
Decarbonization Of Shipping

Item Type Masters Thesis

Authors Kyteas, Demetrios

Rights CC0 1.0 Universal

Download date 23/05/2023 21:42:18

Item License http://creativecommons.org/publicdomain/zero/1.0/

Link to Item http://hdl.handle.net/20.500.12648/7948

http://creativecommons.org/publicdomain/zero/1.0/
http://hdl.handle.net/20.500.12648/7948


December 16th, 2022 

 

 

 

 

THESIS II 
 

TITLE 
 

Decarbonization of Shipping 

 

 

 
 

 
 

 

 

 
 

Demetrios Kyteas 
December 16, 2022 
Thesis II 
To: Dr. Changqian Guan 



 

 

2 
 

Abstract 
 

The main goal of this Thesis is to analyze the modern and critical issue of shipping 

decarbonization providing an analytic approach on crucial questions which affect the global 

shipping nowadays. According to recent studies, the maritime industry is accountable for more 

than 85% of the world’s trade. At the same time, it consumes 2% of the world’s energy demand, 

adding 3% to the overall Greenhouse Gas (GHG) emissions. Based on these numbers, it can be 

said that the industry is one of the most energy advanced and efficient industries, but in parallel 

particularly harmful for the environment. It has been legislated by the International Maritime 

Organization (IMO) that, until 2050 the air emissions of the industry must have been reduced by 

50% compared to 2008. Since early 2020, the so-called Sulphur cap has been activated, which 

dictates that sulphur-based emissions should be reduced to 0.5%. In order to achieve the IMO 

goals various pathways have been developed, of which the most common are speed reduction 

(slow steaming), scrubbers’ installation and Low Sulphur Fuel Oils (LSFO). Nevertheless, the 

long-term studies agree that in order to achieve the IMO goals, the industry should move towards 

new alternative fuels, emitting lower or zero harmful gases. Based on these facts, this Thesis will 

try to provide a critical overview of the current state of the maritime field and its contribution to 

the world’s trade and economy, emphasizing on the global shipping. IMO Marine Environment 

Protection Committee applied the MEPC regulations 75, 76 and 77 on June 2021, building on 

Energy Efficient Existing Ship Index for existing ships and Energy Efficient Design Index for 

new buildings (came into force since 2013). In addition, IMO has also adopter the Carbon 

Intensity Indicator (CII) which basically requires specific goals on vessels for reducing their 

carbon operational emissions (came into force on January 1st 2023). All these measures are 

indicated in MARPOL Annex VI – Ship Decarbonization as per IMO regulations.  
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Introduction 
 
Maritime transport is by far the most effective and efficient transportation system in terms of 

energy. Only 3% of the world's energy consumption, is currently consumed by ships, mainly 

by international cargo shipping. In 2020, the IMO regulation for greenhouse gas came into 

force. This resulted in a dramatic change in the type of fuel used by the fleets. However, a 

large and considerable percentage of heavy fuel oil is still used on ships with scrubbers 

installed. In the long run, the International Maritime Organization - backed by both 

shipowners and governments - aims to completely reduce CO2 along with sulfur and nitrogen 

emissions to 50% by 2050. A logic prediction is that a mix of new technologic ways affecting 

energy efficiency, combined with a significant fuel change that includes a change from oil to 

gas and ammonia and other low- and zero-carbon alternatives, will enable this goal to be 

achieved. In the short term, the implementation of the IMO new rules MEPC 75, 76 and 77 

to reduce carbon (and greenhouse gases) emissions to 40% by 2030. The technologic 

development of supply chain on digitization, sensors and smart algorithms, will increase the 

environmental approached used of the merchant fleet. However, a world with double GDP by 

2050 (Sonia) and will need a freight transport able to improve efficiency and reducing the 

shipping emissions in the environment. Considering that mileage will increase in almost all 

categories of ships, with a total growth of 28% between 2019 and 2035.  The goal of this 

research is to analyze the actual problem of shipping decarbonization using an analytic 

approach on regulations, technology, and maritime changes. This paper analyzes high-CO2 

emitting technologies and energy sources. Substituting low- or zero-carbon alternatives, as 

well as by lowering energy demands, a reduced CO2 output can be attained. In addition, 

carbon storage or sequestration can be used to mitigate emissions. At the first sections, this 
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paper presents an analytic understanding of regulation as per International Maritime 

Organization policies. Upstanding reference on regulations’ development over the recent 

years is well noted as well. Moreover, there is a distinctive reference on practical methods 

and systems which be used to decrease carbon emissions such as alternative fuels, sustainable 

energy etc., along with an explanatory economic analysis. Real-time examples are given in 

this project, with the purpose to have a clear understanding of carbon impact and its existent 

serious effects. 

Background 
 

Maritime transport assumes a significant part in the worldwide economy, representing over 

80% of global trade and over 70% of its worth. Outflows from ships assume a key part in 

diminishing the effect of human exercises in the world, including those identified with 

global exchange. For instance, decreasing the measure of air poisons in the fuel utilized for 

transportation is fundamental to working on the maintainability of transportation. IMO 

clarification is that the fundamental kind of basic fuel for ships is heavy oil gotten from the 

buildup of raw petroleum refining. Unrefined petroleum contains sulfur which is delivered 

into transport discharges in the wake of being copied in motors. Sulfur oxide (SOx) is 

known to be hurtful to human wellbeing by causing respiratory manifestations and lung 

infection. SOx can cause corrosive downpour that is answerable for the production of 

catastrophic events on timberlands and amphibian life, adding to a marine fermentation. In 

this specific circumstance, the IMO's Low Sulfur Regulations, which came into power on 1 

January 2020, mark a significant achievement. Diminishing our carbon impression is one 

more significant highlight make the area stronger. In this sense, different drives have been 

executed to decrease ozone harming substance (GHG) outflows from ships, mostly under the 
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sponsorship of the International Maritime Organization (IMO). The reception of the IMO's 

underlying methodology to decrease ozone harming substance outflows in April 2018 was 

an achievement. It is an essential technique which has a primary objective to dispose of the 

all-out yearly ozone harming substance discharges of boats by at minimum half contrasted 

with 2008 by 2050 by consolidating a quantitative decrease focus by 2050 with a rundown 

of potential activities in the short, medium and long haul. Understanding the size of 

discharges is fundamental to forming explicit moderation and decrease measures at the 

global, local, public and provincial levels.  

Methodology 

The adoption of significant international conventions such as IMO resolution A.719(17) on 

Prevention of Air Pollution, the enforcement of governmental rules and regulations as 

MARPOL Annex VI, research and innovation into new technologies and fuels, among other 

things, may all spur the marine industry to move toward more ecologically responsible and 

sustainable operations. Decarbonization does not have a single best answer, like other 

industries. New fuel sources, new technological and/or operational systems, creation of new 

laws and regulations, switching to new business models, as well as investments in education 

and retraining are just a few of the possibilities that may be used to reduce carbon emissions. 

The marine sector views liquefied natural gas (LNG) as the most alluring replacement fuel for 

heavy fuel oil (HFO) at the moment. They claim that LNG can serve as a bridge fuel until 

other renewable fuels are available, with less direct CO2 emissions and air quality concerns. 

However, as methane is a powerful GHG with a larger warming potential than CO2, increased 

LNG use has unanticipated negative effects linked to methane slip, weakening 

decarbonization efforts. Further reducing the compatibility of LNG usage with attempts to 
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decrease GHG emissions is the Global Methane Pledge, which was launched at COP26 in 

Glasgow, UK, and promises signatories to cut their overall methane emissions by 30% by 

2030 compared to levels in 2020. By addressing methane leakage from oil and gas wells, 

pipelines, other fossil fuel infrastructure, and other sources, this new program places an 

emphasis on reducing emissions. Other alternative fuels, such as biofuels, methanol, hydrogen 

and even nuclear fuels, are being developed in light of this. However, each of these fuels offers 

a different level of decarbonization, as well as different economic costs and environmental 

profiles related to the release of both airborne and marine pollutants. There are several 

efficiency strategies that can cut fuel use, such as slow steaming, as well as strategies to cut 

emissions related to energy efficiency or vessel design. Efficiency, however, relies on a 

number of factors, including the vessel's class and intended use. Policy is crucial to the 

decarbonization process, and several studies have evaluated its significance.  

Objective 
 

The main study of decarbonization in maritime transportation and effects on international 

trade scopes to regulate and analyze the actual possibility to reduce or eliminate the carbon 

emissions in shipping, reflecting the ever-increasing importance of this issue for the 

international maritime community and the critical impact on international trade. Over time, as 

we have seen, there have been efforts intensified in the 2000s and peaked in the last five years. 

Nowadays, there are internationally IMO mandated measures to reduce shipping emissions 

by improving the industry's energy efficiency and avoid fossil fuels. LNG is a very promising 

solution to achieve short-term carbon emissions, with existing ships already developing LNG 

(mainly as fuel, in combination with existing marine fuels). Biofuels and methanol appear to 

be marginally more competitive than fuels derived from renewable electricity or natural gas 



 

 

10 
 

with carbon capture and storage. However, they appear to have challenges in terms of 

sustainability and availability, so in the medium term, they may not be competitive due to 

sustainability constraints and price volatility. There is undoubtedly a plethora of technical, 

managerial, and market-centric measures that can contribute to achieving the goals of 

reducing greenhouse gas emissions from shipping through technological development and 

innovations. The shift to a multi-fuel model could mean the end of the low-cost maritime trade 

and the seafaring / international shipping model, which is responsible for over 84% of 

international maritime transport. 

Outcomes 
 

Μy study indicates that no single measure will be able to achieve a complete carbon 

sequestration, so a mix of measures might be needed to achieve a significant reduction in 

carbon emissions. Possible combinations should include measures covering technological 

and operational innovations, as well as alternative fuels and actions that can be included in 

the short, medium and long term. The smart gradual introduction of new technological 

pricing could facilitate the implementation of these measures. Shipping is under increasing 

pressure to soak up its activity and reduce carbon emissions. In addition, this research should 

be carried out as an urgent issue and the negative impact of disproportionateness should be 

assessed and addressed appropriately as it aims to contribute to this discussion by using 

model-based analysis to investigate the status of research on the economic impact of 

greenhouse gas reduction measures on the state. 

1. Gradual Decarbonization of Shipping 
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Decarbonization has become a global imperative and a top priority for governments, 

businesses and society in general, in an effort to achieve a more sustainable energy future. 

Much progress still needs to be made to achieve the necessary emission reductions, 

particularly in the most complex sectors in this respect, such as maritime transport. This type 

of transport not only consumes an enormous volume of energy, but also constitutes a 

fundamental pillar for the world economy and has never been so vital to maintaining the 

supply of essential goods as it is today. In this review, colossal fuel companies highlight the 

findings of an analysis conducted with more than 80 shipping industry leaders, representing 

leading organizations in 22 countries and all market segments.  

 

Figure 1 – Carbon Emissions (IMO) 
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This Figure 1 report identifies the barriers to decarbonization and offers numerous practical 

solutions that shipping industry companies and ecosystem individuals should consider to 

advance the sustainability agenda and achieve the International Maritime Organization's goal 

of reducing at least halve greenhouse gas emissions from international shipping by 2050, 

while reducing CO2 emissions intensity by at least 40% by 2030 and aiming for a 70% 

reduction by 2050 with respect to the initial value registered in 2008. Carbon pricing, as a 

global transitional measure, can help reduce shipping emissions, but it must comply with 

strict conditions so as not to create problems for national and global maritime trade. 

Similarly, our country supports initiatives related to the promotion of the use of sustainable 

and safe alternative fuels from shipping. The regional measures proposed by several 

maritime organizations around the world are likely to undermine the processes that are 

expected to start immediately in the International Maritime Organization, for global market-

based measures under the IMO. At the same time, they can be perceived by third countries 

as a "non-territorial" tax, of a purely collection nature. But the biggest risk is the development 

of a number of national or regional collection measures from other countries (as China and 

the US have already announced). We all understand that international shipping cannot 

function smoothly in a fragmented regulatory landscape. In addition, there is a risk of carbon 

leakage and a serious distortion of the competitiveness of the “big-scaled” ports. For 

countries whose ports are adjacent to third countries - this is an unfortunate scenario. For 

example, the price of fuel is an important factor in choosing a port of supply. Therefore, the 

possible abolition of the tax exemption for marine fuels in specific countries trades, as for 

example in European Union, combined with the emissions trading scheme for arrivals in the 

EU is very likely to have negative consequences for EU ports.  
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2. Future economic potential of Decarbonization 
 

Investments for decarbonization could reach $ 2.6 trillion by 2050. Regardless of the fuel 

that will emerge as the main choices along the way for the carbonization of various types of 

ships by the middle of the century, the total capital expenditure (CAPEX) for the necessary 

technologies on board will be huge (Sonia).  

