

we suggest a modified CII formula to include the ballast legs in calculations and then we introduce the 

cumulative averaging methodology in the calculation of average CII. By this hypothesis, we aim to 

close the possible loopholes in the annual average CII formula raised by Wang et al. [4], as well as 

emphasize the importance of the monitoring and control of ballast voyages, and add a time dimension 

to the current time-independent CII formula. 
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Through the second hypothesis in section 4, we propose a voyage-based data collection at ports to 

ensure high reliability of the collected data, the possibility of more control over the data and operational 

details, and attributing a live CII to each vessel so that the staff can observe the results of their 

operational behaviour immediately after each voyage. 

3.  A modified formula for voyage-based CII 

calculation and a new formula to calculate the live 

cumulative average CII  
In this section we discuss equations (1) to (4):  

 

𝐶𝐼𝐼 =
∑ F𝐶j × 𝐶𝐹j  𝑗

𝑀cargo  ×𝐷
      (1) 

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝐼𝐼 =
∑ ∑ (F𝐶ij × 𝐶𝐹j )𝑗𝑖

∑ (𝑀cargo(i)  ×𝐷i  )𝑖
      (2)

  

𝐶𝐼𝐼 =
∑ F𝐶j × 𝐶𝐹j  𝑗

(𝑀cargo + 𝑚ballast )𝐷
      (3) 

   

𝐿𝑖𝑣𝑒 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝐼𝐼 =
∑ 𝐶𝐼𝐼i ×[𝑣i (𝑀cargo + 𝑚ballast )]𝑖  

∑ 𝑣i (𝑀cargo + 𝑚ballast )𝑖  
 (4) 

Where: 

i:  Voyage number  

j:  Fuel type 

FCij:  Mass of consumed fuel j at voyage i 

CFj:  CO2 emission factor for fuel j 

M cargo:  Cargo carried (tonnes, TEU, or number of passengers and vehicles) 

m ballast:  Ballast carried (tonnes) 

D:  Distance en route for every single voyage (miles)  

Vi  Average speed in every single voyage (Knot: mile/hour) 

 

Notes: 

- Formula (1) is the conventional way to calculate the CII (EEOI) for every single voyage excluding ballast passages.  

- Formula (2) is to calculate the average CII over a period of time. This formula includes the fuel consumption of ballast 

voyages in the numerator, however, it assumes no work done in ballast voyages in the denominator. 

- Formula (3) is our recommendation to calculate CII for every single voyage including ballast voyages. 

- Formula (4) is our recommended cumulative average methodology based on the weight of (speed× cargo/ballast tonnage) 

in each voyage  

- In this study, we assume Mcargo= actual cargo tonnage. 

       
As discussed in 1.2.3, the behaviour of ship operators in ballast legs is less emphasized and monitored 

in the market as well as through the regulatory mechanism with the justification that no work is done 

in the ballast voyages. But, we should bear in mind that without ballast voyages back to the loading 
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hubs, there will not be any ship ready for loading. Therefore, some indirect work is done that we intend 

to call "gross work" to make vessels available for loading and doing the "net work". When we are on 

the 30th floor of a tower waiting for the elevator, the elevator cabin moving from the bottom platform 

does perform some work to reach us even though it is empty. By modifying the CII formula and 

introducing equation (3), we attempt to emphasize the contribution of emissions in ballast legs to the 

total emissions. In equation (3), the work done due to carrying the actual cargo tonnage and ballast 

water is calculated. 

The main problem is in the averaging technique. The averaging method in formula (2) is based on 

dividing the total emission by the total work done. Wang et al. [4] have shown how a vessel operator 

by intentional extension of distance en route in the laden and ballast voyages can reduce the CII figure 

despite an increase in emission amount. To close this loophole, we recommend a voyage-based CII 

calculation and then utilizing the cumulative averaging technique based on (speed× cargo/ballast 

tonnage) credit for each individual voyage. Voyage-based calculation of CII makes it independent of 

distance so that in each voyage any intentional increase in distance (denominator) will increase the 

emission (numerator) with the same weight and as result, the CII remains constant.  

