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Decarbonization is probably the most significant challenge the shipping industry is facing 
today. In the context of several demanding requirements to be complied with over the 
upcoming years, in the short-term owners need to implement the new IMO EEXI and CII 
requirements. These require a systematic approach and early action to make sure that 
fleets comply in time, but most importantly timely implementation of the necessary up-
grades to stay operationally competitive.

Figure 1 – Fundamental key drivers are increasing the pressure for  decarbonization on shipping

Figure 2 – IMO GHG strategy

Regulatory frame
Decarbonization regulations and commer-
cial pressures are coming from different 
stakeholders in shipping for example, the 
IMO, EU, banks, charterers, and the public, 
as can be seen in Figure 1. 
With the Greenhouse Gas Strategy towards 
2050, the IMO has set the goal to reduce 
carbon intensity by 40% within the next 
decade up to 2030 and by 50% in total 
(70% intensity) up to 2050, as can be seen 
in Figure 2. 
To achieve the goal, short-term, mid-term 
and long-term measures have been intro-
duced.
Short-term measures are due to enter into 
force by 2023. Different measures were 
considered and widely discussed, and IMO 
has decided to introduce a combination of 
technical and operational measures. 
The Energy Efficiency Existing Ship Index 
(EEXI) is the technical measure and 
assesses the design of existing ships in a 
comparable way to the Energy Efficiency 
Design Index (EEDI) for newbuildings. The 
Carbon Intensity Indicator (CII) is accord-
ingly the operational measure that exam-
ines the actual consumption and distance 
travelled for each individual ship in service.  
The latest IMO regulations on EEXI, CII and 
Enhanced SEEMP are briefly described 
below.
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Energy Efficiency Existing Ship Index 
(EEXI)
The EEXI will impose a requirement 
equivalent to EEDI Phase 2 or 3 (with some 
adjustments) to all existing ships regard-
less of the year of build and is intended 
as a one-off certification. The EEXI is to 
be verified and a new Energy Efficiency 
Certificate issued no later than the first an-
nual International Air Pollution Prevention 
(IAPP) survey on or after 1 January 2023.

Carbon Intensity Indicator (CII)
IMO adopted the CII as an operational 
requirement that will be applicable for 
vessels in operation from 2023. All cargo, 
ro-pax and cruise vessels above 5,000 GT 
shall calculate the CII annually (given as 
grams CO2 per DWT-mile or GT-mile) and will be given an annual rating of A to E. The A to E rating thresholds will be set relative to a 2019 
baseline and will be increasingly stringent towards 2030. Adopted reduction requirements cover the period leading up to 2026, with a 11% 
reduction in 2026 relative to the reference line based on IMO Data Collection System (DCS) data from 2019. 
For ships that achieve a D rating for three consecutive years or an E rating in a single year, a corrective action plan needs to be developed 
as part of the SEEMP and approved.
The implications for the world fleet, as a result of the introduction of the IMO rating scheme and the subsequent actions required by ves-
sels to remain compliant, will be significant. Figure 3 demonstrates this for the tanker fleet. As can be seen, the expected number of tank-
ers with rating D in 2023 will be just over 20%, and this will increase to about 30% in 2030 if no improvement actions are taken. Similarly, 
this percentage for the tankers with rating E will go from about 15% in 2023 to close to 40% in 2030 if no improvement actions are taken.

Enhanced SEEMP
On or before 1 January 2023, all ships above 400 GT need to have an approved enhanced SEEMP. For ships above 5,000 GT, the enhanced 
SEEMP also needs to include mandatory content, such as an implementation plan on how to achieve the CII targets.

Figure 3 – CII implications in the world’s tankers fleet

EEXI assessments
The below process is proposed by DNV to be followed by owners.

EEXI Calculation 
Calculation of the attained and required EEXI as per 
IMO requirements, based on vessels’ particulars. 

Improvement Calculation
Comparison of the attained and required EEXI as 
calculated in the previous step. 
If the attained EEXI is below the required, no further 
actions will be required.
In cases where the attained EEXI exceeds the 

