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Abstract 
This paper describes how we created an interactive display and forecasting for ships’ CII 
(Carbon Intensity Indicator) rating during specific reporting periods. The analytic layer on top 
of mandatory emission reporting allows ship owners and operators to constantly assess 
energy efficiency information and to act early on deviations from set targets. 

Introduction and context 
In past decades, fuel efficiency was mainly the concern of those who paid for the fuel bill. 
Although advanced ship owners always had an eye on the technical specification and 
condition of their owned fleet, keeping the engine performance at its maximum level was 
typically only an objective of companies with strong technical departments. Engine 
optimization to new built (FAT/shoptest) condition accounts for savings of FOC in the range 
of 2% and depending on engine type involves either changing user settings in the engine 
control system, or maintenance work. The latter means investment, substantial modifications 
on the engine and turbocharger (potentially subject to recertification) to adjust the engine 
performance to new operation patterns like permanent slow steaming. Although there is, from 
a technical perspective, no doubt about the effectiveness of such activities, the contribution 
to lowering FOC remains in the lower single-digit area.  

From a practical point of view, the absolute fuel oil consumption in terms of metric tons per 
day is impacted by many factors. Draft, weather, hull condition etc., make assessment of 
vessel fuel efficiency a challenge. This results in performance baselines in commercial 
charter contracts (speed/consumption curves) which aim to incorporate the most 
unfavourable conditions, respectively defined the conditions under which the ship 
performance can be assessed at all (design draft, calm see, good weather, etc.). This 
approach allowed ship owners and charterers to run their business without extensive data 
acquisition and analytical solutions, a basic noon reporting system being the minimum 
standard also related to charter party compliance assessment.  

With the introduction of ISO19030, the industry turned to a more data driven mode. The 
concept of high-frequency data acquisition, over a longer period, allows to statistically 
eliminate outliers (due to external factors) in the speed consumption diagram and to derive 
typical (service) relations by using linear or polynomial approximation. This in fact gives 
insights into whether a vessel’s hull and propeller performance has decreased over a period, 
compared to a previous period just after dry docking. 

Relevance for the involved parties 
Monitoring hull and propeller performance now receives additional attention because of the 
new CII regulations. The new metrics become relevant for all involved parties because a 
vessel’s operational energy efficiency is globally benchmarked. We have identified the 
following challenges for the different players in the shipping industry: 

- Ship owner / Ship manager (chartering out vessel) 



o How are our vessels operated related to CII? 

o Which CII rating will result at the end of the year (with continued, unchanged 
operation). 

o Can the ship operation be changed to remain within the CII boundaries (rating 
C)? What impact would this have on the result? 

è How to avoid a vessel’s CII rating being reported at a level where amended 
appropriate measures need to be filed in the SEEMP III 

è Under pressure from consumers, vessels with sub-standard energy efficiency 
rating may have difficulties finding new charter contracts 

è Poseidon principles may move the financing and insurance sector to change 
the conditions for financing/insuring vessels not meeting requirements. 

- Ship operators / Charterers 

o How will the owner’s concern about CII of owned vessels impact ship 
operation? 

o What is the basis for discussion around operational measures related to CII? 

 

It is to be expected that both owners and operators will seek closer cooperation and 
exchange to agree on appropriate measures during reporting periods. 

We are convinced that CO2 emission management will become an additional driver for 
remote diagnostics. While the FOC, for the above reasons, had previously only moderately 
driven the analytics around asset condition, the new regulations will bring it to everyone’s 
table. 

Motivation for the development 
Accelleron has a long record of accomplishment in the field of turbocharger design, 
manufacturing, and servicing. This expertise on performance of high-, medium- and low 
speed engine components is inherent in our organization. With the acquisition of Tekomar, 
Accelleron broadened its competencies towards engine performance and the related 
management of operational engine performance data. 

The recent shift in the relevance of the fuel efficiency topic in the shipping industry, combined 
with Accelleron’s capabilities to ingest, store and process timeseries data efficiently (existing 
architectural building blocks of our engine- and turbocharger remote diagnostics solutions), is 
our motivation for raising these discussions around emissions forecasting functionality. 

