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 ÉÚÛÙÈÊÛ 
As it is widely known, the European Union aims to reach ònet zeroó CO2 emissions by 

2050. Furthermore, this evolutionary strategy affects one of the biggest, if not the biggest, 

powerhouses of transporting methods, the maritime industry. This decarbonizati on tactic 

has forced companies to spend millions of dollars to meet the stringent GHG emission 

reduction requirements. In particular, a great deal of research has been done into new 

fuels to be used by ships, carbon capture technologies and waste heat reco very systems. 

The goal of this Diploma Thesis is to evaluate and analyze some of the new and 

evolutionary technologies such as dual fuel LNG propulsion, Organic Rankine Cycle usage 

in a VLCC, in a thermodynamic spectrum and propose a variety of solutions i n order to 

achieve the best possible CO2 reduction in a normal vesselõs trip in combination with the 

maximization of economic profits.  
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1. Introduction  

Decarbonization Challenges  
Maritime transportation represents  an enormous 80-90% of global trading . For 

this reason, t he role of transportation infrastructure can be vital in the economic growth 

and evolution in modern society.  (Wang & Wright, 2021) . International shipping is an 

ever-growing sector, propelled by the universal trend of expanding global trade and 

consequently increasing its environmental impact ñ for long years unnoticed.  As 

international transportation is becoming more and more necessary , it is growing a t an 

average rate of 3% per year since 1970 (Dos Santos et al., 2022).  Although this type of 

transportation is having a major  role in its sector , it reflects a small 3 % of greenhouse 

gases emissions (GHGs). Greenhouse gases such as carbon dioxide (CO2), methane (CH4) , 

nitrous oxide (N20) , and some other synthetic chemicals,  are responsible for retaining the 

temperature of the earth at a stable point. A function of GHGs is the absorption and re -

emission of some of the outgoing infrared radiation, these gases trap heat, disturbing 

Earth's radiative balance ñthe balance between incoming energy from the Sun and 

outgoing energy to space. This change in the radiative balance has caused a major shift 
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among both global and regional climate patterns.  In the period from 2007 to 2012 , the 

average consumption of fuel in maritime transportation was about 300 million tones  and, 

considering that the content of mineral pollutants including sulfur and heavy metals such 

as vanadium and nickel  (Foretich et al., 2021) , a respectable amount of SOx, NOx and 

CO2 were found in the atmosphere of the earth in this time . Following all that , an 

increment of 2.34% in Total CO2 emissions  was recorded between 2013 to 2015. This 

change reflects to a rise of 22 million tones in a 2-year span. Besides CO2, more than one 

million tones of GHGs were produced from global shipping in 2018 only , representing  a 

9.6% increase compared to 2012 levels (Ampah et al., 2021).  Based on different scenarios 

and projections, if nothing were changed by 2050, an increasing rate of maritime CO2 

emissions would have been observed in the atmosphere, specifically 50 -250% more 

compared to 2012. In order to reduce the GHG emission s from ships , the International 

Maritime Organization (IMO)  has adopted very strict regulations , with the agreement of 

the International Convention for the Prevention of Pollution from Ships (MARPOL) . On 

13 April 2018 , a strategy was adopted  to reduce the carbon intensity of international 

shipping by 70% and lower the GHG emission s by 50% by 2050, compared to 2008 levels 

(Annex 15, n.d.), with the aim being to reduce them as close approximate to zero as 

possible by the end of  the century.  

 

 

Figure 1 : Global distribution of shipping CO2 emissions in 2015  (Olmer et al., 2017)  
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Table 1:CO2 reduction strategy  

IMO CO2 reduction plan 
year Strategy  
2018 Set achievable GHG reduction goals over the course of 2050 
2020 Reduction of sulfur content of fuel oil used in ships to 0.5 % from 3.5 % 
2023 Proposition of short term measures to lower CO2 emissions by 2030 

2030 
Require a 40% reduction in CO2 emissions per voyage by 2030, in comparison with 2008 lev-

els 

2050 
Mandate a 50% reduction in global GHG emissions by 2050, with the main object being to fi-

nalize them  
 

Crude oil tankers make up a significant portion of the global merchant fleet. 

According to data from UNCTAD (United Nations Conference on Trade and 

Development), oil tankers, along with bulk carriers and container ships, account for 

approximately 85% of th e total capacity of the world fleet, measured in deadweight tons 

(DWT).  While this statistic includes various types of tankers, crude oil tankers specifically 

represent a substantial segment within this category, underscoring their critical role in 

global maritime trade and the transport of energy resources.  I t would be remiss not to 

mention  that all these strict regulations that IMO established, prompted  the maritime 

sector to stop using HFO (Heavy Fuel Oil) as the primary  fuel. HFO has been the main 

energy source for every  transportation by the sea, since 1960. What made this fuel so 

appealing  was its low  cost, well -established infrastructure,  and its widespread 

availability. Although , the economic advantages of HFO were very beneficial, its high 

sulfur content made it in creasingly unattractive for use. This made the whole 

transportation sector to find alternative solutions, to comply with IMO regulations.  

New Fuels and Technologies  
As it is mentioned before, the maritime industry has to reduce GHG emissions and 

improve air quality in accordance with the increasingly strict environmental regulations , 

motivating everyone not to use HFO anymore. Consequently , the adoption of cleaner and 

alternative technologies seems to be the main objective that must  be reached. Numerous 

alternative fuels are being consider ed as potential successors to HFO , each of them 

offering a unique set of advantages and disadvantages . This diverse range of options can 

be reflected as the industryõs efforts to balance environmental performance, economic 

viability and maximized  performance in  the search of sustainable shipping solutions. In 

response, alternative fuels such as liquefied natural gas (LNG), methanol , hydrogen  and 

ammonia are being explored for their potential to mitigate the environmental impacts  of 

global transportation while being effectively operational.  

LNG has been the main competitor of HFO in the maritime industry due to its 

ability to significantly reduce SOx emissions by almost 100%, NOx emissions by up to 

85%, and par t iculate matte r. One of the bigge r , if not the bigge st, advantage in the 

adoption of LNG is that the existing global infrastructure can adjust fa st and support all 
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the bunkering and supply methods that this fuel requires , immediately. However, w hen 

LNG is mentioned, methane slip is a phenomenon that canõt be skipped. Methane slip , 

that is released during fuel use, has to be evaluated as a concern that many times is 

greater than CO2.  

Apart from LNG,  Ammonia and Hydrogen are often considered as key options  in 

the discussion of next -generation alternative fuels. Hydrogen in maritime, can be used 

more efficient ly  in applications such as fuel cells , due to the complexity  of its production . 

Moreover, Ammonia can be stored and transported more easily than Hydrogen  and has 

higher volumetric energy density.  Although those two fuel s seem to be a good option, they 

both face technical and economic difficulties, in order to be applied in the near future, as 

they seem to be very flammable and toxic for the human environment.  

On the other hand, methanol offers a lo wer carbon footprint compared to 

traditional marine fuels  and can be produced from renewable sources such as captured 

CO2 and biomass.  Methanol remains liquid at ambient pressure and temperature,   which  

makes it easier to handle compared to LNG, Hydrogen and Ammonia. Nevertheless, it 

requires double the storage space due to the energy density being half that of the 

conventional fuels. Secondly, corrosion can occur in the storage due to the incompatibility 

of methanol with various materials. It has to be mentioned also that methanol is also a 

toxic material as Hydrogen, and every skin contact must be avoided (ALTERNATIVE 

FUELS SEA -LNG.ORG, n.d.; Xing et al., 2021).  In the next Figure,  energy density of some 

of the alternative fuels  is presented.  

 

 

Figure 2:Energy Density of marine fuels (Xing et al., 2021)  

Dual Fuel LNG Propulsion  
Besides the interest that is growing around alternative fuels in marine fuels, LNG 

seems to be the most reasonable solution to this environmental problem. Natural Gas is 

transferred at about -163  °C in liquid state. Although it is transferred into cryogenic cargo 

tanks, a small portion of this is being vaporized during every voyage. This effect happens 

due to the constant alliteration with a hotter surrounding environment. Vaporized LNG 

is called boil -off gas (BOG) and can be utilized as a fuel too , improving the overall 
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efficiency of the system. Dual Fuel LNG propulsion systems offer  a versatile so lution due 

to their fle xible choice of fuel. More specifi cally, this type of system can operate both on 

LNG and diesel oil, depending on the  situation.  This gives the shipowner the advantage 

of choosing the most beneficial fuel, depending on th e market prices of LNG  and the type 

and distance of the voyage.  

Motivation 
As it is mentioned before, IMO decided to adopt an initial strategy aimed at 

reducing 50% of total GHG emissions by 2050. In order to achieve that , IMO developed a 

toolbox for optimized technical and operational efficiency . Three KPIs (Key Performance 

Indicator s) were established and will be analyzed next. The first of them is EEDI (Energy 

Efficiency Design Index), which was first introduced back in 2013  as a revolutionary move. 

EEDI is an indicator that is applied to newbuiling s and sets the minimum energy 

efficiency standards, depending on type an d size of each ship. More specifically, EEDI 

expresses the amount of CO2 produced per ton -miles of carrying capacity. The following 

figure shows a diagram il lustrating the maximum Energy Efficiency Design Index (EEDI) 

that every newbuild ing vessel must comply with, for each of the years presented.  

 

 

Figure 3:EEDI phases throughout each year  

 Another crucial index that is related to IMOõs strategy is the EEXI (  Energy 

Efficiency eXisting ship Index). EEXI is applied on existing vessels  and is a measure 

related to the technical design of a ship. Required EEXI defines a mandatory upper level 

that every vessel should comply with by 2023.  This index is very similar to EEDI with the 

only distinction between the two being that the EEXI applies to existing vessels whereas 

EEDI to newbuildings  .In a scenario when the attained EEXI is not less than the required 

EEXI, follow -up actions will happen, concerning engine limitations and technical 

modifications. In simple words, EEXI sets the minimum energy efficiency standards for 

ship designs already in use , contributing to the overall goal of reducing the maritime 

sectorõs carbon footprint.  

 Last but not least,  CII (Carbon Intensity Indicator ) is an operational metric that 

evaluates shipõs carbon intensity by measuring the amount of CO2 emitted per cargo -

carrying capacity and nautical mile. This index is implemented in 2024  and it will 
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categorize every vessel based on an environmental rating. This rating will become 

increasingly stringent towards 20 30. An example of this ranki ng system is shown in 

Figure  4. As everyone can assume, vessels with poor CII ratings may face significant 

commercial disadvantages, making them unapproachable in the chartersõ eyes and 

financially unbearable due to possible environmental fees and taxes.  

 

Figure  4:Example  of CII  (Themelis Nikolaos, IMO Framework for the energy efficiency of 

ships ) 

 All those operational metrics  compel the maritime industry to explore all other 

options mentioned above  as part of the decarbonization strategy. However, some critical 

questions are raised with all  these complex tactics : Will this transition to alternative 

fuels such as LNG, Ammonia or Hydrogen be the most economical ly  efficient plan for the 

ship owners? Seen as an investment, how long will it take to return the money of all 

technical and operational modifications  to the initial capital of the owner?  

 Following th ese regulations , the adoption of alternative fuels such as LNG  

becomes the number one priority in this discussion. As mentioned before , the potential 

reduction of SOx, NOx and CO2 emissions with the usage of LNG as a fuel, considering 

the fact that the existing bunkering infrastructure is suitable , is a game changer in 

worldwide maritime. Nevertheless, the capital investment required for dual -fuel LNG 

engines or other possible modifications that may occur due to methane slip , call s into 

question whether LNG is the most effective long -term solution. Hence, this thesis is 

motivated by the need to explore effective solutions to IMOõs regulations and strategies.   

Targets 
  The goal of this case study, an existing DF VLCC, is  to analyze and extract various 

results. Th is analysis aims to evaluate compliance with IMO r egulations and  assess 

different energy efficiency improvement options for an existing vessel . Moreover , this 

thesis will examine and quantify the energy improvement impact of some traditional 

energy efficiency improvement options, such as PTO ( Power Take Off)  technology, 

Exhaust Gas Economizers, Dual Fuel Auxiliary Engines , but also some more advanced 

ones like Cold Energy Recovery technolo gy via ORC. In order to proceed with the work in 

the thesis , the following data was used from the reference vessel :  

¶ ELA (Electric Load Analysis) of the vessel  

¶ Steam Balance  

¶ Heat Balance  
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¶ Laden and Ballast propulsion curves from sea trials  

¶ Main Engine and Auxiliary Engine Performance tables  

¶ Exhaust Gas Economizer Capacity  

¶ Auxiliary Boilers capacity and performance  

After gathering and organizing this data, various  operating scenarios w ere tested 

based on potential  voyages. To ensure accurate and reliable results , the application  of 

Model-Based Systems Engineering (MBSE) was essential . With  performance 

improvement becoming increasingly complex , advanced decision-making tools are 

mandatory to manage the increasing complexity of the systems and technology.  A detailed 

explanation of MBSE will be provided in a later chapter . Furthermore, a comparison  of 

the results will be presented, followed by miscellaneous diagrams , in order to achieve 

maximum representativity . Following this, the feasibility of integrating ORC technology 

with other technologies will be evaluated.  Finally , a thermo -economic assessment will be 

conducted to examine all possible scenarios.  

1.1.1.1 Structure of Thesis  

The current study will be structured  as follows. In Chapter 2 , the energy systems 

of the VLCC  are addressed. More explicitly, an introduction to the principal parameters 

of a VLCC is mentioned, as well as a small presentation of our study case. Moreover, a 

brief introduction to the machinery arrangement of a VLCC will occur, both in 

conventional and DF LNG systems. After this introduction, the specifications of our case 

study in the machinery will be presented, and the demands of propulsion, steam and 

electricity will be analyzed depend ing  on each situation. In Chapter 3, it is shown the 

methodology of this study  which  includes the process modeling of the machinery system, 

the energy model , and the contribution of ORC technology.  After a comprehensive look at 

chapter 3, Model -Based Systems Engin eering (MBSE) will be understandable , including 

the approaching and application in this study . Chapter 4, is consisted of the simulation 

campaign, variety of graphics and brief comments on each result of the simulation. 

Furthermore, an ORC simulation analysis will be presented , evolving an optimization 

analysis  and assessment of whole p roblem. Last but not least, Chapter 5 concludes a 

thermo -economic assessment of the problem, depending on real -time cost of fuel, cost of 

CO2/tons of fuel, for  an existing voyage.  

2. VLCC Energy Systems 

Introduction to VLCC 
 Liquid cargo ships,  commonly referred to as tankers, are specialized vessels 

designed to transport liquids in sealed tanks. Historically, the way of converting cargo 

holds into liquid -carrying tanks , designed for goods such as wine and oil , originated back 

in 19 th  century. However , as global demand for oil  transfer  increased rapidly, the necessity 

of tankers  that carried  crude oil  was consequential. As shown in Figure 5, tankers  

represent a major component of the world fleet, with their design  and functionality 

continuously evolving to keep up with the growing needs of the global market.   
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Figure 5: World fleet by principal vessel type  (UNCTAD 2023 , n.d.) 

There are two basic types of oil tankers , crude oil tankers and product tankers. 

The most usual type of tanker s are crude oil tanker s, which they transport  large 

quantities of unproc essed crude oil from the extraction point to refineries. On the other 

side, product tankers are designed to ferry cargo like petroleum and other refined 

products that are produced from crude oil, from the industrial plants to the final markets.  

Product carriers are generally smaller and more compact compared to crude oil tankers.  

Due to the necessity of massive  capacity in combination with the minim ization of  the 

number of trips, crude oil tankers are designed bulky and huge. In Figure 6, there are 

shown the different type s of tankers based on D WT (Deadweight  Tonnage).  

 

Figure 6: Tankers Categories   
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The limits on this Figure are indicative, as they can differ on a reasonable 

scale. 

 A Very Large Crude Carrier (VLCC) , first developed in the 1960s,  is a type 

of large tanker specifically designed to transport crude oil. With DWT capacities 

ranging between 160000 and 320000, VLCCs are capable of carrying up to 2 

million barrels of crude oil. As it is mentioned before, this massive size is capable 

of a cost-efficient transportation method, although their large dimensions limit 

their ability to access certain canals and ports . All liquid cargo ships, regardless of 

size, tend to operate at  speeds ranging  from 12 to 15.5 knots, with the higher 

speeds typically  achieved by larger vessels.   For this reason , these vessels have 

extremely bulky hull , and therefore their block coefficient (Cb) is valued around 

0.8 ð 0.9, with DWT covering an enormous 80% of the total volume of  displacement 

of the ship. The block coefficient is the ratio of the volume of displacement to the 

volume of a rectangular block whose sides are equal to the breadth extreme, the 

mean draught , and the length between perpendiculars.  Figure 7 shows an 

explanatory sketch of this coefficient.  

 

 

Figure 7: Block Coefficient  

 

Machinery Arrangements 

1.1.1.2 Conventional Fuel  

The engine room or else machinery space of a conventional  crude oil vessel is an 

area located, most of the time, near the after -peak of the ship. In this sector  is located the 

machinery and propulsion system of every vessel. Other than housing the propulsion 

system, machinery space includes auxiliary systems like electrical power generation, 

heating , air conditioning, ventilation , and more. This area can be characterized by anyone 

as one of the most complex sectors of a ship  due to the wide range of machinery and 

equipment it contains.  Briefly , a common engine room consist s of engines, generators, 

various pumps, and different control systems as well as different fuel tanks, cooling , and 

lubrication systems that are vital for the smooth operation of the vessel.  

It would be an omission not to mention that a system that contains so crucial 

compartments  must  be framed by multiple  safety measures. More precisely, fire 
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suppression equipment, emergency light ing and advanced communication tools are 

mandatory to ensure safety in case of emergencies. A complex place like the machinery 

wouldnõt be able to work fluently without the guidance of specialized marine engineers 

and technicians who are responsible for monitoring, maintaining, and repairing the 

machinery  equipment , ensuring a smooth operation. All persons working in this 

environment must attend specialized and detailed training to meet the requirements 

needed to operate safely and efficiently.   

Moreover, modern engine rooms are designed with advanced automation systems 

that help in  monitoring and controlling various aspects of the shipõs performance, in 

addition to the reduction of the manual workload of the crew. This type of system include s 

automated temperature control, numerous sensors that measure the pressure of some 

basic components, real -time fuel consumption monitoring etc. Efficient management of 

the engine room is key to the overall performance of the ship , as any failure in this space 

could be catastrophic for the vesselõs operation. In order to prevent failures and 

mechanical breakdowns, regular maintenance and overalls are vital. (Maritime 

Education, n.d.)  

The main propulsion engine of a common VLCC is the primary machinery 

responsible for driving the shipõs propeller and moving the vessel through the water. Most 

vessels use a two-stroke, slow -speed diesel engine, as long as itõs the most efficient engine 

type for long-haul ocean-going vessels. The power generated by the engine is transmitted 

directly to the propeller through a shaft that is precisely aligned with the propeller. In 

this engine configuration, an intermediate reduction gear is unnecessary because the 

engineõs revolutions per minute (RPM) are already matched to the optimal RPM required 

by the propeller for efficient operation.  
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Figure 8: Main Dimensions for a G80ME -C9.2 engine and for other existing VLCC 

engines(Propulsion of VLCC Content, n.d.)  

 

The main propulsion engine in a conventional VLCC is designed to convert the 

energy stored in fuel (primarily HFO)  into mechanical energy. The rotational energy 

generated by the engine drives back the propeller, which in turn, creates thrust by 

pushing the water backwards. These engines are designed with very high -power output 

to match the enormous size and weight of the ship. To showcase a point of reference, a 

range between 20000 and 30000 horsepower (about 15000 to 22000 kW) is produced by 

these, allowing the vessels to maintain speeds close to 15 knots, even while carrying up 

to 320000 DWT of crude oil. Figure 8 shows different measures of some commercial 

engines.  

As it is mentioned before, diesel auxiliary engines are vital components on large 

vessels. These engines are not included in the propulsion process, as they are distinct from 

the main e ngine and they are responsible for generating  electrical power. More 

specifically the energy that they generate can be distributed to systems including 

navigation equipment, lighting, communication systems , electricity -driven pumps, air 

conditioning , and safety systems like emergency lighting and fire suppression systems. It 

is worth mentioning  that  many vessels use electricity -driven pumps . For example, bilge 

pumps and ballast pumps are powered by auxiliary engines if the y are not steam -driven. 

These two pumps are critical for the overall harmony of the vessel as they remove water 

and other liquids that may exist  and they are vital for maintaining ship stability  in 

various operating conditions and port arrival and departure. Furthermore, diesel 

auxiliary engines are well known for their fuel efficiency and reliability , providing safety 

and assurance to the shipowner. In addition to providing energy to the system , these 

engines can serve as backup power sources in emergency situations.  This means that they 

ensure the operation of critical systems like  steering, navigation and communication 

remain functional during any circumstance.  
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One of the greatest benefits of diesel auxiliary engines is their f uel flexibility.  

While diesel is t  he most used fuel in auxiliary engines, some systems are capable of 

burning Low Sulfur Fuel Oil (LSFO) or Marine Diesel Oil (MDO) to meet emissions 

requirements in Emission Control Areas (ECAs). This flexibility allows ships to optimize 

fuel use and switch b etween different fuels based on operational needs, costs and 

regulatory demands.   

1.1.1.3 Dual Fuel LN G Machinery  

 

 

Figure 9:VLCC engine room layout  

Figure 9 illustrates a brief engine room layout of our case study  VLCC. More explicitly , 

there are easily noticeable three auxiliary engines, each with their own economizer , 

connected to the electricity  switchboard that distributes the vesselõs electricity demand. 

Apart from the auxiliary engines, the propulsion demand is met by a dual -fuel main 

engine. A Power Take -Off (PTO) system is integrated into the shaft alignment of the main 

engine, allowing mechanical power from the engine to be used for auxiliary purposes, such 

as generating electricity.  This is very beneficial for the system as it unloads a reasonable 

amount of electricity demand from the auxiliary engines. Systems like this tend to be 

more effi cient than running separate diesel  generators , as there is a superior reduction in  

the specific fuel consumption  of the entire  operating system. Considering the stringent 

regulations mentioned earlier, this setup can be crucial for improving the vesselõs Energy 

Efficiency Design Index (EEDI). The installation of a shaft generator can reduce Pme  

(main engine power) and replace SFCae (specific fuel consumption of auxiliary engines) 

with SFCme (specific fuel consumption of the main engine), resulting in a lower overall 

index  (Shaft Generators for Low Speed Main Engines MAN Energy Solutions Shaft 

Generators for Low Speed Main Engines 2 Future in the Making, n.d.) . 
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Figure 10:EEDI analytic equation (Shaft Generators for Low Speed Main Engines MAN 

Energy Solutions Shaft Generators for Low Speed Main Engines 2 Future in the Making, 

n.d.) 

 As it was expected, a Dual Fuel LNG machinery contains LNG tanks.  In general, 

LNG must be kept in pressurized cryogenic tanks in order to minimize self -vapor loss and 

maintain its low temperature. This is opposite to conventional diesel tanks that are low -

pressure and uninsulated. More specifically, LNG fuel system consist of crucial 

components such as pressure management systems , vaporizers and ventin g mechanisms 

to ensure safe fuel circulation  in cryogenic temperatures and adequate pressu re. As it is 

mentioned before, boil -off gas (BOG) i s a primary fuel source in a  vessel that has LNG 

engine. However, a DF LNG machinery consist s of traditional marine fuel tanks too , such 

as Heavy Fuel Oil (HFO) and Marine Gas Oil (MGO). As of now, BOG is used as the 

primary fuel, and if there is a shortage, LNG is evaporated and used as a backup (George 

et al., 2020)  

In this case study the main engine that is used is 7G80ME -C10.5-GI  of MAN . This 

engine is a DF LNG engine that can be used on gas mode and on fuel mode too.  The next 

table  indicates some basic information of the main engine in the specific VLCC.  

 

 

 

Table 2:Main Engine basic information  

7G80ME-C10.5-GI 

SMCR (kW) 22500 

rpm @ mcr 64 

MEP (bar) @ mcr 16.1 

NCR (kW) 18000 

rpm @ ncr 59.4 

MEP (bar) @ ncr 13.9 

 

Using MAN CEAS  Engine Data report, an engine layout diagram is showcased in Figure 

11 with the SMCR speed of the case study.  
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Figure 11: Main engine layout diagram  (MAN Energy Solutions, n.d.)  

 Important data from the engine manual is presented to deal with complex 

calculations , which will later be applied in the experimental process. All of the information 

is derived from the MAN manual for the main engine (MAN Energy Solutions, n.d.).  The 

analytic data tables are presented in the  Appendix of this diploma thesis . Presentative 

graphs that contain some basic information about the engine, such as  fuel consumption, 

exhaust gas amount, and temperature are given.  
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Figure 12:Main engine basic data, DF mode  

 

 

Figure 13:Main engine basic data, LFO  mode 
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In the graphs  above SPOC (Specific Pilot Oil Consumption) and SGC (Specific Gas 

Consumption) refer to tier III gas mode as well as all other required  values. As observed, 

Figure 12 refers to the liquid fuel mode of the main engine and Figure 13 to the dual fuel 

mode.  

Besides the main engine, the studied vessel is equipped with three auxiliary engines. A 

pair of 7H21/32 by Hyundai , which use diesel as burning fuel  and one 8H22CDF by 

Hyundai that can bu rn LNG and diesel, depending on the situation. These 4-stroke 

auxiliary  engines are responsible for various actions in the vessel environment that are 

going to be analyzed further below. In  Table 3 and Table 4 are provided the basic 

characteristics of each auxiliary engine.  

Table 3:7H21/32 basic information  

2 x 7H21/32 

rated output-higher rating power per cylinder cylinder  

P(kW) rpm kW number 

1540 900 220 7 

 

Table 4:8H22CDF basic information  

8H22CDF 

rated output-higher rating power per cylinder cylinder   

P(kw) rpm kW number 

1720 900 215 8 

 

 Three graphs that contain the basic data of these auxiliary engines are addressed 

below. For illustrative purposes, the analytic tables are given in the Appendix section of 

this thesis.  
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Figure 14:7H2132 aux engine basic data  

 

Figure 15:8H22CDF aux engine basic data -DF mode 
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Figure 16:8H22CDF aux engine basic data -LFO  mode 

 As given previously, the DF auxiliary engine  data are presented depending on the 

fuel consumed.  

