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ECA Calculator 

1. Introduction 

This document gives an overview of Lloyd’s Register ECA Calculator, a tool which assists with strategic 

planning for Sulphur oxide (SOX) compliance with MARPOL Annex VI, Regulation 14. The document covers 

the background, purpose and functionality of this tool and outlines the basic assumptions and equations 

used in the calculation.  

2. Background and purpose 

2.1 Regulatory background 

Sulphur oxide (SOX) emissions from shipping are regulated, at an international level, through the IMO and 

the MARPOL 73/78 Convention, Annex VI (Regulations for the Prevention of Air Pollution from Ships). 

Under the provisions of Annex VI, Regulation 14, a gradual reduction to the permitted percentage of 

sulphur content in the fuel is prescribed both outside and within Emission Control Areas for sulphur (ECA-

SOx, hereafter referred to as ECA for the purposes of this document) as follows: 

 

Figure 1 Maximum allowable sulphur content of fuel oil according to MARPOL Annex VI, Regulation 14 

At present, the majority of vessels choose to comply with the current 1.00% ECA requirement by operating 

with a fuel of lower sulphur content where required. In the majority of cases this is residual fuel oil. In the 

future however, in order to meet the 0.10% and 0.50% maximum allowable sulphur contents required 

within an ECA from 2015 onwards, and in all other areas from 2020/2025 respectively, distillate fuel is 

likely to be used by ships.  

Crucially, however, MARPOL Annex VI allows, under Regulation 4, the use of an equivalent compliance 

method which is at least as effective in terms of emissions reduction as the levels required by regulation 14 

1.1.2012 
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1.7.2010 
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Outside ECA  
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(which limits the sulphur content of fuel
1
). One of these methods

2
 is the use of an Exhaust Gas Cleaning 

System (EGCS).  

 

 Figure 3 ECA Map 

2.2 Purpose of the tool 

As a result of the current and impending situation, (i.e. 2015 0.10% limit within an ECA and 2020/2025 

0.50% outside an ECA) operators may need to evaluate their position in terms of SOX compliance costs and 

alternative options. Decisions can be affected by a number of factors including the size and type of the 

fleet, the time spent within an ECA, potential introduction of additional ECAs in the future, the relative cost 

of installing an EGCS (and payback period vs. age of the vessel), the cost of fuel and price differential 

between fuels of different sulphur contents and many more.  

In this complex environment, some decisions may affect the viability of a ship service or operation. To assist 

with making such strategic decisions (which may involve either fitting an exhaust gas cleaning system, or 

operating on distillate fuels), Lloyd’s Register has developed the ECA Calculator. Assuming a core (but 

realistic) operational scenario and using inputs which are easily available, the ECA Calculator projects the 

cost for the different scenarios in the future and, as the reduced fuel sulphur content requirements enter 

into force, allows for different fuel price scenarios to be used. Also, parameters which have increased 

impact on the decision making process and, quite often, are associated with a high degree of uncertainty, 

can be easily adjusted providing an instant update of the results. With the ECA Calculator, Lloyd’s Register 

aims to provide a tool to support a company’s strategic planning. Ultimately however, the input and 

decisions are left with the user of this tool. The tool should be seen as a relative and comparative guide for 

reference and not absolute in its final determination.  

 
1
 Hereafter referred to as ‚fuel switchover‛ 

2
 Other methods, such as the use of LNG or alternative fuels are not examined in this version of ECA Calculator.  
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3. ECA Calculator overview  

3.1 Main outputs 

The main output of the ECA Calculator is a fuel cost projection using either exclusively fuel switchover (as 

per Regulation 14) or an EGCS (as an equivalent compliance method). The EGCS investment is also 

evaluated in terms of Net Present Value (NPV) for which the payback period is calculated.  

In addition to these main outputs, other useful information is calculated at different stages of the tool, such 

as annual fuel consumption figures, average cost breakdowns for key periods etc.  

3.2 Methodology 

ECA Calculator is essentially providing an estimate of the annual fuel consumption, taking into account 

machinery types and operational scenarios. By combining the annual fuel consumption with a simplified 

fuel price model (which is dependent on price scenarios and cost of different types of fuel required for 

compliance), the future fuel cost is projected, based on present fuel consumption and prices. This is 

compared to the fuel cost using an EGCS. The EGCS investment is then evaluated by considering potential 

fuel cost savings as positive cash-flows. This is illustrated in  below: 

 

 Figure 4 ECA Calculator methodology 

  

Investment evaluation

Payback period NPV

Fuel switchover-EGCS comparison

Fuel costs using EGCS compliance option

EGCS data

Machinery used CAPEX, OPEX, powering Discount rate

Fuel costs using fuel switchover compliance option

Fuel price model

Fuel price today Future price scenarios Fuel price differentials

Fuel consumption

Operational scenario Main machinery types
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3.3 Case comparison 

The ECA Calculator is designed to accommodate up to 6 different cases, compared side by side. This allows 

quick comparison and evaluation of: 

 Different ships in the fleet; 

 Same ship but in different operational scenarios and time spent within an ECA; 

 Same ship but with different machinery configuration; 

 Same ship but with different EGCS configuration or type; 

 Combination of the above.  
 