  

Figure 2 - Decarbonization Development (IMO) 

Based on Figure’s 2 maritime forecast, in the 2020-2050 period, such a CAPEX could range 

over a trillion, depending on greenhouse gas reduction targets. This fact estimates that the 

maximum investment each year ranges from 20-60 billion. The forecast also indicates the 

extent to which carbon sequestration in shipping will depend on access to the right fuels and 

clean energy for their production. In doing so, it highlights the extent to which the carbon-

free shipping sector is an integral part of the wider energy and fuel landscape. Nearly one-

eighth (12%) of today's newly built ships are ordered with alternative fuel systems and, 
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without doubt, the shipping industry will experience a period of rapid energy and 

technological transition that will have the most significant impact on costs, asset values and 

profitability from any corresponding change in the past (INSB). 

3. Investments for Decarbonization 
 

3.1 International Policies 
 

Since 2010, the IMO has strengthened regulations on air pollution (also called "local 

pollution") from ships with the revised International Convention for the Prevention of 

Pollution from Ships (MARPOL Annex VI), aimed at progressively reducing global of 

sulfur, nitrogen and particulate matter (PM) emissions. Reducing carbon dioxide (SOx) 

emissions is achieved by reducing the carbon (and sulfur) content of marine fuels. As 

soon as the availability of compatible fuels was confirmed in 2016, the IMO announced 

a global "sulfur ceiling" of 0.5% in all waters except ECA, from 1 January 2020 (IMO pg 

2.). It later even banned the transport of non-compliant fuels on ships for ships without 

an exhaust gas cleaning system ("cleaner") from 1 March 2020. (Dickinson 1). 

3.2 Potential Scenarios 
 

All shipping emission forecasts are supported underlying transport demand assumptions 

that will not materialize. In the graph below, we incorporate two some possible scenarios 

within the baseline scenario: a robust reduction within the fuel trade and further 

regionalization of trade. We are going to show that this results in a declining adjustment 

of shipping emissions when these developments are taken into consideration (IMO pg. 3) 
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Figure 3 – Carbon Percentage per Vessel Type (IMO) 

Figure 3 presents a statistical approach of CO2 emissions for several types of vessels such 

as VLCC, Suezmax, Aframax etc., and operation areas for each type. It is observed that 

VLCC has by far the highest rates of emissions. Also, it is well-noted that Arabian Gulf is 

the number one service area with the highest CO2 emissions. 

4. Development over the recent years 

As per IMO's recent study presented on figure 4, total CO2 emissions increased by almost 

10 percent from 2012 to 2020, representing 2.9 percent of total global anthropogenic 

 

 

 

 

 

 

Figure 4 – Carbon Emissions Predictions & Scenarios (IMO) 
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emissions. The analysis confirms that while total emissions have increased, shipping 

carbon intensity improved between 2008 and 2020, both for international shipping and for 

most types of ships. The following geographical distribution shows the level of marine 

CO2 emissions for the year 2020, millions of tons per cargo area, for the VLCC, Suezmax, 

Aframax fleets compared to the Panamax and MR fleets (Dickinson pg. 5). According to a 

survey by the International Council on Clean Transport, published in November 2020, the 

proposed short-term measures to reduce carbon intensity fall into two categories: 

operational and technical. Ships should be targeted in both areas by 2023 to help meet the 

IMO's minimum carbon target for 2030.  

4.1 EEXI and CII 

The initial IMO GHG Strategy has established levels of ambition that are subject to  

ongoing reviews by the organization. The ambition levels have considered potential  

improvements on vessel design and operational performance as well as the immediate  

need to introduce low/zero carbon fuels. The International Maritime Organization (IMO) 

has set 2030 as the target date for reducing ships’ carbon emissions by 40% as compared to 

2008 levels, and has targeted a 70% reduction of carbon intensity and a 50% reduction in 

emissions by 2050. To meet this target, IMO has drafted a set of amendments to existing 

regulations intended to reduce greenhouse gas emissions from vessels: the EEXI and CII. 

Both the EEXI and CII were introduced by IMO at the Marine Environmental Protection 

Committee in November 2020 (MEPC 75) and are subject to adoption in June 2021 at the 

MEPC 76. If approved, the EEXI and CII will come into force at the end of 2022.  
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4.2 CII (Carbon Intensity Indicator) 

New regulations will be introduced to establish a Required Annual Operational CII for 

specified ship types, and an Attained Annual Operational CII to be calculated for each ship. 

Utilizing the existing framework of the Ship Energy Efficiency Management Plan (SEEMP), 

on or before 1 January 2023 ships of 5,000 gross tonnage and above will need to revise their 

SEEMP to include: a) a description of the methodology to be used to calculate the ships 

Attained Annual Operational CII, and the process that will be used to report this value to the 

Administration; b) the Required Annual Operational CII for the next 3 years; c) an 

implementation plan documenting how the Required Annual Operational CII will be 

achieved during the next 3 years; and d) a procedure for self-evaluation and improvement. 

The Confirmation of Compliance (CoC) and Statement of Compliance (SoC) which are 

associated with fuel oil consumption reporting (Regulation 22A) will be modified to also 

address the “Operational Carbon Intensity Rating,” both of which must be reported annually 

to the Administration. This will require new issuance of CoC and SoC documents when these 

amendments enter into force. Each year, the Attained Annual CII shall be documented and 

verified against the Required Annual CII to determine an operational carbon intensity rating 

of A, B, C, D or E, indicating a major superior, minor superior, moderate, minor inferior, or 

inferior performance level for a vessel. A ship rated D for 3 consecutive years or rated as E, 

shall develop a plan of corrective actions to achieve the required annual operational CII. The 

corrective action plan is to be included in the SEEMP. 

4.3 EEXI  

Similar to current regulations on EEDI (Energy Efficiency Design Index), the EEXI 

regulations will establish a Required EEXI for specified ship types, and an Attained EEXI 
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to be calculated for each ship. The calculation of Required EEXI will utilize the existing 

EEDI reference lines, with a table of reduction factors specific to the EEXI calculation. The 

EEXI regulations apply to all vessels falling under the ship type categories subject to 

compliance with EEDI regulations. EEXI does not apply to category A ships as defined in 

the Polar Code and ships having non-conventional propulsion except for cruise ships (non-

conventional propulsion) and LNG carriers (conventional and non-conventional propulsion). 

The EEXI is a framework for determining the energy efficiency and CO2 emissions of in-

service vessels over 400 GT. Adapted from the Energy Efficiency Design Index (EEDI) for 

newbuilds, the EEXI requires ship owners to assess and measure their ships’ CO2 emissions 

by design against specific emission reduction factors for each vessel type. Owners can then 

implement technical measures to adjust their vessels’ emissions to the required level. The 

legal instruments developed to incorporate the EEXI measure into MARPOL Annex VI are 

shown in below: 

IMO Instrument Current Status 

Amendments to MARPOL Annex VI Approved at MEPC 75 

Guidelines on method of calculation of the 
attained EEXI 

Developed, subject to finalization and 
approval at MEPC 76 

Guidelines on Survey and Certification of the 
attained EEXI 

Developed, subject to finalization and 
approval at MEPC 76 

Guidelines on the Shaft/Engine Power 
Limitation System to comply with the EEXI 
requirements and use of a power reserve 

Developed, subject to finalization and 
approval at MEPC 76 

Figure 5 - IMO regulations on EEXI 

Attained EEXI – Regulation 20A: The attained EEXI will be ship-specific i.e., it will be 

calculated for each individual vessel and verified by the Flag Administration/RO. The 
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calculation will be included in each vessel’s EEXI technical file along with any supporting 

technical data and information used in the calculation process. For all vessels that have been 

verified for EEDI and issued an International Energy Efficiency Certificate (IEEC), the 

attained EEDI will be equal to the attained EEXI, provided that the attained EEDI meets the 

regulatory limit established by the newly introduced required EEXI regulation 21A. When a 

ship’s Attained EEDI does not meet the EEXI threshold, technical modification options may 

be considered for compliance (e.g. engine power limitation, retrofit of energy saving 

technologies, alternative fuels). For such cases, the Attained EEXI calculation shall be 

calculated and verified based on the guidelines to be adopted by the IMO. The EEXI 

calculation guidelines have been developed but so far remain in draft form. The calculation 

methodology is aligned with that used for EEDI. 

Required EEXI – Regulation 21A: Regulation 21A will provide the requirement and 

guidelines for calculating the required EEXI and verifying that a vessel’s attained EEXI is 

lower than the required EEXI. The Required EEXI would be the regulatory limit for EEXI 

and its calculation will be in line with the EEDI reference line values using reduction factors 

specific to EEXI, depending on ship type and size. Special consideration was taken by the 

members of the ISWG-GHG during the determination of the EEXI reduction factors to 

address the compliance challenges that some older vessels may face while keeping in line 

with the IMO Strategy’s level of ambition for 2030.  

4.4 Calculation of EEXI  

4.4.1. Ship Data        

         

4.4.1.1. Vessel Information       
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Length between perpendiculars     LBP   80.35 m 
Breadth      B   11.3 m 
Depth      D   5.4 m 
Summer Load Line Draught    TD   3.44 m 
Scantling Draught     TS   3.44 m 
EEXI Draught at FP/AP     TEEXI     m 
Displacement (Volume at Load Line Draught)   ∇D   2538.8 m3 
Block Coefficient (at Design Draught)    CB   0.813   
Shaft line efficiency     nM   0.99   
Shaft height above baseline             

         
         

4.4.1.2. Main Engine Information      

         

Original Engine Data               

Engine Type         
1xMWM BD 440‐
6K 533kW/750rpm   

  

MCR PB/N         533 kW / 750 rpm 

Derated Engine Data               

MCR PB/N         
not 
applicable 

  
  

  

         
         

4.4.1.3. Auxiliary Engine Information      

         

AE 1 Data                 

Engine Type         DEUTZF F12L413 F  
  

  

MCR PB/N         162 kW / 1500 rpm 

AE 2 Data                 

Engine Type         DEUTZF F
4L4912 

  
  

  

MCR PB/N         33 kW / 1500 rpm 

Shaft Generator       162 kW / 1500 rpm 

         

4.4.2. Determination of the attained EEXI     
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4.4.2.1 Overview of Input for EEXI Calculation     

         

Basic Data                 
Type of ship           General cargo ship   
Capacity (Deadweight)      1677.97 t   

Main Engine 
Type
: 1xMWM BD 440‐6K 533kW/750rpm       

Maximum Continuous Rating MCRME     533 kW   
Is the vessel an LNG Carrier according to MEPC.308(73) §2.2.5.1? NO    

Rated output of motor in the certified document MPPMotor 
  

  
 
kW 
 

  

Electrical efficiency n(i)    
 

  0.913    
Limited Maximum Continuous Rating MCRlim      kW   
Reference Main Engine Power PME=0.75 x MCRME or the above formula 399.8 kW   

Type of Fuel     
  

Diesel / 
Gas Oil 

   

CO2 Conversion Factor CFME     3.206 (t CO2)/(t Fuel) 
Specific Fuel Oil Consumption SFCME     201.6 g/kWh   

Aux. Engine 1 
Type
: 

DEUTZF F12L4
13 F    162 kW / 1500 rpm 

Reference Auxiliary Engine Power PAE     162 kW   

Type of Fuel     
  

Diesel / 
Gas Oil 

   

CO2 Conversion Factor CFAE     3.206 (t CO2)/(t Fuel) 
Specific Fuel Oil Consumption SFCAE     215 g/kWh   

Aux. Engine 2 
Type
: 

DEUTZF F4L49
12   33 kW / 1500 rpm 

Reference Auxiliary Engine Power PAE     33 kW   

Type of Fuel     
  

Diesel / 
Gas Oil 

   

CO2 Conversion Factor CFAE     3.206 (t CO2)/(t Fuel) 
Specific Fuel Oil Consumption SFCAE     215 g/kWh   

Shaft Generator       162 kW / 1500 rpm 
Reference Auxiliary Engine Power PAE     162 kW   
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4.4.3. Determination of Auxiliary Engine Power PAE 

 
    

 
   

 

  
 

        
  

      

      
 

    

If   <10,0
00 kW 

as per MEPC.308(73) (for EEDI) 
§2.2.5.6.2 

  

      
 

    
      

 
 

 

  
      

 
    

      
 

    
      

 
    

      
 

    
      

 
    

      
 

    
      

 
    

If   ≥10,0
00 kW 

as per MEPC.308(73) (for EEDI) 
§2.2.5.6.1 

  