Case study data (demands etc.) 
In this section of my diploma thesis, some important information about the case 

study will be provided. Firstly , knowing that the draft at laden condition is ╣▀■╪▀▄▪
Ȣ  □ and ╣▀╫╪■■╪▼◄Ȣ  □ and having the operating r pms =64 (Rounds Per 

Minutes) at MCR=22500 kW  we can calculate the constant c in the propellerõs law. More 

specifically, when a ship is considered to have a fixed -pitch propeller, then the speed at 

which the ship will travel , V, would be proportional to the revolution per minute n,  ὖ

ὧz ὲ, and it accurately describes the necessary power delivered to the propeller  (Basic 

Principles of Ship Propulsion, n.d.) . The calculated constant , c=0.085831 , is then used to 

assume rpms for every possible value of Power. In order to calculate this, a sea trial curve 

is given of the case study is given as an input.  In Figure 17, is presented the sea trial 

curve that is used.  
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Figure 17: Given Sea Trial Curve  

As it is easily noticeable , the given curve  uses a different MCR point tha n the MCR 

our case study. In order to surpass this problem , we use a ratio to extract the corrected 

values, ὶ    

 
πȢωσφχ and then we adjust  the corrected values of Power to the 

given sea trial curve. Furthermore, the creation of a table that resumes the Power 

Demand, rpm , and Vs in each of the two conditions is needed based on the corrected 

values, in order to summarize Power Demand at every possible travel speed.  

 

Table 5:Power Demand - Vs - rpm table  

  Td(m) 9.25 Td(m) 21.62   

No. Vs(kn) 
Pd 

ballast(kW) 
rpm ballast 

Pd 
laden(kW) 

rpm 
laden 

1 8 853 21.50 1800 27.58 

2 8.5 1423 25.50 2587 31.12 

3 9 1993 28.53 3375 34.00 

4 9.5 2563 31.02 4162 36.47 

5 10 3133 33.17 4949 38.63 

6 10.5 3641 34.88 5699 40.49 

7 11 4193 36.55 6511 42.33 

8 11.5 4788 38.21 7423 44.22 

9 12 5462 39.92 8388 46.06 

10 12.5 6164 41.57 9456 47.94 

11 13 6983 43.33 10592 49.79 

12 13.5 7827 45.01 11837 51.67 

13 14 8773 46.76 13137 53.49 

14 14.5 9815 48.54 14517 55.30 

15 15 10969 50.37 16087 57.23 

16 15.5 12206 52.20 17760 59.15 

17 16 13612 54.13 19516 61.04 
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 To offer a comprehensive analysis, the electricity demand and the steam balance 

of the case study VLCC will be presented. For completeness purposes, data covering five 

different operational conditions during a typical voyage will be provided. The conditions  

are the following :  

¶ Port Condition  

¶ Loading Condition  

¶ Unloading Condition  

¶ Laden Condition  

¶ Ballast Condition  

 

The following tables provide a detailed breakdown of power consumption for each 

consumer group, along with the grand total power demand for each operational condition. 

It is assumed that the total power demand in both Laden and Ballast conditions is 

identical, matching the value of the Normal Seagoing Operation.   

 

Table 6:Electicity Demand - Normal Seagoing  

Consumer group 
Normal Seagoing 

Continuous Load (kW) Intermittent Load (kW) 

Main propultion/aux 424.4 16.4 

Engine room auxiliaries 240.4 244.9 

Boiler plant 16.4 12.2 

Cargo handling plant 3.5 2.9 

Deck machinery  49.6 0.2 

Air con/ref. prov. Plant 133 27.3 

Mach. Space & Accom. Fan 124.5 0.3 

Galley/Laundry Equip. 0 40.8 

Lighting,nav & comm 100.7 4.4 

Miscellaneous 16.9 13.7 

TOTAL Power (kW) 1109.4 363.1 

  Power - Max. Manual Int. Load   31.1 

  Power - Max. Automatic Int. Load   41.5 

  S(Pi) - (Sum(Pm)+Pa max)   199 

  Diversity Factor   3 

  Equivalent Continous   66.3 

    Pave  Ppeak 

Grand Total (kW) 1175.733333 1248.333333 

 

Table 7:Electicity Demand  - Cargo Loading  
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Consumer group 
Cargo loading  

Continuous Load (kW) Intermittent Load (kW) 

Main propultion/aux 4.2 146 

Engine room auxiliaries 220.4 135.2 

Boiler plant 346.3 0 

Cargo handling plant 847.2 2.9 

Deck machinery  6.6 167.2 

Air con/ref. prov. Plant 133 27.3 

Mach. Space & Accom. Fan 96.5 0.3 

Galley/Laundry Equip. 0 40.8 

Lighting,nav & comm 125.5 0 

Miscellaneous 16.9 13.7 

TOTAL Power (kW) 1796.6 533.4 

  Power - Max. Manual Int. Load   138.9 

  Power - Max. Automatic Int. Load   41.5 

  S(Pi) - (Sum(Pm)+Pa max)   98.7 

  Diversity Factor   3 

  Equivalent Continous   32.9 

    Pave  Ppeak 

Grand Total (kW) 1829.5 2009.9 
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Table 8:Electicity Demand - Port Condition  

Consumer group 
In port 

Continuous Load (kW) Intermittent Load (kW) 

Main propultion/aux 206.9 195.7 

Engine room auxiliaries 223.5 209.8 

Boiler plant 16.4 12.2 

Cargo handling plant 3.5 2.9 

Deck machinery  6.6 155 

Air con/ref. prov. Plant 133 27.3 

Mach. Space & Accom. Fan 96.5 0.3 

Galley/Laundry Equip. 0 40.8 

Lighting,nav & comm 125.5 4.4 

Miscellaneous 16.9 26.3 

TOTAL Power (kW) 828.8 674.7 

  Power - Max. Manual Int. Load   51.8 

  Power - Max. Automatic Int. Load   154.8 

  S(Pi) - (Sum(Pm)+Pa max)   260.8 

  Diversity Factor   3 

  Equivalent Continous   86.9 

    Pave  Ppeak 

Grand Total (kW) 915.7333333 1122.333333 
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Table 9:Electricity Demand - Unloading Conditions  

Consumer group 
Cargo unloading with bwts  

Continuous Load (kW) Intermittent Load (kW) 

Main propultion/aux 4.2 146 

Engine room auxiliaries 220.4 135.2 

Boiler plant 3466.3 0 

Cargo handling plant 1443.4 59.7 

Deck machinery  6.6 167.2 

Air con/ref. prov. Plant 133 27.3 

Mach. Space & Accom. Fan 96.5 0.3 

Galley/Laundry Equip. 0 40.8 

Lighting,nav & comm 125.5 0 

Miscellaneous 16.9 13.7 

TOTAL Power (kW) 5512.8 590.2 

  Power - Max. Manual Int. Load   138.9 

  Power - Max. Automatic Int. Load   59.7 

  S(Pi) - (Sum(Pm)+Pa max)   137.4 

  Diversity Factor   3 

  Equivalent Continous   45.8 

    Pave  Ppeak 

Grand Total (kW) 5558.6 5757.2 
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Table 10:Steam Balance - Normal Voyage  

STEAM BALANCE 

No Description 

Normal Voyage (Gas Operation) 

Load(%) per Set 
Set(s) in 

Operation 
Continuous Intermittent  

1 No.1 HFO Storage Tank(P) 100 1   242.3 

2 No.2 HFO Storage Tank(S) 100 1 213.2   

3 No.1 HFO Settling Tank 100 1 94.9   

4 No.2 HFO Settling Tank 50 1   47.3 

5 No.1 HFO Service Tank 100 1 36   

6 No.2 HFO Service Tank 50 1   24.4 

7 FO Overflow Tank 50 1   6.9 

8 FO Drain Tank 50 1   3.3 

9 Separated Bilge Oil Tank 50 1   64.4 

10 Purifier Sludge Tank 50 1   11.1 

11 Bilge Primary tank 100 1   2.2 

12 Incinerator Waste Oil Tank 50 1   25 

13 
Steam Injection Unit on Cascade 

Tank 
30 1   662.4 

14 Aux. Boiler Heating Coil 100 2   200 

15 HFO Purifier Heater 79.1 1 144   

16 Main LO Purifier Heater 68.8 1 121.8   

17 M/E Jacket Water Preheater         

18 Calorifier  40 1   46.6 

19 Glycol Heater 49.9 1 859   

20 Sub Total     1468.9 1335.9 

21 
Total (Continuous Consumption 
+ Intermittent Consumption/2) 

(kg/h) 

  2136.7 

22 
Grand Total: Total + Heat 

Loss(about 2%) kg/h 
  2179.5 

23 

Load(%) and Steam Output 
(kg/h) 

Aux. Boilers : 40000 kg/h x 2 sets     

24 
Composite Boiler (Oil Fired Section): 

2000 kg/h  
    

25 
Composite Boiler (Exhaust Gas Sec-

tion): 2008 kg/h  
2008 
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Table 11:Steam Balance - Cargo Unloading  

No Description 

Cargo Unloading (FO Operation) 

Load(%) per Set 
Set(s) in 

Operation 
Continuous Intermittent  

1 Slop Tank (S) 10 1   376.8 

2 Slop Tank (P) 10 1   376.8 

3 No.1 HFO Storage Tank(P) 100 1   242.3 

4 No.2 HFO Storage Tank(P) 50 1   385.8 

5 No.1 HFO Storage Tank(S) 50 1   155.9 

6 No.2 HFO Storage Tank(S) 50 1   106.6 

7 No.1 HFO Settling Tank 100 1 94.9   

8 No.2 HFO Settling Tank 50 1   47.3 

9 No.1 HFO Service Tank 100 1 36   

10 No.2 HFO Service Tank 50 1   24.4 

11 Main LO settling tank 100 1 106.6   

12 FO Overflow Tank 50 1   6.9 

13 FO Drain Tank         

14 Separated Bilge Oil Tank 50 1   64.4 

15 Purifier Sludge Tank 25 1   5.6 

16 Bilge Primary tank 50 1   1.1 

17 Incinerator Waste Oil Tank         

18 
Steam Injection Unit on Cascade 

Tank 
30 1   662.4 

19 M/E & G/E FO Heater 3.1 1 23.7   

20 Aux. Boiler FO Heater 82 1 510.2   

21 Aux. Boiler Steam Atomizing 82 2 328   

22 Aux. Boiler Heating Coil         

23 HFO Purifier Heater 79.1 1 144   

24 Main LO Purifier Heater 68.8 1 121.8   

25 M/E Jacket Water Preheater 100 1   667.2 

26 Calorifier  40 1   46.6 

27 
Air Ejector for Vacuum Condes-

ner  
100 1   338 

28 Cargo Oil Pump Steam Turbine 100 3 57600   

29 
Cargo Stripping Pump Steam 

Turbine 
100 1 6550   

30 Steam Tracing 100 1 50   

31 Sub Total     59015.2 3508.1 

32 
Total (Continuous Consumption 
+ Intermittent Consumption/2) 

(kg/h)  

 60769.2 

33 
Grand Total: Total + Heat 

Loss(about 2%) kg/h  
 61984.5 

34 

Load(%) and Steam Output 
(kg/h) 

Aux. Boilers : 40000 kg/h x 2 sets    

35 
Composite Boiler (Oil Fired Section): 2000 

kg/h  
77.50% 2 set 

36 
/ƻƳǇƻǎƛǘŜ .ƻƛƭŜǊ ό9ȄƘŀǳǎǘ Dŀǎ {ŜŎǘƛƻƴύΥ 

нллу ƪƎκƘ      
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Table 12:Steam Balance - Port Operation  

No Description 

Port (FO Operation) 

Load(%) per Set 
Set(s) in 

Operation 
Continuous Intermittent  

1 No.1 HFO Storage Tank(P) 100 1   242.3 

2 No.1 HFO Storage Tank(S) 50 1   155.9 

3 No.2 HFO Storage Tank(S) 50 1 106.6   

4 No.1 HFO Settling Tank 80 1 75.9   

5 No.2 HFO Settling Tank 50 1   47.3 

6 No.1 HFO Service Tank 100 1 36   

7 No.2 HFO Service Tank 50 1   24.4 

8 Main LO settling tank 70 1 74.6   

9 FO Overflow Tank 50 1   6.9 

10 Separated Bilge Oil Tank 50 1   64.4 

11 Purifier Sludge Tank 25 1   5.6 

12 Bilge Primary tank 50 1   1.1 

13 
Steam Injection Unit on Cas-

cade Tank 
30 1   662.4 

14 M/E & G/E FO Heater 3.1 1 23.7   

15 Aux. Boiler Heating Coil 100 1   100 

16 HFO Purifier Heater 79.1 1   144 

17 Main LO Purifier Heater 68.8 1   121.8 

18 M/E Jacket Water Preheater 100 1   667.2 

19 Calorifier  40 1   46.6 

20 Steam Tracing 100 1 50   

21 Sub Total     366.8 2289.9 

22 

Total (Continuous Con-
sumption + Intermittent 
Consumption/2) (kg/h)  

 1511.7 

23 
Grand Total: Total + Heat 

Loss(about 2%) kg/h 
 

 1541.9 

24 

Load(%) and Steam Out-
put (kg/h) 

Aux. Boilers : 40000 kg/h x 2 sets    

25 
Composite Boiler (Oil Fired Section): 

2000 kg/h  
77.10% 1 set 

26 
/ƻƳǇƻǎƛǘŜ .ƻƛƭŜǊ ό9ȄƘŀǳǎǘ Dŀǎ {ŜŎǘƛƻƴύΥ 

нллу ƪƎκƘ      
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For simplicity reasons, we assume that the port co ndition uses the same steam 

output as the loading condition and the normal voyage refer s to both laden and ballast 

conditions. In each of the above tables, the load percentage (%) of each steam consumer is 

shown, along with the exact steam amount required for every specific operational mode.  

Besides that, the case study VLCC is equipped with two auxiliary boiler s and one 

composite boiler  that  can operate on both LNG and Fuel Oil mode s, depending on the fuel 

used in the main engine. After summing up the total steam needed , a total steam output 

is calculated based on the  continuous and intermittent consumption. Intermittent steam 

consumption is used for systems or components that do not require constant steam, such 

as heating certain tanks, cleaning systems, or specific equipment that only operates for a 

limited time.  For th is reason, ὋὶὥὲὨ ὸέὸὥὰ ίὸὩὥά ὧέὲίόάὴὸὭέὲ

ὅέὲὸὭὲόέόί ὅέὲίόάὴὸὭέὲ ὍὲὸὩὶάὭὸὸὩὲὸς ὌὩὥὸ ὰέίί ςϷ.  
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Table 13:Profile Demands and Speed Range data of Case study  

Mode Descr Mode Num Td(m) Vs(kN) Pel(kW) mst (kg/h) 

Init 0 21.62 15 1248 2180 

Harbour 1 9.25 0 1122 1542 

Loading 2 21.62 0 2010 1542 

Unloading 3 9.25 0 5757 61985 

Laden 4 21.62 8 1248 2180 

Laden 5 21.62 8.5 1248 2180 

Laden 6 21.62 9 1248 2180 

Laden 7 21.62 9.5 1248 2180 

Laden 8 21.62 10 1248 2180 

Laden 9 21.62 10.5 1248 2180 

Laden 10 21.62 11 1248 2180 

Laden 11 21.62 11.5 1248 2180 

Laden 12 21.62 12 1248 2180 

Laden 13 21.62 12.5 1248 2180 

Laden 14 21.62 13 1248 2180 

Laden 15 21.62 13.5 1248 2180 

Laden 16 21.62 14 1248 2180 

Laden 17 21.62 14.5 1248 2180 

Laden 18 21.62 15 1248 2180 

Laden 19 21.62 15.5 1248 2180 

Laden 20 21.62 16 1248 2180 

Ballast 21 9.25 8 1248 2180 

Ballast 22 9.25 8.5 1248 2180 

Ballast 23 9.25 9 1248 2180 

Ballast 24 9.25 9.5 1248 2180 

Ballast 25 9.25 10 1248 2180 

Ballast 26 9.25 10.5 1248 2180 

Ballast 27 9.25 11 1248 2180 

Ballast 28 9.25 11.5 1248 2180 

Ballast 29 9.25 12 1248 2180 

Ballast 30 9.25 12.5 1248 2180 

Ballast 31 9.25 13 1248 2180 

Ballast 32 9.25 13.5 1248 2180 

Ballast 33 9.25 14 1248 2180 

Ballast 34 9.25 14.5 1248 2180 

Ballast 35 9.25 15 1248 2180 

Ballast 36 9.25 15.5 1248 2180 

Ballast 37 9.25 16 1248 2180 

 

The summary table above presents the speed range data and profile demands for 

the case study VLCC. The first column outlines the vessel's operational modes, starting 

with an initialization mode, while the second column lists the corresponding mode 

numbers.  The remaining four columns detail the profile of each operational scenario, 

including draft, operating speed, electricity demand, and steam output.  A 

summary table like this is highly beneficial as it organizes the key data of the study, which 

will be utilized in the analysis  and can be imported directly into the modeling software.  
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3. Methodology   

Process modeling of  ship machinery system  
The process modeling of a ship machinery system focuses on the representation of 

the design, as it is crucial to understand all implicit and operational constraints (minimal 

space, weight, or safety) under which modern vessels are buil t . Adding all various special 

technologies into this equation , the description of this system seems to be a high -

complexity task. Model-Based Systems Engineering (MBSE) allows users to study how 

different parts of the system work together as a whole, helping to understand how all t he 

separate components affect the overall performance when combined. Furthermore , it uses 

modern computer -aided modeling tools to create òdigital twinsó for the entire ship 

machinery system , which allow a more comprehensive analysis and optimization under 

both steady -state and dynamic conditions.  

This futuristic approach provides significant advantages in many sectors, 

including energy savings, advanced safety , and easy appliance with regulatory 

requirements such as MARPOL  (International Convention for the Prevention of Pollution 

from Ships)  and SOLAS  (International Convention for the Safety of Life at Sea) . MB SE 

also provides assistance with decision -making at all stages of a vesselõs life cycle, such as 

design optimization, benchmarking operational performance and evaluation of new 

technologies. By simulating real -world conditions, these digital models assist the 

engineers to quantify  performance metrics  and estimate the impact of design choices on 

fuel  consumption and emissions . The process of MBSE can be described through a typical 

workflow conducted by the following steps:  

¶ Definition  of system applications  

¶ Assumptions making  

¶ Mathematical formulationsõ development  

¶ Model implementation  

¶ Validation and Verification  

The above steps ensure that the models describe accurately  and stabl y all different 

operating conditions . The mathematical fo rmulation framework also allows the modeling 

process to be underpinned by key physical principles, in the form of conservation 

equations, thermodynamic laws, and connectivity rules. In the maritime industry, this 

level of detail in the framework provide s the engineers with life -saving information , 

helping them to understand clearly all complex interactions between the various ship 

systems. Having such a valuable tool like MB SE can be crucial to support  decision-making 

strategies and optimiz ation challenges for both new build and retrofit projects 

(Dimopoulos et al., 2018) (Georgopoulou et al., 2016b, 2016a) . All individual models used 

in this study are part of DNV GL COSSMOS  modeling framework . COSSMOS library 

includes a broad range of component models for ship machinery systems , all of them  

defined by the advanced physical equations and laws mentioned previously. (Dimopoulos 

et al., 2014) . 

VLCC machinery system model  
In this section of my diploma thesis, a presentation of the mode ls used in the modeling 

process will be introduced and analyzed. Firstly,  a presentation of the topology of the 

program is inevitable for illustrating purposes.  
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Figure 18:gPROMS topology interface  

Figure 18 illustrates all models and connections used to achieve the data 

processing of th is case study. Each of them has a different usage in the whole analysis, 

ensuring the harmonical operation of the system. First of all , the main engine will be 

presented, as the main machinery of propulsion of the system.  
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Figure 19:Main engine model presentation  

As previously mentioned, the 7G80ME -C10.5-GI  engine in this case study 

operates on both LNG and liquid fuel when required. To customize the engine model and 

tailor it to specific operational needs, the engine's unique specifications must be input to 

align with the desired operating profile.  By double -clicking the model, the user can change 

the parameters of it. More specifically, useful operating information is inserted, including 

Fuel Mode , Gas Fuel Composition , Nominal Power Output, as well as reference 

ambient  air and sea temperature .  It would be  an omission not to mention that the 

alteration between the two fuel mode s of the engine happens manually , depending on the 

operating profile the user want s to in vestigate.  

 

Figure 20:Main Engine Model General data  
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The second tab that requires parameterization is the performance of the main 

engine. To input the detailed specifications of the specific engine, a specialized 

'Performance Table' must be created, as required by the program's structure.  After  that , 

setting the upper and l ower bounds of the load and measuring the data points  is following . 

The finalized main engine performance table of the modes is formed like this :  

Table 14:Main Engine Model's performance table  

Performance Table  

No. Load  "Speed"  "BSFC LFM"  "BSFC GFM"  "BSFC PLT" 

1 1 1.06666667 169.365 136.395 3.339 

2 0.95 1.04833333 167.895 135.03 3.4545 

3 0.9 1.03 166.74 133.98 3.591 

4 0.85 1.01 165.795 133.035 3.7275 

5 0.8 0.99 165.69 131.46 3.8745 

6 0.75 0.96833333 167.268 131.228 4.081 

7 0.7 0.94666667 165.148 131.016 4.2824 

8 0.65 0.92333333 163.134 130.91 4.4944 

9 0.6 0.9 165.422 132.68 4.7936 

10 0.55 0.87333333 166.492 133.215 5.0718 

11 0.5 0.84666667 167.669 133.964 5.4142 

12 0.45 0.81666667 170.64 136.08 5.8536 

13 0.4 0.78666667 172.044 136.944 6.3396 

14 0.35 0.75166667 173.664 137.808 6.9228 

15 0.3 0.71333333 174.744 138.132 7.668 

16 0.25 0.67166667 176.904 139.104 8.6616 

17 0.2 0.62333333 180.144 140.724 10.0548 

18 0.15 0.56666667 185.544 143.532 12.1824 

19 0.1 0.495 194.184 147.636 15.9624 

20 0.05 0.42333333 202.824 151.74 19.7424 

21 0.001 0.42333333 202.824 151.74 19.7424 
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Table 15:Main Engine Model's performance table  

Performance Table  

No. MFLair GFM  "Texh GFM"  "TaC GFM"  "Tscav GFM" 

1 44.7 488.15 393 310.15 

2 43.2 482.15 393 309.15 

3 41.6 476.15 393 308.15 

4 39.7 472.15 393 307.15 

5 37.8 469.15 393 306.15 

6 35.5 468.15 393 305.15 

7 33.7 468.15 393 304.15 

8 31.9 469.15 393 303.15 

9 29.9 472.15 393 303.15 

10 27.8 476.15 393 302.15 

11 25.7 482.15 393 301.15 

12 23.4 489.15 393 300.15 

13 21.1 497.15 393 299.15 

14 18.5 505.15 393 306.15 

15 18.3 469.15 393 305.15 

16 16.2 465.15 393 305.15 

17 14.1 461.15 393 305.15 

18 13 455 393 305.15 

19 11 455 393 305.15 

20 11 455 393 305.15 

21 11 455 393 305.15 

 

 

 

Table 16:Main Engine Model's performance table  
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Performance Table  

No.  "Pscav GFM"  "Qcac GFM"  "Qjct GFM"  "Qlub GFM" 

1 395000 7430000 2520000 2080000 

2 377000 6880000 2430000 2000000 

3 360000 6340000 2340000 1910000 

4 339000 5710000 2240000 1830000 

5 323000 5180000 2150000 1750000 

6 304000 4580000 20660000 1670000 

7 285000 4060000 1960000 1600000 

8 265000 3540000 1870000 1520000 

9 247000 30660000 1770000 1450000 

10 228000 2580000 1680000 1380000 

11 209000 2120000 1590000 1310000 

12 193000 1710000 1490000 1230000 

13 177000 1340000 1400000 1160000 

14 163000 1010000 1340000 1090000 

15 151000 830000 1210000 1010000 

16 140000 600000 1120000 930000 

17 129000 370000 1030000 850000 

18 118000 140000 940000 770000 

19 110000 120000 900000 690000 

20 110000 110000 850000 670000 

21 110000 800000 850000 670000 
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Table 17:Main Engine Model's performance table  

Performance Table  

No. MFLair LFM  "Texh LFM"  "TaC LFM"  "Tscav LFM" 

1 45.091875 517.15 393 310.15 

2 43.65059375 509.15 393 309.15 

3 42.10675 503.15 393 308.15 

4 41.26115625 489.15 393 307.15 

5 40.211 476.15 393 306.15 

6 38.4603125 475.15 393 305.15 

7 35.918375 474.15 393 304.15 

8 33.27478125 475.15 393 303.15 

9 31.32025 477.15 393 303.15 

10 29.165125 481.15 393 302.15 

11 26.9103125 486.15 393 301.15 

12 24.555625 494.15 393 300.15 

13 22.10175 502.15 393 299.15 

14 19.54825 510.15 393 306.15 

15 19.196625 474.15 393 305.15 

16 17.1440625 470.15 393 305.15 

17 14.5915 466.15 393 305.15 

18 12.2389375 455 393 305.15 

19 9.95 455 393 305.15 

20 9.95 455 393 305.15 

21 9.95 455 393 305.15 
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Table 18:Main Engine Model's performance table  

 

Performance Table  

No.  "Pscav LFM"  "Qcac LFM"  "Qjct LFM"  "Qlub LFM" 

1 395000 7430000 2520000 2080000 

2 377000 6880000 2430000 2000000 

3 360000 6340000 2340000 1910000 

4 339000 5710000 2240000 1830000 

5 323000 5180000 2150000 1750000 

6 304000 4580000 20660000 1670000 

7 285000 4060000 1960000 1600000 

8 265000 3540000 1870000 1520000 

9 247000 30660000 1770000 1450000 

10 228000 2580000 1680000 1380000 

11 209000 2120000 1590000 1310000 

12 193000 1710000 1490000 1230000 

13 177000 1340000 1400000 1160000 

14 163000 1010000 1340000 1090000 

15 151000 830000 1210000 1010000 

16 140000 600000 1120000 930000 

17 129000 370000 1030000 850000 

18 118000 140000 940000 770000 

19 110000 120000 900000 690000 

20 110000 110000 850000 670000 

21 110000 800000 850000 670000 

 

An informative screenshot of the program is also provided , as well as an explanatory table 

of the terms used as headers of the columns :  
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Figure 21:Main Engine gPROMS performance table  
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Table 19:Main Engine model explanatory table  

Term Meaning Mode Units 

Load engine load   - 

 "Speed" engine speed   rps 

 "BSFC LFM" BSFC FO mode FO mode gr/kWh 

 "BSFC GFM" BSFC Gas mode Gas mode gr/kWh 

 "BSFC PLT" BSFC pilot Pilot Fuel gr/kWh 

MFLair GFM Mass flow air Gas mode kg/s 

 "Texh GFM" Temperature exhaust gas  Gas mode K 

 "TaC GFM" 
Temperature air afte T/C compres-

sor 
Gas mode K 

 "Tscav GFM" Temperature scavenging Gas mode K 

 "Pscav GFM" Pressure scav. Gas mode Pa 

 "Qcac GFM" Heat dissipation scav air cooler Gas mode W 

 "Qjct GFM" Heat dissipation Jacket Gas mode W 

 "Qlub GFM" Heat dissipation Lub oil Gas mode W 

MFLair LFM Mass flow air FO mode kg/s 

 "Texh LFM" Temperature exhaust gas  FO mode K 

 "TaC LFM" 
Temperature air afte T/C compres-

sor 
FO mode K 

 "Tscav LFM" Temperature scavenging FO mode K 

 "Pscav LFM" Pressure scav. FO mode Pa 

 "Qcac LFM" Heat dissipation scav air cooler FO mode W 

 "Qjct LFM" Heat dissipation Jacket FO mode W 

 "Qlub LFM" Heat dissipation Lub oil FO mode W 

 

Last but not least, the presentation of the LHV (Lower Heating Value) of the two 

fuels is given in conjunction with gas fuelõs molar fraction and liquid fuelõs elemental 

composition.  
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Figure 22:Main Engine model's fuel analysis  

After illustrating all the information related to the main engine used in the model 

processing, details about auxiliary engines will be provided. As mentioned previously, the 

case study vessel is equipped with two 7H21/32 diesel auxiliary engines and one 

8H22CDF dual -fuel LNG engine. The model specification of these three engines is similar 

to the main engineõs due to the equivalence provided by the model library.  