It is not necessary to fill all 6 cases but the functionality is there if needed.  

 

 Figure 5 Case comparison 

  

Name/type/class of ship (or scenario) scenario 1 scenario 2 scenario 3 scenario 4 scenario 5 scenario 6

 % total time

 % time in ECA

 time in ECA (% of total) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

 % total time

 % time in ECA

 time in ECA (% of total) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

 % total time

 % time in ECA

 time in ECA (% of total) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

 % total time

 % time in ECA

 time in ECA (% of total) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

 % total time

 % time in ECA

 time in ECA (% of total) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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4. ECA Calculator section breakdown  

This part describes in more detail the different parts of the ECA Calculator. Specific instructions/comments 
for each input item are available within the ECA Calculator.  

To facilitate navigation to different section of the ECA Calculator, a list of quick links is provided at the end 
of each section: 

 

Figure 6 Quick links (found at the end of each section) 

4.1 Operational profile 

This section is used for entering the operational profile of the vessel.   

4.1.1 Mode names 

A simple model is assumed, where vessel operation is split in up to 5 modes. These can be manually 
entered by the user. Some examples are provided: 

 Sailing. These can be different speeds or different laden conditions; 

 Channel transits; 

 Manoeuvring; 

 Port - waiting; 

 Anchorage; 

 Off-loading and 

 Loading. 

These modes apply universally to all cases compared (i.e. the user cannot compare two ships with two 
different mode names, although two ships with different time on each mode can be compared). It is not 
necessary to use all modes, but at least one mode is required for the calculations.  

 

Figure 7 Operational modes (manual input) 

4.1.2 Operational profile 
For each case and mode, the following input is required:  

- The name of each vessel or type of vessel, case name, as applicable. This name will be used 
throughout the calculator.   

- The percentage of time for each mode, compared to the overall time in operation (off-service time is 
calculated automatically as the remainder). The total figure should not exceed 100% (time off-service 
should not be negative)  

- The percentage of time within an ECA for each mode. 

1. Operational profile

2. Machinery particulars and annual fuel consumptions

3. Fuels, costs and scenarios

4. Exhaust Gas Cleaning System (EGCS) data

5. Results to display

6. Summary fuel costs

7. Investment evaluation

8. Custom graph generator

Mode 1 name

Mode 2 name

Mode 3 name

Mode 4 name

Mode 5 name

Operational modes (applicable to all cases below)
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Figure 8 Operational profile and time in ECA for each mode (simplified figures are used for illustration purposes only) 

 
4.2 Machinery particulars and annual fuel consumptions 

This section, combined with the section above is used to calculate the annual fuel consumptions per fuel 
type and machinery type, which are used for the fuel cost calculations. 

4.2.1 Fuel types 
The user can type the type of fuel used (up to 4 types can be entered). These types will be further available 
for each machinery type. It is not necessary to use all 4 available fuel types, but at least one type must be 
entered. The type of fuel does not affect the calculations; it is the fuel price and differential between the 
key sulphur contents required by Regulation 14 that determine the fuel cost. The fuel type entered at this 
stage should be on the basis of what type of fuel the ship machinery is capable of combusting, regardless 
of sulphur content. For each fuel type entered here, the corresponding type for compliance with various 
stages of Regulation 14 will be entered in the next section.  

 

 

Figure 9 Fuel types (manual input) and drop-down menu on the machinery section 

4.2.2 Machinery particulars 
ECA Calculator allows for inclusion of up to 3 different groups of machinery (excluding boilers which can 
be added as a fourth separate group). Machinery of the same type must be grouped together based on the 
type fuel used. For example, Group 1 may be the main engine, and Group 2 may be the auxiliary diesel 

Name/type/class of ship (or scenario) case 1

mode 1 % total time 20.0%

mode 1 % time in ECA 30.0%

mode 1 time in ECA (% of total) 6.0%

mode 2 % total time 20.0%

mode 2 % time in ECA 30.0%

mode 2 time in ECA (% of total) 6.0%

mode 3 % total time 20.0%

mode 3 % time in ECA 30.0%

mode 3 time in ECA (% of total) 6.0%

mode 4 % total time 20.0%

mode 4 % time in ECA 30.0%

mode 4 time in ECA (% of total) 6.0%

mode 5 % total time 20.0%

mode 5 % time in ECA 30.0%

mode 5 time in ECA (% of total) 6.0%

% time in ECA (total) 30.0%

% time outside ECA (total) 70.0%

Off service - % total time 0.0%

Type 1 Type 2 Type 3 Type 4

Fuel A Fuel B not used not used

Fuel types today (applicable to all 

cases)

=20%x30% 

=6%+6%+6%+6%+6% 

=100%-30% 

=100%-20%-20%-20%-20%-20% 
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generators. Alternatively, you may separate machinery of the same type and same fuel into different 
groups if there are other differences (for example two different types of diesel generators).  

 

For each machinery group, the following input is required: 

- Name of machinery (e.g. main engines, or prime mover, diesel generators etc.) 

- Number of installed units 

- MCR of each unit 

- Type of fuel. 