      
 

    

    
 
 

  
 

    

      
 

    
      

 

 

   
      

 
    

      
 

    
      

 
    

      
 

    

ΣPPTI  
(for Shaft motors, 75% of rated 
power)   

0 kW   

PAE            26.65 kW   
0.75 x ΣPPTO       121.5 kW   
 

  
 

        
  

      

      
 

    
      

 
    

      
 

    

0.75 x ΣPPTO > PAE      ΣPME = 379.8 kW   
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4.4.4 Determination of additional Power values 
     

 
   

                  
           
Peff (Innovative mechanical energy efficient technology for main engine) 
=  0.000 kW 
           
PAEeff (Innovative mechanical energy efficient technology for auxiliary engine) = 0.00 kW 
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4.4.5. Determination of EEXI Reference Speed (according to EEXI - MEPC.350(78) 
§2.2.3.6) 
     

 
   

  
 

  
 

              
           
       = 8.037   
           
      
If LNG Carrier --   
     
     

Type of ship: 
General cargo 
ship     Appendix table row: 5   

 

  
          
     = 9.934 knots    
           

     A = 2.4538   

See 
Appen
dix 

     B = 
DWT of 
the ship   1677.97 

See 
Appen
dix 

     C = 0.18832   

See 
Appen
dix 

                  
 

  
          
     = 819.758 kW    
           

     D = 0.8816   

See 
Appen
dix 

     E = 
DWT of 
the ship   1677.97 

See 
Appen
dix 

     F = 0.9205   

See 
Appen
dix 

                  
           
     mv = 0.497 knots < 1 knot   
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4.4.6. Determination of Factors      
                  
                  

fj 
: Correction factor for general 
cargo ships      

  
 
 
 

   
     

      
 = 1   

      
     

  
 
 
 

   
     

      
     

      
 0.357    

      
     

      
     

  
   

     
    

     
    

 0.813    
    

     
           

fw 
: Factor for speed reduction at 
sea    

1   

            

feff 
: Factor for each innovative energy efficiency 
technology   

1   

            

fi 
: Capacity Factor for technical/regulatory limitation of 
capacity 

1   

      
      

fc : Cubic capacity correction factor    1   
      

 
    

fl 
: Factor for general cargo ships equipped with cranes and other 
cargo‐related gear 

  

 
  

 

    
     

      
 = 1.021   

      
     

      
     

      
     

 
  

 

    
     

      
     

      = 1.021    
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SWL = Safe Working Load, as 
specified by crane manufacturer 
in metric tonnes 

5.01 MT 

   

  
Reach = Reach at which the Safe 
Working Load can be applied in 
meters 

10.8 m 

   
  N = Number of cranes  1     
  

 

 
 

    
   = 1    
   

 

    
 

  
     

 

    
      = 1    
      

  
   

      
  

   

fm 
: Factor for ice‐classed ships having IA Super 
and IA   

1   

                  
                  
4.4.7. Calculation of the attained EEXI      
                  
                  
 

  
      

 

   
           

EEXI=          
           
           

   

EEXI
= 

19.16
3  g/(t*CO2*nm) 
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4.4.8. Comparison with required EEXI 
                  
                  
According to MEPC.328(76), Annex 1, Regulation 25 Annex 1, Table 3     
           
 

  
          
           
           
Reduction factor y (for General cargo ship): 0 DWT = 1677.97 ≤3000   
           
Table 2‐ Parameters for the determination of reference values for the different ship
 types:    
           
  a=  107.48        

  b=  
1677.9

7        
  c=  0.216        
 

  
          
           
           

   

required 
EEXI = 

21.616 
 
g/(t*CO2
*nm) 

OK 
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The basic engine power limit (EPL) is a semi-permanent, unavoidable limit on the ship's 

maximum power; is believed to be the easiest way for older ships to meet the energy 

efficiency requirements of an existing ship index (EEXI) (IMO). 

The following table presents EEXI calculations for bulk carriers: 

EXAMPLE 1 – BULK CARRIER 

Actual. EEXI 5.48 g-CO2/t-mile 

Req, EEXI 4.15 g-CO2/t-mile 

RESULT – NOT COMPLY 

 

EXAMPLE 2 – BULK CARRIER 

Actual. EEXI 4.10 g-CO2/t-mile 

Req, EEXI 4.15 g-CO2/t-mile 

RESULT – COMPLY 

Figure 6 – EEXI Actual examples 

          Calculating EEXI, is a combination of different elements such as rating power of engines  

          a vessel, speed, fuel consumption and CO2 emmision. As we can easily understand, the first 

aforementioned vessel does not comply with the IMO requirements in comparison to the   

second vessel. Ships within EEDI requirements can be used taking into account the achieved 

EEDI. In accordance with guidelines on how to calculate the achieved EEDI for 2018 

Newbuildings (Amendments to Resolution MEPC.308(73), “EEDI Calculation Guidelines”) 

than the achieved EEXI if the value of the achieved EEDI is the required EEXI. The Energy 

Efficiency Existing Ship Index (EEXI), posted by Maritime Environmental Pollution 
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Committee – MEPC.333(76) is a major requirement for all of the existing vessels and is 

almost at the same level are the required EEDI for new ships as of 2023. In addition to that 

requirement, another major requirement is the Carbon Intensity Indicator in which a vessel 

is rated on a scale of A to E based on the carbon emissions (IMO). 

 

 

 

4.5 The Future of Carbon Emissions  
 

IMO finally decided that annual greenhouse gasses (CO2 is the major gas following 

smaller amounts of CH4 and N2O) must be decreased to 40% by 2030 and following to 

50% by 2050, compared to 2008 emissions. In a logic scenario without additional policy 

measures, global carbon emissions are expected to reach around 1,090 million tons by 

2035. This will represent a 23% increase in emissions by 2035 compared to 2015 (IMO). 

We base this hypothesis in international freight ITF model and the existing measures. A 

geographical representation of maritime emissions and their evolution is shown below. It 

generally represents that a large share of carbon emissions is generated along the main 

East-West trade lanes. 
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           CO2 Emissions on global shipping routes in 2015 

            Figure 7 – Carbon Emissions per route Area in 2015 (IMO)                 

          Expected CO2 Emissions on global shipping routes by 2035 

         Figure 8 – Carbon Emissions per route Area by 2035 (IMO)                 

The main factor for the anticipated increase in global shipping carbon emissions is the 

growth of international trade, which is expected to double by 2035 and grow at a rate of 

about 3% per year by 2050. The outlook reflects a outlook for international trade with a 

relatively slower growth rate than historical prices between 1950 and 2009. The GDP 
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growth of emerging and developing economies is expected to outpace that of OECD 

countries, resulting in a shift in global economic weight in countries outside the OECD. 

This will lead to a restructuring of world trade standards. By 2035, China and India could 

dominate world trade with 23% of world export flows. The share of export values from 

Europe may decrease to 26% of global export flows in 2035, compared to 33% in 2015 

(Mania pg.3).  

5. Ship Emissions 
 

Emissions of gaseous pollutants and particles 

from ship engines contribute significantly to 

the overall emissions of the transport sector. 

In particular, the marine industry produces a 

particularly wide range of pollutant 

emissions, mainly carbon dioxide (CO2), 

nitrogen oxides (NOX), carbon monoxide 

(CO), Volatile Organic Compounds (VOC), 

carbon dioxide. Sulfur (SO2), carbon black 

(BC) and organic matter particles (POM). 

The following diagram presents type of 

emissions from shipping, and especially from 

diesel engines.                      Figure 9– Gas Types and Percentage (Dickinson) 

Emissions of carbon monoxide (CO) and hydrocarbons (HC) vary considerably, depending 

on engine load. The following table shows the carbon monoxide and hydrocarbon emissions 

for a two-stroke and a four-stroke marine diesel engine (Dickinson).  
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Engine HC emissions (g/kWh) CO emissions (g/kWh) 

2 stoke diesel engine 0,5 0,35 

4 stroke diesel engine 0,5 0,5 
 

Figure 10 – Engines’ Performance (Personal Survey Data) 

6. Carbon dioxide and Energy Efficiency 
 

Carbon dioxide is a colorless and odorless gas that exists by itself in the Earth's atmosphere. 

At the same time, it is one of its main gases for which coordinated efforts are being made 

worldwide to reduce the its broadcast. Some of the natural ways of releasing carbon dioxide 

are by breathing or decomposing organic matter itself. In the field of shipping, it is mainly 

produced by the burning of fossil fuels (hydrocarbons), for the propulsion and ship energy 

production. According to the IMO (4th IMO GHG Study 2020), international shipping 

contributed to CO2 emissions for 2018, about 1,056 million tons, knowing an increase of 

9.3% from 2012 where it had released 962 million tons. It is worth noting that in the same 

study [19], carbon dioxide is the predominant type of emissions in the "mixture" of harmful 

gases emitted from shipping, accounting for 98%. Globally, shipping is responsible for about 

2.2% of total CO2 emissions. At this point it should be noted that, the amounts of CO2 

released in the future cannot be accurately predicted, as they are inextricably linked to global 

demand for goods and thus increasing the need for maritime trade. The IMO has established 

the Energy Efficiency Design Index (EEDI) to control and reduce CO2 emissions. This 

indicator will demonstrate the energy efficiency of a newly built ship in terms of carbon 

dioxide emissions per voyage. The calculation of Energy Efficiency Design Index is 

calculated as following: 
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𝐸𝐸𝐷𝐼 =
𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛

𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑊𝑜𝑟𝑘
=

𝑃𝑜𝑤𝑒𝑟 ∗ 𝑆𝐹𝐶 ∗ 𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟

𝐷𝑒𝑎𝑑𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 𝑆𝑝𝑒𝑒𝑑
  

where, 

Power = rated power of engine (kW) 
SFC= fuel consumption 

CO2 emission factor depends on vessel’s type 

Satisfactory values of the index are considered based on the weight of the ship (DWT). For 

instance, starting for ships from 15,000DWT, index should be> 30%, reaching values 

greater than 50% for ships larger than 200,000DWT. IMO has considered two scenarios 

(good and bad) for the evolution of carbon dioxide emissions, taking into account the 

adoption of the EEDI index. In the first scenario, demand for maritime trade is growing 

rapidly over a thirty-year horizon and there is no significant aversion to fossil fuels. There, 

CO2 emissions increase exponentially. In the second scenario there is a reasonable increase 

in maritime trade and 

at the same time 

alternative fuels are 

promoted to meet 

energy needs. 

However, in neither 

scenario do CO2 

emissions meet the 

limits needed to meet 

the goal of maximizing 

global warming by                 Figure 11 – Best- and Worst-Case Scenarios (IMO)                 

2ºC, as agreed by the Transnational Climate Change Synergy. 
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7. Practical systems from Shipping Companies to face decarbonization 
 

The adaptability of shipping companies to this new order of things is vital, especially since 

global markets are more unpredictable than ever. After all, the demands from financiers and 

cargo owners are even greater, which adds to the existing pressure on the shipping industry 

from environmental regulations, which are currently not universal as many countries around 

the world apply regional measures to energy transition of ships. In this fragile environment, 

the energy transition of the industry is showing progress. More specifically and according to 

the information of official registries, in 2021 11.84% of the ships ordered consumed 

alternative fuels. This percentage is almost double compared to 2019 (IMO). Among 

alternative fuels, LNG seems to be leading with a percentage of 6.1% on custom ships. 

Although liquefied natural gas (LNG) predominates as an alternative fuel solution, 10 

methanol vessels are currently operating and 28 are on order (as of September 1, 2021). 

Hydrogen as a fuel is in limited use and mainly affects smaller boats, such as ferries. The 

International Maritime Organization notes that fuels such as ammonia and methanol present 

significant prospects for ships of the future, but issues such as safety and storage at sea should 

be addressed immediately. In the case of fuel systems, fuel cells for marine use are also being 

investigated and are developed, but it is a less mature technology than internal combustion 

engines to power ships, regardless of fuel type. Other emerging technologies include on-

board carbon capture and storage (CCS). CCS is a mature technology for land use and can 

play an important role in achieving marine emission targets in the period before zero carbon 

fuels become viable, according to the Norwegian SINTEF. The following table presents the 

percentage of pollutants released from world shipping from 2000 to 2012 in order to 

understand the importance of decarbonization effect. The pollutants that are controlled by 
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the IMO legislation are: carbon dioxide CO2, nitrogen oxides (NOx), sulfur oxides (SOx), 

carbon monoxide (CO) as well as non-combustible hydrocarbons.  