Assume the rate of fuel consumption tonne/mile in each voyage is defined with the following function: 

Fuel consumption rate in each voyage= f (cargo/ballast tonnage, speed) = FC (tonne/mile) 

Then:  

𝐶𝐼𝐼 =
FC × D1 × CF

(𝑀cargo + 𝑚ballast )D1
=  

FC × D2 × CF

(𝑀cargo + 𝑚ballast )D2
=

FC × CF

(𝑀cargo + 𝑚ballast )
  (Independent of distance) 

More clarification is presented through a hypothetical example. We assume a VLCC carries 300,000 

tonnes of cargo in laden voyages and 100,000 tonnes of ballast water in ballast voyages. This VLCC 

has had 5 round trips from the Persian Gulf to Singapore. We assume that the effects of operational 

variables like weather conditions, fuel quality, and hull roughness are the same for all voyages. This 

VLCC after EPL implementation and having limited power has faced a speed limit of 13 Kn in laden 

voyages and 15 Kn in ballast voyages. In all voyages, HFO with a Carbon emission factor of 3.114 is 

consumed. In the laden legs, there is no ballast water onboard and in the ballast legs, there is no cargo. 

Details of voyage data and calculations are presented in Table 1. 
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Table 1: an operational dataset of a VLCC for five round trips 

Under status A, the ship utilizes maximum power just limited by the EPL, which translates to the utmost 

feasible speed (L13/B15). In statuses B and C, the operator reduces speed in ballast legs to 13 kn 

(L13/B13) and 11 kn (L13/B11) respectively. Finally in status D, the operator reduces speed in both 

ballast and laden legs (L11/B11). The average CII has been calculated by formulas 2 and 4. As we can 

see, the average CII calculated by the conventional formula (2) has higher figures as it does not 

recognize any work done in ballast legs. Our recommendation, formula (4), by utilizing the cumulative 

averaging technique presents a new gauge in CII calculation over a period. 

Another advantage of cumulative averaging is that this formula promotes slow steaming, especially in 

ballast legs. As shown in Table 2, generally, formula (4) is more stimulating for speed reduction 

resulting in a 16.98% reduction in the CII figure in comparison with 14.34% based on conventional 

formula (2). In addition, the reduction of CII due to the reduction in speed in ballast legs is more 

motivating. This sends a signal to the ship operators that their ship handling especially in ballast voyages 

is under monitoring and their speed reduction is awarded by a considerable reduction in the CII figure. 
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Speed Average CII based on 

formula (2) 

Reduction 

% 

Cumulative average CII based on 

formula (4) 

Reduction 

% Laden Ballast 

A 13 15 5.27871795  4.084722222  

B 13 13 4.99038462 5.46 % 3.742788462 8.37 % 

C 13 11 4.79379371 3.94 % 3.50325 6.40 % 

D 11 11 4.52159091 5.68 % 3.391193182 3.20 % 

Total reduction from A to D 14.34 %  16.98 % 

Table 2: a comparison between two averaging methods 

4. A new methodology in data collection: Voyage-

based data collection at ports 
Different challenges in data collection and reliability of yearly reported data have been highlighted in 

1.2.4. To mitigate the consequences of these challenges, we recommend voyage-based data collection 

at ports. Even though this recommendation could be criticized due to the high administrative burden on 

port authorities, however, if necessary infrastructure (mostly ICT) and financial support are provided, 

the robust outcome is worth trying this methodology in data collection and process.   

Several scholarly sources, as well as the observations from daily ship routines, emphasize the fact that 

the ship-port interface imposes a heavy administrative burden on both ship staff and port authorities. A 

large volume of data is exchanged between ships and ports and as result, policymakers are motivated 

to establish a harmonized and standardized channel for data transactions. In the most recent effort in 

this regard, the EU Commission is working to finalize the European Maritime Single Window 

environment (EMSWe) to harmonize the high volume of legal reporting requirements during port calls 

[10, 11]. We believe, the operational data relevant to the ship energy efficiency calculations (e.g. data 

in Table 1), could consistently be part of this report format. Blockchain technology also could be 

deployed to add the information of every single voyage to the chain of data from the last voyages for 

each ship (Figure 2). In this way, we will have a live and updated average CII at each moment registered 

for each ship under its IMO number. This platform will be accessible by authorized parties worldwide 

at any time. 