In addition, for each of the operational modes entered above the following also need to be entered: 

- Number of units in use (not applicable to boilers). 

- Percentage of MCR (or time used, in case of boilers) 

- Specific fuel oil consumptions (or FOC only in case of boilers) 

Additional clarification can be found within the calculator when selecting each of the input cells.  

  

  Figure 10 Machinery particulars (machinery types 1, 2 and 3) 

Boilers are separated from the other 3 groups because the fuel consumption calculation is on the basis of 
tonnes/hour instead of MCR×SFOC. The boiler hourly FOC is generally proportionate to the boiler steam 
generating capacity. 

 

  Figure 11 Machinery particulars (boilers) 

  

case 1

Machinery type 1

Number of installed units

MCR (each unit)

Total MCR [kW] 0

Type of fuel

Number of units used at mode 1

% MCR at mode 1

SFOC at 0% MCR

Number of units used at mode 2

% MCR at mode 2

SFOC at 0% MCR

Number of units used at mode 3

% MCR at mode 3

SFOC at 0% MCR

Number of units used at mode 4

% MCR at mode 4

SFOC at 0% MCR

Number of units used at mode 5

% MCR at mode 5

SFOC at 0% MCR

Annual   [t/year] 0

Auxiliary boilers case 1

Type of fuel

Boiler fuel consumption [t/hour]

% time at mode 1

% time at mode 2

% time at mode 3

% time at mode 4

% time at mode 5

Annual boiler  [t/year] 0
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4.2.3 Output from section 1 

The output from this section is total fuel consumption per fuel type for each ship/scenario 

 

 Figure 12 Output from section 1  

4.3 Fuels, costs and scenarios 

This part is where we enter fuel types used for compliance, current fuel oil prices, price differentials, future 
price scenarios (low, medium, high). This input combined with the fuel consumption calculation of the 
previous section will be used to estimate the projected fuel and compliance costs in the future. 

4.3.1 Fuels used for compliance 
For each fuel type entered in section 4.2.1, the type of fuel used to comply with each %S limit of 
Regulation 14 needs to be entered. If the original fuel used is already compliant with this limit, then the 
same type can be entered here. This is used for labelling and for facilitating the input required further in 
this section. 

 

Figure 13 Fuels used for compliance with different stages of Regulation 14 (input for illustration purposes only) 

4.3.2 Today’s fuel price and price differentials 

For each fuel type, the current price per tonne needs to be entered. This should reflect fuel compliant with 
the 3.50% current sulphur limit. Depending on the fuel type assumed for the specific machinery, the 
sulphur content may be less in practice.  

Price differentials between the fuel today and the fuel types for compliance with the corresponding %S 
limit are entered here. The differentials are the price differences between the fuel on the top column and 
the fuel on each row on the left. Please note that prices and fuel names are used here purely for illustration 
purposes.   

 

 Figure 14 Fuel prices and differentials (input for illustration purposes only) 

In the illustration above, the types and prices of fuels for each stage of Regulation 14 will be: 

a. For machinery originally using Residual A:  

- 1.00% S limit: Residual B, 700+20=720 USD/t 

- 0.50% S limit: Distillate A, 700+300 = 1,000 USD/t 

- 0.10% S limit: Distillate B, 700+310 = 1,010 USD/t 

b. For machinery originally using Distillate A:  

- 1.00% S limit: Distillate A (still compliant with this limit), 1,000 USD/t 

- 0.50% S limit: Distillate A (still compliant with this limit), 1,000 USD/t 

Total annual fuel consumption case 1

Fuel A [t/year] 0

Fuel B [t/year] 0

not used [t/year] 0

not used [t/year] 0

Residual A Distillate A not used not used

Type of fuel to comply with 1.00% S limit Residual B Distillate A - -

Type of fuel to comply with 0.50% S limit Distillate A Distillate A - -

Type of fuel to comply with 0.10% S limit Distillate B Distillate B - -

Residual A Distillate A not used not used

Today's fuel prices [USD/t] 700 1,000 - -

Residual A Distillate A not used not used

Fuel compliant with 1.00% S limit Residual B 20 Distillate A 0 - -

Fuel compliant with 0.50% S limit Distillate A 300 Distillate A 0 - -

Fuel compliant with 0.10% S limit Distillate B 310 Distillate B 10 - -

Price differentials between fuel on top column and left rows [USD/t]
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- 0.10% S limit: Distillate B, 1,000+10 = 1,010 USD/t 

 

4.3.3 Fuel calorific value corrections 

It is likely that the fuel type used to comply with the different stages of Regulation 14 has a different 

calorific value compared to the ‚fuel type today‛ entered in Section 2 of the calculator. If in the future a 

fuel with higher calorific value is used in order to comply with a specific %S requirement, the total fuel 

consumption will be lowered and this will have an impact to the fuel switchover compliance costs. To 

account for this, appropriate correction factors can be entered in this section. The correction factor 

represents the % difference in calorific value between the two fuels.  