We want to provide an analytic solution which addresses the above needs of the shipping 
industry. The objective is an interactive display of a ship’s CII profile, for each voyage and 
year to date, and the forecasting of end-of-period CII ratings based on historic data and 
simulation parameters. 

Data requirements 
We are excluding from this paper the prerequisite of collecting the relevant operational data. 
There are numerous solutions available in the market and we are convinced that the amount 
of instrumentation, data loggers and gateways should be kept at a minimum level. Also, in 
the digital era, data collection remains costly to be established and maintained. Therefore, 
we aim to generate value out of existing data streams, consequentially increasing the ROI for 
the data acquisition infrastructure and simplifying the management of a less heterogenous 
information management landscape.  



Being compulsory for international shipping operations, the EU MRV or IMO DCS standards 
can be met with traditional voyage, bunkering and noon reporting, the final submission, 
however, being nowadays required in electronic format. 

We have defined the minimum requirements as follows, based on IMO DCS: 

- Event reports for departure 

o Date/time and location 

o Remaining on board (respectively bunkered mass) per fuel type  

o Distance travelled (for voyages) 

- Event reports are required for these events 

o Port exit 

o Port entry 

o Bunkering 

The data acquisition where the described work is based on used additionally noon reports as 
part of the reporting process. 

The challenge of voyage detection 
A flow of events with consumption and distance travelled alone does not yet enable us to run 
the CII calculation (nor the emission reporting). An algorithm is required to calculate the fuel 
consumption for each voyage or port stay because bunkering may take place at any point in 
time. The sailed distance reported covers the distance since last event, but the port entry 
event does not necessarily report the distance travelled during the full voyage if noon reports 
have been submitted in between.  

Thus, the algorithm initially detects the first (departure) and the last (arrival) event in the 
series. Afterwards it takes the bunkering, respectively the noon reports into consideration. 

EX = Port exit event report 
BU = Bunkering event report 
NO = Noon report 
EN = Port entry event report 
ROB = Remaining on board [mt] 
 
In sequence of EX-NO-NO-BU-EN, the total fuel consumption and distance travelled are: 

Voyage fuel oil consumption [mt] = ROB(EN) - ROB(EX) + S bunkered amount (BU) 
Distance travelled [NM] = S distance travelled (NO) + distance travelled (EN) 
 
The calculation for port stay fuel oil consumption is in analogy of the above. 
 
Depending on the data source/reporting system used, there may be an additional challenge: 
if the crew is allowed to enter events in the system and complete/correct them afterwards, 
the calculation for both parameters must be repeated whenever changes occur. Without 
introducing the necessity of a “report changed” flag, which would cause additional negotiation 
of the data interface, we have solved this in the way that the derived voyages and port stays 
in our system are constantly compared with the algorithm output which re-evaluates all data 
in a reasonable look-back period (e.g., 30 days). 



Voyage vs. period CII 
Having voyages and port stays properly detected, allows to plot each voyage’s duration and 
CII in the timeline display of CII. Port stay CII cannot be calculated, because the denominator 
of the CII calculation formula always results in 0 (no distance travelled). At the same time the 
boundaries for each CII rating are visualized in classical colour coding (similar to consumer 
goods).  

 
Engineered visualization of the voyage CII and CII ratings. This example shows the 2nd voyage of the year having 
a CII of 19.96 which is not visible in the chart for scaling reasons. 

Based on each voyage and each port stay data, the accumulated CII year-to-date for each 
event is calculated in the same way as the full year’s CII is calculated. Port stay emissions 
must be included here but are not visualized. The 2nd voyage of the year has a relatively high 
CII and enormous impact on the year-to-date CII at that point in time. The more lower CII 
rated voyages occur, the less impact single voyages have on the aggregated CII. The line 
smoothens out during the period. In this example, that is perfectly fine because this vessel (a 
product tanker) sails at moderate speed and achieves an excellent CII rating. The situation 
would be different if the aggregated CII converged at higher levels and bringing it down 
would require constantly high efficiency (low CII voyages) for its improvement.  