Substance Estimation (million tones) Year Percentage of total emissions 

CO2 

949 2012 2.7 
1050 2007 1.3 
944 2007 - 
695 2006 - 
813 2001 3 
912 2001 3 
501 2000 2 
419 1996 1.5 

SOx 

10 2012 - 
15 2007 - 
14 2005 10 
12 2001 9 
13 2001 9 
6.8 2000 5 

16.5 2005 - 

Nox 

17 2012 - 
25 2007 27 
22 2005 - 

24.3 - 29 
21.4 21.4 31 
22.6 2001 17 
12 2000 - 

PM10 

1.3 2012 - 
1.8 2007 - 
1.9 - - 
1.7 2001 - 
1.6 2001 - 
0.9 2000 - 

Figure 12 – Distributed Emission over the past years (Personal Data) 

From the above table we can see that the percentage of CO2 emissions over time remains 

stable at a rate of about 3% (of the total pollutants emitted) while we clearly see increasing 

trends in SOx due to the choice of cheaper fuels such as heavy oil (Heavy Fuel Oil), for 

reasons of economy. Combustion products from marine engines, as mentioned in the 
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previous paragraph, contain mainly CO2 and to a lesser extent nitrogen oxides (NOx), sulfur 

oxides (SOx), carbon monoxide (CO) as well as non-combustible ones. Hydrocarbons and 

suspended particles. Each of these substances in a different degree and in a different way is 

harmful and dangerous to the environment. In chemical reference, Carbon reacts with sulfur 

dioxide, SO2, to form carbon disulfide, CS2, and carbon dioxide, CO2. The balanced 

equation for the reaction is: 

3C(s)+2SO2(g)→CS2(l)+2CO2(g) 

Coal fuels in combination with Oxygen create CO, CO2 and SO2, which respectively can 

create additional greenhouse gases. In this respect, reducing SO2 affects the amount of 

CO2 respectively. The same happens when reducing CO2 as well. 

8. Exhaust Gas Cleaning Systems (Scrubbers) 
 

Human intervention in the natural cycle of CO2 for the last 150 years has been crucial as it 

has upset the balance in the CO2 cycle making it impossible to adapt natural systems to new 

data. But in addition to increasing the concentration of CO2, a number of compounds that 

are derivatives of combustion pose a risk to humans and the environment. Increased pressure 

is being exerted on industry and business, including various modes of transport, to achieve 

sustainable development (Malloupas). One of the most important sectors related to 

transportation (freight, people) is shipping, which mostly uses naval engines (mainly two-

stroke) that use diesel (or LNG lately) as fuel. Shipping uses the chemical energy of fossil 

fuels to account for almost 90% of global cargo handling, making it the main means of 

transporting goods, producing about 3% of the total CO2 emitted by human activity. Recent 

studies show that CO2, NOX and SO2 emissions from ships account for about 2-3%, 10-

15% and 4-9% of global anthropogenic emissions, respectively. Ship Exhaust Systems are 



 

 

37 
 

systems for controlling and preventing air pollution, which are used to remove a significant 

amount of particulate matter and / or gases that cause environmental pollution or human 

diseases. This removal is done either physically or chemically. With Ship Exhaust Systems 

(Scrubber) it is possible to reduce gas emissions by 98%, i.e., at a level as low as using low 

sulfur fuel. These systems can use both fresh water mixed with caustic soda (NaOH) and 

seawater. Essentially, scrubbers provide the ability to trap carbon emissions from ship 

engines. To understand the effective usage of fuel we can see an example using a random 

table below: 

Sulphur in 
fuel% Sox reduced in scrubber to correspond to sulphur in fuel (%) 

2.5 0.1 
3.5 0.5 
3.5 0.1 with alkali injection 

Figure 13 – Sulphur in fuel (Alfa Laval) 

Suppose a fuel is used with the referred percentage of fuel shown. An exhaust gas cleaning 

system is able to reduce absolutely effectively the sulphur emissions in a fuel. 

8.1 Closed loop Sox Scrubber (Main effect on CO2) 
 

The specific exhaust gas cleaning system provides additional alkalis to the scrubber wash 

water to induce a reaction between the alkali and CO2, thus effectively trapping CO2 in 

the system water. As a result, for engine operation with a load of about 85%, a reduction 

of CO2 emissions by 3.3% has been observed, with an increase of 5% (above the normal 

level) in the alkali dosage, while for engine operation with a load of 40% the 

corresponding reduction in CO2 emissions reached almost 7%. During special tests, the 

consumption of alkali remained at reasonable levels, having only a small effect on the 

operating costs of the ship. The CO2 capture function could be applied to any closed loop 
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or hybrid scrubber system at a relatively low cost and with only minor changes to an 

existing gas cleaning system.  

Typical Arrangement of a closed loop exhaust gas cleaning system (scrubber) 

 

Figure 14 – Arrangement of a Closed Loop Scrubber (Alfa Laval) 

The chemistry in closed loop systems is described by the following equations.SO2 + 

2NaOH ⇒ Na2SO3 + H2O 

Na2SO3 + H2O + SO2 ⇒ 2 NaHSO3 

2 NaOH + CO2 <> Na2CO3 + H2O 

Instead of the simple flow we have in the open loop, the wash water is circulated in a 

closed loop by the scrubber and passes into a treatment tank where it is cleaned before 

being recycled. The control of the pH of the sodium hydroxide affects the circulation rate 
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of the washing water (and therefore the power) with the result that the consumption is 

about half of that of the open loop systems, ie about 20m3 / MWh and between 0.5 - 1% 

of engine power being cleaned. The systems closed loop can also be used when the ship 

is operating in "closed water" where the alkalinity will be very low (therefore unsuitable 

for open loop operation).  

8.2 Main commercial scrubber systems 
 

Below are presenter main commercial systems used in shipping and manufactured by 

well-known companies.  

8.2.1 System 1 – General Unit 
 

With over 75 systems in operation today, this 

construction is the shipping industry with the 

most extensive list of reference facilities for 

any SOx scrubber technology. This represents 

any system that has been in operation since the 

first installation, including those on board. 

Over the last decade, many changes in 

environmental legislation have come into 

force, requiring shipowners to invest in 

equipment on their ships. The manufacturer 

provides flexibility for customers of such 

systems by providing open loop systems in a 

hybrid configuration. In the future, the above 

system may be designed to handle fuels with a 
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sulfur content of more than 3.5%. This will be useful if higher sulfur fuels are readily 

available on the market, for example as a result of a change in refinery output after 

2020. 

 

8.2.2 System 2 – Without wash water discharge 
 

This unit is used mostly for ships 

operating in coastal lines and 

sensitive areas. This type of scrubber 

has developed SeaSOx technology, 

which is a solution for exhaust gas 

cleaning, in order to meet the new 

requirements that apply from 

01.01.2020. These SOx scrubbers for 

the shipping industry are available in 

open, closed and hybrid mode and 

can be installed on all types of ships, 

either in new construction or in 

remodeling, thanks to their 

flexibility. Designed based on more 

than 35 years of experience in 

scrubbers design and using the most 

advanced CFD models to simulate 

and optimize flow distribution and 
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mass transfer, marine SOx scrubbers offer significant benefits. 

 

 

 

8.2.3 System 3 – For engines 50 – 70 MW 
 

The manufacturer manufactures and delivers hybrid scrubber systems for 50 MW, 60 

MW and 70 MW engines which are installed on container vessels. These are solutions 

that have the flexibility to work in both open and closed loop. When in open loop mode 

the system uses seawater, while in closed loop mode it uses seawater together with an 

additional chemical element to remove SOx from the exhaust gases, helping to reduce 

emissions in coastal and marine areas. The company also provides consulting services 

for these ships. 
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8.2.4 System 3 – For engines 13 – 55 MW 
 

This system offers two types of scrubbers: R-type for high power machines, about 55 

MW (more complex design), and C-type for lower power, about 13 MW. The R-type 

is a special rectangular tower that offers superior performance (in terms of space) and 

especially in extremely large container vessels, it is possible to achieve a "zero" 

reduction in the number of loaded containers due to the installation of a scrubber. The 

C-type is a simple cylindrical tower with a built-in crankcase for a hybrid system and 

a tower with a side exit and reduced height. 
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8.3 Investments on Scrubbers 
 

According to an overview of the "Exhaust Gas Cleaning Systems Association" for the 

year 2018, 43% of the entire fleet worldwide (on average) had been converted with 

scrubbers while 37% have installed it on newly built ships. The table below also shows 

the percentages per ship type 

 

Figure 15 – Percentage of Using Scrubbers per Vessel Type (Alfa Laval) 
 

The choice of new fuel or heavy fuel oil (with mandatory use of scrubber system) depends 

on many factors such as the price of fuel, the required payback time (payback) etc. 

Unfortunately, due to the recent developments with the pandemic, the accurate estimation 

of the needs as well as the fuel prices becomes uncertain, so we will proceed to a 

calculation of the repayment time of the purchase investment and installation of 

scrubber’s systems based on average prices of previous years as well as forecasts. recently 

published by relevant bodies. A recent estimate estimates that low sulfur fuels (new) cost 
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30% more than HFO (heavy fuel oil) while the supply and installation of a scrubber costs 

around € 2.5 million for a ship using HFO. An alternative is the installation of scrubbers 

to reduce emissions, mainly SOx, which are generated by fuels with high sulfur content. 

Scrubbers control and prevent air pollution as they do not allow harmful particles to be 

released into the environment through the exhaust gases. There are three types of 

scrubbers that used in shipping: closed type, open type and hybrid. In closed loops, the 

wastewater remains special tanks in the ship and are unloaded in the ports, while in the 

open type (open loop) the liquids are discharged into the sea. The hybrids offer the choice 

between the two types, open or closed, depending on the respective navigation planning 

of the fleet. The problem with open scrubbers is that according to studies by the scientific 

community, sewage can be harmful to the environment, with the result that some ports 

and entire countries have already begun to ban them (for example, Fujairah, Primorsk, 

Cardiff are mentioned, all the inland waters of China, three American states -among them 

California-, Singapore etc). Therefore, the choice of type must take into account the area 

in which the ship operates. According to data from insurance companies, classification 

societies and Shipbrokers in recent years the costs of scrubbers based on a VLCC, ie a 

very large crude oil transport vessel are as follows: The open type for newly built ship is 

from $ 2- $ 3 million, the reconstruction $ 3 - $ 5 million and annual operating costs 

around $ 250 thousand. Closed type in newly built from $ 2.8- $ 3.8 million, renovation 

$ 4.2- $ 5 million and annual cost $ 520 thousand. Hybrid scrubbers from $ 3 - $ 4 million 

on new ships, with the reconstruction costing $ 4.6- $ 5.4 million and the annual costs 

amounting to $ 390 thousand. The table below provides an estimate of the estimated costs 



 

 

45 
 

and expenses of shipping companies worldwide in implementing alternative scrubbers to 

ship compliance with IMO 2020 regulations 

 

Figure 16 - Average costs of scrubber retrofit 

8.4 Disadvantages of scrubber installation and operation 
 

It is observed that the cost is taken into account not only in the initial investment of the 

scrubbers but also in the continuation of their use. Also, scrubbers consume space on 

deck, which may not be a problem on a cargo ship (dry cargo or oil tanker) but takes up 

valuable space on a container carrier. Another major downside is that the shipyard 

ordering list for scrubber installation is so large that it is not possible to service the entire 

global fleet from the end of 2019 onwards. In addition, another issue which need to be 
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taken into consideration is the installation cost as referred previously. In general, a typical 

scrubber system includes the following costs 

System Investment in $ (mill) 

Scrubber system 1.250 

Engineering 0.125 

Installation 0.750 

Off-hire 0.300 

  
Total Average Cost in million 2.425 

             Figure 17 – General Cost of Scrubber Installation (Personal Data) 

Classification societies insist on the following sectors to be checked accordingly for the 

safe operation of an exhaust gas system: 

1. Dimensions: as scrubbers are large constructions, the existence of suitable spaces on 

board is required for their installation. The requirements for available space are even 

greater for dry scrubbers as they should be saving enough space for both pellets and 

gypsum as a by-product of rinsing  

2. Ship Stability: Installing a scrubber adds significant weight to the boat, which can 

affect lightship displacement. If the difference in LTD is more than 2% compared to 

LTD before installing the scrubber, then it is recommended to perform tests on the 

stability of the ship. In addition, any changes to the stability calculations should be 

recorded in the Stability Booklet on board 

3. Backpressure: Scrubbers can adversely affect the operation of the ship's engine if they 

cause excessive backpressure. The manufacturer should set the backpressure limits, 

which should be included in the Technical File and should never be exceeded. The 
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installation of fans that reduce the pressure in the scrubber and prevent the appearance 

of backpressure on the machine also helps in this direction. 