In the illustration below, let us assume the following: 

- Fuel ‚Residual A‛ used today has a calorific value of 40 MJ/kg 

- Fuel ‚Distillate A‛ used today and also used to comply with the 0.50% S limit has a calorific value of 

41MJ/kg 

- Fuel ‚Residual B‛ used to comply with 1.00% S limit has a calorific value of 40 MJ/kg 

- Fuel ‚Distillate B‛ used to comply with the 0.10% S limit has a calorific value of 42 MJ/kg 

Based on the above, the calorific value correction factors will be as follows: 

 

Figure 15 Fuel calorific value correction factors 

4.3.4 Fuel price scenarios 

The fuel price projection follows a simple model: each year the price will be x% higher (or lower) compared 
to the previous year. In addition, there can be two price ‚spikes‛ in the key years 2015 and 2020/2025 for 
fuels of less than 1.00% S content. This is to allow for potential changes in demand of low sulphur fuels 
(and subsequent price adjustments) when the 0.10% ECA limit or the 0.50% S limit (all other areas) enter 
into force. 

The user can also select the year when the 0.50% S limit will enter into force
4
. Depending on this selection, 

the fuel which will be used to comply will be altered automatically.  

 

 Figure 16 Fuel price projection input 

  

 
4
 This will be either 2020 or 2025, subject to a fuel availability review scheduled for 2018 

Residual A Distillate A not used not used

Fuel compliant with 1.00% S limit Residual B 0.0% Distillate A 0.0% - -

Fuel compliant with 0.50% S limit Distillate A 2.5% Distillate A 0.0% - -

Fuel compliant with 0.10% S limit Distillate B 5.0% Distillate B 2.4% - -

Fuel calorific value corrections factors (positive means higher calorific value)

Future fuel oil price scenarios Low Medium High

Annual price increase [%]

Differential increase after 2015 [%]

Differential increase after 2020/2025* [%] * Depending on 0.50% S limit implementation 

0.50% S limit entry into force 2020
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4.4 Exhaust Gas Cleaning System (EGCS) data 

4.4.1 Machinery connected to EGCS 
For each of the machinery types (and boilers) entered in 4.2.2 above the proportion of the exhaust gas 
stream going through the EGCS must be entered. For example, if ‚machinery type 1‛ is 4 identical auxiliary 
engines grouped together, and two of them are connected to the EGCS, then 50% will be used as input. 
ECA Calculator will then use this input to calculate the proportion of fuel per fuel type from which the 
exhaust gas is passed through the EGCS. The remainder of fuel will be subject to the applicable limits. 
Therefore, the savings from using the EGCS will be determined by the percentage of fuel going through 
the EGCS, the price differential between the two fuels and the operating cost of the EGCS.  

The year of installation also needs to be entered. Prior to this year, it will be assumed that the ship uses fuel 
switchover to comply with Regulation 14.   

 

Figure 18 Machinery connected to EGCS and % of fuel through the EGCS per fuel type 

4.4.2 EGCS installation cost 

The installation cost is entered in million USD. This should take into account the following factors (not an 
exhaustive list) and should be, to the extent possible, the turn-key cost of the installation: 

- Type, number and size of machinery which is connected to EGCS 

- Complexity of the installation 

- Type of EGCS, size and number of units  

- Provisions for redundancy 

- Exhaust gas monitoring equipment 

- Time off-service during the installation and associated loss of revenue 

- Certification costs 

- Cost of monitoring equipment (exhaust gas and washwater).  

 

 

Figure 20 EGCS installation cost 

4.4.3 EGCS operational costs and loss of revenue 
Some EGCS are using chemical addition (sodium hydroxide for closed-loop wet systems or granulated lime 
for dry system) in order to remove the sulphur from the exhaust gas. The consumption rate is usually given 
in kg/MWh. The price of the consumable is also entered here. The consumable cost calculated here is the 
maximum annual consumable cost. The actual consumable cost will be proportional to the time the EGCS 
is in operation, which prior to 2015 is assumed only when inside an ECA and after 2020/2025 is assumed 
at all times (see section 5 for the relevant assumption).  

In addition to the operational costs from the use of consumables, EGCS may also be associated with 
additional operational costs which are proportional to the usage of EGCS and would normally not occur 
had the ship chosen to comply using fuel switchover. These may include (but are not limited to) costs of 
other consumables that are operation-dependent, cost of sludge disposal etc.  

Type/class of ship case 1

Year of installation

% of mach. type 1 using the EGCS

% of mach. type 2 using the EGCS

% of mach. type 3 using the EGCS

% of boilers using the EGCS

Residual A through the EGCS [%] 0%

Distillate A through the EGCS [%] 0%

not used through the EGCS [%] 0%

not used through the EGCS [%] 0%

Installation cost [million USD]
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These costs are added to the costs of consumables to estimate the annual variable operational costs of the 
EGCS.  

Finally, in addition to variable operational costs, there may be fixed costs associated with the operation of 
the EGCS, such as (but not limited to) scheduled maintenance costs, time off-service for maintenance solely 
for the EGCS (i.e. if not combined with other maintenance works), cost of parts and other fixed costs as 
applicable. There may also be loss of revenue from the reduction in cargo carrying capacity due to the 
installation of EGCS and associated machinery. This can be either due to EGCS occupying cargo space or 
due to the restrictions in the maximum permissible draught posed by the additional weight of the EGCS. 
This is added to the fixed costs as it is essentially treated as a fixed cost as far as the calculation is 
concerned.  