required EEXI, improvement actions will be required. Engine power limitation (EPL) is the most commonly used way to comply. With the 
calculation of EPL the corresponding speed loss can also be estimated. If the resulting speed imposes a commercial handicap to the 
operation of a vessel, owners may decide to use additional means to achieve compliance, for example, implementation of energy saving 
technologies, etc..
From DNV’s experience so far and considering that most of the ships these days are steaming at speeds lower than their design speeds, it 
is noted that most of the vessels can achieve the EEXI compliance with a reasonable EPL.
In Figure 4 below, we can see an example of the effect of the implementation of EPL on the operational speed profile of a vessel. In this 
case we can see that the vessel will not be able to sail at speeds higher than the speed at the new engine power after the EPL implementa-
tion. In this particular case, the effect is not that significant to affect the operation of the vessel, as the “loss” of these higher speeds can be 
compensated with more streamlined speed planning of the vessel. 
In Table 1 below, we can see a comparison of the EEXI compliant speeds of a fleet of vessels versus the actual speed profiles of the ves-
sels using AIS data for a 3 years’ period (2019 to 2021). From this Table we can see that only two vessels have part of their actual speed 
profile exceeding, say, more than 20% the corresponding EEXI compliant speeds. The message here is that owners should consider an 



exercise like this in order to identify vessels in their fleets which may face a significant impact on their operational speed profile, in order to 
consider additional means to comply without negatively effecting the commercial operational speed of these vessels.
Further to the above, and after the EEXI calculations and the resulting speed limitations to comply have been determined, owners are urged 
to assess their fleets competitiveness taking into account age and speed profiles, as can be seen in Figure 5 below. The purpose of this 
exercise is to benchmark fleet competitiveness against similar vessels of other owners and other players in the shipping market.
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Figure 4 – effect on vessel’s speed profile with EEXI implementation

Table 1 – EEXI compliant speed vs Actual speed
The percentage of laden sailing time above the EEXI compliant speed is calculated, based on AIS data 
for years 2019 to 2021
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Figure 5 – Fleet competitiveness based on age and speed

EEXI Technical Files 
Preparation of the EEXI Technical 
Files of all vessels according to the 
amendments to MARPOL Annex VI. 
The EEXI Technical Files will reflect 
the measures and actions taken 
and implemented to comply with 
EEXI. These documents are subject 
to approval by the class society of 
each vessel or the flag.

EEXI Factual Statement 
If the calculated attained EEXI of a 
vessel is below the required EEXI, 
DNV may issue an EEXI Factual 
Statement. This document will state 
the attained and required EEXI and 
it can be used to demonstrate EEXI 
compliance already before the new 
IEE Certificate is issued in 2023.

CII assessments
DNV suggests owners follow the process below. 
Determine the CII status for their fleets and specific vessels. The status will be benchmarked according to the agreed GHG targets and 
trajectories.
The current CII status can then be used as a baseline for forecasting future carbon intensity status. The forecasting must include a 
ship-specific assessment of relevant emission abatement options. When these options are decided, they can be included in a plan or road-
map describing how to stay compliant with the carbon intensity targets or trajectory. This plan will be required by the enhanced SEEMP. The 
main steps are illustrated below. 

CII Calculation and GHG target benchmark
The carbon intensity indicator for each vessel must be calculated. Individual vessels can be benchmarked against the CII trajectory as 
dictated by IMO. For each vessel the rating (A-E) may be displayed over time (at least for the period 2023-26 based on the concluded IMO 
regulations until end of 2026, further projection until 2030 may be done based on reasonable assumptions) as shown in Table 2, assuming 
the actual reported performance remains constant, while the requirements of the trajectories are tightening year after year. 
The same exercise can also be done in a plot form as shown in Figure 6, looking at two vessels. As can be seen in this Figure, the first ves-
sel will be rated D in 2023 and will end up with rating E in 2026 if no additional means to improve its CII are implemented during this period. 
Obviously, depending on the age of this vessel, actions may be required to comply before being scrapped. The second vessel will start with 
rating B in 2023 and end up with rating C in 2026. 
Furthermore, each vessel can also be benchmarked against the Poseidon Principles trajectory, if of interest to the owners. A typical 
example is shown in Figure 7. From this we can see that the newest vessels seem to be compliant, whereas the older vessels will require 
upgrading to remain compliant.

Table 2 – Sample table of CII rating for a fleet
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  Figure 6 – Projection of CII for two different vessels until 2026, if no additional improvements means are implemented

Figure 7 - Sample illustration of carbon intensity status (AER) versus targets (Poseidon Principles). Each bar represents a 
vessel in the fleet compared to the targets and sorted per year of delivery.