8.5 Economic Analysis of Scrubbers 
This section will define the assumptions of the case study scenario and all the parameters 

that take place. The project presented is the economic analysis of the installation of a 

scrubber system on a container ship. This after-treatment system reduces carbon 

emissions in order to meet the latest IMO legislation for ECA zones. Some data on the 

ship's fuel consumption and installation costs have been determined by the project done 

by the industry "Greenship of the future" and "The Danish Maritime Fund". The purpose 

of the study is to calculate the NPV and Payback Period of this investment. The cost of 

installing the system is shown below. The scrubber should withstand 72,677.5 kW. Based 

on Wärtsilä data, a washing machine of this size will cost: 

€1.6 million + €72677.5 * €70 = €6.7 million €6.7 million * 1,622 = €10.9 million 

The cost of investment laundry, according to the dollar the exchange rate (1.156 /June 18) 

is $12.6 million. 

Fuel tonnes/day 

Main Engine Consuption at Sea 

HFO 236.5 

MGO 219 

Aux. Engine Consuption at Sea 

HFO 49.4 

MGO 45.7 

Aux. Engine Consuption at harbour 

HFO 108.9 

MGO 100.8 

            Figure 18 – Average daily consumption of main and auxiliary engines (Personal Data) 
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We have not included the non-hire costs of the installation time required, the cost of 

training the crew on the system as well as the cost of the NaOH required to make it work. 

In addition to the installation cost, we list the consumption table above. The ship can also 

operate with MGO (Marine Gas Oil) low sulfur fuel and HFO (Heavy Fuel Oil). In the 

scenario presented, the results attributed will be given for different ECA activity rates and 

a different gap in low sulfur HFO and MGO values. However, in all the scenarios 

explored we will keep the pie chart assumption constant, shown below. So out of 365 

days of the year we assume our ship will be traveling at sea for 274 days and idle in port 

for 91 days. 

 

              Figure 19 –Average fuel consumption based on operational condition (Personal Data) 

The main engines operate at 75% of the maximum continuous rating (MCR) and the 

auxiliary engines at 25% of the MCR, with the ultimate goal of reducing fuel consumption 

and consequently costs. While the ship is in port, the auxiliary engines operate at 95% 

MCR. By doing all the necessary calculations we can assume that the profit function has 
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two variables, the rate of travel and stay in an ECA zone and the difference in the prices 

of low sulfur HFO and MGO fuels. The gain function is given below: 

 

Figure 20 – Main Engine Operational Percentage (Personal Data) 

𝐏𝐅 = 𝐱 ∗ [𝐂𝐦𝐠𝐨 ∗ (𝐇𝐅𝐎𝐩𝐫𝐢𝐜𝐞 + 𝐠) − 𝐂𝐡𝐟𝐨 ∗ 𝐇𝐅𝐎𝐩𝐫𝐢𝐜𝐞] 

Given that - 1) Chfo = 88246,5 - 2) Cmgo = 81700,6 - 3) x=percentage of travelling and 
being in ECA zones - 4) g= gap between the price of HFO and MGO low sulphur fuels. 

8.5.1 Cost Effective Scenario of Scrubber Installation 
An ECA coefficient is used to assume that new ECA zones are added, such as the 
Mediterranean Sea, the Indonesian Sea, etc. Thus, vessel activity in the ECA tends to 
increase beyond 2020. So, the NPV will be given by following function. We may assume 
that the setup cost is not in the form of a loan and is paid in full in the first year. Net 
present value, NPV, of a scrubber can be calculated as following: 

𝑁𝑃𝑉 =  −126000 + (
[𝐂𝐦𝐠𝐨 ∗ (𝐇𝐅𝐎𝐩𝐫𝐢𝐜𝐞 + 𝐠) − 𝐂𝐡𝐟𝐨 ∗ 𝐇𝐅𝐎𝐩𝐫𝐢𝐜𝐞]

(𝟏 + 𝒓)𝟑
) 

r= inflation rate 3% 

i= years 

n= assuming up to 15 years 

Starting with a basic research scenario, a random ship spends about 10% of its time in 
an ECA zone and the current difference between the two fuel types is $230. The table 
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18 below, presents the results obtained from the model used for the purposes of the 
study 

pv 6,714,000 $ 

NPV 19,314,000 $ 

IRR 9,6 % 

pay back 8,1 years 

Figure 21 – Real time Scenario 

As observed above, investing in a scrubber 'yields' a positive NPV, so it is cost effective. 

Accordingly, the IRR (9.59%) is higher than the discount rate (3%), confirming the NPV 

results. However, the real problem, it seems, is the payback period. The 8.1 years required 

to recover the initial cost of the investment is a lot, especially considering that the 

investment period is 15 years. The recovery time results from the high cost of purchasing 

and installing the scrubber on the one hand, and on the other hand the resulting savings 

are small enough to justify such an expensive investment. 

9. LNG Fuel 

The role of alternative fuels will continue to be crucial in achieving the International 

Maritime Organization (IMO)'s emissions targets, with liquefied natural gas (LNG) leading 

the way due to its unique comparative advantages, economic and environmental, which 

characterize it as fuel. The use of liquefied natural gas (LNG) helps to reduce gaseous 

pollutants from ships and a combination of liquefied natural gas fuel with diesel, is very 

likely to lead to optimal efficiency of the main engines of ships, and thus savings 

(Dickinson). After all, the use of liquefied natural gas fuels results in a 30% reduction in 

carbon dioxide compared to diesel. The use of liquefied natural gas for energy-intensive 
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engines is a very important undertaking as the main engines of ships are the main sources 

of energy consumption. In addition are the engines that are constantly in force when the 

ship is at sea. It is therefore obvious that since the use of these engines is so extensive, the 

use of LNG fuel for these engines could contribute to a drastic reduction of the ship's 

emissions. LNG is already meeting the IMO 2020 targets and is the basis for achieving 

these goals combined with infrastructure investments that will support the supply of ships 

with LNG and the adoption of innovative solutions in the design and operation of ships. 

LNG is not accidentally in the spotlight in recent years, as it is a fuel that is characterized 

by a number of comparative advantages over both conventional solutions and other 

alternative fuels. Natural gas, as it is known, is a relatively cheap and safe fuel available, 

whose main feature is that it emits much less NOx, SOx and PM emissions, but its 

contribution to the reduction of greenhouse gas emissions from oil is also significant. 

Penetrating the above advantages, LNG can replace liquefied petroleum fuels in the near 

future due to its ability to reduce CO2 emissions by 25%, NOx emissions by 90% and SOx 

emissions by 29%. In fact, if combined with proper ship design and sophisticated engines, 

it is able to reduce CO2 emissions by 40% by 2030, according to industry estimates, 

offering a realistic and sustainable exit to the shipping sector with a view to reducing CO2. 

by 50% by 2050. This result is considered impossible with the use of existing liquid fuels 

and their complementary technologies, so the shift to LNG is a one-way street, so that 

shipping can help prevent climate change and ultimately carbonize the shipping sector with 

carbon neutrals. Even in the distant future, when emissions standards become even stricter, 

LNG will be able to continue to assist through its combination with carbon-neutral fuels, 
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thus laying the groundwork for additional actions to reduce gaseous emissions to shipping 

(IMO). 

 

Figure 22 – Number of Ships using LNG over the years 

In the context of the IMO's ultimate goal of reducing carbon emissions by 50% by 2050, 

this solution is currently considered the only sustainable one in the long run, as there is no 

need to sacrifice the efficiency of ships in favor of reducing emissions (e.g. cruising 

speed). LNG through the advanced propulsion technologies that exist today, is clearly 

better overall emission profile (well-to-wake) compared to liquid fuels. Therefore LNG is 

not a transitional fuel, but the fuel of the future for many more years. Finally, investments 

in LNG will be long-term and a one-way street to a sustainable model of future growth 

without adverse effects on the environment. By investing in improving energy efficiency 

and reducing carbon footprint beyond existing standards, shipowners reduce their exposure 
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to any future CO2 taxation and increase the competitiveness of their ships for life. At 

present cruise ships and containerships dominate LNG fuel, as there is no suitable 

infrastructure for the large mass of merchant ships. 

9.1 Economic Analysis 

Most of the energy consumption comes from liquefaction—89.3%. These results are 

used as inputs to the financial model to calculate costs and revenues, based on ARIMA 

(Arima) forecasting. The cost consists of the price of electricity, emission allowances, 

wages, excise duty and the investment in the plant itself with loan interest. Revenues 

were calculated from the price of LNG in the EU. The identification of ARIMA models 

for each time series is shown in Figure 23 as following: 

Time Series Model AIC AICc BIC 

Price of LNG ARIMA (0,0,1) -119.27 -119.21 -117.04 

Price of electricity ARIMA (0,2,1) -126.84 -126.56 -119.38 

Price of emission 
allowances 

ARIMA (0,0,1) 
with drift 

-43.7 -43.32 -40.65 

LNG demand ARIMA (0,2,1) 378.52 380.02 379.32 

 
Figure 23 – ARIMA models for time series 

Based on the previous results from ARIMA estimation, the cost-revenue analysis was  

directed.   

Electricity Gas Depreciation Wages 
Emission 

Allowances 
Excise 
Duty 

Loans 

4.23% 6.64% 18.02% 16.51% 3.56% 43.71% 7.34% 

 
Figure 24 – ARIMA models for time series 
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An important part of the analysis is based on the ARIMA forecast, the results must 

contain a confidence interval. The resulting NPV with 80% confidence interval is 

shown in Figure 25. The semi-transparent gray area contains an 80% confidence level, 

which is bounded by upper (orange) and lower (blue) confidence limits of predicted 

NPV (grey). 

 

Figure 25 – LNG Net present value 
 

From figure 25, it can be observed that the NPVs are in the form of a quadratic function 

of the discount rate. As mentioned above, the industry discount rate is around 10%. The 

following figure presents the results of the model.

 

Figure 26 – LNG Net present value for a discount rate of 10% 
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Assuming the LNG industry’s discount rate is around 10% and the value is fixed, the 

results of table 26 confirm the present model that the net present value study is positive. 

In general, the order volume of LNG-fueled newbuildings has accelerated dramatically 

to approach 30% of total capacity ordered. For some segments, such as the ultra-large 

container ships that underpin the global trading system, more than 50% of the order 

book is either LNG fueled or LNG-ready. 

Below there is a complete list from 1964 to 2002, of LNG fueled vessels (562 in total): 

 
SHIP 

NAME 
SHIP TYPE DELIVERY 

DATE 
OWNER SHIPBUILDER ENGINE 

MAKER 

SERVICE &
 SU

PPLY VESSELS 

Stil 
Pioneer PSV 2003 Møkster 

Kleven 
Ulsteinvik Wärtsilä 

Viking 
Energy PSV 2003 Eidesvik 

Kleven 
Ulsteinvik Wärtsilä 

Viking 
Queen PSV 2008 Eidesvik 

West 
Contractors Wärtsilä 

Viking 
Lady PSV 2009 Eidesvik 

West 
Contractors Wärtsilä 

Barentsha
v Patrol vessel 2009 Remøy Myklebust Mitsubishi 

Bergen Patrol vessel 2010 Remøy Myklebust Mitsubishi 
Sortland Patrol vessel 2010 Remøy Myklebust Mitsubishi 
Skandi 

Gamma PSV 2011 DOF 
STX OSV 
Soviknes Wärtsilä 

Normand 
Arctic PSV 2011 Solstad 

STX OSV 
Langen Wärtsilä 

Viking 
Prince PSV 2012 Eidesvik 

Kleven 
Ulsteinvik Wärtsilä 

Viking 
Princess PSV 2012 Eidesvik 

Kleven 
Ulsteinvik Wärtsilä 

Island 
Crusader PSV 2012 Solstad STX OSV Brevik Rolls-Royce 

Island 
Contender PSV 2012 Solstad STX OSV Brevik Rolls-Royce 

Olympic 
Energy PSV 2012 Solstad STX OSV Aukra Wärtsilä 

Rem 
Leader PSV 2013 Remøy Shipping Kleven Verft Wärtsilä 

Econuri 
Harbour 

vessel 2013 
Incheon Port 

Authority Samsung Wärtsilä 
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Hai Yang 
Shi You 