The final figure of ‚fixed costs‛ will be used regardless of the time the EGCS is in operation.   

 

Figure 21 EGCS Consumable costs and operational costs (variable and fixed). 

4.4.4 EGCS additional fuel consumption 

In most instances, the operation of an EGCS will be associated with additional power consumption. This 
very much depends on the type of system (closed loop versus open loop or dry versus wet system) and also 
the size of the system. In the event that an EGCS has other indirect effects to fuel consumption, such as 
reduction in energy efficiency of the engine, these should be entered here in the form of power. The 
machinery that is used to power the EGCS (from the machinery types entered previously) also needs to be 
selected. This will determine the type of fuel that is consumed to power the EGCS and this consumption 
will be added to the total fuel consumption. This additional fuel consumption will be subject to the same 
fuel cost model that is used throughout the calculator and will only apply when the EGCS is in operation.  

 

Figure 22 EGCS power requirements 

All operational costs calculated here apply for the time that the EGCS is in operation (see Section 5 for a 
relevant assumption).  

4.4.5 EGCS investment discount rate 
The discount rate is used for the discounted cash-flow analysis and takes into account the time value of 
money and the risk of the anticipated future cash flows. This is a common methodology applied when 
evaluating an investment. A definition can be found here.  

  

Maximum** consumable cost (1) 60,562 60,562 60,562 60,562 60,562 60,562

Max.** other operational costs (2) 150,000 150,000 150,000 150,000 150,000 150,000

Total var. operational cost=(1)+(2) 210,562 210,562 210,562 210,562 210,562 210,562

Fixed*** operational costs (3) 50,000 50,000 50,000 50,000 50,000 50,000

Other loss of revenue (4) 0 0 0 0 0 0

Total fixed costs=(3)+(4) 50,000 50,000 50,000 50,000 50,000 50,000

Annual operational costs, variable/fixed and loss of revenue [USD/year]

EGCS power consumption [kW]

Machinery EGCS powered from [-]

Fuel type used to power the EGCS [-] 0 0 0 0 0 0

SFOC to power EGCS [g/kWh] 0 0 0 0 0 0

Additional fuel consumption [t/year] 0 0 0 0 0 0

Additional fuel consumption [t/year]

http://lexicon.ft.com/Term?term=net-present-value
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4.5 Results to display 

Here we simply select the price scenario and ship to display results for in the sections that follow. 
Considering that outputs are calculated for up to 6 different ships/ship configurations and 3 price 
scenarios, this leads to up to 18 sets of graphs and tables. To facilitate the display of information, ECA 
Calculator only allows display of a single combination at a time.  

 

 Figure 24 Results to display  

4.6 Summary fuel costs 

4.6.1 Annual cost plot 
Applying the input entered in the previous sections, the summary fuel cost for the fuel switchover or the 
EGCS option in the chosen configuration is presented graphically. The horizontal axis is the year and the 
vertical axis is the fuel cost to achieve compliance with the provisions of MARPOL Annex VI, Regulation 14.  

The time required for the cost of the EGCS option to become equal to the cost of the fuel switchover 
option is shown (in years/months). If this never happens

5
, ‚Never‛ will be displayed instead. Note that this 

output compares the fuel costs only and it is provided as an indication of when (or if) would be a suitable 
time to install considering costs alone and not taking into account other factors such as anticipated 
equipment demand and availability. This should not be confused with the payback calculations carried out 
further.   

 

To reduce the number of graphs, the user can plot one case and price scenario at a time. The graph can be 
interrogated at each year for a detailed comparison of the costs.   

 

 Figure 25 Annual fuel costs and graph interrogation (figure for illustration purposes) 

 
5
 This is dependent on the parameters assumed. For example, limited time is spent in ECA or high EGCS operating costs, or fuel price differentials small 

(or negative). ‚Never‛ will also be displayed if costs using EGCS are lower compared to fuel switchover from the beginning, as in the Figure above.  

5. Results to display
In this section we select the ship and price scenario to display results for in the following sections

Price scenario to plot results for: Medium

Ship to plot results for: Ro -Ro4

Cost of compliance with EGCS compared to fuel switchover

Costs are equal (from 2013) after: 1 years 2 months

2,014 13,905,863

2,013

Graph interrogation

Year 2018

Compliance with fuel switchover [USD] 16,592,135

Compliance with EGCS [USD] 15,282,111

Savings (+ve) or losses (-ve) [USD] 1,310,024

Annual fuel costs
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4.6.2 Average cost plots and figures 

Using the same case and price scenario plot selection as the previous graph, the average fuel costs in 3 key 
periods are plotted here:  

 Between now (2012) and 2015 (excluding 2015); 

 Between 2015 and 2020 (excluding 2020) and; 

 Between 2020 and 2035 (year when the calculation stops).  
The following two graphs also show the cost proportion inside and outside ECA: 

 

 Figure 26 Average fuel costs and proportion inside/outside ECA (figure for illustration purposes only) 

In addition to these graphs, tables for each ship are included, displaying average annual figures in the same 
3 periods as follows: 