 

 

Figure 23:7H2132 engine model's general tab  

 

The indicative Figure above informs that the only difference in the general tab 

between the main engine and the diesel auxiliary engine is that the second one requires 

an input for engine speed at a specific MCR point followed by revolutions per minute. Th e 

second action that must be taken into account to set up the model is to insert the 

performance table based on the engineõs manual. The formation of this table is the same 

as before and is shown as follows:  
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Table 20:7H2132 engine model's performance table  

tŜǊŦƻǊƳŀƴŎŜ ¢ŀōƭŜ 

bƻ [ƻŀŘ  Ϧ{ǇŜŜŘϦ  Ϧ.{C/ [CaϦ  Ϧ.{C/ DCaϦ  Ϧ.{C/ t[¢Ϧ 

м мΦм мр мфрΦо мфрΦо н 

н м мр мфпΦнр мфпΦнр н 

о лΦур мр мфпΦнр мфпΦнр н 

п лΦтр мр мфуΦнн мфуΦнн н 

р лΦр мр нмлΦтф нмлΦтф н 

с лΦнр мр нпуΦп нпуΦп н 

т лΦм мр нтлΦфт нтлΦфт н 

у л мр нусΦлм нусΦлм н 

 

 

Table 21:7H2132 engine model's performance table  

tŜǊŦƻǊƳŀƴŎŜ ¢ŀōƭŜ 

bƻ aC[ŀƛǊ DCa  Ϧ¢ŜȄƘ DCaϦ  Ϧ¢ŀ/ DCaϦ  Ϧ¢ǎŎŀǾ DCaϦ 

м нΦутлп рфсΦмр слп омуΦмр 

н нΦсрнн рутΦмр рунΦнф омуΦмр 

о нΦонтм русΦмр рпмΦун омуΦмр 

п нΦммтр русΦмр рммΦпу омуΦмр 

р мΦптру смрΦмр ппуΦтт омуΦмр 

с лΦуутс снпΦмр оунΦло омуΦмр 

т лΦропт снфΦрр опмΦфу омуΦмр 

у лΦнффп сооΦмр омрΦну омуΦмр 
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Table 22:7H2132 engine model's performance table  

tŜǊŦƻǊƳŀƴŎŜ ¢ŀōƭŜ 

bƻ  ϦtǎŎŀǾ DCaϦ  ϦvŎŀŎ DCaϦ  ϦvƧŎǘ DCaϦ  Ϧvƭǳō DCaϦ 

м нфмлллл флнрсон отсуумм оупмффн 

н нсрлллл ттлсмсл опрофмн опотнул 

о ннрлллл ртнррсс нфпффсн нфнмсуу 

п мфулллл прломмп нсрнулп нфнтнон 

р монлллл нмнлрул нмснмсл нпрлппу 

с сссллл снотлл мфрпнсл мтпсосл 

т нтослл нрллл мунфрнл монофлт 

у мнллл мнллл мтпсосл млпннтн 

 

 

Table 23:7H2132 engine model's performance table  

tŜǊŦƻǊƳŀƴŎŜ ¢ŀōƭŜ 

bƻ aC[ŀƛǊ [Ca  Ϧ¢ŜȄƘ [CaϦ  Ϧ¢ŀ/ [CaϦ  Ϧ¢ǎŎŀǾ [CaϦ 

м нΦутлп рфсΦмр слп омуΦмр 

н нΦсрнн рутΦмр рунΦнф омуΦмр 

о нΦонтм русΦмр рпмΦун омуΦмр 

п нΦммтр русΦмр рммΦпу омуΦмр 

р мΦптру смрΦмр ппуΦтт омуΦмр 

с лΦуутс снпΦмр оунΦло омуΦмр 

т лΦуутс снфΦрр опмΦфу омуΦмр 

у лΦуутс сооΦмр омрΦну омуΦмр 
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Table 24:7H2132 engine model's performance table  

tŜǊŦƻǊƳŀƴŎŜ ¢ŀōƭŜ 

bƻ ϦtǎŎŀǾ [CaϦ ϦvŎŀŎ [CaϦ ϦvƧŎǘ [CaϦ Ϧvƭǳō [CaϦ 

м нфмлллл флнрсон отсуумм оупмффн 

н нсрлллл ттлсмсл опрофмн опотнул 

о ннрлллл ртнррсс нфпффсн нфнмсуу 

п мфулллл прломмп нсрнулп нфнтнон 

р монлллл нмнлрул нмснмсл нпрлппу 

с сссллл снотлл мфрпнсл мтпсосл 

т нтослл нрллл мунфрнл монофлт 

у мнллл мнллл мтпсосл млпннтн 

For illustrative purposes, 'BSFC LFM' is multiplied by a factor of 1.05 to account 

for real -time operational conditions.  Moreover, the equation for the calculation of 

temperature after T/C compressor is presented :  

ὝὥὧὝίὧὥὺ
ὗίὧὥὺ

άὪὰὥὭὶρzȢρz ρππππ
 

3.1 

  

 

 

 

 

Figure 24:7H2132 engine model's performance table  gPROMS 
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The modification of the DF auxiliary engine is similar to the other two engines, 

with the only difference being the fuel mode. More specifically, the user of the program 

has to choose the operational mode of the engine manually, depending on the occasion.  

 

 

Figure 25:8H22CDF  engine model's general tab gPROMS  

 

 

Figure 26:8H22CDF engine model's general tab gPROMS  

The insertion of the performance table is obligated for the specification of the 

model.  

 

 

 

 

 



Thermo -economic analysis of a VLCC  

 

53 

 

Table 25:8H22CDF engine model's performance table  

tŜǊŦƻǊƳŀƴŎŜ ¢ŀōƭŜ 

bƻ [ƻŀŘ  Ϧ{ǇŜŜŘϦ  Ϧ.{C/ [CaϦ  Ϧ.{C/ DCaϦ  Ϧ.{C/ t[¢Ϧ 

м мΦм мр нлрΦу мртΦрт нΦлп 

н м мр нлпΦфс мстΦмс нΦрн 

о лΦур мр нлрΦт мумΦрп оΦнп 

п лΦтр мр нлуΦнф мтсΦтн оΦпт 

р лΦр мр нннΦор нлмΦлу рΦлп 

с лΦнр мр носΦп нтфΦр млΦлу 

т лΦм мр нрлΦпс рноΦу нмΦфр 

у л мр нспΦрм тсуΦм ооΦум 

 

 

 

 

 

Table 26:8H22CDF engine model's performance table  

tŜǊŦƻǊƳŀƴŎŜ ¢ŀōƭŜ 

bƻ aC[ŀƛǊ DCa  Ϧ¢ŜȄƘ DCaϦ  Ϧ¢ŀ/ DCaϦ  Ϧ¢ǎŎŀǾ DCaϦ 

м нΦуф сплΦтр ртрΦлн омуΦмр 

н нΦстрс спрΦмр рртΦффпн омуΦмр 

о нΦорут срмΦтр ронΦпртн омуΦмр 

п нΦмпст стуΦмр рмнΦрр омуΦмр 

р мΦсон тппΦмр птрΦумуп омуΦмр 

с мΦмн умлΦмр пофΦлф омуΦмр 

т лΦс утсΦмр плнΦос омуΦмр 

у лΦлф фпнΦмр опл омуΦмр 
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Table 27:8H22CDF engine model's performance table  

tŜǊŦƻǊƳŀƴŎŜ ¢ŀōƭŜ 

bƻ  ϦtǎŎŀǾ DCaϦ  ϦvŎŀŎ DCaϦ  ϦvƧŎǘ DCaϦ  Ϧvƭǳō DCaϦ 

м нрнооооΦоо улртфрн рнфосон оонфсмс 

н ннфлллл тлрууул птступл омуууул 

о мфплллл ррслнтн офтфмрн нфттттс 

п мтмлллл прфлпон орнофсу нунуппу 

р ммплллл нуолпсп мспурмн нропфтс 

с ртлллл млтлпфс рслллл ннпмрлп 

т онлллл ролллл онлллл мфпулон 

у тлллл нолллл улллл мсрпрсл 

 

 

 

 

 

Table 28:8H22CDF engine model's performance table  

tŜǊŦƻǊƳŀƴŎŜ ¢ŀōƭŜ 

bƻ aC[ŀƛǊ [Ca  Ϧ¢ŜȄƘ [CaϦ  Ϧ¢ŀ/ [CaϦ  Ϧ¢ǎŎŀǾ [CaϦ 

м оΦотлт рулΦмр слмΦср омуΦмр 

н оΦнлмм рссΦмр румΦфн омуΦмр 

о нΦтсро рспΦмр рспΦму омуΦмр 

п нΦртс рсмΦмр рорΦтф омуΦмр 

р мΦу снрΦмр птмΦом омуΦмр 

с мΦлн суфΦмр плсΦуп омуΦмр 

т лΦнр троΦмр ору омуΦмр 

у лΦнн умтΦмр онл омуΦмр 
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Table 29:8H22CDF engine model's performance table  

tŜǊŦƻǊƳŀƴŎŜ ¢ŀōƭŜ 

bƻ  ϦtǎŎŀǾ [CaϦ  ϦvŎŀŎ [CaϦ  ϦvƧŎǘ [CaϦ  Ϧvƭǳō [CaϦ 

м нрмлллл млрммпнп рпслпул опумлрс 

н ннфлллл фнууллл пуфмсул онумтсл 

о мфплллл тпуофсу плупрсл олуомуп 

п мтмлллл смссфпп ортлоос нфппосу 

р ммплллл олонспл нсмнтос нснунуу 

с млплллл нлмнопм мсррмос номннлу 

т урпллл мрмлллл сфтрос мффсмну 

у тслллл момнллл ррорнс мсуллпу 

Additionally, after every auxiliary engine, is placed an electric machine that 

operates as a generator with a power factor valued at 0.9. Speaking about efficiency, PTO 

of this specific case study has an electrical efficiency of 0.9 with a rated speed of 64/60 

rpms.   

 

 

Figure 27:PTO gPROMS model  
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Figure 28:PTO model inputs  

 

One of the most useful models in this program is the electricity switchboard. This 

model is supplied with the total electricity demand and distributes it to the auxiliary 

engines. The network frequency and voltage serve as inputs for this model.  

 



Thermo -economic analysis of a VLCC  

 

57 

 

 

Figure 29:Electricity Switchboard gPROMS model  

 

 

Figure 30:Switchboard Model Gproms  
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The final main model in the program is the 

Propulsion Demand model, also known as the propeller 

curve. In its general tab, the user specifies the number of 

draft points and speed points. Moving to the ranges tab, 

the two draft points for the case study, Td 1 = 9.25 m and 

Td2 = 21.62 m, are entered, followed by speed points 

ranging from 8 to 16. Moreover , the data tables within the 

Propulsion Demand model contain a propulsion demand 

table and a propeller revolution table for each of the 

vesselõs two drafts. All the data referring to the 

propulsion demand and revolutions per minute is 

extracted from Table 5 and  Table 13. Lastly, it is 

assumed that the electric ity demand in each voyage mode 

is constant at 1248 kW,  the worst -case scenario. 

 

 

Figure 32:Propulsion Demand model ranges tab  

Figure 31:Propulsion Demand 

model gPROMS 
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Figure 33:Propulsion Demand model data tables  

 

 

ORC  
Although  diesel engines are the predominant propulsion system in maritime 

vessels, they convert only about half of their fuel energy into p ropulsion , with the 

remaining concerned as low -grade heat. As if that wasn't enough , Liquified Natural Gas 

(LNG) po ssesses substantial cold energy, making the energy balance more negative  by not 

being utilized during regasification. An effective method for capturing this cold energy 

can be Organic Rankine Cycles (ORCs), capturing t his cold energy and converting it into 

usable power. The ORC technology is a thermodynamic process that converts low -grade 

waste heat to useful mechanical or electrical energy , established in sectors like 

geothermal energy, biomass combustion , and industrial waste heat recovery.  The 

operating principles of an ORC system are similar to those of the water -steam Rankine 

cycle. As the name says, O rganic Rankine Cycles technology is based on working fluids 
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that contain organic compounds . Some of them are hydrofluorocarbons (HFCS), 

hydrocarbons (HCs), hydrochlorofluorocarbons  (HCFCs), perfluorocarbons (PFCs), ethers, 

hydrofluoroethers (HFEs), hydrofluoroolefins (HFOs) and siloxanes  (Tchanche et al., 

2011). The biggest advantage of ORCs against wat er-steam Rankine cycle is their  ability 

to operate efficiently at various low temperatures and pressures due to the different 

boiling points and other critical points of the organic fluids. A brief presentation of water -

steam Rankine  cycle wi ll  occur to approach the analysis more holistically.  The basic 

components of this cycle are shown below (Fragkopoulos & Prousalidis, 2019) :  

1. Boiler:  transfers heat fr om the energy source to  the working fluid with the 

assistance of a closed circuit of thermal oil.   

2. Turbine:  completes the steam expansion, as high -pressure steam from the 

boiler enters the turbine, where it expands isentropically (ideally without 

entropy change), causing a drop in both temperature and pressure. Also, 

the rotation al motion  of the turbine can produce mechanical work too.   

3. Condenser: removes residual thermal energy from the steam, changing its 

phase from vapor to liquid. The condensation process lowers t he pressure 

at the turbine's outlet.  

4. Pump:  increases the pressure of the condensed liquid before entering the 

boiler  ideally isentropic ally (without  change in entropy).  

 

Figure 34:simple Rankine cycle presentation  
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Figure 35:simple Rankine Cycle T -s diagram  

In a thermodynamic spectrum, a Temperature -Entropy diagram (T -s) is a 

graphical rep resentation that illustrates the changes in temperature and entropy of a 

working fluid throughout the cycle. The four changes of the working fluid can be described 

as follows:  

¶ ρO ς Isentropic c ompression  

¶ ςO σ Isobaric heat addition  

¶ σO τ Isentropic expansion  

¶ τO ρ Isobaric heat rejection  

The following e quations represent the thermodynamic system :  

Boiler:  

ὗ άὬ Ὤ  3.2 

Condenser:  

ὗ άὬ Ὤ   3.3 

Turbine:  

ὡ άὬ Ὤ  3.4 

  Pump:  

ὡ άὬ Ὤ  3.5 

Effective Technical Work :  

ὡ ὡ ὡ   3.6 

  

Thermal Efficiency:  



Thermo -economic analysis of a VLCC  

 

62 

 

–
ὡ

ὗ
  

3.7 

  

And the thermodynamic laws :  

 

ή Ὤ Ὤ 3.8 

 

ή Ὤ Ὤ 3.9 

 

ύ ή ή 3.10 

  

The fundamental laws of thermodynamic s apply holistically to all thermodynamic 

cycles, with variations occurring due to the opera ting conditions and working fluids. 

Referring  to ORCs, these are specific characteristics that must be taken into  account to 

specify the working fluid of the cycle  (EXPLOITATION OF LOW TEMPERATURE 

WASTE HEAT FROM MARINE DIESEL ENGINES USING THE ORGANIC RANKINE 

CYCLE, n.d.) : 

¶ High heat of evaporation  

¶ High density in both liquid and gas phases  

¶ Moderate levels of critical parameters(temperature, pressure)  

¶ Acceptable condensation (>1 bar) and evaporation pressures (<25 bar)  

¶ Good heat transfer properties (low viscosity and high thermal conductivity)  

¶ Good thermal and chemical stability  

¶ High thermodynamic efficiency  

¶ Overall thermal and chemical stability  

¶ Good safety characteristics  

¶ Low environmental impact  

¶ Low cost and good availability  

The first level of categorization of the working fluids is related to the  slope of their 

saturated vapor curve  in the temperature ðentropy diagram  :  

1. Dry fluids π : Plot a positive slope in the T -s diagram, the vapor 

doesnõt condense during expansion.  
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Figure 36:Dry fluid T -s diagram  

 

2. 7ÅÔ ÆÌÕÉÄÓ π : Plot a negative slope in the T -s diagram,  with partial 

condense during expansion . 

 

 

Figure 37:Wet fluid T -s diagram  

 

3. Isentropic Fluids  ᴼЊ  : Plot a vertical slope in the T -s diagram, with 

constant entropy during expansion.  
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Figure 38:Isentropic Fluid T -s diagram  

òREFPROPó exports all the above diagrams. The first study application of ORCs 

in a thermal diesel engine is dated around 1970 -1980 during the energy crisis , but one of 

the most iconic and  modern stud ies occurred in 2008  by two scientists. More specifically , 

they applied an ORC system  to a turbocharged engine . The results of the study were very 

promising as there was a 10% reduction in Nox levels. (Srinivasan et al., 2008)  

 

Figure 39:Exhaust gas heat recovery ORC system  

As mentioned previously, the two vital parameters influencing the performance 

and efficiency of the Organic Rankine Cycle are the operating pressure and temperature. 

In advance , evaporation pressure and temperature define the overall efficiency of the 

system, the higher they get, the more  efficient the system  is. A conclusion that has been 

drawn is that the evaporation pressure of the cycle ought not to  exceed 40 bar. Besides 

that, material limits and economic consideration s must be taken into ac count in order to 

be compliant with the physics laws and some legal prescription in some countries. 

(Braimakis, n.d.) . On the other hand , condensation pressure and temperature play a vital 

role in the overall efficiency of the ORC system. In order to achieve better performance, 

the condensation temperature has to be kept as low as possible.  The disadvantage of this 

droppage is that, as low the target of the condensation temperature is set, as expensive 

the cooling equipment it gets. However, the condensation temperature and pressure are 
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highly influenced by the ambient conditions and the cooling medium u  sed, as the cannot 

be dropped bellow these values. (Braimakis, n.d.)  

4. 2ÐÔÜÓÈÛÐÖÕɯÈÕËɯ1ÌÚÜÓÛÚ 
The simulation campaign of this case study  start s after setting up all the models  

as it is mentioned previously. To achieve a better approach to a real voyage scenario of a 

vessel, the simulation campaign is divided into eight  (8) different scenarios. The scenarios 

are categorized based on three operating parameters :  

1. The usage of the Shaft Generator  

2. The Fuel Type of the Main Engine ( Dual Fuel or Liquid Fuel)  

3. The Fuel type of the Auxiliary Engines (Dual Fuel or Liquid Fuel)  

Following the evaluation of these scenarios, the installation of an Organic Rankine 

Cycle system will be examined to assess the thermo -economic advantages of this 

technology in a real vessel environment.  Moreover, a brief presentation of the above 

scenarios is provided .  

Table 30:1st simulation scenario  

1 
Shaft Generator NO 
Fuel Type ME :  LNG 

Fuel Type AE :  
AE1 AE2 AE3 
LFO LFO LFO 

 

Table 31:2nd simulation scenario  

2 
Shaft Generator NO 
Fuel Type ME :  LNG 

Fuel Type AE :  
AE1 AE2 AE3 
LNG LFO LFO 

 

Table 32:3rd  simulation scenario  

3 

Shaft Generator NO 
Fuel Type ME :  LFO 

Fuel Type AE :  
AE1 AE2 AE3 
LFO LFO LFO 
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Table 33:4th  simulation scenario  

4 
Shaft Generator NO 
Fuel Type ME :  LFO 

Fuel Type AE :  
AE1 AE2 AE3 
LNG LFO LFO 

 

Table 34:5th  simulation scenario  

5 
Shaft Generator YES 
Fuel Type ME :  LNG 

Fuel Type AE :  
AE1 AE2 AE3 
LFO LFO LFO 

 

Table 35:6th  simulation scenario  

6 
Shaft Generator YES 
Fuel Type ME :  LNG 

Fuel Type AE :  
AE1 AE2 AE3 
LNG LFO LFO 

 

Table 36:7th  simulation scenario  

7 
Shaft Generator YES 
Fuel Type ME :  LFO 

Fuel Type AE :  
AE1 AE2 AE3 
LFO LFO LFO 

 

Table 37:8th  simulation scenario  

8 
Shaft Generator YES 
Fuel Type ME :  LFO 

Fuel Type AE :  
AE1 AE2 AE3 
LNG LFO LFO 
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 After the data analysis and organization, the creation of various diagrams and 

tables is essential to visualize the results and obtain a more comprehensive perspective 

during the evaluation process.  All diagrams created  help to compare all various metrics 

that can lead to an overall conclusion of each operating profi le. In order to organize all 

results, the modelling program ògPROMSó  creates an aggregated table that contains all 

kind of metrics that every model produces. This matrix is called òResults Matrixó and 

includes all information shown in  the next table.  

Table 38:Results Matrix explanatory table  

Explanatory Table 
Name Explanation 

Mode/Num/Time Illustrates the time sequence and the exact results in this specific time 
of each model 

Draft the draf in each time 
Vspeed the speed in each time 
PropD the propulsion demand 
Psgm the power that is retrieved form the power shaft generator 

Meload the load of the Main Engine 
rSGPR Psgm/PpropD 
PelD the Electricity Demand 

AELoad1 the load of the 1st Auxiliary Engine (AE_8H22CDF) 
AELoad2 the load of the 2nd Auxiliary Engine (AE_7H2132_002) 
AELoad3 the load of th 1st Auxiliary Engine (AE_7H2132_001) 
rSGEL Psge/PelD 
mstD maximum steam demand 
rSTME the percentage of steam produced by the Main Engine's economizers 

rSTAE the percentage of steam produced by the Auxiliary Engines' economiz-
ers 

rSTAB the percentage of steam produced by the Auxiliary Boiler 
effME efficiency of the Main Engine  
effAE efficiency of all the Auxiliary Emgines 
eff_tot efficiency of all engines 

TPD_ME_LNG total tons per day of LNG consumed by the Main Engine 
TPD_ME_PLT total tons per day of pilot fuel consumed by the Main Engine 
TPD_ME_LFO total tons per day of LFO consumed by the Main Engine 
TPD_AE_LNG total tons per day of LNG consumed by the Auxiliary Engines 
TPD_AE_LFO total tons per day of LFO consumed by the Auxiliary Engines 
TPD_AE_PLT total tons per day of pilot fuel consumed by the Auxiliary Engines 
TPD_AB_LFO total tons per day of LFO consumed by the Auxiliary Boiler 

TPD_L NG total tons per day of LNG consumed 
TPD_PLT total tons per day of pilot fuel consumed 
TPD_LFO total tons per day of LFO consumed 

EPD_ME Energy Per Day of Auxiliary Boiler (Auxiliary Boiler Heat Input т mass 
fuel of Auxiliary Boiler * LHV_AB)  
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EPD_AE Energy per day of LNG (mass fuel of LNG * Lower Heating Value of 
LNG)  

EPD_AB Energy per day of Liquid Fuel Oil (mass fuel of LFO * Lower Heating 
Value of LFO)  

EPD_LNG total energy per day  

EPD_LFO tons per day of CO2 produced (emission factor of LNG * TPD_LNG + 
emission factor of LFO * TPD_LFO)  

EPD_TOTAL total energy per day  

TPD_CO2 tons per day of CO2 produced (emission factor of LNG* 
TPD_LNG+emission factor of LFO*TPD_LFO) 

ME_flow_exh exhaust gas mass flow of Main Engine 
ME_TaTC_exh exhaust temperature of Main Engine after Turbocharger 

ME_Tscav scavenging temperature of Main Engine 
Me_Qcac heat dissipation scavenge air cooler of Main Engine 

Tpipe1_outlet  Outlet exhaust temperature of Main Engine after economizer    

AE_mflow_exh mass flow of the exhaust produced by the Auxiliary Engines 

TPD_CH4_ME tons per day of methane produced by the Main Engine 

TPD_CH4_AE1 tons per day of methane produced by the 1st Auxiliary Engine 

TPD_CH4_AE2 tons per day of methane produced by the 2nd Auxiliary Engine 

TPD_CH4_AE3 tons per day of methane produced by the 3rd Auxiliary Engine 

TPD_CH4_tot total tons per day of methane produced 
TPD_CO2_eq total equal tons per day of CO2 produced after calculating CH4 slip 

 

At this point , the calculation method of CH4 will be quoted  based on DNV (DNV 

Presentation about CH4 , n.d.). Methane slip is translated in CO2 exhausts by multiplying 

it with the number 28, as suggested by IMO. The following table explains the methane 

emissions based on the load of every cate gory of engine used in this case study.  