 

Figure 2: application of blockchain in voyage-based data collection 

In addition, the financial sources to provide enough trained employees at ports to handle data collection 

and process could be provided by the gathered Fund as a result of future MBM implementation. 
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Ghaforian M. et al. [6] have done some cost estimation for the implementation of this system. They 

assume that if ports could be compensated by 100 US$ for the data collection, process, and archiving 

for each port call, then the annual cost of implementation of this system by global port authorities, could 

be just 3% of the MBM revenue if this MBM is a bunker levy of 50 US$ per tonne of bunker.  

5. Results 
In recent IMO sessions, the debate about the most appropriate formula for CII has been in progress 

without a tangible outcome to this moment. As mentioned in the problem statement, there are 

ambiguities regarding cargo weight, inclusion or exclusion of ballast voyages, theoretical loopholes in 

the formula, and the ability of this formula to cover heterogeneous shipping segments. In addition, this 

formula is independent of time and speed.  

In response to these challenges, we recommended a modification in the CII formula to reach the formula 

(3), for the calculation of carbon intensity in every single voyage. Then to calculate the average CII we 

recommended the cumulative averaging method in the form of the formula (4). It is noteworthy that in 

our recommended formula (4), the term “CIIi × Vi × Mass of Cargo/ballast” in every single voyage is 

another form of "Emission/hour" and by this methodology, we connect the operational emission to the 

speed and time dimension. In this way, the role of time and speed in the ship voyage management 

becomes more centric and ship operators can observe a more explicit image of their operational 

behaviour reflected in the CII figure. The cumulative averaging methodology stimulates ship operators 

to monitor their emission rate per unit of time and to regulate their ship speed beyond the EPL borders 

with the hope to get an appropriate rating of CII. This effect even could be more stimulating when the 

CII rating will be connected to a differentiated bunker levy, where the levy per tonne of bunkered fuel 

is calculated based on the ship’s operational efficiency [6]. This proposal provides necessary 

clarification by considering the actual cargo weight, covering and monitoring the ballast voyages, and 

closing the loopholes in the formula raised by Wang et al. [4]. 

The second hypothesis, Voyage-based data collection at ports, provides some solutions to close legal 

loopholes in the current data collection mechanisms. Being aware that operational behaviours are being 

monitored during each voyage, and details of operational data are being recorded at the next port, the 

chances of misreporting of operational data by ship and shore staff are significantly reduced. In addition, 

the ship operator has no chance to adjust the previous data to clean up the report. Meanwhile, this 

methodology will unify the current IMO-DCS and EU-MRV mechanisms with the objective to provide 

more clarity for both regulatory bodies and ship operators and reducing the administrative burden on 

both sides. Furthermore, the workload on filtration and process of data and computational operations 

will be dispersed between port authorities with a highly reliable dataset at the output. The risk of carbon 

leakage due to underreported BDNs will be reduced as the ship operators are well aware that at every 

port, there is a possibility that the reported amount of fuel ROB to be compared with the actual fuel 
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ROB through ship inspections. Noteworthy is the fact that this routine is already practiced in many 

ports [7]. Another advantage of the voyage-based data collection is that the ship staff and operators can 

observe the results of their energy management immediately after each voyage. This can have both 

motivating and deterrent effects for efficient and non-efficient management respectively. The yearly 

result of CII calculations can never send a clear signal to the operators. Moreover, by implementing the 

voyage-based data collection at ports, the flag states will no longer have any executive role in data 

collection, archiving, and process, and as result, many flaws attributed to the flags of convenience could 

be avoided. Finally, our second hypothesis is a prerequisite for the first hypothesis. This means voyage-

based CII calculation based on formula (3) requires operational data in each voyage. At the end of this 

section, we believe the objectives of the two proposed hypotheses in response to the challenges 

enumerated in section 1 have been achieved. 

6. Discussion and recommendations 
By modifying the original formula (2) to formula (3), we aimed to include ballast voyages in the CII 

calculations. Formula (3) that replaces the mass of cargo (M cargo) with (M cargo+ m ballast) could be very 

useful in the calculation of CII for vessels sailing most of the time in partial load conditions. This 

category of vessels like container ships, RORO/ROPAX vessels, and chemical carriers rarely could be 

seen fully loaded or in fully ballast condition. On the other hand, formula (3) works consistently for 

tankers and bulk carriers that their loading condition is more black and white, fully loaded (m ballast=0) 

or fully ballast (M cargo=0).  