 Fuel costs using fuel switchover for compliance (1); 

 Baseline cost (assuming use of 3.5% S
6
 fuel globally) (2). In a theoretical scenario where EGCS is used 

for all machinery and with zero operational/consumable costs, this would be equal to the cost of 
compliance using EGCS; 

 Added cost using fuel switchover. This is simply (1) – (2). This is provided to show the maximum 
potential savings by using EGCS instead of fuel switchover for compliance. Out of these savings, of 
course, the operational cost of the EGCS as well as the cost of fuel used in machinery not connected to 
EGCS will need to be subtracted;  

 Fuel costs using EGCS for compliance  (4) and; 

 Savings or losses using EGCS. This is simply (1) - (4) and represents the average annual savings (positive) 

or losses (negative) by using EGCS for compliance, in the chosen configuration.  
 

  

 
6
 Or the current %S content for the fuel type in use 

Average fuel costs

5.47
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7.88

8.45
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Ro-ro1: Fuel switchover option - average costs - Medium scenario

Fuel switchover - inside ECA [million USD]
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Figure 27 Tables of summary average annual figures (figure for illustration purposes only) 

4.7 Investment evaluation 

In this section, we evaluate the EGCS investment using a Net Present Value methodology. The basic 
elements of this methodology are summarised here: 

 The current investment expenditure is the installation cost of the EGCS entered in Section 4.4. This is 
added at the year of installation.  

 For each year, the savings (or losses) by using the EGCS compared to compliance using fuel switchover 
are the cash-flows. Positive cash-flows are any savings by using the EGCS due to lower fuel costs and 
negative cash-flows are the operational costs of the EGCS;  

 Future cash-flows are discounted to the present value using the discount rate entered in Section 4.3. 

The discount rate represents the cost of capital; 

 The Net Present Value (NPV)
7
 is calculated at each year as follows: 

𝑁𝑃𝑉𝑡 = 𝐶𝐴𝑃𝐸𝑋 +  
𝐶𝑡

 1 + 𝑑𝑟 𝑡

𝑛

𝑡=0

 

 In the formula above:  
- 𝐶𝐴𝑃𝐸𝑋: EGCS investment (entered negative)  
- 𝐶𝑡 : cash-flow at year 𝑡. 𝐶𝑡 = (𝐶𝑜𝑠𝑡 𝑢𝑠𝑖𝑛𝑔 𝑓𝑢𝑒𝑙 𝑠𝑤𝑖𝑡𝑐𝑜𝑣𝑒𝑟)𝑡 − (𝐶𝑜𝑠𝑡 𝑢𝑠𝑖𝑛𝑔 𝐸𝐺𝐶𝑆)𝑡  

- 𝑡 = 0 is the installation year of the EGCS 
- 𝑑𝑟: discount rate 

 The year when the NPV becomes positive (i.e. the present value of future cash-flows exceeds the initial 

investment expenditure) is the year when the EGCS investment pays itself back. The time between the 
installation year of the EGCS and the payback year is the payback period. 

 
7
 Please note that in the graph this is referred to as ‚Discounted cumulative cashflow‛ – it is the same.  

Type/class of ship Ro-ro1

Scenario Medium

Average annual figures

Now to 2015 13,349,649 0 0 0 0 0

2015 to 2020 16,273,179 0 0 0 0 0

2020 to 2035 27,399,733 0 0 0 0 0

Average annual figures

Now to 2015 13,269,115 0 0 0 0 0

2015 to 2020 14,226,287 0 0 0 0 0

2020 to 2035 17,580,494 0 0 0 0 0

Average annual figures

Now to 2015 80,534 0 0 0 0 0

2015 to 2020 2,046,891 0 0 0 0 0

2020 to 2035 9,819,239 0 0 0 0 0

Average annual figures

Now to 2015 13,648,818 0 0 0 0 0

2015 to 2020 14,990,943 0 0 0 0 0

2020 to 2035 21,120,363 0 0 0 0 0

Average annual figures

Now to 2015 -299,168 0 0 0 0 0

2015 to 2020 1,282,235 0 0 0 0 0

2020 to 2035 6,279,369 0 0 0 0 0

Savings (+ve) or losses (-ve) using EGCS [USD] (5) = (1) - (4) 

Fuel costs using EGCS for compliance [USD] (4)

Added cost using fuel switchover [USD] (3) = (1) - (2) 

Fuel costs using fuel switchover for compliance [USD] (1)

Baseline cost (assuming use of 3.5% S fuel globally) [USD] (2)
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Being consistent with the previous display, the graph is plotted for the selected case and price/discount rate 
scenario. Similarly, the graph can be interrogated at each year. 

The undiscounted cumulative cash-flows are also plotted on the same graph. This is essentially derived by 
the same formula as above, but with 𝑑𝑟 = 0.  

 

   Figure 28 EGCS investment evaluation (figure for illustration purposes only) 

 
4.8 Custom graph generator 

In addition to the standard output and functionality described in previous sections, there may be custom 
calculations and analysis that can be carried out using output from the ECA Calculator. 