521 Tug 2013 CNOOC 
Guangzhou 

Huangpu Wärtsilä 
Hai Yang 
Shi You 

522 Tug 2013 CNOOC 
Guangzhou 

Huangpu Wärtsilä 

Børgoy Tug 2014 
Buksér og 

Berging Sanmar Rolls-Royce 

Bokn Tug 2014 
Buksér og 

Berging Sanmar Rolls-Royce 

Turva Patrol vessel 2014 
Finnish Border 

Guard STX Turku Wärtsilä 
Stril 

Barents PSV 2015 Møkster Hellesøy Wärtsilä 
Harvey 
Energy PSV 2015 Harvey Gulf 

Trinity 
Offshore Wärtsilä 

Harvey 
Power PSV 2015 Harvey Gulf 

Trinity 
Offshore Wärtsilä 

Harvey 
Liberty PSV 2016 Harvey Gulf 

Trinity 
Offshore Wärtsilä 

Harvey 
Freedom PSV 2017 Harvey Gulf 

Trinity 
Offshore Wärtsilä 

Rem Eir PSV 2015 Remøy Shipping Kleven Verft Wärtsilä 
Hai Yang 
Shi You 

525 Tug 2015 CNOOC Zhenjiang Rolls-Royce 
Siem 

Symphony PSV 2015 Siem Offshore Hellesøy Wärtsilä 
Siem Pride PSV 2015 Siem Offshore Remontowa Wärtsilä 

Sakigaki Tug 2015 NYK Line Keihin Dock Niigata 

Polaris Icebreaker 2016 
Arctia 

Icebreaking 
Arctech 
Helsinki Wärtsilä 

Siem 
Thiima PSV 2017 Siem Offshore Remontowa Wärtsilä 

PASSEN
G

ER VESSELS 

Glutra Car pax ferry 2000 Fjord1 Langstein Mitsubishi 
Bergensfjo

rd Car pax ferry 2006 Fjord1 Aker Yards Rolls-Royce 
Stavangerf

jord Car pax ferry 2007 Fjord1 Aker Yards Rolls-Royce 
Raunefjor

d Car pax ferry 2007 Fjord1 Aker Yards Rolls-Royce 
Mastrafjor

d Car pax ferry 2007 Fjord1 Aker Yards Rolls-Royce 
Fanafjord Car pax ferry 2007 Fjord1 Aker Yards Rolls-Royce 
Tidekonge

n 
Passenger 

ferry 2009 Tide Sjø 
STX Europe 

Lorient Mitsubishi 
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Tidedronni
gen 

Passenger 
ferry 2009 Tide Sjø 

STX Europe 
Lorient Mitsubishi 

Tideprinse
n 

Passenger 
ferry 2009 Tide Sjø 

STX Europe 
Lorient Mitsubishi 

Moldefjor
d Car pax ferry 2009 Fjord1 Remontowa Mitsubishi 

Fannefjor
d Car pax ferry 2010 Fjord1 Remontowa Mitsubishi 

Romsdalfj
ord Car pax ferry 2010 Fjord1 Remontowa Mitsubishi 

Korsfjord Car pax ferry 2010 Fjord1 Remontowa Mitsubishi 
Selbjornsfj

ord Car pax ferry 2010 
FosenNamsos 

Sjø 
Fiskerstrand 

BLRT Mitsubishi 

Tresfjord Car pax ferry 2011 Fjord1 
Fiskerstrand 

BLRT Rolls-Royce 
Boknafjor

d Car pax ferry 2012 Fjord1 
Fiskerstrand 

BLRT Rolls-Royce 
Landegod

e Car pax ferry 2012 Torghatten Nord Remontowa Rolls-Royce 
Værøy Car pax ferry 2012 Torghatten Nord Remontowa Rolls-Royce 
Barøy Car pax ferry 2013 Torghatten Nord Remontowa Rolls-Royce 

Lødingen Car pax ferry 2013 Torghatten Nord Remontowa Rolls-Royce 
Viking 
Grace Car pax ferry 2013 Viking Line STX Turku Wärtsilä 

Stavangerf
jord Car pax ferry 2013 Fjord Line Remontowa Rolls-Royce 

Bergensfjo
rd Car pax ferry 2013 Fjord Line Remontowa Rolls-Royce 

Francisco 
High-speed 

ferry 2013 Buquebus Incat 
GE gas 
turbine 

Hardanger Car pax ferry 2013 Norled Remontowa Mitsubishi 
Ryfylke Car pax ferry 2013 Norled Remontowa Mitsubishi 

FA 
Gauthier Car pax ferry 2015 STQ Quebec Fincantieri Wärtsilä 

Osfrieslan
d* Car pax ferry 2015 AG Ems Cassen Eils Wärtsilä 

Helgoland Car pax ferry 2015 AG Ems Cassen Eils Wärtsilä 

Samsø Car pax ferry 2015 
Samsø 

Municipality Remontowa Wärtsilä 
Hasvik Car pax ferry 2015 Boreal Transport Fiskerstrand Rolls-Royce 

Bergsfjord Car pax ferry 2015 Boreal Transport Fiskerstrand Rolls-Royce 
Armand-
Imbeau II Car pax ferry 2016 STQ Quebec Davie Sb Wärtsilä 

Jos-
Deschênes 

II Car pax ferry 2016 STQ Quebec Davie Sb Wärtsilä 
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Seaspan 
Swift Car pax ferry 2016 Seaspan Sedef Wärtsilä 

Seaspan 
Reliant Car pax ferry 2017 Seaspan Sedef Wärtsilä 

Abel 
Matutes* Car pax ferry 2017 Baleària unnamed Rolls-Royce 

Salish 
Orca Car pax ferry 2017 BC Ferries Remontowa Wärtsilä 
Salish 
Eagle Car pax ferry 2017 BC Ferries Remontowa Wärtsilä 

Megastar Car pax ferry 2017 Tallink Meyer Turku Wärtsilä 

CO
N

TAIN
ERS/D

RY CARG
O

 

Høydal 
Fishfeed 
carrier 2012 

Nordnorsk 
Shipping Tersan Rolls-Royce 

Eidsvaag 
Pioneer 

Fishfeed 
carrier 2013 Eidsvaag STX OSV Aukra Rolls-Royce 

With 
Harvest 

Fishfeed 
carrier 2014 Egil Uvan Fiskerstrand Rolls-Royce 

With 
Marine 

Fishfeed 
carrier 2014 Egil Uvan Fiskerstrand Rolls-Royce 

Kvitbjørn 
Container 

ro-ro 2015 NorLines 
Tsuji Heavy 

Jiangsu Rolls-Royce 

Kvitnos 
Container 

ro-ro 2015 NorLines 
Tsuji Heavy 

Jiangsu Rolls-Royce 

Isla Bella 
Container 

ship 2015 TOTE NASSCO MAN 
Perla del 

Caribe 
Container 

ship 2016 TOTE NASSCO MAN 
Searoad 
Mersey II Ro-ro cargo 2016 SeaRoad Flensburger MaK 
Auto Eco Car carrier 2016 UECC NACKS MAN 

TAN
KERS &

 BU
LKERS 

Bit Viking* 
Product 
tanker 2011 Tarbit 

Oresundsvarve
t Wärtsilä 

Coral Star 
Ethylene 
carrier 2014 Anthony Veder Avic Dingheng Wärtsilä 

Coral 
Sticho 

Ethylene 
carrier 2014 Anthony Veder Avic Dingheng Wärtsilä 

Bergen 
Viking* 

Product 
tanker 2015 Bergen Tankers Noryards Rolls-Royce 

Sefarina LPG carrier 2015 
Chemgas 
Shipping Hoogezand Wärtsilä 

Greenland 
Cement 
carrier 2015 JT Cement Ferus Smit Wärtsilä 

Ireland 
Cement 
carrier 2016 JT Cement Ferus Smit Wärtsilä 

Fure 
West* 

Product 
tanker 2016 Furetank 

Oresundsvarve
t MaK 
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Sundowne
r LPG carrier 2016 

Chemgas 
Shipping Hoogezand Wärtsilä 

Jayanti 
Baruna CNG carrier 2016 

CIMC Enric SZJ 
Gas 

Jiangsu 
Hantong Wärtsilä 

Ternsund 
Chemical/pr
oduct tanker 2016 Terntank Avic Dingheng 

Winterthur 
G&D 

Ternfjord 
Chemical/pr
oduct tanker 2016 Terntank Avic Dingheng 

Winterthur 
G&D 

Tern Sea 
Chemical/pr
oduct tanker 2016 Terntank Avic Dingheng 

Winterthur 
G&D 

Tern 
Ocean 

Chemical/pr
oduct tanker 2017 Terntank Avic Dingheng 

Winterthur 
G&D 

Gaschem 
Beluga 

Ethane 
carrier 2016 Ocean Yield Sinopacific MAN 

Navigator 
Aurora 

Ethane 
carrier 2016 Navigator Gas Jiangnan MAN 

Navigator 
Eclipse 

Ethane 
carrier 2016 Navigator Gas Jiangnan MAN 

Navigator 
Nova 

Ethane 
carrier 2017 Navigator Gas Jiangnan MAN 

Damia 
Desgagnes 

Bitumen 
tanker 2016 

Groupe 
Desgagnés Besiktas 

Winterthur 
G&D 

Figure 27 – LNG fueled vessels from 1964 to 2021 

It is well observed that there is a rapid growth on LNG fueled vessels ove time. 

 

 

 

 

 Figure 28 – Growth of LNG vessels over the years 
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LNG orders continued to grow in 2022, far above the rate observed just a year earlier, 

according to the most recent personal data as presented above. Despite the orderbook for 

LNG-fueled ships expanding quickly, maritime specialists point out a possible problem. 

Although there is now very little LNG bunkering activity, there is some hope that as long 

as oil prices remain high, activity in the LNG bunker market may pick up. To create the 

infrastructure necessary to support the expansion of the LNG fleet, the industry has been 

working quickly. 

10. Renewable Sources 

In terms of renewable energy sources, the green technologies that are under investigation 

or at an early stage are: 1) the use of biofuels and nuclear energy in ships, 2) fuel cells 3) 

wind and solar energy as well as electric ships.  

10.1 Biofuels and Nuclear Energy on Ships 

Shipping has long focused on new forms of energy. In order to meet the ever-increasing 

energy needs without additional burden on the environment, while at the same time 

seeking the greatest possible efficiency, it is turning to new fuel sources, such as biofuels. 

Biofuels could be one of the options that would lead to lower CO₂ emissions in ship 

propulsion. Biofuels generally have lower energy efficiency than marine fossil fuels, and 

energy efficiency varies depending on the type of biofuel. They are now available 

worldwide and can be produced from many types of biomass and can be optimized to be 

available in all modes of transport. In energy production, solid biomass is the most 

widespread at the moment but now liquid biofuels are starting to be used more in marine 

applications. Many of the chemical and physical properties of biofuels are similar to those 

of fossil fuels and HFO (Heavy Fuel Oil). But there are also basic differences, such as the 
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energy efficiency, which is lower by about 10 to 15%, because the flash point is very high 

and the moisture content of the biomass is often higher. Beyond biofuels, however, there 

is intense debate about the use of nuclear energy to propel ships. Although the use of 

nuclear energy has a proven track record as a fuel for warships, there are obvious 

consequential problems associated with society's response to its use. This raises political 

sensitivities, in particular with regard to the reception of a ship using nuclear energy in 

ports and the complex legal issues that may arise during their development, for example, 

in relation to the role of the International Atomic Energy Agency in maritime affairs. On 

the other hand, even if the social barriers are overcome, it is doubtful that the ship's crew 

is capable of managing such technology. Crew training needs are a major obstacle to the 

commercial implementation of nuclear energy, mainly for reasons of cost and sufficient 

training time. Another controversial issue is the disposal of nuclear waste because in the 

event of the application of nuclear energy to seafaring, their quantities will increase 

excessively.  

10.2 Fuel Cells 

Fuel cell technology has proven to be particularly successful in various marine technology 

demonstration projects. Although fuel cell technology is not new, there are already 

concerns about how this technology will be useful in onboard applications. Issues related 

to the safety of such an endeavor are also under consideration and the relevant 

mathematical models are being developed that will simulate the existence of fuel cells on 

ships as well as their performance. The basic principles that govern the philosophy of fuel 

cells in ships are the reduction of fuel consumption and the minimization of the effects of 

gaseous pollutant emissions both locally and globally. Another benefit is the reduction of 



 

 

62 
 

noise pollution and the reduction of maintenance costs. So, the ship becomes more 

competitive and produces transport work at the lowest possible cost. The main challenges 

of this project include the requirement for clean fuels with low carbon content, reduction 

of investment costs, return on invested capital and to reduce the existing size and weight 

of fuel cell installations. A complete fuel cell system consists of two parts. One part that 

contains fuel and one part that contains gas. A set of fuel cells converts the chemical 

energy of a fuel into electrical energy through an electrochemical reaction. The process 

can be described as that of a battery with our electrochemical reactions occurring at the 

contact between the anode, cathode and the electrolyte membrane resulting in the 

production of electricity.  