 

Table 39:CH4 emission calculation formula  

CH4 engine emissions ( gr /kWh )  

Load (%) ME-GI  4S DF 

1 0.35 3.6 

0.75 0.35 4.5 

0.5 0.41 7.1 

0.25 0.5 15.1 

0 0.59 23.1 
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Table 40:CO2 to CH4 convention formula  

CH4 convension 

CO2 CH4 

1 28 
 

 

Simulation campaign  
In this section of the thesis, every model of the simulation is set and aligned with 

the demands of th is case study. After checking that everything is  working , we proceed to 

the simulation campaign . As it is underscored previously, the operating modes of each 

engine is changed manually, depending on the simulation scenario. All the result matrixes 

are addressed into the appendix , due to the ir extended size.  

 

 

 

Furthermore, the creation of a summary table is mandatory , in order to handle all 

the data exported. This table  is conducted from some important metrics such as  : 

¶ Speed (kn) 

¶ Propulsion Demand (kW)  

¶ Electricity Demand (kW)  

¶ Shaft Generator Power (kW)  

¶ Total Efficiency  

¶ Total Energy Per Day  

¶ Tones Per Day of each Duel  

¶ Tones Per Day of CH4  

¶ Tones Per Day of CO2 

This table has the same formation in each of every simulating scenario , for comparison 

purposes.  
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Table 41: Summary Table of No1 simulating scenario  

Test No. 1 

Scant-
ling  

Speed 
(kn) 

PropDemand 
(kW) 

Electricity Demand 
(kW) 

Shaft Generator 
(kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 1800 

1248 0 

0.48582783 228.72173 11.73194 6.579152 0.3030 63.1113 

8.5 2587 0.4862378 267.3738 11.897802 9.273847 0.2962 70.8478 

9 3375 0.49086848 303.37857 11.963779 11.861109 0.2894 77.9776 

9.5 4162 0.4946077 339.27185 12.04516 14.426762 0.2826 85.0962 

10 4949 0.526275 354.74597 10.42598 16.974165 0.2758 86.8690 

10.5 5699 0.5307436 385.67285 10.247094 19.401772 0.2694 92.8064 

11 6511 0.5345011 419.42062 10.047865 22.054312 0.2623 99.2841 
11.5 7423 0.5450462 451.46045 9.28702 25.070715 0.2545 104.9893 
12 8388 0.55093247 488.6725 8.807093 28.222288 0.2461 111.9282 

12.5 9456 0.5514335 534.71063 8.782145 31.625776 0.2369 120.9517 
13 10592 0.55349535 581.97656 8.820731 35.0641 0.2271 130.2524 

13.5 11837 0.5565261 632.49744 8.891341 38.713615 0.2180 140.2546 
14 13137 0.5569934 687.98193 8.9552555 42.733566 0.2105 151.2988 

14.5 14517 0.56212157 740.62506 8.964447 46.59248 0.2026 161.7169 

15 16087 0.56099135 809.28326 8.969672 51.63125 0.1935 175.3366 
15.5 17760 0.558479 884.81775 9.009826 57.144684 0.1890 190.4965 
16 19516 0.55000347 975.075 9.063262 63.728012 0.1890 208.7670 
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Ballast 

Speed 
(kn) 

PropDemand 
(kW) 

Electricity Demand 
(kW) 

Shaft Generator 
(kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 853 

1248 0 

0.49619088 178.13991 11.381217 3.1692164 0.3112 52.8709 
8.5 1423 0.48779017 209.25264 11.617094 5.2491035 0.3063 59.1872 
9 1993 0.48543316 238.44966 11.781862 7.250226 0.3014 65.0655 

9.5 2563 0.4861544 266.2349 11.894221 9.193307 0.2965 70.6210 
10 3133 0.48908746 292.60834 11.954172 11.078346 0.2915 75.8536 

10.5 3641 0.49193138 315.70013 11.997576 12.73675 0.2871 80.4265 
11 4193 0.4947893 340.65094 12.047215 14.526274 0.2824 85.3687 

11.5 4788 0.525376 347.99844 10.4597 16.449144 0.2772 85.5691 
12 5462 0.5293723 375.92743 10.305689 18.634867 0.2714 90.9372 

12.5 6164 0.5328389 405.10004 10.137616 20.924189 0.2653 96.5397 
13 6983 0.5391546 436.8097 9.732607 23.60631 0.2583 102.4562 

13.5 7827 0.5499795 465.0388 8.891295 26.4129 0.2510 107.3503 
14 8773 0.5512248 505.17575 8.784593 29.454145 0.2428 115.1526 

14.5 9815 0.55148 550.28894 8.793494 32.7602 0.2338 124.0198 
15 10969 0.555128 596.5639 8.836726 36.12168 0.2238 133.1194 

15.5 12206 0.55663925 648.2788 8.920964 39.847027 0.2159 143.4042 
16 13612 0.5576823 707.5738 8.967031 44.162434 0.2078 155.1883 
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Table 42: Summary Table of No2 simulating scenario  

Test No. 2 

Scant-
ling  

Speed 
(kn) 

PropDemand 
(kW) 

Electricity Demand 
(kW) 

Shaft Generator 
(kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 1800 

1248 0 

0.46768695 237.5935 11.897282 10.522517 0.7200 86.1448 
8.5 2587 0.470622 276.24557 12.063144 13.217213 0.7132 93.8813 
9 3375 0.47692174 312.25034 12.129121 15.804474 0.7064 101.0111 

9.5 4162 0.48200354 348.14365 12.210502 18.370127 0.6996 108.1296 
10 4949 0.5134346 363.61774 10.591321 20.91753 0.6928 109.9025 

10.5 5699 0.5188092 394.54462 10.412436 23.345137 0.6863 115.8399 
11 6511 0.5234293 428.29242 10.213206 25.997679 0.6793 122.3176 

11.5 7423 0.5345418 460.3322 9.452361 29.01408 0.6714 128.0228 
12 8388 0.54110867 497.54425 8.972434 32.165653 0.6631 134.9616 

12.5 9456 0.54243356 543.5824 8.947485 35.56914 0.6538 143.9852 
13 10592 0.54518443 590.8483 8.986073 39.00746 0.6440 153.2859 

13.5 11837 0.54882795 641.36926 9.056682 42.65698 0.6350 163.2881 
14 13137 0.5499022 696.8537 9.120596 46.67693 0.6275 174.3323 

14.5 14517 0.5554678 749.4968 9.129788 50.535843 0.6195 184.7504 

15 16087 0.55490816 818.1551 9.135014 55.574615 0.6105 198.3701 

15.5 17760 0.5529349 893.6895 9.175167 61.088047 0.6059 213.5300 

16 19516 0.54504436 983.9468 9.228602 67.67138 0.6059 231.8005 
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Ballast 

Speed 
(kn) 

PropDemand 
(kW) 

Electricity Demand 
(kW) 

Shaft Generator 
(kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 853 

1248 0 

0.47265172 187.01167 11.546558 7.1125817 0.7282 75.9044 
8.5 1423 0.46795028 218.12442 11.782435 9.19247 0.7232 82.2207 

9 1993 0.46802 247.32144 11.947204 11.193591 0.7183 88.0990 

9.5 2563 0.47047666 275.10666 12.059563 13.136672 0.7134 93.6545 

10 3133 0.47469488 301.4801 12.1195135 15.021711 0.7085 98.8871 

10.5 3641 0.47848502 324.57193 12.162917 16.680115 0.7041 103.4600 

11 4193 0.48223028 349.52274 12.212556 18.469639 0.6993 108.4022 
11.5 4788 0.5123152 356.87024 10.625041 20.39251 0.6942 108.6026 
12 5462 0.51716727 384.79922 10.47103 22.578232 0.6883 113.9707 

12.5 6164 0.52141964 413.97183 10.302958 24.867556 0.6823 119.5732 
13 6983 0.5284222 445.68146 9.897947 27.549675 0.6752 125.4897 

13.5 7827 0.5396837 473.91055 9.056636 30.356266 0.6679 130.3838 
14 8773 0.54171145 514.04755 8.949934 33.39751 0.6597 138.1861 

14.5 9815 0.54273003 559.1607 8.958836 36.703564 0.6507 147.0534 
15 10969 0.5469934 605.43567 9.002068 40.06505 0.6408 156.1529 

15.5 12206 0.5491244 657.1506 9.086306 43.790394 0.6328 166.4377 
16 13612 0.5507765 716.44556 9.132371 48.1058 0.6247 178.2218 
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Table 43: Summary Table of No3 simulating scenario  

Test No. 3 

Scant-
ling  

Speed 
(kn) 

PropDemand 
(kW) 

Electricity Demand 
(kW) 

Shaft Generator 
(kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 1800 

1248 0 

0.47584534 233.52039 19.687714 0 0.0000 61.3075 
8.5 2587 0.47421598 274.15237 23.11333 0 0.0000 71.9749 
9 3375 0.4772015 312.0676 26.309898 0 0.0000 81.9290 

9.5 4162 0.47957093 349.90897 29.500242 0 0.0000 91.8638 
10 4949 0.51198465 364.64648 30.742735 0 0.0000 95.7329 

10.5 5699 0.5155782 397.0159 33.47175 0 0.0000 104.2310 
11 6511 0.5181637 432.64346 36.47545 0 0.0000 113.5845 

11.5 7423 0.52724403 466.70248 39.34691 0 0.0000 122.5263 
12 8388 0.5296409 508.3156 42.85524 0 0.0000 133.4512 

12.5 9456 0.52844584 557.96924 47.041454 0 0.0000 146.4871 
13 10592 0.52964634 608.18036 51.27467 0 0.0000 159.6693 

13.5 11837 0.53224623 661.349 55.75723 0 0.0000 173.6280 
14 13137 0.53258663 719.5081 60.660526 0 0.0000 188.8969 

14.5 14517 0.5366547 775.76917 65.4038 0 0.0000 203.6675 
15 16087 0.5269241 861.6031 72.64032 0 0.0000 226.2020 

15.5 17760 0.5237918 943.41 79.53732 0 0.0000 247.6792 
16 19516 0.52136457 1028.6296 86.722046 0 0.0000 270.0525 
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Ballast 

Speed 
(kn) 

PropDemand 
(kW) 

Electricity Demand 
(kW) 

Shaft Generator 
(kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 853 

1248 0 

0.4898468 180.44743 15.2132225 0 0.0000 47.3740 
8.5 1423 0.47903526 213.07741 17.964201 0 0.0000 55.9405 
9 1993 0.47489676 243.74052 20.549356 0 0.0000 63.9907 

9.5 2563 0.47418752 272.95413 23.012308 0 0.0000 71.6603 
10 3133 0.47589794 300.7183 25.353058 0 0.0000 78.9494 

10.5 3641 0.47777995 325.0509 27.4045 0 0.0000 85.3376 

11 4193 0.4797021 351.3642 29.622929 0 0.0000 92.2458 
11.5 4788 0.5112779 357.59323 30.148088 0 0.0000 93.8812 
12 5462 0.51449883 386.7938 32.60994 0 0.0000 101.5474 

12.5 6164 0.5169842 417.5222 35.2006 0 0.0000 109.6147 
13 6983 0.522045 451.12448 38.03355 0 0.0000 118.4365 

13.5 7827 0.5307069 481.92523 40.630314 0 0.0000 126.5228 

14 8773 0.5291607 526.2384 44.36628 0 0.0000 138.1566 

14.5 9815 0.5281728 574.57043 48.44108 0 0.0000 150.8455 
15 10969 0.53109586 623.55695 52.571045 0 0.0000 163.7062 

15.5 12206 0.5323285 677.8831 57.151196 0 0.0000 177.9688 
16 13612 0.5331641 740.11053 62.397488 0 0.0000 194.3058 
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Table 44: Summary Table of No4 simulating scenario  

Test No. 4  

Scant-
ling  

Speed 
(kn) 

PropDemand 
(kW) 

Electricity Demand 
(kW) 

Shaft Generator 
(kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 1800 

1248 0 

0.45842895 242.39217 19.853056 3.9433656 0.4169 84.3410 

8.5 2587 0.45935103 283.02417 23.278671 3.9433656 0.4169 95.0084 

9 3375 0.46401012 320.9394 26.47524 3.9433656 0.4169 104.9625 

9.5 4162 0.4677123 358.78076 29.665583 3.9433656 0.4169 114.8972 

10 4949 0.49982402 373.51825 30.908077 3.9433656 0.4169 118.7664 

10.5 5699 0.5043089 405.88766 33.63709 3.9433656 0.4169 127.2645 

11 6511 0.50775176 441.51523 36.64079 3.9433656 0.4169 136.6180 

11.5 7423 0.5174084 475.57425 39.51225 3.9433656 0.4169 145.5598 

12 8388 0.5205555 517.1874 43.02058 3.9433656 0.4169 156.4847 

12.5 9456 0.52017504 566.841 47.206795 3.9433656 0.4169 169.5206 

13 10592 0.52203125 617.0521 51.44001 3.9433656 0.4169 182.7028 

13.5 11837 0.52520084 670.22076 55.922573 3.9433656 0.4169 196.6615 

14 13137 0.5260997 728.3799 60.82587 3.9433656 0.4169 211.9304 

14.5 14517 0.5305869 784.6409 65.569145 3.9433656 0.4169 226.7009 

15 16087 0.52155375 870.47485 72.805664 3.9433656 0.4169 249.2354 

15.5 17760 0.51891196 952.2818 79.70267 3.9433656 0.4169 270.7127 

16 19516 0.5169063 1037.5013 86.88739 3.94E+00 0.4169 293.0860 



Thermo -economic analysis of a VLCC  

 

77 

 

      
       

Ballast 

Speed 
(kn) 

PropDemand 
(kW) 

Electricity Demand 
(kW) 

Shaft Generator 
(kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 853 

1248 0 

0.46689186 189.31921 15.378564 3.9433656 0.4169 70.4075 

8.5 1423 0.4598872 221.94917 18.129541 3.9433656 0.4169 78.9740 

9 1993 0.45821834 252.61229 20.714697 3.9433656 0.4169 87.0242 

9.5 2563 0.45926028 281.82593 23.17765 3.9433656 0.4169 94.6938 

10 3133 0.46226034 309.5901 25.5184 3.9433656 0.4169 101.9829 

10.5 3641 0.46508613 333.92267 27.56984 3.9433656 0.4169 108.3711 

11 4193 0.46788812 360.23596 29.78827 3.9433656 0.4169 115.2793 

11.5 4788 0.49890035 366.46503 30.31343 3.9433656 0.4169 116.9146 

12 5462 0.5029625 395.66556 32.77528 3.9433656 0.4169 124.5808 

12.5 6164 0.5062276 426.39395 35.36594 3.9433656 0.4169 132.6482 

13 6983 0.51197654 459.99625 38.198895 3.9433656 0.4169 141.4700 

13.5 7827 0.5211137 490.79703 40.795654 3.9433656 0.4169 149.5563 

14 8773 0.52038753 535.11017 44.53162 3.9433656 0.4169 161.1901 

14.5 9815 0.5201415 583.44226 48.60642 3.9433656 0.4169 173.8790 

15 10969 0.5236456 632.4287 52.736385 3.9433656 0.4169 186.7397 

15.5 12206 0.5254516 686.7549 57.316536 3.9433656 0.4169 201.0023 

16 13612 0.5268487 748.98236 62.562828 3.9433656 0.4169 217.3393 
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Table 45: Summary Table of No5 simulating scenario  

Test No. 5  

Scantling  

Speed 
(kn) 

PropDemand 
(kW) 

Electricity 
Demand 

(kW) 

Shaft Gener-
ator (kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 1800 

1248 

0 0.48582783 228.72173 11.73194 6.579152 0.303048 63.111274 

8.5 2587 0 0.4862378 267.3738 11.897802 9.273847 0.29624832 70.84778995 

9 3375 693.75 0.5053219 294.7002 8.347017 14.374817 0.282780008 73.44120021 

9.5 4162 809.53125 0.5466316 306.98163 5.979308 17.339872 0.274868828 74.00054118 

10 4949 910.78125 0.5550413 336.3591 5.1037955 20.260618 0.267097149 79.08864018 

10.5 5699 997.96875 0.56251526 363.8878 4.2546034 23.022627 0.259780151 83.83490423 

11 6511 1084.2188 0.5789683 387.2027 2.7532513 26.04332 0.251936473 87.24698123 
11.5 7423 1172.8125 0.583102 421.9938 1.9434673 29.304457 0.243206291 93.44898615 
12 8388 1247.9999 0.58339167 461.48294 1.4524211 32.632984 0.234146894 100.819663 

12.5 9456 1247.9999 0.5843001 504.63333 1.4913033 35.768738 0.224919375 109.3056925 
13 10592 1247.9999 0.58408046 551.5017 1.5626963 39.149277 0.217202891 118.6084209 

13.5 11837 1247.9999 0.58219117 604.6148 1.6184582 43.002136 0.210031695 129.1766335 
14 13137 1247.9999 0.5861059 653.809 1.6248609 46.61014 0.202543686 138.9089232 

14.5 14517 1247.9999 0.5831142 713.96136 1.6240317 51.02938 0.19459489 150.8366869 

15 16087 1247.9999 0.5784793 784.8169 1.6653478 56.198105 0.189 165.02268 
15.5 17760 1247.9999 0.5683312 869.4772 1.7116431 62.376534 0.189 182.15752 
16 19516 1247.9999 0.55942315 958.65375 1.7617384 68.88339 0.189 200.20737 
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Ballast 

Speed 
(kn) 

PropDemand 
(kW) 

Electricity 
Demand 

(kW) 

Shaft Gener-
ator (kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 853 

1248 

0 0.49619088 178.13991 11.381217 3.1692164 0.31123008 52.87089825 
8.5 1423 0 0.48779017 209.25264 11.617094 5.2491035 0.306305279 59.18721781 
9 1993 0 0.48543316 238.44966 11.781862 7.250226 0.30138048 65.06549543 

9.5 2563 0 0.4861544 266.2349 11.894221 9.193307 0.296455679 70.62095702 
10 3133 654.84375 0.5027328 284.66544 8.558854 13.453141 0.285244387 71.63525284 

10.5 3641 735 0.5084334 305.45255 8.110069 15.371082 0.280085767 75.36763149 
11 4193 813.28125 0.5469621 308.1563 5.947323 17.45403 0.274564986 74.20635962 

11.5 4788 891.09375 0.55360955 330.2496 5.2764626 19.661404 0.268677186 78.0227212 
12 5462 971.25 0.5596371 355.59604 4.554438 22.152317 0.262084329 82.43975122 

12.5 6164 1048.5938 0.57242 377.0851 3.3749757 24.758436 0.255276548 85.74311835 
13 6983 1131.0938 0.5822643 404.46506 2.2537665 27.74652 0.247408391 90.24859495 

13.5 7827 1209.8438 0.5835978 438.24933 1.6862799 30.722595 0.239360233 96.44029652 
14 8773 1247.9999 0.5825234 478.03284 1.467912 33.835167 0.230820492 104.0807638 

14.5 9815 1247.9999 0.5853514 518.4464 1.5091479 36.767838 0.22181761 112.0219331 
15 10969 1247.9999 0.58343685 567.6183 1.5944351 40.30547 0.215031365 121.8259932 

15.5 12206 1247.9999 0.58221346 619.80255 1.627561 44.10983 0.207906246 132.1916299 
16 13612 1247.9999 0.5857445 673.6747 1.6024394 48.088917 0.199807694 142.8291254 
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Table 46: Summary Table of No6 simulating scenario  

Test No. 6 

Scantling  

Speed 
(kn) 

PropDemand 
(kW) 

Electricity De-
mand (kW) 

Shaft Genera-
tor (kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 1800 

1248 

0 0.46768695 237.5935 11.897282 10.522517 0.719989606 86.14476296 

8.5 2587 0 0.470622 276.24557 12.063144 13.217213 0.713189925 93.88128191 

9 3375 693.75 0.47319895 314.70584 9.591504 17.367464 0.995445153 105.5009243 

9.5 4162 809.53125 0.51178247 327.88513 7.3373656 20.076172 1.039034531 107.1509969 

10 4949 910.78125 0.52481914 355.72864 6.3912396 22.599533 1.076518586 112.1935504 

10.5 5699 997.96875 0.53730303 380.96274 5.4096155 24.94853 1.107960034 116.4768809 
11 6511 1084.2188 0.56016296 400.20154 3.6441486 27.430908 1.13780625 118.64145 

11.5 7423 1172.8125 0.5739758 428.7035 2.4076743 29.991262 1.166524875 122.6361665 

12 8388 1247.9999 0.58339167 461.48297 1.4524218 32.632988 1.187714854 127.5195759 

12.5 9456 1247.9999 0.5843001 504.63333 1.491304 35.768738 1.178487336 136.0056054 

13 10592 1247.9999 0.58408046 551.5017 1.562697 39.149277 1.170770852 145.3083339 

13.5 11837 1247.9999 0.58219117 604.6148 1.6184587 43.002136 1.163599656 155.8765404 
14 13137 1247.9999 0.5861059 653.809 1.6248615 46.61014 1.156111647 165.6088461 

14.5 14517 1247.9999 0.58311415 713.96136 1.6240324 51.029385 1.148162851 177.5366098 

15 16087 1247.9999 0.5784793 784.8169 1.6653485 56.19811 1.142567961 191.7226029 

15.5 17760 1247.9999 0.5683312 869.47723 1.7116438 62.376534 1.142567961 208.8574229 

16 19516 1247.9999 0.55942315 958.65375 1.7617391 68.88339 1.142567961 226.9072729 
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Ballast 

Speed 
(kn) 

PropDemand 
(kW) 

Electricity De-
mand (kW) 

Shaft Genera-
tor (kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 853 

1248 

0 0.47265172 187.01167 11.546558 7.1125817 0.728171686 75.90439021 

8.5 1423 0 0.46795028 218.12442 11.782435 9.19247 0.723246885 82.22070777 

9 1993 0 0.46802 247.32144 11.947204 11.193591 0.718322085 88.09898839 

9.5 2563 0 0.47047666 275.10666 12.059563 13.136672 0.713397285 93.65445398 

10 3133 654.84375 0.4711525 303.74594 9.719563 16.484913 0.980734754 103.0608031 

10.5 3641 735 0.4762423 326.09927 9.418528 18.296568 1.011040437 107.9539922 

11 4193 813.28125 0.51224446 329.04178 7.305608 20.17849 1.04040576 107.3718713 

11.5 4788 891.09375 0.52223915 350.08737 6.5901093 22.09015 1.069303626 111.2100175 

12 5462 971.25 0.53283304 373.48425 5.7581525 24.212648 1.0984338 115.2718164 

12.5 6164 1048.5938 0.5505999 392.0289 4.39424 26.387035 1.125690803 117.7673525 
13 6983 1131.0938 0.56833243 414.37997 2.9369657 28.780111 1.153294735 120.5832686 

13.5 7827 1209.8438 0.57892036 441.79022 1.9320142 31.079895 1.177785497 124.4640039 

14 8773 1247.9999 0.5825234 478.03284 1.4679127 33.835167 1.184388453 130.7806767 

14.5 9815 1247.9999 0.58535135 518.4464 1.5091486 36.767838 1.175385571 138.721846 

15 10969 1247.9999 0.58343685 567.6183 1.5944357 40.305473 1.168599326 148.5259011 

15.5 12206 1247.9999 0.58221346 619.80255 1.6275616 44.10983 1.161474207 158.8915378 
16 13612 1247.9999 0.5857445 673.6747 1.6024401 48.088917 1.153375655 169.5290483 
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Table 47: Summary Table of No7 simulating scenario  

Test No. 7 

Scantling  

Speed (kn) PropDemand 
(kW) 

Electricity 
Demand (kW) 

Shaft Gener-
ator (kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 1800 

1248 

0 0.47584534 233.52039 19.687714 0 0 61.30754 
8.5 2587 0 0.47421598 274.15237 23.11333 0 0 71.974915 
9 3375 693.75 0.48778045 305.29758 25.73913 0 0 80.15165 

9.5 4162 809.53125 0.5291957 317.09497 26.733747 0 0 83.248886 
10 4949 910.78125 0.5359939 348.31097 29.365517 0 0 91.44422 

10.5 5699 997.96875 0.5417998 377.79965 31.851658 0 0 99.186066 
11 6511 1084.2188 0.5562426 403.0208 33.978012 0 0 105.807526 

11.5 7423 1172.8125 0.55558956 442.88928 37.339256 0 0 116.274445 
12 8388 1247.9999 0.5543552 485.65338 40.944626 0 0 127.501564 

12.5 9456 1247.9999 0.55489665 531.37195 44.79908 0 0 139.50433 
13 10592 1247.9999 0.5547585 580.64996 48.953632 0 0 152.4416 

13.5 11837 1247.9999 0.55319244 636.3073 53.646008 0 0 167.05367 
14 13137 1247.9999 0.5561915 688.9717 58.086052 0 0 180.87996 

14.5 14517 1247.9999 0.5448326 764.1238 64.422 0 0 200.6101 
15 16087 1247.9999 0.5375403 844.58514 71.20557 0 0 221.73413 

15.5 17760 1247.9999 0.5359353 922.02893 77.734726 0 0 242.06593 
16 19516 1247.9999 0.527695 1016.2851 85.6813 0 0 266.81158 
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Ballast 

Speed (kn) PropDemand 
(kW) 

Electricity 
Demand (kW) 

Shaft Gener-
ator (kW) Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 853 

1248 

0 0.4898468 180.44743 15.2132225 0 0 47.373974 
8.5 1423 0 0.47903526 213.07741 17.964201 0 0 55.94052 
9 1993 0 0.47489676 243.74052 20.549356 0 0 63.990696 

9.5 2563 0 0.47418752 272.95413 23.012308 0 0 71.66033 
10 3133 654.84375 0.4858452 294.55997 24.833858 0 0 77.332634 