Although it may be desirable to carry this out on a separate spreadsheet, a custom graph generator is 
provided within the ECA Calculator for added functionality. The user can type in the chart and axis titles 
and manually type (or copy) the values in the space provided. The graph will be then generated 
automatically.  

Payback calculation

Payback period [years] 6 years 1                months

Year when NPV=0 2019 2,019 2,013

Graph interrogation

Year 2026

Net Present Value at year 2026 24,443,349

Undiscounted cashflow at year 2026 41,023,536
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Figure 29 Custom graph generator 

 

5. Summary of assumptions and formulas 

Assumption / formula   Description 

Operational profile  
The ship only sails at the 5 available modes. Any remaining time is 
allocated as ‚time off-service‛, and no fuel consumption occurs during 
this time.   

Annual fuel consumption  

The fuel consumption for each machinery (excluding boilers) is calculated 
using the following formula:  

𝐴𝑛𝑛𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛  
𝑡

𝑦𝑒𝑎𝑟
 

=  10−6 × 24 × 365 × (𝑀𝐶𝑅 𝑒𝑎𝑐 𝑢𝑛𝑖𝑡)  𝑘𝑊 ×

×   % 𝑡𝑖𝑚𝑒 𝑖𝑛 𝑚𝑜𝑑𝑒𝑖 ×  % 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑛𝑖𝑡𝑠𝑖 

𝑖=𝑚𝑜𝑑𝑒

× (% 𝑀𝐶𝑅 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑢𝑛𝑖𝑡𝑠𝑖) ×  𝑆𝐹𝑂𝐶𝑖  

 

Fuel consumption for boilers is calculated using the following formula: 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑏𝑜𝑖𝑙𝑒𝑟𝑠)  
𝑡

𝑦𝑒𝑎𝑟
 

=  10−6 × 24 × 365 × 𝐹𝑂𝐶[
𝑡


]

×  (% 𝑡𝑖𝑚𝑒  𝑖𝑛 𝑚𝑜𝑑𝑒𝑖) × % 𝑡𝑖𝑚𝑒 𝑏𝑜𝑖𝑙𝑒𝑟 𝑢𝑠𝑒𝑑 𝑖𝑛 𝑚𝑜𝑑𝑒𝑖

𝑖=𝑚𝑜𝑑𝑒

 

Total annual fuel 
consumption formula per 
fuel type  

𝐴𝑛𝑛𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑖=𝑓𝑢𝑒𝑙  𝑡𝑦𝑝𝑒  
𝑡

𝑦𝑒𝑎𝑟
 

=  (𝐴𝑛𝑛𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑖)𝑗

𝑗 =𝑚𝑎𝑐 𝑖𝑛𝑒𝑟𝑦  𝑡𝑦𝑝𝑒

 

Type of fuel  Up to 4 different types of fuel can be used (minimum 1 type). Each type 
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Assumption / formula   Description 

of machinery can be linked to 1 type of fuel. If a different type of fuel 
needs to be used with the same type of machinery, this can be achieved 
by entering it under a different machinery type.  

Fuel price model  

The fuel price follows a simple model for each scenario (low, medium or 
high): 

𝐹𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒𝑖=𝑦𝑒𝑎𝑟 =  𝐹𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒𝑖−1 ×  1 + 𝑎𝑛𝑛𝑢𝑎𝑙 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 % × (1

+  𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒) 

 

Note that differential increase is applied once at 2015 and once at 
2020/2025, depending on the 0.50% limit entry into force.  

 

In terms of price differentials: 

𝐹𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒𝑗=% 𝑆 =  𝐹𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒𝑡𝑜𝑑𝑎𝑦 + 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙𝑗   

Regulatory requirements  
Only MARPOL Annex VI, Regulation 14 limits apply. ECA Calculator does 
not take into account any additional regional/local requirements (such as 
EC Directive 2005/33 or CARB).  

% S in the fuel used  
This is in line with MARPOL Annex VI, Regulation 14, as shown at Figure 
1. It is assumed that each limit is applicable in whole-year increments.    

EGCS configuration  

The EGCS can be connected to any combination of the available 
machinery to any percentage (for example 50% if connected to 2 out of 
4 gensets). For the connected machinery and type of fuel, it is assumed 
that the current fuel price and sulphur content will apply.  

% fuel through the EGCS  

This is calculated as follows: 

𝐹𝑢𝑒𝑙 𝑡𝑟𝑜𝑢𝑔 𝐸𝐺𝐶𝑆 𝑖=𝑓𝑢𝑒𝑙  𝑡𝑦𝑝𝑒  % 

=  [(% 𝑚𝑎𝑐𝑖𝑛𝑒𝑟𝑦 𝑝𝑜𝑤𝑒𝑟 𝑢𝑠𝑖𝑛𝑔 𝑡𝑒 𝐸𝐺𝐶𝑆)

𝑗 =𝑚𝑎𝑐 𝑖𝑛𝑒𝑟𝑦  𝑡𝑦𝑝𝑒

× (𝑎𝑛𝑛𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑡𝑖𝑠 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑓𝑢𝑒𝑙)]𝑗  

EGCS installation date  
This can be between 2013 and 2023. This has an effect on the payback 
period calculated (the payback period will be lower if the EGCS is 
installed after the lower S limits come into force).  