Figure 28A - Hydrogen fuel cells will be built for merchant ships (IMO) 

The main advantages of this technology are the proven efficiency, reduction of gas 

emissions, reduction of noise and vibrations in the ship due to the fewer moving parts of 

the whole arrangement resulting in a more pleasant life of the crew. It is possible to use 

different types of fuel, i.e. hydrogen, natural gas, ethanol, methanol and ammonia. Fuel 
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cells are considered a green technology that can eliminate CO2, NOx and SOx emissions 

in comparison to diesel engines. 

10.2 Hydrogen and other fuel cells analysis 

The use of hydrogen as a maritime fuel is hampered by problems including cost 

and dependability. However, hydrogen has certain benefits as a maritime fuel as 

compared to some other suggested alternative fuels, such as LNG, methanol, and 

biodiesel. First off, from an environmental standpoint, hydrogen is better to other 

alternative fuels. When utilizing methanol from CH4, the CO2 emission from the 

tank to the propeller might exceed 55 g/Mega Joule (MJ), however when using 

hydrogen, it is zero in shipping, much like with biodiesel. In addition, as compared 

to HFO-fueled Tier II diesel engines, which serve as the benchmark (100%), 

hydrogen emissions for NOx are less than 20%. According to Tier III NOx 

standards, this number is adequate (DNV GL, 2018). For this reason, hydrogen 

can be considered as the cleanest fuel produced. Second, fuel has a substantially 

larger energy content than other fuels. As indicated in Figure 2, hydrogen has an 

energy content of 120 MJ/kg, which is almost three times more than that of other 

cleaner fuels. This information comes from the European Commission (EC). 

Thus, using hydrogen as fuel would enable excellent energy efficiency (EC, 

2017).  
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Figure 29 - Energy Content of Fuel Cells 

Finally, since the technology and network for producing, storing, and transporting 

hydrogen are already developed, it may be viewed as an alternative fuel. As a 

consequence, there wouldn't be any issues in terms of practical application, 

making hydrogen's economic viability as a naval fuel merely a matter of time.  

Hydrogen has some advantages in the practical use of hydrogen, but the cost of 

hydrogen is rather high. As shown in the next table, prices for natural gas, biogas, 

and hydrogen are €1.103/kg, €1.103/kg and €9.5/kg respectively (EC, 2017). 

Hydrogen is so expensive because it requires infrastructure to manufacture, 

transport and distribute it. Due to its relatively low volumetric energy density, 

hydrogen must be controlled and maintained under high pressure in order to 

liquefy at very low temperatures. This process is very expensive compared to 

natural gas. However, this issue may leave conference room open for discussion. 
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Figure 30 - Economic Cost of Hydrogen versus other fuels 

On the premise that the market share of vessels running on hydrogen would 

increase, hydrogen consumption will gradually rise. The price of hydrogen may 

decrease in the future as a result of the growth in its demand. According to the 

National Renewable Energy Laboratory (NREL), the cost of hydrogen fuel 

might decrease by $2/kg between the years of 2020 and 2025. Japan predicted 

that as the supply chain to Australia gets longer, the cost of distribution will go 

down. In the years 2025 to 2035, transportation costs might be decreased by 

$2.46/GJ. The availability of inexpensive resources and economies of scale can 

aid in lowering manufacturing, distribution, and transportation costs, which 

results in a decrease in the price of hydrogen. 

The tables following presents the different kind of hydrogen systems and the 

economic costs of them accordingly: 
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PEMFC 

capital cost 

 1697-2860 $/KW 
1826 $/KW 

300-500 $/KW 
1500-1800 $/KW 

operation and maintenance cost 
55 $/KW/year 

20-50 $/KW/year 

   

   
MCFC 

capital cost 
 600-1500 $/KW 
1200-2000 $/KW 

operation and maintenance cost 4.0/4.5 ¢/KWh 

   
SOFC 

capital cost 
 725-1900 $/KW 
1180-1790 $/KW 

operation and maintenance cost 125/200 
$/KW/year 

Figure 31 - Hydrogen Fuel systems costs 

A practical example below indicates the economic analysis of a vessel which is 

considered to be powered with hydrogen fuel cell at 1000 KW: 

Value (in 
million $) 

NPC - end of 5 
years 

NPC - end of 
10 years 

NPC - end of 
15 years 

NPC - end of 
20 years 

NPC - end of 
25 years 

PEMFC $18,22 $27,43 $36,13 $44,34 $50,91 
MCFC $18,64 $18,19 $18,83 $19,51 $19,44 
SOFC $21,20 $22,46 $24,93 $27,24 $28,32 
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Figure 32 - Hydrogen Fuel systems costs 

In the aforementioned scenario with a discount rate, Table and Graph show the 

anticipated mean value of NPC at the end of every five years for each HFC. Due 

to the high cost of hydrogen fuel, the NPC increase rate for PEMFC is greater 

than that of other devices. Every year, the MCFC and SOFC levels remain the 

same. In the case of 1,000 kW powered by HFC, it can be expected that OPEX of 

each year at a discount rate is almost equivalent to the cost of diesel fuel saved. 

10.3 Wind Power 

Wind energy is the energy produced by wind exploitation. From antiquity until today it 

is a widespread form of energy used to propel boats. The most classic example is the 

sailing boats that move exclusively with the help of the wind. Total energy is one of the 

renewable energy sources and does not cause environmental pollution, leaves no 

residues and does not emit greenhouse gases. The effects on the environment from the 
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use of wind energy are relatively small and for this reason it is a very good choice for 

use in shipping since at sea, wind is an energy source that is abundant. Auxiliary wind 

energy is delivered through innovative mechanical mast technologies rather than the 

classic sailing sails, as many may believe. Mechanical sails have high aerodynamic 

efficiency mechanisms, while they multiply the delivered propulsive force per unit area, 

at least by 2 to 10 times in relation to the sailing ships of the same total area. This means 

that they can be placed on the decks of existing ships with very little modification and 

without problems of visibility or complexity of installation. Such mechanical sails 

include systems such as flettner (rotating) rotors, wing sails, suction wings and airborne 

kites. In conclusion, auxiliary wind energy is immediately applicable and proven, and 

can contribute to the transition of shipping to carbonization and zero emission vessels, 

providing less and cheaper sizing of available power than alternatively available 

alternatives. Automation, artificial intelligence and digitization technologies can 

maximize offshore energy pumping for seamless use on ships. The table presented 

below indicates all of the wind powered vessels until the recent years: 
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Name Type Built Year 
Installation Year of Wind 

Power 

E-Ship 
General Cargo/ Ro-

Lo 2010 2010 
Estraden Ro-Ro 1999 2014 

Viking Grace Passenger 2013 2018 
Fehn Pollux General Cargo 1997 2018 

Maersk 
Pelican Tanker 2008 2018 
Afros Bulk Carrier 2008 2018 

Copenhagen Ferry 2018 2020 
Annika 
Braren General Cargo 2012 2020 

SC Connector Ro-Ro 2020 2020 
Michael A. General Cargo 1997 2008 

BBC Skysails General Cargo 1994 2008 
Theseus General Cargo 2008 2009 

Aghia Marina Bulk Carrier 2009 2,012 
Ville de 

Bordeaux Ro-Ro 1994 2020 
TBA Bulk Carrier 2004 2021 
Ankie General Cargo TBA 2020 

Frisian Sea General Cargo 2007 2020 
MV Tharsis General Cargo 2013 2021 
New Vitality Tanker 2012 2018 

TBA Tanker 2018 2022 

Figure 33 – Wind Assisted Ship Propulsion 

The significance of WASP technology will probably rise and become more obvious as 

the size and number of installations continue to expand. A good example would be the 

growth of the wind energy sector. Although the USA was the one to take the first steps 

in response to the energy problem in the 1970s, it was the more committed European 

nations whose capacity share peaked in the early 2000s, before China and the USA 

started to catch up [10]. The rotor diameter and tower height have gradually expanded 

during the 1990s along with ongoing growth into offshore wind farms where the wind 

energy is greater, despite a more difficult environment and much higher prices.  
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10.3.1 Economic Information of Wind Power 

Rotor sails, often known as Flettner sails after its designer from the 1920s, are the most 

well-liked and low-risk WAPS technology now available for commercial ships, claims 

Hoffmeister. Modern computer-controlled implementations have the potential to save 

up to 25% of fuel on smaller vessels and have produced fuel reductions of up to 4.5% 

on larger vessels. On ferries, car carriers, multifunctional boats, bulk ships, and tankers, 

rotor sails are very simple to modify. For instance, a product tanker with two rotor sails 

installed by Norsepower was able to save 8.2% on gasoline. Since then, two hybrid 

ferries and a bulk carrier with five units that can be tilted down for cargo operations is 

the largest vessel to date to be equipped with rotor sails. It is predicted to save 8% on 

gasoline. The MPV Fehn Pollux with a single rotor sail, Eco Flettner's first project, 

exceeded all expectations with recorded average fuel savings of up to 10–12%. Four 

rotor sails have been installed on a bulk carrier by London-based Anemoi Marine 

Technologies Ltd., another participant in the Flettner community. The rotors, which are 

mounted on sliding rails, may be moved out of the way of dock cranes. Popularity of the 

Flettner concept is rising. 

Table below presents various scenarios for the annual CAPEX cost in case of applying 

the a Flattner rotors wind powered system onboard the ship. 
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Figure 34 - Flattner rotors annual capital cost for a vessel 

Additionally, the table below shows the amount of money a ship would save each year 

by installing Flettner turbines, which is accomplished by lowering the ship's yearly fuel 

consumption, under various scenarios for fuel price trends. The figure suggests the 

possibility of reaching variable yearly savings costs, which, at 5% and 10% increment 

percentages, respectively, by the end of the project's lifetime, may reach $1.30 and 

$3.29 million. This value, however, would only be worth $175,000 if the gasoline price 

saw a sharp yearly decline of 5%. 
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                       Figure 35 - Annual Saving cost of a vessel 

Lastly, the net saving value (NSV) for the suggested idea under various 

economic scenarios is shown in the following table. Case (a) offers NSV with 

the assumption that gasoline prices would increase by 10%, whereas Case (b) 

presents NSV with the expectation that fuel prices will decrease by 5% for the 

chosen case study. 

 

                    Figure 36 - Net Saving Value of a vessel 
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According to Fig. 13, for interest rate of 10% and 5%, the suggested idea will be 

able to cover the ship's operating expenditures after 6 and 8 working years, 

respectively. However, for interest rate of -5% (if it may ever be possible), the 

project will be economically pointless regardless of how old the ship is. 

10.4 Solar Power 

The use of solar energy in a ship can lead to a reduction in energy consumption and give 

it a competitive advantage over a conventional ship. By using solar panels mounted on 

the main deck of a ship, electricity can be generated which is used in various electrical 

consumptions. Already on several small displacement vessels (yachts, cruise ships) the 

available technology has led to a large reduction in fuel consumption. On larger ships, 

although they have more space on deck, installing solar panels can reduce fuel 

consumption by up to 3%, a relatively small percentage due to the large amount of

 

            Figure 37A – MS Turanor PlanetSolar is the first ever solar powered vessel sailed (IMO) 
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energy required to operate the ship. Making ships electric is as big a challenge as the 

development of electric motors on the roads. All that is required is larger batteries. 

Electric ships have the largest batteries and in fact their capacity is expected to increase 

even more as this is a key priority. A new improved lithium-ion battery system that can 

be applied to all types of ships has been announced by Korean shipyards Samsung Heavy 

Industries, proving that South Korean technology is advancing rapidly. This system, 

which was developed jointly with the battery manufacturer Samsung SDI Co., received 

the relevant approvals from the Norwegian classification society DNV-GL. According to 

the announcement of the South Korean shipyards, the lithium-ion battery system will be 

able to control the generators on ships in an efficient and environmentally friendly way 

in order to reduce fuel costs.  

 

Ship Type Route Type of 
Electricity 

Installation 
area (m²) 

NPC CO2 Avoiding 
Emission 

Passenger 
ship 

Geojedo – 
Somaemuldo 

Battery 
bank 

1939.21 $1,200,828  1718.601 ton/y 

Oil tanker Dalian – 
Aden 

Lead-acid 
battery 

2000 $1,105,975  2546.0269 ton/y 

Figure 37 – Actual examples of vessels with solar energy 

 

10.4.1 Economic Analysis 

The NPV of the hybrid power system over a 25-year period is shown in the following 

table. 
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Figure 38 – 25 year range NPV of electric power system 

Due to the lengthy ice-coverage period of the Arctic Ocean, AMGE has the biggest 

NPV when the ship travels only one of the six routes, at $277,560.6, while ABE has the 

least, at $-67,404.6. Only one of the six routes has an NPV of ABE that is less than 0, 

suggesting that this route is not a good fit for a hybrid power system. The hybrid power 

system's average net present value (NPV) is $165,977.2, which is rather high and 

indicates that the system may be commercially feasible. Following, despite the 

navigation paths taken, the LCOE tends to stabilize 15 years after the system is put into 

service. As shown in the next figure, after 25 years, the LCOE 

 

Figure 39 – Levelized Cost of Energy 
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varies between 0.09 and 0.16 cents per kWh, with an average of 0.11 cents per kWh. 