10.5 3641 735 0.4901988 316.81393 26.710054 0 0 83.17511 

11 4193 813.28125 0.52946955 318.3361 26.838385 0 0 83.57473 
11.5 4788 891.09375 0.5349361 341.77673 28.814625 0 0 89.728745 
12 5462 971.25 0.53946984 368.8883 31.100357 0 0 96.84651 

12.5 6164 1048.5938 0.55044687 392.13657 33.06038 0 0 102.95002 
13 6983 1131.0938 0.5560478 423.53336 35.70739 0 0 111.19281 

13.5 7827 1209.8438 0.55522573 460.64252 38.836002 0 0 120.93531 

14 8773 1247.9999 0.5533632 503.2219 42.4258 0 0 132.11394 

14.5 9815 1247.9999 0.5559314 545.8813 46.022343 0 0 143.31357 
15 10969 1247.9999 0.55424833 597.5092 50.375004 0 0 156.86777 

15.5 12206 1247.9999 0.5532217 652.2816 54.99278 0 0 171.24751 
16 13612 1247.9999 0.5530322 713.5208 60.15575 0 0 187.325 
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Table 48: Summary Table of No8 simulating scenario  

Test No. 8 

Scantling  

Speed 
(kn) 

PropDemand 
(kW) 

Electricity 
Demand (kW) 

Shaft 
Generator 

(kW) 
Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 1800 

1248 

0 0.45842895 242.39217 19.853056 3.9433656 0.416941606 84.34103496 
8.5 2587 0 0.45935103 283.02417 23.278671 3.9433656 0.416941606 95.00840496 
9 3375 693.75 0.4577827 325.30325 26.983616 2.9926462 0.712665146 112.2113841 

9.5 4162 809.5313 0.49646762 337.99847 28.091805 2.7362998 0.764165704 116.3993497 
10 4949 910.7813 0.50775754 367.6805 30.652962 2.338915 0.809421437 124.5491402 

10.5 5699 997.9688 0.5183716 394.8746 33.00667 1.9259045 0.848179883 131.8280467 
11 6511 1084.219 0.53886235 416.01965 34.868908 1.3875892 0.885869778 137.2020038 

11.5 7423 1172.813 0.54729813 449.59897 37.803463 0.6868057 0.923318584 145.4616204 
12 8388 1248 0.5543552 485.65338 40.944626 9.56755E-07 0.953567961 154.2014729 

12.5 9456 1248 0.55489665 531.37195 44.79908 9.56755E-07 0.953567961 166.2042329 
13 10592 1248 0.5547584 580.64996 48.953632 9.56755E-07 0.953567961 179.1415229 

13.5 11837 1248 0.55319244 636.3073 53.646008 9.56755E-07 0.953567961 193.7535829 
14 13137 1248 0.5561915 688.9717 58.086052 9.56755E-07 0.953567961 207.5798729 

14.5 14517 1248 0.5448326 764.1238 64.422 9.56755E-07 0.953567961 227.3100029 
15 16087 1248 0.5375403 844.58514 71.20557 9.56755E-07 0.953567961 248.4340329 

15.5 17760 1248 0.5359353 922.02893 77.734726 9.56755E-07 0.953567961 268.7658329 
16 19516 1248 0.527695 1016.2851 85.681305 9.56755E-07 0.953567961 293.5114829 
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Ballast 

Speed 
(kn) 

PropDemand 
(kW) 

Electricity 
Demand (kW) 

Shaft 
Generator 

(kW) 
Eff Total  EPD Total  TPD_LFO TPT_LNG TPD_CH4 TPD_CO2 

8 853 

1248 

0 0.46689186 189.31921 15.378564 3.9433656 0.416941606 70.40746496 
8.5 1423 0 0.4598872 221.94917 18.129541 3.9433656 0.416941606 78.97400896 
9 1993 0 0.45821834 252.61229 20.714697 3.9433656 0.416941606 87.02418496 

9.5 2563 0 0.45926028 281.82593 23.17765 3.9433656 0.416941606 94.69381996 
10 3133 654.8438 0.45628852 313.64047 25.994568 3.0317712 0.695490367 108.7581843 

10.5 3641 735 0.46020713 337.4607 28.018513 2.9254856 0.730954669 115.7614707 
11 4193 813.2813 0.49687076 339.22156 28.196669 2.7244608 0.765840774 116.7402417 

11.5 4788 891.0938 0.5055901 361.6145 30.128273 2.428748 0.80062644 122.9160403 
12 5462 971.25 0.51451963 386.7765 32.304073 2.0603325 0.836349471 129.6785812 

12.5 6164 1048.594 0.5302401 407.08035 34.079643 1.6285987 0.870414255 134.9742591 
13 6983 1131.094 0.5433285 433.44824 36.390587 1.033591 0.905886344 141.5274876 

13.5 7827 1209.844 0.55099034 464.18338 39.081738 0.35730022 0.938425264 148.9590124 
14 8773 1248 0.5533632 503.2219 42.4258 9.56755E-07 0.953567961 158.8138429 

14.5 9815 1248 0.5559314 545.8813 46.022343 9.56755E-07 0.953567961 170.0134729 
15 10969 1248 0.55424833 597.5092 50.375004 9.56755E-07 0.953567961 183.5676729 

15.5 12206 1248 0.5532217 652.2817 54.99278 9.56755E-07 0.953567961 197.9474129 
16 13612 1248 0.5530322 713.5208 60.15575 9.56755E-07 0.953567961 214.0249129 
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Graphs and Brief  Comments 
After inserting all key tables, graphs and diagrams will be generated and analyzed. 

First, the system's total efficiency will be compared with and without the use of the shaft 

generator. It is obvious that the comparison is going to occur between the same 

operational modes.  

 

 

  

  

Figure 40:Efficiency -Vs graphs  
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Figure 41:Efficiency -Vs graphs  
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EFF -Vs analysis  

The first configuration analyzed features the Main Engine operating on LNG as 

the primary fuel, while the Auxiliary Engines run on LFO. In the Scantling Condition, 

the efficiency gains from the Shaft Generator are clearly evident, particularly in the 10 ð

13 knot speed range. Here, the effi ciency peaks around 0.58 with the Shaft Generator, in 

contrast to the system without it, which achieves a maximum efficiency of approximately 

0.55 with a more gradual slope. The same efficiency gap is presented in the ballast 

condition too, where the effic iency increases steadily with speed, contributing to a peak 

around 0.59 compared to around 0.55 without it. The second configuration involves using 

LFO as the fuel for both the Main Engine and Auxiliary Engines. As expected, the 

efficiency of this operatio nal system is the lowest among all the others, peaking around 

0.55 ð 0.56 with the usage of a shaft generator in both ballast and scantling conditions. 

The third comparison consisted of a main engine driven by LFO as a primary fuel and an 

auxiliary engine driven by LNG. The simulation of this comparison reached a peak 

efficiency of 0.56 with the shaft generator aligned at the scantling condition and below 

0.53 without it. Last but not least, the fourth configuration features both engines 

operating on LNG as  the main fuel of the simulation. This all -LNG operational system 

achieved an efficiency close to 0.59 in both scantling and ballast conditions, with the usage 

of the shaft generator.  

 After a comprehensive analysis of the eight efficiency graphs under different 

operational conditions and fuel configurations, several conclusions can be extracted. 

Speaking on the impact of the fuel type, using Liquefied Natural Gas for both main and 

auxi liary engines consistently accomplishes the highest system efficiency across both 

ballast and scantling conditions. Moreover, when the main engine operates on LFO 

achieves a lower efficiency compared to running LNG. The difference is more obvious 

when both  engines use LFO, resulting in the lowest efficiency of all operating systems. 

The better overall efficiency of LNG is due to the better thermal efficiency of the fuel and 

the lower specific fuel consumption. Furthermore, the usage of a shaft generator in the 

operational system significantly enhances the overall efficiency in all configuration. The 

efficiency gap is more noticeable at medium to high speeds (10 -15 knots). Besides that, 

there is a difference between the two operational conditions of the vesse ls. More 

specifically, the scantling condition generally achieves a higher peak efficiency compared 

to the ballast condition. This phenomenon is likely due to the higher propulsion power 

demand in the scantling condition, allowing the shaft generator to op erate at lower speed 

and the LNG to operate more efficiently.  
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This optimal configuration not only maximizes fuel efficiency but also contributes 

to the reduction of greenhouse gas emissions. To put that in perspective, the presentation 

of graphs that showcase the tones per day of CO2 (TPD_CO2) in combination with ves sel 

speed is obligated.  
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Figure 42:CO2-Vesselõs speed graphs 

 

 

TPD_CO2 ð Vs analysis  

A general emission trend that is visibly noticeable is that as speed increases, CO2 

emissions rise significantly, in a non-linear connection between speed and emissions. This 

is expected as higher speeds demand more energy output from the engine, leading to 

higher fuel consumption and greater emissions. Furthermore, across all configurations, 

the existence of the power sha ft generator leads to lower CO2 emissions at equivalent 

speed. This index indicates the significant value of the shaft generator, as it reduces the 

workload on the engines, providing auxiliary power across the system. It would be an 

omission not to mention  that the configuration that uses LFO in both engines presents 

the highest emission among all setups, as LFO has higher carbon intensity than LNG. On 

the other side, all LNG operating systems outperform LFO configurations in terms of CO2 

emissions, verifyi ng all arguments proposing them for decarbonization efforts. To give you 

a comparison number, in scantling conditions, with the usage of a shaft generator, all -

LFO operational system emits 50 more tones per day than the all -LNG operational 

system. The shaf t generator itself is particularly efficient in reducing emissions at 

moderate operating speeds, which are common for long -distance voyages. The gap created 

by using the shaft generator might not seem very significant at first glance, but when 

considering the broader context of a long voyage, the system contributes to saving millions 

of tons of COϜ emissions over time.  

Some other graphs are going to be evaluated, that contain principal indicators such 

as EPD (Energy Per Day) and TPD_CO2 (Tones Per Day of CO2).  
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Figure 43:LNG -Energy per Day graphs  

 

TPD_LNG -EPD graphs  

Some general observations are going to be underscored based on the provided 

diagrams. Across most configurations, the inclusion of the shaft generator in the case 

study results in increased LNG consumption compared to when the shaft generator is 

not in use. This increase indicates that this equipment, while contributing to the 

efficiency of the overall system, also introduces additional load de mands that consume 

more LNG. Although the amount of LNG used is higher, CO Ϝ emissions are reduced with 

the use of the shaft generator, resulting in a more environmentally efficient system from 

a greenhouse gas emissions perspective. A worthy mentioned obse rvation in the above 

diagrams is seen in the operational system that uses LFO as a primal fuel of the main 

engine and LNG on the auxiliary engines. More precisely, TPD_LNG indicator drops to 

zero at around 450 EPD. This event occurs, due to the fact that t he energy demand is 

getting fulfilled by the shaft generator and the auxiliary engines limit their operation 

nearly to zero. Another significant addition to this thesis is the non -sailing points 

diagram of all operational systems.  
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Figure 44: Energy per Day at Non -Sailing points graphs  
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NON -SAILING POINTS GRAPHS  

 The first observation from these diagrams is the impact of the shaft generator. As 

it is shown, the shaft generator is aligned with the propulsion shaft of the vessel. When 

the vessel is at non -sailing points, there is no shaft movement, since the vessel i s in the 

port. This renders the shaft generator inactive in these operational modes. The only 

noticeable difference is influenced by the type of fuel used by the vessel. At this point, it 

has to be mentioned that the energy demand of the vesselõs operations is being covered by 

the two auxiliary engines, the DF LNG and one LFO engine. Besides that, it is shown that 

the unloading condition uses significant energy per day, 1295 kW when the auxiliary 

engine is in LNG mode and 1220 kW when the auxiliary engine i s in LFO mode to be 

exact. More specifically, when the engine is in LNG mode, the system consumes around 

1254 kW EPD of LFO and 41 kW EPD of LNG. Furthermore, when both engines operate 

with LFO, it is consumed around 6.74 TPD in harbour mode, 10.82 TPD in Loading mode 

and 4.52 TPD in unloading mode. On the other hand, when the first auxiliary engine is 

operating with LNG, there are consumed 3.75 TPD_LNG and 6.93 TPD_LFO in harbour 

mode, 5.1 TPD_LNG and 10.07 TPD_LFO and lastly, 3.02 TPD_LNG and 5.21 in 

unlo ading mode. To draw conclusions from an emissions perspective, graphs illustrating 

the TPD_COϜ values have been provided.  
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Figure 45: CO2 at Non -Sailing points graphs  

 

 

As its obvious again, the shaft generation and the main engine have no impact on 

the system for the same reason as previously. Again this time, the unloading condition 

has by far the most TPD_CO2, at around 350 tones per day, followed by the other two at 

around 55 tones per day. This can  be explained by the high usage of the auxiliary engines 

during the unloading operation, compared to the other two. An event that occurs at these 

non-sailing points is that the LNG configurations produce more tones of CO2 than the 

LFO configurations, after  calculating the methane slip. This can be explained due to the 

incomplete combustion at low loads. More specifically, during non -sailing operations, 

engines operating at lower rates experience less efficient combustion, leading to increased 

methane slip. Eventually, LNG configurations produce more tons of CO ς per day only at 
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non-sailing points, ultimately validating the superiority of LNG over liquid fuel oil across 

a complete voyage. 

 

ORC simulation and assessment  
After the examination of the eight scenarios and the analysis of the graphs, the 

ORC simulation is going to be added to this case study. To understand this better, the 

provision of some brief information about the working fluids is going to occur. The process 

of condensation, an important p henomenon in the Organic Rankine Cycle,  can determine 

the selection of the working fluid. It has been suggested that the design condensation 

temperature is over 300 K to reject heat to the ambient. Besides the condensation 

temperature, another crucial the rmodynamic property that must be taken into account 

before choosing the optimal working fluid is the freezing point of the fluid. The freezing 

point must be below the lowest point of the operating temperature in the cycle, working 

on an acceptable range. O perating on reasonable ranges of temperature and pressure is 

very crucial on the optimization of the ORC, as the cost must remain low and the efficiency 

high (Christos Frangopoulos et al., 2012)  . For this specific study, the working fluid is 

selected between three common working fluids, R290 , R236fa and R1270. The critical 

points of each fluid are presented in the next table  

 

Table 49:Working fluid critical points  

ìŸƖťŔŰŊН[ũƨŔĬ 
ÑĲůƓĲƖċƣƨƖĲН

ыuь 
ÂƖĲƚƚƨƖĲН
ы~Ɠċь 

?ĲŰƚŔƣǃН
ыuŊоůӊΟь 

ÂƖŸƓǃũĲŰĲНрН
ÅΝΞΤΜ 

ΟΣΠЮΞΝ ΠЮΡΡΡ ΞΞΦЮΣΟ 

ÅΞΟΣŉċ ΟΦΥЮΜΤ ΟЮΞ ΡΡΝЮΞΦ 

ÅΞΦΜНрНÂƖŸƓċŰĲ ΟΣΦЮΥΦ ΠЮΞΡΝΞ ΞΞΜЮΠΥ 

 

 For illustrative purposes, T -s diagram for each of the fluids is going to be plotted.  
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Figure 46:Propane T -s diagram  

 

 

Figure 47:Propylene T -s diagram  

 

 

Figure 48:R236fa T-s diagram  
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In this case study, an ORC model written in gPROMS language will be used to assist in 

extracting the results. This model simulates an Organic Rankine Cycle using the 

following points :  

 

Table 50:ORC phases 

ÂŸŔŰƣН
 ŸЮ 

ÂőċƚĲ 

Ν ÉċƣƨƖċƣĲĬНxŔƕƨŔĬНċƣНũŸƽНоНĦŸŰĬĲŰƚĲƖНƓƖĲƚƚƨƖĲ 

Ξ 9ŸůƓƖĲƚƚĲĬНxŔƕƨŔĬНċƣНőŔŊőНоНĲƻċƓŸƖċƣŸƖНƓƖĲƚƚƨƖĲ 

Ο ÉċƣƨƖċƣĲĬНxŔƕƨŔĬНċƣНőŔŊőНоНĲƻċƓŸƖċƣŸƖНƓƖĲƚƚƨƖĲ 

Π ÉƨƓĲƖőĲċƣĲĬНéċƓŸƨƖНċƣНőŔŊőНоНĲƻċƓŸƖċƣŸƖНƓƖĲƚƚƨƖĲ 

Ρ ÉƨƓĲƖőĲċƣĲĬНéċƓŸƨƖНċƣНőŔŊőНоНĲƻċƓŸƖċƣŸƖНƓƖĲƚƚƨƖĲ 

Σ EǂƓċŰƚŔŸŰНċƣНũŸƽНоНĦŸŰĬĲŰƚĲƖНƓƖĲƚƚƨƖĲ 

 

Needless to say, this thermodynamic analysis is based on experimental data. In 

the first point , the operating working fluid has low saturated temperature and low 

pressure, since it is saturated liquid with the condenserõs pressure. On top of that, 

enthalpy, entropy, as well as, low and high saturation temperatures of all points are 

obtained from òPROPREFó. In addition to all that, the second point  of the organic 

working fluid has high pressure, as it is in the  phase of compressed liquid with evaporator 

pressure. Additionally, in the third point, the working fluid is saturated liquid, having 

evaporat or pressure (high pressure) and high saturation temperature. Moreover, 

saturated vapor with high/evaporator pressure and high, saturated, temperature is 

obtained at the fourth point  of the cycle. Furthermore, at  the fifth point  of the cycle, 

the organic working fluid is observed as superheated vapor at high/evaporator pressure 

and  

Ὕὶπυ ὝὶπτῳὝͅίόὴ 4.1 

  

whereas, Ǥǳ is the superheating temperature. Adding to all that, in the sixth point  of 

the organic rankine cycle, the fluid is shown to be expanding at low/condenser pressure. 

At this point, it is mandatory to add that the low pressure is set at 1.5 bar for every 

working fluid. On top of that, the pressure of LNG is set to 301 bar at point 01 and 302 at  

point  02, as well as, the temperature is at 118.92 Kelvin on the first point.  It would be an 

omission not to mention the two efficiencies of the system. More specific ally, the efficiency 

of the feed pump is set to 0.75 and the efficiency of the turbine is set to 0.85.  

Optimization Function 
The objective function to be maximized is the power output of the ORC.  
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άὥὼ ὡ ὲὩὸὼ  4.2 

Where :  

ὼ ῳ ὶͅίόὴȟὴὶὬὭὫὬ 4.3 

 

The following are considered as independent variables for the system optimization:  

¶ Prhigh organic fluid max pressure  

¶ ǤTrsup superheating temperature inside the evaporator.  

 

In addition to all that, the upcoming constraints are specified for the optimization 

campaign :  

υ ὑ ὈὝὩὶςππ ὑ 4.4 

  

ρπυ ᴈ ὝὩπς σππ ᴈ 4.5 

 

πȢψω ὼὶπφ ς 4.6 

  

Thoroughgoing,  

ὈὝὩὶὝὩπρὝὶπυ  4.7 

is working as an index ensuring that the maximum temperature of the whole system is 

the temperature of the exhaust gases. The second constraint is a logical argument for the 

temperature of the exhaust gases in the 02 point and the third one ensures that th e 

fraction of the working fluid extracted from the turbine is optimized. In this work, various 

assumptions are made during the optimization process and performance analysis. In 

order to utilize the data for the previous case scenarios, three different vari ables were 

used, the mass flow rate of LNG of the main engine, the exhaust gas temperature 

of the main engine, and the mass flow rate of exhaust gasses. Taking all the above 

into account, the summary of the following scenarios is being made :  
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Table 51:ORC examination scenarios  

~ŸĬĲ  Ÿ éƚ 
ůŉũхx ]Н
ыťŊоƚь 

ůŉũхEñcН
ыťŊоƚь 

ÑĲǂőхŸƨƣũĲƣНы҄9ь 

 §НÉЮ]Ю 

Ν ΝΡ ΜЮΡΦΤΡΥΟΦ ΟΠЮΥΡΡΣΡ ΠΞΠЮΜΝΡΦ 

Ξ ΝΡЮΡ ΜЮΣΣΝΟΦΣΥ ΟΤЮΦΦΜΜΣΟ ΠΞΠЮΥΠΝΥΣ 

Ο ΝΣ ΜЮΤΟΤΡΦΞΤΣ ΠΝЮΝΝΤΥΦΤ ΠΞΣЮΥΞΦΞ 

òEÉНÉЮ]Ю 

Π ΝΡ ΜЮΣΡΜΠΠΝΜΡ ΟΤЮΟΦΟΣΡΠ ΠΞΠЮΣΣΝ 

Ρ ΝΡЮΡ ΜЮΤΞΝΦΡΜΣΡ ΠΜЮΠΤΥΟΡ ΠΞΣЮΞΦΟΣΤ 

Σ ΝΣ ΜЮΤΦΤΞΣΝΠ ΠΟЮΟΠΡΥΥΣ ΠΞΦЮΟΞΣΡ 

 

Consequently, we came up with the upper three scenarios of the previous data 

analysis, as the main engine works the most efficiently and similarly to normal voyage 

operational conditions. The above data are extracted from the scantling conditions of the 

previous tables and used as the input variables in the simulation process. These two 

scenarios involve the main engine operating with LNG as the primary fuel, with and 

without the existence of the shaft generator.  

The initialization of the gPROMS model starts after setting up everything as 

mentioned. The results of the comparison is shown :  

 

 

  

Table 52:ORC simulation results  

Mode 
R236fa R290 R1270 

W_ORC (W) 

No S.G., Vs=15 kn 86874.5 84872.8 81977.3 
No S.G., Vs=15.5 

kn 96600.6 94322.5 91090.6 

No S.G., Vs=16 kn 108919 106230 102551 

Yes S.G., Vs=15 kn 94904 92676.8 89504.3 
Yes S.G., Vs=15.5 

kn 106297 103702 100121 

Yes S.G., Vs=16 kn 119309 116244 112163 

Average 102150.6833 99674.68 96234.53 
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Figure 49:ORC work -Vesselõs speed correlation 

 

The graph above illustrates visually the work produced by every working fluid 

tested in the case study. As it is clearly shown, on every operational working speed tested, 

R236_fa  seems the most attractive option for the system, as it maximizes the objective 

function, compared to all other options. Taking another look at the table, we see that the 

shaft generator configuration produces more Work overall, due to the higher mass flow 

of the exhaust gasses and the liquid natural gas production. Furthermore, it is 

underscored that the maximum work is, obviously, reported at the speed of 16 kn, whereas 

the input variables are maximized. In this operational speed, R236_fa achieves a work 

of, almost, 120 kilo Watts .  

 All the thermodynamic measurements for the optimal working fluid are 

presented, at 16 kn of speed, as followed :  
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Table 53:Analytic thermodynamic measurements of simulated ORC  

Pressures  (Pa) (bar) Temperature (K) (K) (°C) Enthalpy (J/kg) (kJ/kg) 
Pe01  102000 1.02 Te01  429.3265 156.3265 he01  141726 141.726 
Pe02  102000 1.02 Te02  414.719 141.719 he02  125780 125.78 
Pg01 3.01E+07 301 Tg01  118.92 -154.08 hg01 -829586 -829.586 
Pg02  3.02E+07 302 Tg02  336.34 63.34 hg02  -89747.3 -89.7473 
Pr01 150000 1.5 Tg12  276.44254 3.44254 hg12 -294258 -294.258 
Pr02 2898880 28.9888 Tr01  281.44254 8.44254 hr01  -170196 -170.196 
Pr03 2898880 28.9888 Tr02  283.002 10.002 hr02  -167667 -167.667 
Pr04  2898880 28.9888 Tr02is  282.473 9.473 hr02is -168299 -168.299 
Pr05 2898880 28.9888 Tr03  393.269 120.269 hr03  -11725.6 -11.7256 
Pr06 150000 1.5 Tr04  393.269 120.269 hr04  34567.4 34.5674 
Pr23 2898880 28.9888 Tr05 424.315 151.315 hr05  87149.8 87.1498 

Pr_high 2898880 28.9888 Tr06  348.879 75.879 hr06  41748.1 41.7481 
   Tr06is  340.078 67.078 hr06b -16838.732 -16.838732 
   Tr23 298.15 25.15 hr06is  33736 33.736 
   Tr_satHigh  393.269 120.269 hr23  -149384 -149.384 
   Tr_satLow  281.44254 8.44254    

   DTr_sup 31.0457 -241.9543    

   Dter 5.01164 -267.98836    
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Table 54:Analytic thermodynamic measurements of simulated ORC  

Work (W) W kW mass flow (kg/s) 
w_turb 45401.7 45.402 mfl_REF 2.78302 

w_pump 2529.68 2.5297 mfl_LNG 0.7972614 
w_net 42872.02 42.872 mfl_EXH 43.345886 

Wproduced 119313.69 119.31   
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5. Techno-economic assessment 
 

In this chapter of the thesis, all the above data obtained from the modelling process 

will be applied on a real voyage situation. To elaborate further, an operating profile of a 

real VLCC voyage has been used to a more accurate final result. The specific o perating 

profile consists of four different conditions, matching the extracted data of the case study. 