Voyage-based data collection at ports despite the high administrative burden has many technical and 

operational advantages underlined in the last section. The administrative burden could be mitigated by 

employing and training more specialists in port organizations. Costs imposed on ports as a result of the 

implementation of this mechanism can be recouped by the collected fund of the future MBM. 

Meanwhile, the harmonized reporting mechanisms like the Single Window environment can provide 

an appropriate platform for consistent reporting of operational data (e.g. distance and time en route, fuel 

consumption, etc) for every single voyage. Furthermore, improvements in maritime digitalization and 

deployment of digital techniques like blockchain can facilitate the procedures of data collection, 

calculation, and archiving.  

By implementing the voyage-based data collection, at the end of each voyage, the vessel operator will 

receive a performance report from the port authority that shows not only the vessel efficiency for the 

last single voyages but a live cumulative average CII reflecting an overall vessel energy efficiency over 

a period of time till that moment. Now, our recommendation is to connect this live cumulative average 

CII to a differentiated bunker levy. At each moment a CII rating based on the live cumulative average 

CII could be attributed to the vessel. Then this CII rating in combination with the EEDI phase will result 

in a Fuel Tax Coefficient (FTC). Figure 3, shows a technique to combine the vessel technical index 
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(EEDI/EEXI) and operational indicator (CII rating). This combination graph has been inspired by 

Ghaforian M. et al. [6]. 

 

Figure 3: a combination technique to combine the technical and operational efficiency 

Ghaforian M. et al. [6] have recommended the FTC to differentiate the bunker levy based on ship energy 

efficiency level. FTC is the result of the combination of technical and operational energy efficiency of 

each vessel at each moment. Referring to Figure 3 and assuming a bunker levy of 300 US$ per tonne 

of bunker, a vessel with a CII rating of A++  and complying with EEDI phase two, has an FTC equal to 

0.33 and this means the vessel operator has to pay just 99$ (0.33×300) per tonne of purchased bunker 

instead of 300$. Similarly, a vessel with a B rating and complying with the first phase of EEDI has to 

pay 216$ (0.72×300) instead of 300$. Interestingly, a vessel complying with the 3rd phase of EEDI but 

with the worst CII rating (E-), has to pay a 5% extra tax equal to 315$ (1.05×300). The most stimulating 

feature of the voyage-based data collection and its link to a differentiated bunker levy is the fact that it 

works dynamically and at the moment. This means every vessel can have very divergent CII in each 

voyage and there is a high motivation to reach the best CII to improve the overall cumulative average 

CII as this figure will ascertain the FTC for the next bunker purchase.  

The voyage-based data collection at ports and attributing a live average CII and FTC to the vessels at 

the end of each voyage not only generate economic incentives for the vessel operators but can create 

market incentives as well. The implementation of this mechanism can provide a very transparent image 
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of the vessel energy efficiency for the charterers, while yearly CII rating and technical EEDI may not 

be able to provide this level of transparency. 

7. Conclusion 
In this study, we proposed two hypotheses, first, a modified formula for voyage-based CII calculation 

and a new method for CII averaging over a time period, and second, voyage-based data collection at 

ports followed by a recommendation to connect the proposed mechanism to a differentiated bunker 

levy. By the modified formula (3), and by introducing a new formula (4) to calculate the average CII, 

we aimed to cover the ballast voyages under restrict monitoring as laden voyages and to provide a 

creative CII rating to complement the EPL initiative. 

A voyage-based data collection at ports can create a highly transparent data platform and show the live 

energy efficiency level of vessels to all involved stakeholders. By this approach, the detrimental role of 

some flag states will be omitted, the collected data will be noise-free and highly reliable, the workload 

of data collection, filtration, process, and archiving will be distributed between global port authorities, 

ship operators can observe the results of their operational behaviour after each voyage, the current data 

collection methods will be harmonized and unified, and ship and shore staff become demotivated for 

any misreporting of the operational data. The extra administrative burden on port authorities can be 

compensated by a very minor percentage of the future MBM revenue. 
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