The LCOE is 88.95% lower 25 years later than it was in the initial year. In addition, as 

illustrated in Fig. ###, the hybrid power system's TLCC rises from the costs of initial 

construction ($213555.6) to those of its maximum life cycle ($272048.7). The $58493.1 

increase in expenses is primarily attributable to OMt.  

 

Figure 40 – Total Life Cycle Cost 

The BCR of the hybrid power system is shown in Figure ###, with conclusion that 

AMGE has the highest BCR, which is 2.02, while the average BCR is 1.61.  

 

Figure 41 – Benefit Cost Ratio 
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This economic indicator shows that: (a) the benefits from the PV system will more than 

double the expenses if the ship exclusively travels along AMGE; and (b) the average net 

revenue of the six navigation routes reaches 61%. The hybrid power system displays 

strong financial feasibility, with an average PI of 0.80, which is larger than 0, as 

indicated in figure. 

 

Figure 42 – Profitability Index 

Regardless of the time expenses, the average payback time is 6.66 years, with the 

smallest payback time along AMGE being 4.3 years and the longest along ABE being 

17.68 years. When time expenses are taken into account, the DPB along AMGE is the 

shortest at 5.5 years, while there is no payback along ABE. The time expenditures 

increase the payback period by 17.72%, and the average DPB is 7.84 years. Except for 

the ABE route, the IRR of the maximum life cycle is significantly higher than the 

discount rate (8%). The average IRRlifetime=10y is 11.97%, indicating that the hybrid 

power system is economically feasible if its lifespan is shortened to ten years. (See 

following figure for reference). 
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Figure 43 – IRR, SPB, and DPB of the hybrid power system 

The techno-economic evaluation of PV systems integrated into ship power grids is 

challenging because, unlike on land, the electricity obtained from photovoltaic modules 

depends on the location, navigational routes, and times of the ship. Based on the solar 

radiation data from Solargis and the EU photovoltaic geographic information system, 

this study establishes an improved mathematical model for predicting solar radiation 

using a weighting method to estimate the solar radiation along six major navigation 

routes, ensuring the forecast results are accurate. Based on single- and multi-criteria 

assessment methodologies, a techno-economic study of PV systems integrated into ship 

power grid has been undertaken, including an examination of environmental 

performance. The following are some results: ABE route utilizes a hybrid power system 

and generates more electricity monthly from the PV system than ECA and EA routes. 

 

11. Ammonia as a marine fuel 

Emitting zero CO2 during combustion, ammonia has long been considered one of the most 

promising alternative fuels for reducing greenhouse gas (GHG) emissions in the shipping 

industry, which is in line with the International Maritime Organization (IMO) strategy for 

reduction of CO2 emissions by 2050. Specifically, green ammonia has great potential as it 

Routes IRRlifetime=25y IRRlifetime=10y SPB (y) DPB (y) 
AMGE 23.13% 19.26% 4.3 5.5 
ECA 17.81% 12.57% 5.52 7.58 
ABA 20.87% 16.47% 4.75 6.23 
APE 21.07% 16.72% 4.71 6.14 
ABE 3.39% −8.36% 17.68 No Payback 
EA 15.97% 10.14% 7.11 8.74 
Average 17.35% 11.97% 6.66 7.84 



 

 

79 
 

is produced only from renewable sources of electricity, water and air without CO2 

emissions. There are also three classes of ammonia: 

1 – Green Ammonia: Carbon-free ammonia composed of nitrogen and carbon-free 

hydrogen produced from renewable energy sources. 

2 – Blue Ammonia: Ammonia neutral to carbon produced from natural gas, 

with the CO2 produced by the processes being trapped and prevented from entering 

the atmosphere 

3 – Brown Ammonia: conventional ammonia produced from natural gas. 

Ammonia has been identified as a zero-carbon fuel that can enter the global market relatively 

quickly and help meet the IMO's 2050 target for greenhouse gas (decarbonization). 

Ammonia offers shipowners and operators a zero-carbon profile, regardless of fuel source. 

Ammonia is usually formed by combining nitrogen and hydrogen atoms. Therefore, 

emissions from the production of hydrogen as a raw material and emissions resulting from 

the synthesis of ammonia should be considered as part of the life cycle emissions of ammonia 

fuel. Ammonia as a whole, from its production and combustion, is even less friendly to 

greenhouse gas (CO2) emissions and from pure hydrogen at the production stage, while it is 

just as friendly at the combustion stage (INSB). Despite the toxicity and strict handling 

requirements, ammonia engines have been developed in the past and today ship engines are 

currently being developed using existing dual fuel (DF) technologies for ammonia. 

However, for ammonia to become a commercially viable long-term fuel choice, integrated 

and supply-side infrastructure needs to be built and strict new safety regulations developed 

and implemented 
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12.  Hydrogen as a marine fuel 

Of the various clean fuel alternatives currently used by pilots, hydrogen is the clear leader. 

A study by the World Maritime Forum from March 2021 looked at 106 projects looking at 

zero-emissions at sea and found that almost half of these initiatives focused on hydrogen as 

a source of low-carbon fuel. A key advantage of hydrogen over other alternative fuels is the 

relative ease of rebuilding existing vessels with hydrogen fuel cells. Hydrogen could replace 

43% of trips between the US and China without any changes and 99% of trips with small 

changes in capacity or fuel functions. Also, water ferries and smaller ships have been piloted 

in the United States, Belgium, France and Norway. For example, Royal Dutch Shell which 

is a major oil company, has invested in many hydrogen projects in Europe and China, arguing 

that hydrogen has an advantage over other potential zero-emission fuels for shipping. 

Hydrogen is the most abundant element in the universe. Future hydrogen with low carbon 

emissions is likely to be produced from water by electrolysis, which does not actually release 

carbon emissions. Hydrogen is generally divided into three different types depending on the 

carbon intensity of the production process: 

- Gray hydrogen is produced from fossil fuels by steam reforming. 

- Blue hydrogen, which is produced by steam reforming, but the production units are 

equipped with carbon capture, use and storage technology. 

- Green hydrogen is produced by electrolysis, which breaks down water into hydrogen and 

oxygen using electricity. Since electrolysis does not emit CO2 as a by-product, green 

hydrogen is the only form of hydrogen with a virtually carbon-free production process. 

Electrolysis using electricity produced from renewable energy sources (solar or wind energy) 

produces less than 5% of the CO2 emissions of gray hydrogen (non-zero due to emissions 
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generated during the transmission and production of electricity). However, the cost of 

producing green hydrogen is significantly higher than that of blue or gray hydrogen. 

Hydrogen from electrolysis using renewable energy sources offers the only viable and mass-

produced neutral fuel-friendly solution for the shipping industry. Once hydrogen gas is 

produced, it can be stored and transported to fuel tanks. However, since hydrogen has a very 

low energy density, it must be compressed and cooled as is the case with compression of 

methane to produce liquefied natural gas (LNG). Despite the cost challenges, hydrogen is 

the most promising clean fuel choice for the global shipping industry. Many leaders in the 

transport and energy sectors have realized this and started investing in research and 

development in order to reduce production costs and explore scalability. However, the 

drastic cost reductions needed to make green hydrogen competitive in cost with traditional 

fuels are unlikely to be possible in the medium term without government support.  

 

Figure 44 – M/V Hydra is the first vessel in the world with liquid hydrogen fuel  
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Also, it was voted as vessel of the year from Norwegian magazine Skipsrevyen. 
 

13.  Renewable Sources vs Alternative Fuels 

Advantages of Renewable Sources 

1.Environmentally friendly 

2. Avoid engine noise 

3. Less vibration 

4. Less engine maintenance - no oil change, rotor change, change diesel filter etc. 

5. Fuel economy 

6. Avoid local infection 

7. The electric motor weighs much less than the internal motor combustion, if you do 

not need a long distance, enough is saved weight. 

8. The risk of fire in battery storage is less than the risk gas related to gasoline and oil 

storage. 

Disadvantages of Renewable Sources 

1. Quite limited range of battery operation. Batteries are not close to competing with 

Diesel or gas when it comes to energy destiny and for example, solar cells do not 

provide enough power to achieve what is considered normal sea speed. 

2. Low power consumption and speed 

3. Power boats that are powerful cost a lot. 
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Pros and Cons of Alternative Fuels 

Ammonia: Its advantages are that it does not produce carbon dioxide emissions if it is 

produced in a pure way that includes the combination of the so-called "green" hydrogen 

and nitrogen. On the downside is that it has a lower energy intensity than traditional fuels 

and will need three times as much storage space to have the corresponding amount of 

energy. Problem for ship designers, toxic to humans and marine life. 

Hydrogen: Its advantages are that it can send rockets into space and can be produced 

without carbon dioxide emissions and can be used in an internal combustion engine or fuel 

cells. On the negative side, it produces less energy than ammonia and needs to be stored 

either at -253 degrees Celsius or under extremely high pressure, also causing "headaches" 

for shipbuilders, while it is also a possible explosive substance. 

LNG: One of the most well-known fuels that is established over time in shipping and is 

already available. An alternative fuel that produces lower carbon dioxide emissions and is 

already used by many ships. Its disadvantages are that it is a fossil fuel, so it is not 

environmentally neutral, although there may be biosynthetic LNG fuels. It also needs 

expensive infrastructure to store and emit methane. 
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14. Summary 

In summary, the purpose of thesis was to record a contemporary issue, the decarbonization 

of ships, which concerns global shipping as well as the general transport sector. Findings 

also reveal that while the global maritime community moves toward a clearer 

decarbonization route in a post-fossil fuel world, a lack of knowledge around alternative fuel 

alternatives is having an impact on seafarer training. In order to ensure that hundreds of 

thousands of the world's roughly two million seafarers are upskilled and empowered during 

the transition, the training infrastructure must be put in place right now, according to the 

three emission reduction scenarios evaluated in the research. The emergence of this problem 

and the proposal to address it through new feasible technologies, exhaust gas systems 

(scrubbers) came to the following conclusions: 

- confirmed the key role played in the evaluation of the investment in scrubbers both 

the exposure time in ECA zones, as well as the price difference between HFO and 

distillates. 

- With scrubbers we can achieve a reduction of SO2 emissions from ships by up to 98% 

in order to achieve compliance with IMO 2020. The problem of reducing emissions 

(especially nitrogen and sulfur oxides) has emerged as a major and the IMO 2020 

regulation sets the rules and restrictions 

- The installation of scrubbers is accompanied by a number of challenges that must be 

considered in order to avoid unpleasant situations and malfunctions during use. 

- From an environmental point of view, it would be useful to study the cumulative 

effects on the aquatic environment in the coming years, as the number of facilities is 

already growing considerably. Particular attention should be paid to the consequences 
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of using scrubbers in closed areas and ecosystems because they are more vulnerable 

compared to the open sea. 

This research and previous analysis show the strictest environmental regulations that have 

already begun to take shape on shipping decarbonization in the recent years aimining to 

reduce gas emissions to the lowest possible levels. The shipping companies globally have 

only to choose how to comply with these regulations and the stricter futures. This research 

analyzed the real problem of decarbonization in the maritime industry presenting advantage 

and disadvantages of compliance through their environmental and financial assessment. It is 

therefore up to each shipping company to analyze its financial and operational parameters 

and decide accordingly. Electricity cannot be a solution for the movement of shipping. The 

batteries needed to move the huge tankers that sail for weeks would have to be huge. But 

even if the batteries were smaller, and relied on the wind or the sun to recharge at sea, they 

would create problems that sailors have been facing for years. The weather does not always 

move according to expectations. Developments show that there will certainly be a use of 

wind and solar energy in the future, but this will be to move auxiliary systems, removing 

energy weight from the main engine of the ship. The practice of optimizing energy 

consumption is obviously important from an environmental point of view today and 

strategically benefits from its correlations with the economic savings from the use of fuel 

optimization. Although, even after the application of neutral greenhouse gas fuel, energy 

optimization remains vital. From an environmental point of view, because we will probably 

get to the zero-emission ships before the world's combined energy needs from renewables 

are met - so renewables will still be a scary resource that we should not waste on inefficiency. 
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