òPortó, òLoadingó, òUnloadingó and òAt seaó, divided in ballast and laden conditions, are 

the four mentioned modes. Moreover, this operating profile cont ains the percentage of 

average time per year, spent in each mode. As it is reasonable, all percentages sum up to 

100%. The following table describes the profile.  
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Table 55:Operational Profile  

̖  ͏ 9ŸŰĬŔƣŔŸŰН7оx ÉċŔũŔŰŊНůŸĬĲ 
§ƓĲƖċƣŔŸŰċũН
~ŸĬĲН  

9ŸŰĬŔƣŔŸŰНƓŸƖƣ x§]НÉƓĲĲĬ 
?ŔƚƣƖŔĤƨƣĲĬН
ÂĲƖĦĲŰƣċŊĲ 

Ν 7ċũũċƚƣ ÂŸƖƣ cċƖĤŸƨƖНĤċũũċƚƣ cċƖĤŸƨƖ Μ ΤЮΟΡӖ 

Ξ 7ċũũċƚƣ ÂŸƖƣ xŸċĬŔŰŊ xŸċĬŔŰŊ Μ ΟЮΣΞӖ 

Ο 7ċũũċƚƣ ÉċŔũŔŰŊ 7ċũũċƚƣНΥťŰ ƣНÉĲċ Υ ΝЮΣΡӖ 

Π 7ċũũċƚƣ ÉċŔũŔŰŊ 7ċũũċƚƣНΦťŰ ƣНÉĲċ Φ ΠЮΝΣӖ 

Ρ 7ċũũċƚƣ ÉċŔũŔŰŊ 7ċũũċƚƣНΝΜťŰ ƣНÉĲċ ΝΜ ΟЮΥΜӖ 

Σ 7ċũũċƚƣ ÉċŔũŔŰŊ 7ċũũċƚƣНΝΝťŰ ƣНÉĲċ ΝΝ ΣЮΜΞӖ 

Τ 7ċũũċƚƣ ÉċŔũŔŰŊ 7ċũũċƚƣНΝΞťŰ ƣНÉĲċ ΝΞ ΦЮΥΡӖ 

Υ 7ċũũċƚƣ ÉċŔũŔŰŊ 7ċũũċƚƣНΝΟťŰ ƣНÉĲċ ΝΟ ΣЮΝΜӖ 

Φ 7ċũũċƚƣ ÉċŔũŔŰŊ 7ċũũċƚƣНΝΠťŰ ƣНÉĲċ ΝΠ ΝЮΦΝӖ 

ΝΜ 7ċũũċƚƣ ÉċŔũŔŰŊ 7ċũũċƚƣНΝΡťŰ ƣНÉĲċ ΝΡ ΜЮΥΝӖ 

ΝΝ 7ċũũċƚƣ ÉċŔũŔŰŊ 7ċũũċƚƣНΝΣťŰ ƣНÉĲċ ΝΣ ΝЮΝΟӖ 

ΝΞ xċĬĲŰ ÂŸƖƣ cċƖĤŸƨƖНũċĬĲŰ cċƖĤŸƨƖ Μ ΦЮΟΝӖ 

ΝΟ xċĬĲŰ ÂŸƖƣ ÖŰũŸċĬŔŰŊ ÖŰũŸċĬŔŰŊ Μ ΝЮΦΝӖ 

ΝΠ xċĬĲŰ ÉċŔũŔŰŊ xċĬĲŰНΥťŰ ƣНÉĲċ Υ ΜЮΡΤӖ 

ΝΡ xċĬĲŰ ÉċŔũŔŰŊ xċĬĲŰНΦťŰ ƣНÉĲċ Φ ΜЮΦΟӖ 

ΝΣ xċĬĲŰ ÉċŔũŔŰŊ xċĬĲŰНΝΜťŰ ƣНÉĲċ ΝΜ ΞЮΡΜӖ 

ΝΤ xċĬĲŰ ÉċŔũŔŰŊ xċĬĲŰНΝΝťŰ ƣНÉĲċ ΝΝ ΤЮΡΤӖ 

ΝΥ xċĬĲŰ ÉċŔũŔŰŊ xċĬĲŰНΝΞťŰ ƣНÉĲċ ΝΞ ΝΝЮΠΦӖ 

ΝΦ xċĬĲŰ ÉċŔũŔŰŊ xċĬĲŰНΝΟťŰ ƣНÉĲċ ΝΟ ΝΡЮΠΦӖ 

ΞΜ xċĬĲŰ ÉċŔũŔŰŊ xċĬĲŰНΝΠťŰ ƣНÉĲċ ΝΠ ΞЮΤΣӖ 

ΞΝ xċĬĲŰ ÉċŔũŔŰŊ xċĬĲŰНΝΡťŰ ƣНÉĲċ ΝΡ ΜЮΤΤӖ 

ΞΞ xċĬĲŰ ÉċŔũŔŰŊ xċĬĲŰНΝΣťŰ ƣНÉĲċ ΝΣ ΜЮΞΥӖ 

 

 It is easily noticeable that the vesselõs speed perfectly matches the range of speed 

used in the modelling process of this case study. A more visual approach to the operational 

profile is presented in the next table, with the exact percentage being shown in every 

vesselõs speed. 
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Figure 50:Sailing Speed statistical distribution s for loaded and ballast voyages   

 

In order to calculate an estimated cost of this specific operating profile, itõs 

mandatory to summarize the four relevant factors and obtain their monetary value, 

namely tones of LNG, LFO, PLT and CO2. As before, the examination of each different 

machinery  operating profile will occur separately and will compared afterwards. The 

previously used nomenclature for the machinery simulations remains unchanged. The 

numbering shown in the tables above is matching with the operating profile table. The 

last row of e ach table presents the sum of each column. This sum is calculated by 

multiplying every relevant value by the corresponding distributed percentage for a 365 -

day period, then adding all those products together.  
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Table 56:Total o f all indexes on every operational mode of the voyage of Test No1  

ÑĲƚƣН ŸΝ 

~ŸĬĲН ŸЮ ÑÂ?х9§Ξ ÑÂ?хx ] ÑÂ?хx[§ ÑÂ?хÂxÑ 

Ν ΞΥЮΦΦΞΣ ΜЮΜΜΜΜ ΦЮΟΝΜΠ ΜЮΜΜΜΜ 

Ξ ΠΝЮΣΦΦΠ ΜЮΜΜΜΜ ΝΟЮΟΦΜΦ ΜЮΜΜΜΜ 

Ο ΡΞЮΥΤΜΦ ΟЮΝΣΦΞ ΝΝЮΟΥΝΞ ΜЮΠΜΠΞ 

Π ΣΡЮΜΣΡΡ ΤЮΞΡΜΞ ΝΝЮΤΥΝΦ ΜЮΥΜΠΥ 

Ρ ΤΡЮΥΡΟΣ ΝΝЮΜΤΥΟ ΝΝЮΦΡΠΞ ΜЮΦΤΤΝ 

Σ ΥΡЮΟΣΥΤ ΝΠЮΡΞΣΟ ΝΞЮΜΠΤΞ ΝЮΜΤΜΟ 

Τ ΦΜЮΦΟΤΞ ΝΥЮΣΟΠΦ ΝΜЮΟΜΡΤ ΝЮΝΣΝΦ 

Υ ΝΜΞЮΠΡΣΞ ΞΟЮΣΜΣΟ ΦЮΤΟΞΣ ΝЮΞΡΦΞ 

Φ ΝΝΡЮΝΡΞΣ ΞΦЮΠΡΠΝ ΥЮΤΥΠΣ ΝЮΟΡΦΣ 

ΝΜ ΝΟΟЮΝΝΦΠ ΟΣЮΝΞΝΤ ΥЮΥΟΣΤ ΝЮΠΡΠΞ 

ΝΝ ΝΡΡЮΝΥΥΟ ΠΠЮΝΣΞΠ ΥЮΦΣΤΜ ΝЮΡΡΣΟ 

ΝΞ ΞΥЮΦΦΞΣ ΜЮΜΜΜΜ ΦЮΟΝΜΠ ΜЮΜΜΜΜ 

ΝΟ ΟΟΣЮΝΡΜΦ ΜЮΜΜΜΜ ΝΜΤЮΦΠΥΞ ΜЮΜΜΜΜ 

ΝΠ ΣΟЮΝΝΝΟ ΣЮΡΤΦΞ ΝΝЮΤΟΝΦ ΜЮΤΡΠΦ 

ΝΡ ΤΤЮΦΤΤΣ ΝΝЮΥΣΝΝ ΝΝЮΦΣΟΥ ΜЮΦΥΣΥ 

ΝΣ ΥΣЮΥΣΦΜ ΝΣЮΦΤΠΞ ΝΜЮΠΞΣΜ ΝЮΝΞΥΞ 

ΝΤ ΦΦЮΞΥΠΝ ΞΞЮΜΡΠΟ ΝΜЮΜΠΤΦ ΝЮΞΟΝΞ 

ΝΥ ΝΝΝЮΦΞΥΞ ΞΥЮΞΞΞΟ ΥЮΥΜΤΝ ΝЮΟΠΜΝ 

ΝΦ ΝΟΜЮΞΡΞΠ ΟΡЮΜΣΠΝ ΥЮΥΞΜΤ ΝЮΠΠΝΤ 

ΞΜ ΝΡΝЮΞΦΥΥ ΠΞЮΤΟΟΣ ΥЮΦΡΡΟ ΝЮΡΟΦΤ 

ΞΝ ΝΤΡЮΟΟΣΣ ΡΝЮΣΟΝΟ ΥЮΦΣΦΤ ΝЮΣΟΜΝ 

ΞΞ ΞΜΥЮΤΣΤΜ ΣΟЮΤΞΥΜ ΦЮΜΣΟΟ ΝЮΤΞΟΤ 

ÉÖ~ ΟΠΡΜΥЮΣΡΤΜ ΣΦΝΦЮΜΜΦΦ ΠΟΝΣЮΤΟΥΥ ΟΡΜЮΡΦΞΠ 
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Table 57:Total of all indexes on every operational mode of the voyage of Test No2 

 ÑĲƚƣН ŸΞ 

~ŸĬĲН ŸЮ ÑÂ?х9§Ξ ÑÂ?хx ] ÑÂ?хx[§ ÑÂ?хÂxÑ 

Ν ΡΟЮΠΠΣΜ ΟЮΤΠΦΣ ΦЮΣΞΦΦ ΜЮΝΝΤΜ 

Ξ ΣΜЮΝΠΦΝ ΡЮΜΦΣΦ ΝΞЮΤΡΞΤ ΜЮΝΝΜΜ 

Π ΤΡЮΦΜΠΠ ΤЮΝΝΞΣ ΝΝЮΡΠΣΣ ΜЮΡΞΜΠ 

Ρ ΥΥЮΜΦΦΜ ΝΝЮΝΦΟΣ ΝΝЮΦΠΤΞ ΜЮΦΞΝΜ 

Σ ΦΥЮΥΥΤΝ ΝΡЮΜΞΝΤ ΝΞЮΝΝΦΡ ΝЮΜΦΟΠ 

Τ ΝΜΥЮΠΜΞΞ ΝΥЮΠΣΦΣ ΝΞЮΞΝΞΣ ΝЮΝΥΣΡ 

Υ ΝΝΟЮΦΤΜΤ ΞΞЮΡΤΥΞ ΝΜЮΠΤΝΜ ΝЮΞΤΥΝ 

Φ ΝΞΡЮΠΥΦΤ ΞΤЮΡΠΦΤ ΦЮΥΦΤΦ ΝЮΟΤΡΠ 

ΝΜ ΝΟΥЮΝΥΣΝ ΟΟЮΟΦΤΡ ΥЮΦΠΦΦ ΝЮΠΤΡΥ 

ΝΝ ΝΡΣЮΝΡΞΦ ΠΜЮΜΣΡΝ ΦЮΜΜΞΝ ΝЮΡΤΜΠ 

ΝΞ ΝΤΥЮΞΞΝΥ ΠΥЮΝΜΡΥ ΦЮΝΟΞΠ ΝЮΣΤΞΡ 

ΝΟ ΡΟЮΠΠΣΜ ΟЮΤΠΦΣ ΦЮΣΞΦΦ ΜЮΝΝΤΜ 

ΝΠ ΟΣΡЮΜΤΝΞ ΟЮΜΝΤΣ ΝΜΥЮΤΡΜΥ ΜЮΝΝΜΞ 

ΝΣ ΥΣЮΝΠΠΥ ΝΜЮΡΞΞΡ ΝΝЮΥΦΤΟ ΜЮΥΤΝΝ 

ΝΤ ΝΜΝЮΜΝΝΝ ΝΡЮΥΜΠΡ ΝΞЮΝΞΦΝ ΝЮΝΜΟΜ 

ΝΥ ΝΜΦЮΦΜΞΡ ΞΜЮΦΝΤΡ ΝΜЮΡΦΝΟ ΝЮΞΠΠΠ 

ΝΦ ΝΞΞЮΟΝΤΣ ΞΡЮΦΦΤΤ ΝΜЮΞΝΟΞ ΝЮΟΠΤΠ 

ΞΜ ΝΟΠЮΦΣΝΣ ΟΞЮΝΣΡΤ ΥЮΦΤΞΠ ΝЮΠΡΣΟ 

ΞΝ ΝΡΟЮΞΥΡΦ ΟΦЮΜΜΤΡ ΥЮΦΥΣΝ ΝЮΡΡΤΦ 

ΞΞ ΝΤΠЮΟΟΞΟ ΠΣЮΣΤΣΦ ΦЮΝΞΜΣ ΝЮΣΡΡΦ 

ΞΟ ΝΦΥЮΟΤΜΝ ΡΡЮΡΤΠΣ ΦЮΝΟΡΜ ΝЮΤΠΣΟ 

ΞΠ ΞΟΝЮΥΜΜΡ ΣΤЮΣΤΝΠ ΦЮΞΞΥΣ ΝЮΥΟΦΦ 

ÉÖ~ ΠΞΦΥΞЮΠΣΟΦ ΥΟΡΡЮΟΝΣΠ ΠΟΥΜЮΞΤΥΣ ΟΦΞЮΦΟΜΦ 
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Table 58:Total of all indexes on every operational mode of the voyage of Test No3 

 ÑĲƚƣН ŸΟ 

~ŸĬĲН ŸЮ ÑÂ?х9§Ξ ÑÂ?хx ] ÑÂ?хx[§ ÑÂ?хÂxÑ 

Ν ΞΥЮΦΦΞΤ ΜЮΜΜΜΜ ΦЮΟΝΜΠ ΜЮΜΜΜΜ 

Ξ ΠΝЮΣΦΦΡ ΜЮΜΜΜΜ ΝΟЮΟΦΝΜ ΜЮΜΜΜΜ 

Ο ΠΤЮΟΤΠΜ ΜЮΜΜΜΜ ΝΡЮΞΝΟΞ ΜЮΜΜΜΜ 

Π ΣΟЮΦΦΜΤ ΜЮΜΜΜΜ ΞΜЮΡΠΦΠ ΜЮΜΜΜΜ 

Ρ ΤΥЮΦΠΦΠ ΜЮΜΜΜΜ ΞΡЮΟΡΟΝ ΜЮΜΜΜΜ 

Σ ΦΞЮΞΠΡΥ ΜЮΜΜΜΜ ΞΦЮΣΞΞΦ ΜЮΜΜΜΜ 

Τ ΝΜΝЮΡΠΤΠ ΜЮΜΜΜΜ ΟΞЮΣΜΦΦ ΜЮΜΜΜΜ 

Υ ΝΝΥЮΠΟΣΡ ΜЮΜΜΜΜ ΟΥЮΜΟΟΣ ΜЮΜΜΜΜ 

Φ ΝΟΥЮΝΡΣΣ ΜЮΜΜΜΜ ΠΠЮΟΣΣΟ ΜЮΜΜΜΜ 

ΝΜ ΝΣΟЮΤΜΣΞ ΜЮΜΜΜΜ ΡΞЮΡΤΝΜ ΜЮΜΜΜΜ 

ΝΝ ΝΦΠЮΟΜΡΥ ΜЮΜΜΜΜ ΣΞЮΟΦΤΡ ΜЮΜΜΜΜ 

ΝΞ ΞΥЮΦΦΞΤ ΜЮΜΜΜΜ ΦЮΟΝΜΠ ΜЮΜΜΜΜ 

ΝΟ ΟΟΣЮΝΡΞΤ ΜЮΜΜΜΜ ΝΜΤЮΦΠΥΦ ΜЮΜΜΜΜ 

ΝΠ ΣΝЮΟΜΤΡ ΜЮΜΜΜΜ ΝΦЮΣΥΤΤ ΜЮΜΜΜΜ 

ΝΡ ΥΝЮΦΞΦΜ ΜЮΜΜΜΜ ΞΣЮΟΜΦΦ ΜЮΜΜΜΜ 

ΝΣ ΦΡЮΤΟΞΦ ΜЮΜΜΜΜ ΟΜЮΤΠΞΤ ΜЮΜΜΜΜ 

ΝΤ ΝΝΟЮΡΥΠΡ ΜЮΜΜΜΜ ΟΣЮΠΤΡΡ ΜЮΜΜΜΜ 

ΝΥ ΝΟΟЮΠΡΝΞ ΜЮΜΜΜΜ ΠΞЮΥΡΡΞ ΜЮΜΜΜΜ 

ΝΦ ΝΡΦЮΣΣΦΟ ΜЮΜΜΜΜ ΡΝЮΞΤΠΤ ΜЮΜΜΜΜ 

ΞΜ ΝΥΥЮΥΦΣΦ ΜЮΜΜΜΜ ΣΜЮΣΣΜΡ ΜЮΜΜΜΜ 

ΞΝ ΞΞΣЮΞΜΞΜ ΜЮΜΜΜΜ ΤΞЮΣΠΜΟ ΜЮΜΜΜΜ 

ΞΞ ΞΤΜЮΜΡΞΡ ΜЮΜΜΜΜ ΥΣЮΤΞΞΜ ΜЮΜΜΜΜ 

ÉÖ~ ΟΦΠΠΜЮΡΡΞΣ ΜЮΜΜΜΜ ΝΞΣΣΡЮΡΡΦΡ ΜЮΜΜΜΜ 
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Table 59:Total of all indexes on every operational mode of the voyage of Test No4  

 ÑĲƚƣН ŸΠ 

~ŸĬĲН ŸЮ ÑÂ?х9§Ξ ÑÂ?хx ] ÑÂ?хx[§ ÑÂ?хÂxÑ 

Ν ΡΟЮΠΠΣΝ ΟЮΤΠΦΣ ΦЮΣΞΦΦ ΜЮΝΝΤΜ 

Ξ ΣΜЮΝΠΦΝ ΡЮΜΦΣΦ ΝΞЮΤΡΞΥ ΜЮΝΝΜΜ 

Ο ΤΜЮΠΜΤΡ ΟЮΦΠΟΠ ΝΡЮΟΤΥΣ ΜЮΝΝΣΞ 

Π ΥΤЮΜΞΠΞ ΟЮΦΠΟΠ ΞΜЮΤΝΠΤ ΜЮΝΝΣΞ 

Ρ ΝΜΝЮΦΥΞΦ ΟЮΦΠΟΠ ΞΡЮΡΝΥΠ ΜЮΝΝΣΞ 

Σ ΝΝΡЮΞΤΦΟ ΟЮΦΠΟΠ ΞΦЮΤΥΥΟ ΜЮΝΝΣΞ 

Τ ΝΞΠЮΡΥΜΥ ΟЮΦΠΟΠ ΟΞЮΤΤΡΟ ΜЮΝΝΣΞ 

Υ ΝΠΝЮΠΤΜΜ ΟЮΦΠΟΠ ΟΥЮΝΦΥΦ ΜЮΝΝΣΞ 

Φ ΝΣΝЮΝΦΜΝ ΟЮΦΠΟΠ ΠΠЮΡΟΝΣ ΜЮΝΝΣΞ 

ΝΜ ΝΥΣЮΤΟΦΤ ΟЮΦΠΟΠ ΡΞЮΤΟΣΠ ΜЮΝΝΣΞ 

ΝΝ ΞΝΤЮΟΟΦΟ ΟЮΦΠΟΠ ΣΞЮΡΣΞΥ ΜЮΝΝΣΞ 

ΝΞ ΡΟЮΠΠΣΝ ΟЮΤΠΦΣ ΦЮΣΞΦΦ ΜЮΝΝΤΜ 

ΝΟ ΟΣΡЮΜΤΟΜ ΟЮΜΝΤΣ ΝΜΥЮΤΡΝΠ ΜЮΝΝΜΞ 

ΝΠ ΥΠЮΟΠΝΜ ΟЮΦΠΟΠ ΝΦЮΥΡΟΝ ΜЮΝΝΣΞ 

ΝΡ ΝΜΠЮΦΣΞΡ ΟЮΦΠΟΠ ΞΣЮΠΤΡΞ ΜЮΝΝΣΞ 

ΝΣ ΝΝΥЮΤΣΣΠ ΟЮΦΠΟΠ ΟΜЮΦΜΥΝ ΜЮΝΝΣΞ 

ΝΤ ΝΟΣЮΣΝΥΜ ΟЮΦΠΟΠ ΟΣЮΣΠΜΥ ΜЮΝΝΣΞ 

ΝΥ ΝΡΣЮΠΥΠΤ ΟЮΦΠΟΠ ΠΟЮΜΞΜΣ ΜЮΝΝΣΞ 

ΝΦ ΝΥΞЮΤΜΞΥ ΟЮΦΠΟΠ ΡΝЮΠΠΜΜ ΜЮΝΝΣΞ 

ΞΜ ΞΝΝЮΦΟΜΠ ΟЮΦΠΟΠ ΣΜЮΥΞΡΦ ΜЮΝΝΣΞ 

ΞΝ ΞΠΦЮΞΟΡΠ ΟЮΦΠΟΠ ΤΞЮΥΜΡΤ ΜЮΝΝΣΞ 

ΞΞ ΞΦΟЮΜΥΣΜ ΟЮΦΠΟΠ ΥΣЮΥΥΤΠ ΜЮΝΝΣΞ 

ÉÖ~ ΠΤΦΝΠЮΟΡΦΣ ΝΠΟΣЮΟΜΣΥ ΝΞΤΞΦЮΜΦΦΞ ΠΞЮΟΟΥΣ 
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Table 60:Total of all indexes on every operational mode of the voyage of Test No5  

 ÑĲƚƣН ŸΡ 

~ŸĬĲН ŸЮ ÑÂ?х9§Ξ ÑÂ?хx ] ÑÂ?хx[§ ÑÂ?хÂxÑ 

Ν ΞΥЮΦΦΞΣ ΜЮΜΜΜΜ ΦЮΟΝΜΠ ΜЮΜΜΜΜ 

Ξ ΠΝЮΣΦΦΠ ΜЮΜΜΜΜ ΝΟЮΟΦΜΦ ΜЮΜΜΜΜ 

Ο ΡΞЮΥΤΜΦ ΟЮΝΣΦΞ ΝΝЮΟΥΝΞ ΜЮΠΜΠΞ 

Π ΣΡЮΜΣΡΡ ΤЮΞΡΜΞ ΝΝЮΤΥΝΦ ΜЮΥΜΠΥ 

Ρ ΤΝЮΣΟΡΟ ΝΟЮΠΡΟΝ ΥЮΡΡΥΦ ΝЮΜΠΟΤ 

Σ ΤΠЮΞΜΣΠ ΝΤЮΠΡΠΜ ΡЮΦΠΤΟ ΝЮΝΟΦΡ 

Τ ΥΞЮΠΟΦΥ ΞΞЮΝΡΞΟ ΠЮΡΡΠΠ ΝЮΞΟΞΤ 

Υ ΦΜЮΞΠΥΣ ΞΤЮΤΠΣΡ ΞЮΞΡΟΥ ΝЮΟΟΝΣ 

Φ ΝΜΠЮΜΥΜΥ ΟΟЮΥΟΡΞ ΝЮΠΣΤΦ ΝЮΠΞΠΜ 

ΝΜ ΝΞΝЮΥΞΣΜ ΠΜЮΟΜΡΡ ΝЮΡΦΠΠ ΝЮΡΜΡΤ 

ΝΝ ΝΠΞЮΥΞΦΝ ΠΥЮΜΥΥΦ ΝЮΣΜΞΠ ΝЮΡΦΞΡ 

ΝΞ ΞΥЮΦΦΞΣ ΜЮΜΜΜΜ ΦЮΟΝΜΠ ΜЮΜΜΜΜ 

ΝΟ ΟΟΣЮΝΡΜΦ ΜЮΜΜΜΜ ΝΜΤЮΦΠΥΞ ΜЮΜΜΜΜ 

ΝΠ ΣΟЮΝΝΝΟ ΣЮΡΤΦΞ ΝΝЮΤΟΝΦ ΜЮΤΡΠΦ 

ΝΡ ΤΟЮΠΠΝΞ ΝΠЮΟΤΠΥ ΥЮΟΠΤΜ ΝЮΜΣΤΝ 

ΝΣ ΤΦЮΜΥΥΣ ΞΜЮΞΣΜΣ ΡЮΝΜΟΥ ΝЮΝΦΣΤ 

ΝΤ ΥΤЮΞΠΤΜ ΞΣЮΜΠΟΟ ΞЮΤΡΟΟ ΝЮΟΜΝΡ 

ΝΥ ΝΜΜЮΥΝΦΤ ΟΞЮΣΟΟΜ ΝЮΠΡΞΠ ΝЮΠΜΥΤ 

ΝΦ ΝΝΥЮΣΜΥΠ ΟΦЮΝΠΦΟ ΝЮΡΣΞΤ ΝЮΠΦΞΤ 

ΞΜ ΝΟΥЮΦΜΥΦ ΠΣЮΣΝΜΝ ΝЮΣΞΠΦ ΝЮΡΤΣΜ 

ΞΝ ΝΣΡЮΜΞΞΤ ΡΣЮΝΦΥΝ ΝЮΣΣΡΟ ΝЮΣΣΡΟ 

ΞΞ ΞΜΜЮΞΜΤΠ ΣΥЮΥΥΟΠ ΝЮΤΣΝΤ ΝЮΤΣΝΤ 

ÉÖ~ ΟΝΤΡΦЮΤΣΤΜ ΤΦΝΣЮΜΡΡΦ ΞΡΤΣЮΝΤΝΞ ΟΣΤЮΜΡΣΟ 
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Table 61:Total of all indexes on every operational mode of the voyage of Test No6  