 

Adding accumulated “to date” CII 

In the case where the historic year-to-date operation is representative of the rest of the 
period, the result already gives an indication where this vessel’s CII will be without changes 
to the operational pattern or technical factors. The problem is that these are not unchanged. 



CII forecasting 
To fully understand the forecasting challenge, we have assessed the several factors which 
impact the CII.  

On the operational side: 

- Log speed (higher speed requires more propulsion power per distance travelled) 

- Cargo (increasing propulsion power at same log speed due to higher draft) 

- Port stay duration (auxiliary engine operation without distance travelled) 

On the technical side: 

The main technical factors affecting CII are: 

- Hull and propeller performance (fouling, corrosion, cavitation, all increase propulsion 
power per distance travelled) 

- Engine performance (decreased fuel efficiency means more CO2 emissions per kWh) 

All these parameters can be set by the user when simulating the year-end forecast. For the 
operational parameters we provide default values from historic data, where available and as 
average (log speed, cargo, % of time in port). Deriving historic values for the technical 
parameters from the underlying emission reporting dataset is not possible. Detecting historic 
hull performance degradation would require additional, continuous data and an extensive 
analytic layer which is beyond the scope of this paper. The same applies for the propulsion 
engine condition where signals from the main engine are required. 

Despite the absence of a historically determined hull performance degradation, we decided 
to add a default value of 1% per month to the initial forecast view. Starting from the year-to-
date CII, the constantly increased emissions due to the need for additional propulsion power 
to compensate the increased hull resistance must be added to the historic emission level. 

 
Adding forecasting line including 1% of hull resistance increase. 

For a complete simulation of the year end CII, all technical and operational factors shall be 
added to the forecasting in the same way. Log speed is the most important driver for CII, and 
as easy as it is to be impacted technically, as challenging it is on the operational side. 
Contractual obligations may not allow longer travelling time, logistic schedules may require 
arriving at port in time. However, if there are upcoming changes in contracts (spot market or 
charter) which imply different operational patterns, the simulation helps to determine the 
appropriate conditions.  

As a last example of our engineered approach, we simulate the addition of log speed 
increase. This vessel was sailing at an average log speed of 10 kn. Adding 1 knot (10%) 



additional log speed already has an immense impact on the year end CII, moving the rating 
from the superior boundary to the lower boundary.  

 
CII forecast including 1% of hull resistance increase per month and 10% of average log speed increase 

From our research we conclude that the following influencing factors are both relevant and 
practical for simulation: 

As detailed: 

- Log speed 

- Hull resistance 

Not detailed: 

- Port stay duration 

- Hull cleaning 

Combining data streams into to a scalable solution 
The above procedure to assess CII can be done manually, no doubt. The challenge is, 
however, to constantly monitor and forecast the energy efficiency rating and act in time. 
Therefore, we decided to plug in the existing IMO DCS dataset to the system. The 
configuration of each vessel’s emission model must suffice with a limited number of 
parameters (vessel type and capacity) which can be easily obtained. This builds the basis for 
the CII calculation and rating boundaries.  

After initial consideration, we moved away from out of the box dashboard solutions and 
decided to develop our own user interface based on web development toolkits. This required 
heavy customization to achieve the desired look and feel, incorporating all the elements 
which are of interest. The result is an appealing CII forecasting chart with interactive 
simulation capabilities. 

 

 



 
Interactive display of voyages and accumulated CII, including CII ratings for consecutive years (emission 
reduction trajectory) 

Conclusion 
Having an automated system available which displays current and forecasted CII is expected 
to be one of the must-have tools for ship owners. Harnessing the compulsory emission 
reporting data and adding an analytic layer on top provides the insights which enable ship 
owners and operators to act early on CII ratings. The simulation of different scenarios can 
serve as basis for both short term operational changes as well as long term investment 
planning related to technical measures. The increased transparency with permanent 
assessment of ship energy efficiency boosts awareness for sustainability. In a world with an 
increasing number of regulatory measures being introduced, these informed decisions are 
key to leading the way to decarbonization. 