EGCS operational costs 

This is the sum of variable costs (proportional to time in operation) and 
fixed cost (independent of time in operation): 

𝐸𝐺𝐶𝑆 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑐𝑜𝑠𝑡𝑠  
𝑈𝑆𝐷

𝑦𝑒𝑎𝑟
 

=  𝐸𝐺𝐶𝑆 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡𝑠 ∙  𝐸𝐺𝐶𝑆 𝑡𝑖𝑚𝑒 𝑖𝑛 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

+ (𝐸𝐺𝐶𝑆 𝐹𝑖𝑥𝑒𝑑 𝐶𝑜𝑠𝑡𝑠) 

 

𝐸𝐺𝐶𝑆 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑐𝑜𝑠𝑡𝑠  
𝑈𝑆𝐷

𝑦𝑒𝑎𝑟
 

=  𝐸𝐺𝐶𝑆 𝐶𝑜𝑛𝑠𝑢𝑚𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡𝑠 + (𝐸𝐺𝐶𝑆 𝑂𝑡𝑒𝑟 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡𝑠) 

 

Examples of what may constitute fixed and variable costs are contained 
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Assumption / formula   Description 

within ECA Calculator.  Consumable costs are calculated separately.  

EGCS time in operation  

This is assumed as follows: 

- Prior to 0.50% implementation: EGCS only used inside an ECA 

- After 0.50% implementation: EGCS used all the time 

EGCS consumable costs  

Consumable costs are calculated as follows: 

 

 

𝐸𝐺𝐶𝑆 𝑐𝑜𝑛𝑠𝑢𝑚𝑎𝑏𝑙𝑒 𝑐𝑜𝑠𝑡𝑠  
𝑈𝑆𝐷

𝑦𝑒𝑎𝑟
 

=  10−6 × 24 × 365 × 𝑃𝑟𝑖𝑐𝑒  𝑈𝑆𝐷/𝑡 × 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛[
𝑘𝑔

𝑀𝑊
]

×  𝑀𝐶𝑅𝑗 × % 𝑀𝐶𝑅 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑡𝑜 𝐸𝐺𝐶𝑆𝑗
𝑗 =𝑚𝑎𝑐 𝑖𝑛𝑒𝑟𝑦  𝑡𝑦𝑝𝑒

×  % 𝑡𝑖𝑚𝑒  𝑖𝑛 𝑚𝑜𝑑𝑒𝑖 × % 𝑀𝐶𝑅 𝑖𝑛 𝑚𝑜𝑑𝑒𝑖

𝑖=𝑚𝑜𝑑𝑒

 

EGCS consumable price  
It is assumed that the consumable price remains constant throughout the 
examined period. 

EGCS additional fuel 
consumption 

𝐸𝐺𝐶𝑆 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛  
𝑡

𝑦𝑒𝑎𝑟
 

= 24 ∙ 365 ∙ 10−6 ∙  𝐸𝐺𝐶𝑆 𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 

∙ (𝑆𝐹𝑂𝐶 𝑜𝑓 𝑚𝑎𝑐𝑖𝑛𝑒𝑟𝑦 𝑝𝑜𝑤𝑒𝑟𝑖𝑛𝑔 𝑡𝑒 𝐸𝐺𝐶𝑆) 

 

This figure will be added to the total fuel consumption, for the 
corresponding fuel type, and only applies to the time the EGCS is in 
operation (consistent with the relevant assumption above).  

Payback period 

For the purposes of this tool, the payback period is defined as the period 
between the installation of the EGCS and the time when the NPV 
becomes positive. This is calculated by applying a linear interpolation on 
the NPV curve and finding at which point in time it crosses the x-axis 
(NPV=0). Due to this methodology, it is possible that the NPV curve never 
crosses the x-axis. This will occur in cases where the savings from using 
the EGCS are greater than the installation cost at year t=0. For example, 
this is likely to happen if the EGCS is installed after the 0.50% S 
implementation (and the price differentials are large enough). 

Residual value  
The NPV calculation does not take into account any residual value of the 
equipment.  

Table 1 ECA Calculator assumptions 
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Appendix 1 – Useful references 

1. www.lr.org/eca 

2. Lloyd’s Register Exhaust Gas Treatment Technology Guide 

3. Exhaust Gas Cleaning Systems Association (EGCSA), www.egcsa.com 

 

Appendix 2 – Glossary 

Term Definition 

CAPEX Capital Expenditure 

ECA Emission Control Area 

EGCS Exhaust Gas Cleaning System 

FOC Fuel oil consumption 

HSFO High Sulphur Fuel Oil 

IMO  International Maritime Organisation 

kW Kilowatt 

MW Megawatt 

NaOH 
Sodium Hydroxide (chemical used in some scrubbers for the removal of 
sulphur from the exhaust gas)  

NPV Net Present Value 

MCR Maximum Continuous Rating (used in marine engines) 

MDO Marine Diesel Oil 

SFOC Specific Fuel Oil Consumption 

SOX Sulphur Oxides 

USD US Dollars 

 

 

 

http://www.egcsa.com/


 

 

www.lr.org/eca 
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