 ÑĲƚƣН ŸΣ 

~ŸĬĲН ŸЮ ÑÂ?х9§Ξ ÑÂ?хx ] ÑÂ?хx[§ ÑÂ?хÂxÑ 

Ν ΡΟЮΠΠΣΜ ΟЮΤΠΦΣ ΦЮΣΞΦΦ ΜЮΝΝΤΜ 

Ξ ΣΜЮΝΠΦΝ ΡЮΜΦΣΦ ΝΞЮΤΡΞΤ ΜЮΝΝΜΜ 

Ο ΤΡЮΦΜΠΠ ΤЮΝΝΞΣ ΝΝЮΡΠΣΣ ΜЮΡΞΜΠ 

Π ΥΥЮΜΦΦΜ ΝΝЮΝΦΟΣ ΝΝЮΦΠΤΞ ΜЮΦΞΝΜ 

Ρ ΝΜΟЮΜΣΜΥ ΝΣЮΠΥΠΦ ΦЮΤΝΦΣ ΝЮΝΡΦΥ 

Σ ΝΜΤЮΟΤΝΦ ΞΜЮΝΤΥΡ ΤЮΟΜΡΣ ΝЮΞΠΥΤ 

Τ ΝΝΡЮΞΤΝΥ ΞΠЮΞΝΞΣ ΡЮΤΡΥΞ ΝЮΟΝΥΜ 

Υ ΝΞΜЮΡΥΟΟ ΞΥЮΤΥΜΝ ΞЮΦΟΤΜ ΝЮΟΤΡΣ 

Φ ΝΟΜЮΤΥΜΤ ΟΟЮΥΟΡΞ ΝЮΠΣΤΦ ΝЮΠΞΠΜ 

ΝΜ ΝΠΥЮΡΞΡΦ ΠΜЮΟΜΡΡ ΝЮΡΦΠΠ ΝЮΡΜΡΤ 

ΝΝ ΝΣΦЮΡΞΦΜ ΠΥЮΜΥΥΦ ΝЮΣΜΞΠ ΝЮΡΦΞΡ 

ΝΞ ΡΟЮΠΠΣΜ ΟЮΤΠΦΣ ΦЮΣΞΦΦ ΜЮΝΝΤΜ 

ΝΟ ΟΣΡЮΜΤΝΞ ΟЮΜΝΤΣ ΝΜΥЮΤΡΜΥ ΜЮΝΝΜΞ 

ΝΠ ΥΣЮΝΠΠΥ ΝΜЮΡΞΞΡ ΝΝЮΥΦΤΟ ΜЮΥΤΝΝ 

ΝΡ ΝΜΡЮΡΜΜΦ ΝΤЮΟΣΤΡ ΦЮΡΦΝΡ ΝЮΝΥΟΟ 

ΝΣ ΝΝΞЮΝΦΟΣ ΞΞЮΡΦΦΡ ΣЮΟΦΝΞ ΝЮΞΦΞΟ 

ΝΤ ΝΝΥЮΣΠΝΡ ΞΤЮΠΟΜΦ ΟЮΣΠΠΝ ΝЮΟΣΜΝ 

ΝΥ ΝΞΤЮΡΝΦΣ ΟΞЮΣΟΟΜ ΝЮΠΡΞΠ ΝЮΠΜΥΤ 

ΝΦ ΝΠΡЮΟΜΥΟ ΟΦЮΝΠΦΟ ΝЮΡΣΞΤ ΝЮΠΦΞΤ 

ΞΜ ΝΣΡЮΣΜΥΥ ΠΣЮΣΝΜΝ ΝЮΣΞΠΦ ΝЮΡΤΣΜ 

ΞΝ ΝΦΝЮΤΞΞΣ ΡΣЮΝΦΥΝ ΝЮΣΣΡΟ ΝЮΣΣΡΟ 

ΞΞ ΞΞΣЮΦΜΤΟ ΣΥЮΥΥΟΠ ΝЮΤΣΝΤ ΝЮΤΣΝΤ 

ÉÖ~ ΠΝΦΜΠЮΣΣΝΠ ΥΡΦΟЮΝΦΡΥ ΞΤΠΝЮΣΝΣΣ ΟΦΜЮΜΠΟΝ 
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Table 62:Total of all indexes on every operational mode of the voyage of Test No 7 

 ÑĲƚƣН ŸΤ 

~ŸĬĲН ŸЮ ÑÂ?х9§Ξ ÑÂ?хx ] ÑÂ?хx[§ ÑÂ?хÂxÑ 

Ν ΞΥЮΦΦΞΤ ΜЮΜΜΜΜ ΦЮΟΝΜΠ ΜЮΜΜΜΜ 

Ξ ΠΝЮΣΦΦΡ ΜЮΜΜΜΜ ΝΟЮΟΦΝΜ ΜЮΜΜΜΜ 

Ο ΠΤЮΟΤΠΜ ΜЮΜΜΜΜ ΝΡЮΞΝΟΞ ΜЮΜΜΜΜ 

Π ΣΟЮΦΦΜΤ ΜЮΜΜΜΜ ΞΜЮΡΠΦΠ ΜЮΜΜΜΜ 

Ρ ΤΤЮΟΟΞΣ ΜЮΜΜΜΜ ΞΠЮΥΟΟΦ ΜЮΜΜΜΜ 

Σ ΥΟЮΡΤΠΤ ΜЮΜΜΜΜ ΞΣЮΥΟΥΠ ΜЮΜΜΜΜ 

Τ ΦΣЮΥΠΣΡ ΜЮΜΜΜΜ ΟΝЮΝΜΜΠ ΜЮΜΜΜΜ 

Υ ΝΝΝЮΝΦΞΥ ΜЮΜΜΜΜ ΟΡЮΤΜΤΠ ΜЮΜΜΜΜ 

Φ ΝΟΞЮΝΝΟΦ ΜЮΜΜΜΜ ΠΞЮΠΞΡΥ ΜЮΜΜΜΜ 

ΝΜ ΝΡΣЮΥΣΤΥ ΜЮΜΜΜΜ ΡΜЮΟΤΡΜ ΜЮΜΜΜΜ 

ΝΝ ΝΥΤЮΟΞΡΜ ΜЮΜΜΜΜ ΣΜЮΝΡΡΥ ΜЮΜΜΜΜ 

ΝΞ ΞΥЮΦΦΞΤ ΜЮΜΜΜΜ ΦЮΟΝΜΠ ΜЮΜΜΜΜ 

ΝΟ ΟΟΣЮΝΡΞΤ ΜЮΜΜΜΜ ΝΜΤЮΦΠΥΦ ΜЮΜΜΜΜ 

ΝΠ ΣΝЮΟΜΤΡ ΜЮΜΜΜΜ ΝΦЮΣΥΤΤ ΜЮΜΜΜΜ 

ΝΡ ΥΜЮΝΡΝΤ ΜЮΜΜΜΜ ΞΡЮΤΟΦΝ ΜЮΜΜΜΜ 

ΝΣ ΦΝЮΠΠΠΞ ΜЮΜΜΜΜ ΞΦЮΟΣΡΡ ΜЮΜΜΜΜ 

ΝΤ ΝΜΡЮΥΜΤΡ ΜЮΜΜΜΜ ΟΟЮΦΤΥΜ ΜЮΜΜΜΜ 

ΝΥ ΝΞΤЮΡΜΝΣ ΜЮΜΜΜΜ ΠΜЮΦΠΠΣ ΜЮΜΜΜΜ 

ΝΦ ΝΡΞЮΠΠΝΣ ΜЮΜΜΜΜ ΠΥЮΦΡΟΣ ΜЮΜΜΜΜ 

ΞΜ ΝΥΜЮΥΥΜΜ ΜЮΜΜΜΜ ΡΥЮΜΥΣΝ ΜЮΜΜΜΜ 

ΞΝ ΞΞΝЮΤΟΠΝ ΜЮΜΜΜΜ ΤΝЮΞΜΡΣ ΜЮΜΜΜΜ 

ΞΞ ΞΣΣЮΥΝΝΣ ΜЮΜΜΜΜ ΥΡЮΣΥΝΟ ΜЮΜΜΜΜ 

ÉÖ~ ΟΤΤΦΝЮΜΝΣΦ ΜЮΜΜΜΜ ΝΞΝΟΡЮΥΠΟΦ ΜЮΜΜΜΜ 
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Table 63:Total of all indexes on every operational mode of the voyage of Test No8  

 ÑĲƚƣН ŸΥ 

~ŸĬĲН ŸЮ ÑÂ?х9§Ξ ÑÂ?хx ] ÑÂ?хx[§ ÑÂ?хÂxÑ 

Ν ΡΟЮΠΠΣΝ ΟЮΤΠΦΣ ΦЮΣΞΦΦ ΜЮΝΝΤΜ 

Ξ ΣΜЮΝΠΦΝ ΡЮΜΦΣΦ ΝΞЮΤΡΞΥ ΜЮΝΝΜΜ 

Ο ΤΜЮΠΜΤΡ ΟЮΦΠΟΠ ΝΡЮΟΤΥΣ ΜЮΝΝΣΞ 

Π ΥΤЮΜΞΠΞ ΟЮΦΠΟΠ ΞΜЮΤΝΠΤ ΜЮΝΝΣΞ 

Ρ ΝΜΥЮΤΡΥΞ ΟЮΜΟΝΥ ΞΡЮΦΦΠΣ ΜЮΝΝΣΞ 

Σ ΝΝΣЮΤΠΜΞ ΞЮΤΞΠΡ ΞΥЮΝΦΣΤ ΜЮΝΜΦΞ 

Τ ΝΞΦЮΣΤΥΣ ΞЮΜΣΜΟ ΟΞЮΟΜΠΝ ΜЮΜΥΡΟ 

Υ ΝΠΝЮΡΞΤΡ ΝЮΜΟΟΣ ΟΣЮΟΦΜΣ ΜЮΜΠΠΜ 

Φ ΝΡΥЮΥΝΟΥ ΜЮΜΜΜΜ ΠΞЮΠΞΡΥ ΜЮΜΜΜΜ 

ΝΜ ΝΥΟЮΡΣΤΤ ΜЮΜΜΜΜ ΡΜЮΟΤΡΜ ΜЮΜΜΜΜ 

ΝΝ ΞΝΠЮΜΞΠΦ ΜЮΜΜΜΜ ΣΜЮΝΡΡΥ ΜЮΜΜΜΜ 

ΝΞ ΡΟЮΠΠΣΝ ΟЮΤΠΦΣ ΦЮΣΞΦΦ ΜЮΝΝΤΜ 

ΝΟ ΟΣΡЮΜΤΟΜ ΟЮΜΝΤΣ ΝΜΥЮΤΡΝΠ ΜЮΝΝΜΞ 

ΝΠ ΥΠЮΟΠΝΜ ΟЮΦΠΟΠ ΝΦЮΥΡΟΝ ΜЮΝΝΣΞ 

ΝΡ ΝΝΞЮΞΝΝΠ ΞЮΦΦΞΣ ΞΣЮΦΥΟΣ ΜЮΝΝΣΞ 

ΝΣ ΝΞΠЮΡΠΦΝ ΞЮΟΟΥΦ ΟΜЮΣΡΟΜ ΜЮΜΦΡΣ 

ΝΤ ΝΟΤЮΞΜΞΜ ΝЮΟΥΤΣ ΟΠЮΥΣΥΦ ΜЮΜΡΥΤ 

ΝΥ ΝΡΠЮΞΜΝΡ ΜЮΜΜΜΜ ΠΜЮΦΠΠΣ ΜЮΜΜΜΜ 

ΝΦ ΝΤΦЮΝΠΝΡ ΜЮΜΜΜΜ ΠΥЮΦΡΟΣ ΜЮΜΜΜΜ 

ΞΜ ΞΜΤЮΡΤΦΦ ΜЮΜΜΜΜ ΡΥЮΜΥΣΝ ΜЮΜΜΜΜ 

ΞΝ ΞΠΥЮΠΟΠΜ ΜЮΜΜΜΜ ΤΝЮΞΜΡΣ ΜЮΜΜΜΜ 

ΞΞ ΞΦΟЮΡΝΝΡ ΜЮΜΜΜΜ ΥΡЮΣΥΝΟ ΜЮΜΜΜΜ 

ÉÖ~ ΠΤΦΟΡЮΦΝΞΠ ΣΤΤЮΝΟΦΦ ΝΞΟΜΝЮΞΥΦΞ ΞΞЮΦΥΣΥ 

 

After presenting all necessary tables, a set of performance metrics were introduced 

in order to facilitate the comparison of the various machinery design alternatives, 

capturing the influence of the shaft generator and the multiple fuel used in this case 

study.  
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Figure 51:Instantaneous tones per day of CO 2 per operating profile  

 

 

Figure 52:Instantaneous tones per day of LNG per operating profile  
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Figure 53:Instantaneous tones per day of LFO per operating profile  

 

 

 

Figure 54:Instantaneous tones per day of PLT per operating profile  
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After that, we can safely proceed to synthesize the totals for each mentioned 

variable. The concluding graphs are presented below.  

 

 

Figure 55:Grand totals of CO2  tones in a year per machinery arrangement  

 

 

Figure 56:Grand totals of LNG  tones in a year per machinery arrangement  
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Figure 57:Grand totals of LFO  tones in a year per machinery arrangement  

 

 

Figure 58:Grand totals of PLT  tones in a year per machinery arrangement  
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Brief  Comments on the grand totals  
 

As it is obvious, Test No5 produces the least amount of CO 2 emissions, primarily 

due to the use of LNG as the main fuel for both the main engine and auxiliary engines. 

This statement confirms the huge impact of energy -efficient configurations. Besides that, 

Test No5 also has the 3 rd highest LNG consumption among all other configurations, 

showcasing its environmental advantages. Another important observation it that the 

configurations that utilize LFO as the main engineõs fuel in combination with LNG usage 

in the auxiliary engines, emit the highest CO 2  footprint.   

 

 

 All these totals can be utilized in combination with the real -time price chart of 

every index mentioned above. In order to approach this study more spherically, prices of 

a 3 year span will be used in the evaluation of the assessment. All the prices are r eferred 

to the Rotterdam Port. The price charts are presented below.  

 

 

Figure 59: MGO h istorical prices(Ship&Bunker , n.d.) 
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Figure 60:LNG historical prices (Ship&Bunker , n.d.) 

 

 

Figure 61:VLSFO historical prices  (Ship&Bunker , n.d.)  

 

Spectating the above graphs we can safely say that the prices of every fuel used in 

this case study peaked in mid -2022, but afterwards prices started decreasing, reaching 

even lower levels compared to September 2021. Moreover, it has to be mentioned that t he 

fluctuation of the prices of the LNG is significant, with differentiations up to 580%.  
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It would be an omission not to mention that the CO2 price is considered at 

approximately 70 $/mt.  Finally, we can proceed to the conclusions of this techno -economic 

assessment. Comparison of every different mechanical variation will occur. In addition, 

every total of the indexes above will be multiplied by the average price of the matching 

variable on  this 3 -year span.   

 

 

 

Figure 62:Total Cost of every operational profile on a 3 -year span.  
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Table 64:Analytical costs  of every operational profile on a 3 -year span.  
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The presented summary table illustrates the cost of each specific category, as well 

as the total cost of every machinery arrangement. As is it  shown, the individual costs are 

stacked in a column, summarizing the total cost of each configuration. The impact of the 

shaft generator can be visibly noticed as it reduces the cost of every machinery 

arrangement. The most cost -efficient arrangement seems to be the all -LFO usage as fuel 

type. This can be explained by considering the high percentage of the total cost that LNG 

represents, with over 60% in every arrangement with LNG usage on the main engine. 

This statistic, in combination with the high price of LNG as a fuel, makes the all -LFO 

machinery arrangement the most feasible. Moreover, the sharp decline in MGO and 

VLSFO prices, stabilizing around 600 ð 650 $/mt offer this short -term advantage to the 

LFO -based configurations. The price of CO2 tax must r each a number of 750 $/mt in order 

to make the all -LNG arrangement the most cost -efficient. This hypothetical scenario is 

presented below.  

 

 

Figure 63:Hypothetical total cost of every operational profile on a 3 -year span.  

 

After observing the decline of the price of every fuel in 2024, with all hitting their 

lowest points during this year, the total operating cost for each profile will be calculated 

based on the average price of the year 2024 of every variable.  
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Figure 64:Total cost of every operational profile in 2024 . 
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Table 65:Analytical costs of every operational profile in 2024.   
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A significant decrease in every operational arrangement is clearly evident, 

especially when LNG is used as the main fuel for the main engine, with a reduction of 

about 30%. This result shows that the marker price of the LNG is obviously a decisive 

parameter of the operating fuel . 

 

 

Sensitivity Analysis 
In this thesis, the economic impact of CO2 pricing is evaluated  in order to spectate 

the optimal machinery configuration under various carbon tax scenarios. It is crucial  to 

recognize the importance of carbon pricing as a market -driven tool for the reduction of 

greenhouse gas emissions. This paragraph conducts a sensitivity analysis to assess the 

influence of CO2 tax rates ranging from $70 to $170 per ton on total operational costs. By 

showcasing and analyzing the different cost scenarios, the identification of the most 

economically  feasible configuration will occur. More specifically, this strategic approach 

aims to determine the break -even point at which a LNG configuration becomes the most 

profitable  option among all others. All graphs that describe the analysis are presented 

now. The Y-axis shows the hypothetical total cost and the X-axis shows the machinery 

arrangement, following the encoding used to describe the simulation campaign 

previously. Finally , the title of every graph underscores the CO2 price that is applied in 

the corresponding simulation.  
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Figure 65:Sensitivity Analysis results  

The above analysis leads to the conclusion that CO2 price has to reach a value of 

$110/ton in order to make the fifth machinery arrangement the most profitable a mong all 

others. Besides that,  the tendency of the rising CO2 price makes the fifth arrangement 

more and more efficient , meaning that  this arrangement might be the solution for the 

future . Integrating an Organic Rankine Cycle system into the fifth arrangement will 

further enhance its economic viability as analyzed previously.  By recovering waste he at 

from the main engine and the auxiliary systems, the overall efficiency will be improved, 

reducing the reliance on the auxiliary engines and lowering the overall fuel consumption. 

This hypothetical  scenario seems to be an optimal choice in a high -carbon tax scenario. 

This type of configuration not only aligns with decarbonization objectives but also ensures 

competitiveness in an evolving regulatory and market landscape.
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Table 66: Main Engine Gas Mode Performance Table  

Low Flashpoing Fuel (TIER II) ISO CONDITIONS 

Load Power Speed SPOC SGC 
Heat 
rate 

Exh.gas 
amount 

Exh.gas tempera-
ture 

Steam 

%SMCR kW r/min  g/kWh g/kWh kJ/kWh kg/s °C kg/h 

100 22500 64 3.18 129.9 6.631 44.7 215 1740 

95 21375 62.9 3.29 128.6 6.572 43.2 209 1470 

90 20250 61.8 3.42 127.6 6.524 41.6 203 1250 

85 19125 60.6 3.55 126.7 6.487 39.7 199 1060 

80 18000 59.4 3.69 125.2 6.419 37.8 196 940 

75 16875 58.1 3.85 123.8 6.356 35.5 195 850 

70 15750 56.8 4.04 123.6 6.355 33.7 195 820 

65 14625 55.4 4.24 123.5 6.358 31.9 196 840 

60 13500 54 4.48 124 6.39 29.9 199 880 

55 12375 52.4 4.74 124.5 6.43 27.8 203 950 

50 11250 50.8 5.06 125.2 6.476 25.7 209 1030 

45 10125 49 5.42 126 6.531 23.4 216 1140 

40 9000 47.2 5.87 126.8 6.591 21.1 224 1240 

35 7875 45.1 6.41 127.6 6.655 18.5 232 1290 

30 6750 42.8 7.1 127.9 6.697 18.3 196 560 

25 5625 40.3 8.02 128.8 6.783 16.2 192 440 

20 4500 37.4 9.31 130.3 6.911 14.1 188 320 

15 3375 34 11.28 132.9 7.124 13 180 140 

10 2250 29.7 14.78 136.7 7.466 11 158 0 
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Table 67: Main Engine Gas Mode Table of Capacities  

Table of Capacities , Low Flashpoint Fuel, ISO CONDITIONS 

Load  
T/C air con-
sumption +-

5% 

Scavenge 
air pres-

sure 

Scavenge air 
receiver 

temp 

Scavenge 
air heat 

diss. 

Jacket water 
heat diss +10/-

15% 

Lubricating oil 
heat diss. +-10% 

Vaporizer heat 

%SMCR kg/s bara °C kW kW kW kW 

100 44.7 3.95 37 7430 2520 2080 637 

95 43.2 3.77 36 6880 2430 2000 600 

90 41.6 3.6 35 6340 2340 1910 563 

85 39.7 3.39 34 5710 2240 1830 528 

80 37.8 3.23 33 5180 2150 1750 490 

75 35.5 3.04 32 4580 20660 1670 456 

70 33.7 2.85 31 4060 1960 1600 425 

65 31.9 2.65 30 3540 1870 1520 394 

60 29.9 2.47 30 30660 1770 1450 365 

55 27.8 2.28 29 2580 1680 1380 339 

50 25.7 2.09 28 2120 1590 1310 307 

45 23.4 1.93 27 1710 1490 1230 278 

40 21.1 1.77 26 1340 1400 1160 249 

35 18.5 1.63 33 1010 1340 1090 219 

30 18.3 1.51 32 830 1210 1010 188 

25 16.2 1.4 32 600 1120 930 158 
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Table 68:Main Engine LFO Mode Performance Table  

Fuel Oil Mode (TIER II) ISO CONDITIONS 

Load Power Speed SFOC Exh.gas amount Exh.gas temperature Steam 

%SMCR kW r/min  g/kWh kg/s °C kg/h 

100 22500 64 161.3 46.1 244 2650 

95 21375 62.9 159.9 44.6 236 2390 

90 20250 61.8 158.8 43 230 2160 

85 19125 60.6 157.9 42.1 216 1690 

80 18000 59.4 157.8 41 203 1220 

75 16875 58.1 157.8 39.2 202 1130 

70 15750 56.8 155.8 36.6 201 1060 

65 14625 55.4 153.9 33.9 202 1030 

60 13500 54 154.6 31.9 204 1060 

55 12375 52.4 155.6 29.7 208 1120 

50 11250 50.8 156.7 27.4 213 1200 

45 10125 49 158 25 221 1300 

40 9000 47.2 159.3 22.5 229 1400 

35 7875 45.1 160.8 19.9 237 1430 

30 6750 42.8 161.8 19.5 201 680 

25 5625 40.3 163.8 17.4 197 540 

20 4500 37.4 166.8 14.8 193 410 

15 3375 34 171.8 12.4 185 230 

10 2250 29.7 179.8 9 163 0 
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Table 69:7H2132 auxiliary engine performance table  

 

Engine performance 

Load 
% 

Cylinder data Combustion air data Exhaust gas data Heat balance data Heat balance data 

SFOC 
(g/kWh) 

Cylin-
der 
out-
put 

(kW) 

Mean 
effective 
pressure 

(bar) 

Mass 
flow 

(kg/kWh) 

Air tem-
perature 

after 
cooler 
(°C) 

Mass 
flow 

(kg/kWh) 

Gas tem-
perature 
after tur-
bine (°C) 

Charge 
air 

(kJ/kWh) 

Lubricat-
ing oil 

(kJ/kWh) 

Jacket 
cooling 
water 

(kJ/kWh) 

Radia-
tion 

(kJ/kWh) 

25 55 6.6 8.3 45 8.5 351 450 1260 1410 340 230.6 

50 110 13.2 6.9 45 7..1 342 765 884 780 134 199.5 

75 1665 19.8 6.6 45 6.8 313 1083 704 638 103 191.2 

85 187 22.5 6.4 45 6.6 313 1215 620 626 86 185 

100 220 26.5 6.2 45 6.4 314 1390 620 623 82 192.5 

110 242 29.1 6.1 45 6.2 323 1480 630 618 90 186 
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Table 70:7H2132 Engine Capacity Data  

Engine capacity data / rated power 200 kW - cylinder @ 900rpm  

Charge air 

Heat dissipation (kW) 596 

Low temperature cooling water flow (m^3/h) 45 

low cooling water temperature cooler IN (°C) 36 

low cooling water temperature cooler OUT (°C) 48 

Lubricating oil 

heat dissipation (kW) 263 

Low temperature cooling water flow (m^3/h) 45 

low cooling water temperature cooler IN (°C) 48 

low cooling water temperature cooler OUT (°C) 53 

Cylinder jacket  

heat dissipation (kW) 266 

high temperature cooling water flow (m^3/h) 45 

high cooling water temperature cooler IN (°C) 77 

high cooling water temperature cooler OUT (°C) 82 

gas data 

Combustion air consuption (kg/h) 10320 

exhaust gas flow (kg/h) 10610 

exhaust gas temperature (°C) 315 

allowable exhaust gas back pressure max (mbar) 30 

heat radiation engine radiation (kW) 35 

Starting air  

air consuption per start ( N*m^3) 2.1 

Starting air source pressure MAX (bar) 30 

Starting air source pressure MIN (bar) 15 

Pump capacities 

lubricating oil pump 6 bar (m^3/h) 57 

High temperature cooling water pump ( 1 - 2.5 bar) (m^3/h) 45 

Low temperature cooling water pump ( 1 - 2.5 bar) (m^3/h) 45 

Marin diesel oil pump head (8 bar) (m^3/h) 1.166 

Heavy fuel oil supply pump head (4 bar) (m^3/h)  0.58 

Heavy duel oil booster pump (8 bar) (m^3/h) 1.16 
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Table 71:8H22CDF Engine Performance Table Diesel Mode  

Engine performance - !! DIESEL MODE !! 

Load 
% 

Cylinder data Combustion air data Exhaust gas data 

Cylinder output 
(kW) 

Mean effective pressure 
(bar) 

Mass flow (kg/kWh) 
Air temperature after cooler 

(°C) 
Mass flow 
(kg/kWh) 

Gas temperature after turbine 
(°C) 

50 108 11.4 7.5 45 7.8 352 

75 161 17.1 7.2 45 7.4 288 

85 183 19.4 6.8 45 7.1 291 

100 215 22.9 6.7 45 6.9 293 

110 237 25.1 6.4 45 6.6 307 

Load 
% 

Heat balance data Heat balance data 
SFOC (g/kWh) 

 

Charge air 
(kJ/kWh) 

Lubricating oil (kJ/kWh) 
Jacket cooling water 

(kJ/kWh) 
Radiation (kJ/kWh)  

50 975 845 840 215 207.8  

75 1330 635 770 190 196.5  

85 1420 585 775 180 195.9  

100 1500 530 790 180 195.2  

110 1540 510 800 180 196  
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Table 72:8H22CDF Engine Capacity Data Diesel Mode  

Engine capacity data / rated power 200 kW - cylinder @ 900rpm - !! DIESEL MODE !! 