CII Improvement Screening and Modelling
The purpose of this step is to identify abatement measures that 
can reduce a vessel’s CII baseline over the compliance period. 
The first action is to identify any gap between the reported AER 
and the required AER. If there is a large deviation, high-level 
operational measures may be considered, for example, voyage 
plan, operational speed, hull/propeller/machinery maintenance, 
etc.
Secondly, the effects of speed reduction for particular vessels 
may be assessed based on current speed profile gathered from 
AIS plots. Any speed reduction resulting from EEXI compliance 
must be taken into account here. If speed reduction is an ac-
ceptable solution for the period to be studied and vessel opera-
tion, these vessels will not require any further consideration.
Thirdly, screening of cost-effective abatement options for 
individual vessels may be carried out. DNV has developed a 
tool which screens available CO2 emission reduction measures 
and gives an overview of feasible measures for the ship and an 
estimation of cost-effectiveness, as shown in Figure 8. The tool 
builds on the MACC (Marginal abatement cost curve) approach, 
having access to a library of around 50 operational and tech-
nical abatement measures. Each measure contains detailed 
information about e.g., the CO2 emission reduction potential, 
costs, applicability, ease of implementation including barriers, 
pros/cons etc. The tool also uses our database of alternative 
fuels, also including blend-in variants. For each fuel we have 
included fuel price trajectories, CO2 reduction, compatibility, etc.  
The results will give insights into the reduction potentials and costs for a given set of measures required to meet the GHG targets/trajecto-
ries defined. 

Figure 8 – Example of MACC (Marginal abatement cost curves) developed for 
individual vessels using DNV’s in-house CII-modelling tool. The possible measures 
included are technical and operational measures, energy “harvesting” options and fuels. 
The MAC curves are aimed at creating insight in the reduction potential and cost of a 
set of measures. Measures are ranked by cost effectiveness, i.e., least cost first. It is 
noted that negative cost implies financial benefit.
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Figure 10 – Sample 
illustration of a CII alignment 
pathway for a vessel. 
Indicated are two upgrades 
over its lifetime.

Energy saving devices (ESD) and other measures
The implementation of ESDs and other related measures can improve the EEXI and CII results of a vessel. However, the cost to implemen-
tation can vary significantly. Hence the selection of each means needs to be done very carefully, considering the cost and the energy saving 
improvements. These means can be divided into three main groups: hydrodynamic, machinery and operational. 

Hydrodynamic
These are mainly stationary flow-directing devices positioned near the propeller or in way of the hull. These can be positioned either ahead 
of the propeller, fixed to the ship’s structure, or behind, fixed either to the rudder or the propeller itself, or elsewhere in way of the hull.
Examples of hydrodynamic ESDs include:
Propeller Hub Caps, Propeller Boss Cap Fins (PBCF), High Efficiency Propellers (Kappel, CLT), Contra Rotating Propellers, Contra Rotat-
ing PODs, Pre-Swirl Stators (PSS), Thrust Fin, Post Stators, Saver Fins, Schneekluth Wake Equalizing Duct (WED), Sumitomo Integrated 
Lammeren Duct (SILD), Pre-Swirl Ducts (PSD), Costa Bulb with Efficiency Rudder, Air Lubrication Systems (ALS), Wind Assisted Propulsion 
Systems (WAPS), Bulbous bow retrofit, etc.

Figure 11 – Original bow (foreground) and retrofit bow optimized for new operating profile (background) Figure 12 – Pre-swirl duct

Preparing and reviewing roadmap  
The purpose of this step is to translate the results from the previous step into a specific improvement roadmap (that later can be included 
in the SEEMP), describing possible pathways for CII alignment. An example roadmap is shown in Figure 9. 
The resulting plans outline when the measures need to be implemented to become or stay compliant with the CII targets/trajectories and 
may as such include both the short-term actions required by the SEEMP, as well as the longer-term possibilities. This is illustrated in Figure 
10. 

Figure 9 – Roadmap 
example for an existing 
vessel showing what 
measures are needed to 
stay aligned with the 
vessel’s target CII 
trajectory. The vessel has 
two separate upgrades 
scheduled, in 2023 and 
2028
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Operational measures
Examples of operational measures include:
Trim and draft Optimization, weather 
routing, voyage execution/ operating 
speed, hull cleaning, propeller polishing, 
etc.

Figure 14 – Bow wave for inefficient trim compared to optimized trim

ESD and other means for container vessels
Depending on the type of a vessel and her operational profile, a num-
ber of energy saving devices or other means can be selected to reduce 
power consumption for the same amount of work.
For energy intensive ship-types like container vessels, possible options 
include:
Trim optimization is a powerful operational measure to reduce fuel 
consumption and thus also reduce emissions. Most vessels operate 
in a wide range of operating conditions regarding draft and speed. 
The hull shape cannot be optimal for all these different operating 
conditions, which means that unfavourable flow fields can be present. 
Changing the vessel’s trim can improve the flow field so that the wave 
making and/or frictional resistance are reduced. 
The bulbous bow of container ships often has been designed to 
achieve best performance for the high-speed range, while the slow 
steaming speeds and low drafts have not been considered. Today, 
high speeds are rarely utilized and therefore substantial savings can 
be made by adjusting the bow shape to fit an operating profile which 
includes light draft conditions as well as slow speeds. 
A Propeller Hub Cap or a Propeller Boss Cap with Fins is a proven mea-
sure to reduce the hub vortex losses at the propeller. While propeller 
hub caps are usually fitted in combination with a rudder bulb, propeller 
boss cap fins typically achieve the same savings without the need for 
retrofitting a rudder bulb. Propeller Boss Cap Fins are the most com-
mon ESD retrofitted to ships. 
In the event of insufficient light running margin of the actual propeller, 
a redesign of the propeller should be considered. If a redesign is not 
feasible, a newly designed propeller could be considered instead. The 
application of High Efficiency Propellers like the Kappel-Propeller, 
CLT-Propeller, or equivalent, can be investigated, carefully consider-
ing efficiency, light running margin, pressure pulses, and cavitation. 
Many container vessels have been fitted with Pre-Swirl Stators (PSS), 
Pre-Swirl Ducts (PSD) or so-called Wake Equalizing Ducts (WED) in the 
past. The wake equalizing ducts (WED) have been installed primarily 
in the smaller container vessel segments, mainly aiming at reduc-
ing pressure pulses and vibrations. The pre-swirl stators (PSS) and 
pre-swirl ducts (PSD) have mainly been installed on large container 
vessels.
The Twisted Full-Spade Rudders with Rudder Bulb are almost a 
standard feature today for large container vessels. Twisted full-spade 
rudders primarily aim at reducing cavitation erosion effects on the 
rudder, but at the same time they save power by re-gaining rotational 
losses from the propeller slipstream (the twist rudder) and reducing 
the hub vortex losses from the propeller (the rudder bulb). Electronic 
engine control adaptive tuning is a fully automatic system provided by 
certain makers that helps to constantly secure optimal engine tuning 

regardless of engine load, load range, load changes, and varying fuel 
calorific values. It applies only at vessels equipped with electronically 
controlled engines.
Waste Heat Recovery (WHR) uses the heat lost from the exhaust gas 
to produce electric power through a steam turbine cycle. For a WHR to 
operate, exhaust gas flow rate and temperature level need to be above 
a certain level, usually around 40% of main engine load.
Auxiliary Engine Economizers (AEECOs) refer to the installation of 
exhaust gas economizers at the exhaust stream of auxiliary engines, 
additionally to the main engine economizer that is usually found in 
vessel standard design.
Shaft Generator in the form of power take-off (PTO) shifts electric 
power production from the auxiliary engines to the shaft of the main 
engine, resulting in more efficient electricity production because of the 
lower specific fuel consumption of main engines compared to auxiliary 
generators. PTO systems can operate for shaft rotational speeds 
higher than 60% of nominal.
Variable Frequency Drives (VFD) reduce the power consumption of 
equipment that is in constant use by dynamically adapting the compo-
nent load to the work demand, instead of the usual binary operation of 
such components (i.e. cooling water pumps, fans).
LED lighting can replace the typical light bulbs found on-board and 
specifically the lights that are always on, such as engine room, accom-
modation, and deck flood lights, reducing the power consumption of 
the vessel.

Conclusions
From a large number of projects on EEXI calculations, we in DNV come 
to the conclusion that EPL is the main means for owners to achieve 
compliance of the majority of their vessels.
From various studies we get indications that about 70-80% of all ships 
(segment specific differences, however, may exist) will require opera-
tional improvements by 2030 to stay compliant and within A, B or C for 
CII. This is an indication that many shipowners will have to select and 
implement carbon reduction measures to stay compliant. Examples of 
measures that are available today which can reduce the carbon inten-
sity of a vessel are listed below, indicating also the expected averaged 
range of their “typical” effect on CII:
• Speed reduction, logistics: > 20%
• Hydrodynamics (cleaning, coating, hull form optimization, etc.): 
5–15%
• Machinery (machinery improvements, waste heat recovery, de-rating, 
battery hybridization): 5–20%
• Use of alternative fuels (LNG, LPG, ammonia, etc.): 0–100%
We at DNV, with our vast experience, are in position to assist 
shipowners in their important tasks to comply with EEXI and CII.

Machinery 
Examples of machinery ESDs and energy saving 
means include:
Electronic Engine Control, Waste Heat Recovery, 
Auxiliary Engine Economizers (AEECOs), Shaft 
Generator – Power take-off (PTO), Variable Frequency 
Drives (VFD), LED lighting, etc.

Figure 13 – Power take off (PTO)