Charge air 

Heat dissipation (kW) 785 

Low temperature cooling water flow (m^3/h) 61 

low cooling water temperature cooler IN (°C) 36 

low cooling water temperature cooler OUT 
(°C) 

47 

Lubricating oil 

heat dissipation (kW) 263 

Low temperature cooling water flow (m^3/h) 61 

low cooling water temperature cooler IN (°C) 47 

low cooling water temperature cooler OUT 
(°C) 

50 

Cylinder jacket  

heat dissipation (kW) 395 

high temperature cooling water flow (m^3/h) 61 

high cooling water temperature cooler IN (°C) 77 

high cooling water temperature cooler OUT 
(°C) 

82 

gas data 

Combustion air consuption (kg/h) 11460 

exhaust gas flow (kg/h) 11810 

exhaust gas temperature (°C) 293 

allowable exhaust gas back pressure max 
(mbar) 

30 

heat radiation engine radiation (kW) 88 

Pump capacities 

lubricating oil pump 6 bar (m^3/h) 70 

High temperature cooling water pump ( 1 - 2.5 
bar) (m^3/h) 

61 

Low temperature cooling water pump ( 1 - 2.5 
bar) (m^3/h) 

61 
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Table 73:8H22CDF Engine Performance Table Gas Mode  

Engine performance - !! GAS MODE !!  

Load 
% 

Cylinder data Combustion air data Exhaust gas data  

Cylinder out-
put (kW) 

Mean effective 
pressure (bar) 

Mass flow 
(kg/kWh) 

Air temperature after 
cooler (°C) 

Mass flow 
(kg/kWh) 

Gas temperature after 
turbine (°C) 

 

50 108 11.4 6.8 45 6.7 471  

75 161 17.1 6 45 6.2 405  

85 183 19.4 5.8 45 6 378.6  

100 215 22.9 5.6 45 5.8 372  

Load 
% 

Heat balance data Heat balance data Fuel Consumption 

Charge air 
(kJ/kWh) 

Lubricating oil 
(kJ/kWh) 

Jacket cooling wa-
ter (kJ/kWh) 

Radiation (kJ/kWh) 
SFGC 

(g/kWh) 
SPOC (g/kWh) 

Total Heat rate 
(kJ/kWh) 

50 910 815 530 230 191.5 4.8 9490 

75 990 610 760 195 168.3 3.3 8710 

85 1055 565 755 185 172.893 5.1 8512 

100 1140 515 770 175 159.2 2.4 8290 
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Table 74:8H22CDF Engine Performance Table Gas Mode  

Engine performance - !! GAS MODE !! 

Load % 
Fuel Consumption 

SFGC (g/kWh) SPOC (g/kWh) Total Heat rate (kJ/kWh) 

50 191.5 4.8 9490 

75 168.3 3.3 8710 

85 8296 5.1 8512 

100 159.2 2.4 8290 
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Table 75:8H22CDF Engine Capacity Data Gas Mode  

Engine capacity data / rated power 200 kW - cylinder @ 900rpm - !! GAS MODE !! 

Charge air 

Heat dissipation (kW) 656 
Low temperature cooling water flow (m^3/h) 61 
low cooling water temperature cooler IN (°C) 36 

low cooling water temperature cooler OUT (°C) 45 

Lubricating oil 

heat dissipation (kW) 253 
Low temperature cooling water flow (m^3/h) 61 
low cooling water temperature cooler IN (°C) 45 

low cooling water temperature cooler OUT (°C) 49 

Cylinder jacket  

heat dissipation (kW) 377 

high temperature cooling water flow (m^3/h) 61 

high cooling water temperature cooler IN (°C) 77 

high cooling water temperature cooler OUT (°C) 82 

gas data 

Combustion air consumption (kg/h) 9690 
exhaust gas flow (kg/h) 10000 

exhaust gas temperature (°C) 353 
allowable exhaust gas back pressure max (mbar) 24 

heat radiation engine radiation (kW) 86 

Pump capacities 

lubricating oil pump 6 bar (m^3/h) 70 

High temperature cooling water pump ( 1 - 2.5 bar) (m^3/h) 61 

Low temperature cooling water pump ( 1 - 2.5 bar) (m^3/h) 61 
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Figure 66:Sensitivity Analysis analytical calculations

Trip No CO2 price ($) LNG price ($) LFO price ($) PLT price ($) Total Price ($) Total Price (million $)
1 2415605.987 5093544.489 2420251.557 256356.05 10185758.08 10.1858
2 3008772.47 6150905.41 2455876.185 287314.3535 11902868.42 11.9029
3 2760838.684 0 7101157.03 0 9861995.714 9.8620
4 3354005.172 1057361.2 7136781.628 30958.30093 11579106.3 11.5791
5 2223183.691 5827536.516 1444373.344 268394.6241 9763488.176 9.7635
6 2933326.297 6326024.305 1537133.061 285202.7865 11081686.45 11.0817
7 2645371.184 0 6804163.15 0 9449534.334 9.4495
8 3355513.866 498487.8085 6896922.804 16808.15959 10767732.64 10.7677
1 3105779.126 5093544.489 2420251.557 256356.05 10875931.22 10.8759
2 3868421.747 6150905.41 2455876.185 287314.3535 12762517.7 12.7625
3 3549649.737 0 7101157.03 0 10650806.77 10.6508
4 4312292.364 1057361.2 7136781.628 30958.30093 12537393.49 12.5374
5 2858379.032 5827536.516 1444373.344 268394.6241 10398683.52 10.3987
6 3771419.525 6326024.305 1537133.061 285202.7865 11919779.68 11.9198
7 3401191.523 0 6804163.15 0 10205354.67 10.2054
8 4314232.113 498487.8085 6896922.804 16808.15959 11726450.89 11.7265
1 3795952.265 5093544.489 2420251.557 256356.05 11566104.36 11.5661
2 4728071.024 6150905.41 2455876.185 287314.3535 13622166.97 13.6222
3 4338460.79 0 7101157.03 0 11439617.82 11.4396
4 5270579.557 1057361.2 7136781.628 30958.30093 13495680.69 13.4957
5 3493574.372 5827536.516 1444373.344 268394.6241 11033878.86 11.0339
6 4609512.753 6326024.305 1537133.061 285202.7865 12757872.91 12.7579
7 4157011.861 0 6804163.15 0 10961175.01 10.9612
8 5272950.36 498487.8085 6896922.804 16808.15959 12685169.13 12.6852
1 4486125.404 5093544.489 2420251.557 256356.05 12256277.5 12.2563
2 5587720.302 6150905.41 2455876.185 287314.3535 14481816.25 14.4818
3 5127271.842 0 7101157.03 0 12228428.87 12.2284
4 6228866.749 1057361.2 7136781.628 30958.30093 14453967.88 14.4540
5 4128769.713 5827536.516 1444373.344 268394.6241 11669074.2 11.6691
6 5447605.98 6326024.305 1537133.061 285202.7865 13595966.13 13.5960
7 4912832.199 0 6804163.15 0 11716995.35 11.7170
8 6231668.607 498487.8085 6896922.804 16808.15959 13643887.38 13.6439
1 5176298.543 5093544.489 2420251.557 256356.05 12946450.64 12.9465
2 6447369.579 6150905.41 2455876.185 287314.3535 15341465.53 15.3415
3 5916082.895 0 7101157.03 0 13017239.92 13.0172
4 7187153.941 1057361.2 7136781.628 30958.30093 15412255.07 15.4123
5 4763965.053 5827536.516 1444373.344 268394.6241 12304269.54 12.3043
6 6285699.208 6326024.305 1537133.061 285202.7865 14434059.36 14.4341
7 5668652.538 0 6804163.15 0 12472815.69 12.4728
8 7190386.855 498487.8085 6896922.804 16808.15959 14602605.63 14.6026
1 5866471.682 5093544.489 2420251.557 256356.05 13636623.78 13.6366
2 7307018.856 6150905.41 2455876.185 287314.3535 16201114.8 16.2011
3 6704893.948 0 7101157.03 0 13806050.98 13.8061
4 8145441.133 1057361.2 7136781.628 30958.30093 16370542.26 16.3705
5 5399160.393 5827536.516 1444373.344 268394.6241 12939464.88 12.9395
6 7123792.436 6326024.305 1537133.061 285202.7865 15272152.59 15.2722
7 6424472.876 0 6804163.15 0 13228636.03 13.2286
8 8149105.102 498487.8085 6896922.804 16808.15959 15561323.87 15.5613

CO2 tax at 150 $/ton

CO2 tax at 170 $/ton

CO2 tax at 70 $/ton

CO2 tax at 90 $/ton

CO2 tax at 110 $/ton

CO2 tax at 130 $/ton
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Figure 67:1st simulation scenario extended tables -A part  

 

m kn kW kW Kw kW kW kW kW kW kg/h

Condition ModelNum/Time Draft Vspeed PpropD Psgm MEload rSGPR PelD Psge AEload1 AEload2 AEload3 rSGEL mstD rSTME rSTAE rSTAB effME effAE eff_tot TPD_ME_LNG TPD_ME_PLT TPD_ME_LFO TPD_AE_LNG TPD_AE_PLT TPD_AE_LFO
0 21.62 15 16087 0 0.7149778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0311161 0 1.65E-06 0.58714104 0.34405228 0.56099135 51.63125 1.6300749 0 0 0 7.3395915
1 21.62 8 1800 0 0.08 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.43848768 0.34405228 0.48582783 6.579152 0.7548869 0 0 0 7.3395915

2 21.62 8.5 2587 0 0.11497778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.45262662 0.34405228 0.4862378 9.273847 0.9207612 0 0 0 7.3395915

3 21.62 9 3375 0 0.15 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.46772754 0.34405228 0.49086848 11.861109 0.986765 0 0 0 7.3395915
4 21.62 9.5 4162 0 0.18497778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.47776932 0.34405228 0.4946077 14.426762 1.0681946 0 0 0 7.3395915
5 21.62 10 4949 0 0.21995555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.46164402 0 0.538356 0.5575596 0.34405228 0.526275 16.974165 1.1282138 0 0 0 7.3395915
6 21.62 10.5 5699 0 0.2532889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.5238864 0 0.47611362 0.563392 0.34405228 0.5307436 19.401772 1.1757486 0 0 0 7.3395915
7 21.62 11 6511 0 0.28937778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.59390104 0 0.406099 0.56793576 0.34405228 0.5345011 22.054312 1.2312056 0 0 0 7.3395915
8 21.62 11.5 7423 0 0.3299111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.8183157 0 0.1816843 0.5867567 0.34405228 0.5450462 25.070715 1.286638 0 0 0 7.3395915
9 21.62 12 8388 0 0.3728 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.964968 0 0.035031985 0.59470344 0.34405228 0.55093247 28.222288 1.3400933 0 0 0 7.3395915
10 21.62 12.5 9456 0 0.42026666 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.986654 0 0.013346031 0.59139234 0.34405228 0.5514335 31.625776 1.3940148 0 0 0 7.3395915
11 21.62 13 10592 0 0.47075555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.9891421 0 0.010857906 0.590062 0.34405228 0.55349535 35.0641 1.4416507 0 0 0 7.3395915
12 21.62 13.5 11837 0 0.5260889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.9822902 0 0.0177098 0.59003246 0.34405228 0.5565261 38.713615 1.4873409 0 0 0 7.3395915
13 21.62 14 13137 0 0.58386666 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.97909975 0 0.020900229 0.58740336 0.34405228 0.5569934 42.733566 1.539652 0 0 0 7.3395915
14 21.62 14.5 14517 0 0.6452 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.98653287 0 0.013467159 0.59091187 0.34405228 0.56212157 46.59248 1.5758773 0 0 0 7.3395915
15 21.62 15 16087 0 0.7149778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0311161 0 1.65E-06 0.58714104 0.34405228 0.56099135 51.63125 1.6300749 0 0 0 7.3395915
16 21.62 15.5 17760 0 0.78933334 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.1235838 0 1.65E-06 0.5818786 0.34405228 0.558479 57.144684 1.6702282 0 0 0 7.3395915
17 21.62 16 19516 0 0.86737776 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.2904258 0 1.65E-06 0.5701939 0.34405228 0.55000347 63.728012 1.7236642 0 0 0 7.3395915
18 9.25 8 853 0 0.03791111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.42704624 0.34405228 0.49619088 3.1692164 0.40416256 0 0 0 7.3395915
19 9.25 8.5 1423 0 0.06324445 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.43202296 0.34405228 0.48779017 5.2491035 0.64004064 0 0 0 7.3395915
20 9.25 9 1993 0 0.08857778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.44187266 0.34405228 0.48543316 7.250226 0.80480975 0 0 0 7.3395915
21 9.25 9.5 2563 0 0.113911115 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.45218197 0.34405228 0.4861544 9.193307 0.91717947 0 0 0 7.3395915

22 9.25 10 3133 0 0.13924444 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.46298382 0.34405228 0.48908746 11.078346 0.97714984 0 0 0 7.3395915

23 9.25 10.5 3641 0 0.16182223 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.47107401 0.34405228 0.49193138 12.73675 1.0205778 0 0 0 7.3395915

24 9.25 11 4193 0 0.18635556 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.4781737 0.34405228 0.4947893 14.526274 1.0702512 0 0 0 7.3395915
25 9.25 11.5 4788 0 0.2128 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.44858354 0 0.55141646 0.5563644 0.34405228 0.525376 16.449144 1.1144222 0 0 0 7.3395915
26 9.25 12 5462 0 0.24275556 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.5039669 0 0.4960331 0.5616368 0.34405228 0.5293723 18.634867 1.161882 0 0 0 7.3395915
27 9.25 12.5 6164 0 0.27395555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.5636529 0 0.43634713 0.56592447 0.34405228 0.5328389 20.924189 1.2109268 0 0 0 7.3395915
28 9.25 13 6983 0 0.31035554 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.68827164 0 0.31172836 0.57602936 0.34405228 0.5391546 23.60631 1.2592175 0 0 0 7.3395915
29 9.25 13.5 7827 0 0.34786665 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.93255043 0 0.06744956 0.5952163 0.34405228 0.5499795 26.4129 1.3063943 0 0 0 7.3395915
30 9.25 14 8773 0 0.38991112 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.9765124 0 0.023487655 0.5936664 0.34405228 0.5512248 29.454145 1.3595796 0 0 0 7.3395915
31 9.25 14.5 9815 0 0.43622223 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.9880402 0 0.011959817 0.59013957 0.34405228 0.55148 32.7602 1.4104068 0 0 0 7.3395915
32 9.25 15 10969 0 0.4875111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.98819447 0 0.01180552 0.5909043 0.34405228 0.555128 36.12168 1.4541998 0 0 0 7.3395915
33 9.25 15.5 12206 0 0.5424889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.9778475 0 0.022152502 0.5891203 0.34405228 0.55663925 39.847027 1.500807 0 0 0 7.3395915
34 9.25 16 13612 0 0.6049778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.98043025 0 0.019569764 0.5872556 0.34405228 0.5576823 44.162434 1.5562657 0 0 0 7.3395915

Harbour 35 9.25 0 0.01 0 0.00E+00 0 1122 0 0.3664207 0.36635238 7.03E-05 0 1542 0 0 1 0.42704624 0.3369609 0.4870296 3.72E-05 4.74E-06 0 0 0 6.7374425
Loading 36 21.62 0 0.01 0 0.00E+00 0 2010 0 0.6485679 0.64844924 1.26E-04 0 1542 0 0 1 0.42704624 0.37595138 0.47279888 3.72E-05 4.74E-06 0 0 0 10.817979

Unloading 37 9.25 0 0.01 0 0.00E+00 0 5757 0 0.23189592 0.23157772 3.61E-04 0 61985 0 0 1 0.42704624 2.5757525 0.95104265 3.72E-05 4.74E-06 0 0 0 4.522451

Scantling

Ballast
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Figure 68:1st simulation scenario extended tables -B part  

TPD_AB_LFO TPD_LNG TPD_PLT TPD_LFO EPD_ME EPD_AE EPD_AB EPD_LNG EPD_LFO EPD_tot TPD_CO2 ME_flow_GF ME_flow_exh ME_TaTC_exh
6.01E-06 51.63125 1.6300749 8.969672 722.2267 87.05653 7.12E-05 702.892 106.39129 809.28326 169.9175 0.5975839 34.85565 468.15
3.637462 6.579152 0.7548869 11.73194 98.52044 87.05653 43.14475 89.56656 139.15517 228.72173 54.62593 0.07614759 11.084885 455

3.6374497 9.273847 0.9207612 11.897802 137.17267 87.05653 43.144608 126.25131 141.1225 267.3738 62.552837 0.10733619 11.717104 455

3.6374233 11.861109 0.986765 11.963779 173.17773 87.05653 43.14429 161.4735 141.90508 303.37857 69.87326 0.13728136 13.148703 455
3.6373744 14.426762 1.0681946 12.04516 209.07161 87.05653 43.14371 196.40152 142.87035 339.27185 77.18223 0.1669764 13.948851 459.30228
1.9581747 16.974165 1.1282138 10.42598 244.46307 87.05653 23.226349 231.08109 123.66488 354.74597 79.145454 0.19646025 15.147652 462.74643
1.7317543 19.401772 1.1757486 10.247094 278.0756 87.05653 20.540726 264.12976 121.54308 385.67285 85.26432 0.22455755 16.5763 465.41312
1.4770683 22.054312 1.2312056 10.047865 314.84427 87.05653 17.519838 300.24066 119.17998 419.42062 91.93841 0.25525823 18.123375 468.30023
0.6607902 25.070715 1.286638 9.28702 356.56613 87.05653 7.8377805 341.30502 110.15542 451.46045 97.86424 0.2901703 18.724707 490.686
0.12740786 28.222288 1.3400933 8.807093 400.10474 87.05653 1.5112132 384.2096 104.4629 488.6725 105.03658 0.32664686 20.027758 501.502
0.04853795 31.625776 1.3940148 8.782145 447.07834 87.05653 0.5757195 430.54364 104.16698 534.71063 114.31848 0.36603907 22.41444 493.90732
0.039488908 35.0641 1.4416507 8.820731 494.4516 87.05653 0.46838677 477.35187 104.624664 581.97656 123.89402 0.40583447 24.777275 486.24423
0.064408526 38.713615 1.4873409 8.891341 544.67694 87.05653 0.76396394 527.0353 105.46218 632.49744 134.15007 0.44807422 27.261023 479.01935
0.076011814 42.733566 1.539652 8.9552555 600.0238 87.05653 0.90159315 581.76166 106.22028 687.98193 145.40396 0.49460143 29.734821 473.44067
0.048978478 46.59248 1.5758773 8.964447 652.98755 87.05653 0.5809447 634.2957 106.329315 740.62506 156.0446 0.5392648 32.265503 469.438

6.01E-06 51.63125 1.6300749 8.969672 722.2267 87.05653 7.12E-05 702.892 106.39129 809.28326 169.9175 0.5975839 34.85565 468.15
6.01E-06 57.144684 1.6702282 9.009826 797.76117 87.05653 7.12E-05 777.9502 106.86756 884.81775 185.20447 0.6613968 37.990063 468.93668
6.01E-06 63.728012 1.7236642 9.063262 888.0184 87.05653 7.12E-05 867.5736 107.50137 975.075 203.47504 0.73759276 41.117897 473.54022
3.637463 3.1692164 0.40416256 11.381217 47.938602 87.05653 43.144764 43.14474 134.99516 178.13991 44.156456 0.036680743 11.041359 455
3.6374624 5.2491035 0.64004064 11.617094 79.05135 87.05653 43.144753 71.459694 137.79295 209.25264 50.61067 0.060753517 11.068161 455
3.6374617 7.250226 0.80480975 11.781862 108.24838 87.05653 43.144745 98.702354 139.74731 238.44966 56.626842 0.08391465 11.093229 455
3.6374505 9.193307 0.91717947 11.894221 136.03372 87.05653 43.144615 125.15486 141.08002 266.2349 62.320198 0.106404014 11.673464 455

3.6374314 11.078346 0.97714984 11.954172 162.4074 87.05653 43.144386 150.8172 141.79112 292.60834 67.69074 0.1282216 12.709309 455

3.6374066 12.73675 1.0205778 11.997576 185.49951 87.05653 43.144096 173.39421 142.30594 315.70013 72.38651 0.14741609 13.419317 456.45413

3.6373725 14.526274 1.0702512 12.047215 210.45073 87.05653 43.14369 197.75624 142.89471 340.65094 77.46228 0.16812816 13.980337 459.47174
2.005686 16.449144 1.1144222 10.4597 237.15202 87.05653 23.78989 223.93361 124.064835 347.99844 77.80665 0.19038361 14.840882 462.174
1.8042152 18.634867 1.161882 10.305689 267.4707 87.05653 21.4002 253.68936 122.23808 375.92743 83.3378 0.21568133 16.124863 464.57043
1.5870984 20.924189 1.2109268 10.137616 299.21857 87.05653 18.824928 284.8555 120.24454 405.10004 89.11006 0.24217811 17.462326 467.06644
1.1337976 23.60631 1.2592175 9.732607 336.30493 87.05653 13.448228 321.36905 115.44062 436.8097 95.224686 0.27322116 18.629217 476.606
0.24530922 26.4129 1.3063943 8.891295 375.07257 87.05653 2.9096677 359.57715 105.46164 465.0388 100.32297 0.30570486 18.812292 503.614
0.08542205 29.454145 1.3595796 8.784593 417.106 87.05653 1.01321 400.9797 104.19602 505.17575 108.354126 0.34090447 20.932018 498.76422
0.043496437 32.7602 1.4104068 8.793494 462.71646 87.05653 0.515921 445.9873 104.301605 550.28894 117.47349 0.379169 23.161715 491.35443
0.042935275 36.12168 1.4541998 8.836726 508.9981 87.05653 0.5092649 491.7495 104.81439 596.5639 126.852196 0.41807503 25.560417 483.89844
0.08056621 39.847027 1.500807 8.920964 560.2666 87.05653 0.9556139 542.4652 105.81356 648.2788 137.3592 0.46119246 27.963097 477.05133
0.071173035 44.162434 1.5562657 8.967031 619.67303 87.05653 0.8441993 601.21387 106.359955 707.5738 149.37003 0.5111393 30.628263 471.85132

2.572922 3.72E-05 4.74E-06 9.3103695 5.62E-04 79.914314 30.518003 5.06E-04 110.43237 110.43288 28.992592 4.30E-07 11.000001 455
2.572922 3.72E-05 4.74E-06 13.390905 5.62E-04 128.31447 30.518003 5.06E-04 158.83252 158.83304 41.699383 4.30E-07 11.000001 455
103.42579 3.72E-05 4.74E-06 107.94824 5.62E-04 53.6418 1226.7565 5.06E-04 1280.3983 1280.3988 336.15094 4.30E-07 11.000001 455
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Figure 69:1st simulation scenario  extended tables -C part  

 

 

W

ME_Tscav ME_Qcac Tpipe1_outlet pipipe1_dew_temp AE_mflow_exh AE_TaTC_exh TPD_CH4_ME TPD_CH4_ME_final TPD_CH4_AE1 TPD_CH4_AE1_final TPD_CH4_AE2 TPD_CH4_AE3 TPD_CH4_tot TPD_CO2_eq
304.44955 4215769 424.0159 315.64276 2.1824994 1251.6753 0.1935 0.1935 0.4169 0.0000 0.0000 0.0000 0.1935 175.3366

305.15 116000 414.31003 303.64462 2.1824994 1251.6753 0.3030 0.3030 0.4169 0.0000 0.0000 0.0000 0.3030 63.1113

305.15 125991.11 414.81403 307.2154 2.1824994 1251.6753 0.2962 0.2962 0.4169 0.0000 0.0000 0.0000 0.2962 70.8478

305.15 140000 415.61508 308.8692 2.1824994 1251.6753 0.2894 0.2894 0.4169 0.0000 0.0000 0.0000 0.2894 77.9776
305.15 300897.78 415.97345 310.7197 2.1824994 1251.6753 0.2826 0.2826 0.4169 0.0000 0.0000 0.0000 0.2826 85.0962
305.15 461795.56 416.85638 311.81418 2.1824994 1251.6753 0.2758 0.2758 0.4169 0.0000 0.0000 0.0000 0.2758 86.8690
305.15 615128.9 417.8935 312.40024 2.1824994 1251.6753 0.2694 0.2694 0.4169 0.0000 0.0000 0.0000 0.2694 92.8064
305.15 781137.75 419.09866 312.93143 2.1824994 1251.6753 0.2623 0.2623 0.4169 0.0000 0.0000 0.0000 0.2623 99.2841

305.74823 937680 425.4367 314.32883 2.1824994 1251.6753 0.2545 0.2545 0.4169 0.0000 0.0000 0.0000 0.2545 104.9893
302.958 1160480 429.78986 315.07306 2.1824994 1251.6753 0.2461 0.2461 0.4169 0.0000 0.0000 0.0000 0.2461 111.9282

299.55533 1489973.4 428.33163 315.05347 2.1824994 1251.6753 0.2369 0.2369 0.4169 0.0000 0.0000 0.0000 0.2369 120.9517
300.56512 1880195.5 426.72147 315.06387 2.1824994 1251.6753 0.2271 0.2271 0.4169 0.0000 0.0000 0.0000 0.2271 130.2524
301.67178 2360017.8 425.253 315.08362 2.1824994 1251.6753 0.2180 0.2180 0.4169 0.0000 0.0000 0.0000 0.2180 140.2546
302.82733 2.16E+07 424.29446 315.23605 2.1824994 1251.6753 0.2105 0.2105 0.4169 0.0000 0.0000 0.0000 0.2105 151.2988

303.15 6143520 423.78864 315.2796 2.1824994 1251.6753 0.2026 0.2026 0.4169 0.0000 0.0000 0.0000 0.2026 161.7169
304.44955 4215769 424.0159 315.64276 2.1824994 1251.6753 0.1935 0.1935 0.4169 0.0000 0.0000 0.0000 0.1935 175.3366
305.93668 5052000 424.84186 315.84692 2.1824994 1251.6753 0.1890 0.1890 0.4169 0.0000 0.0000 0.0000 0.1890 190.4965
307.49756 5928960 426.8292 316.28085 2.1824994 1251.6753 0.1890 0.1890 0.4169 0.0000 0.0000 0.0000 0.1890 208.7670

305.15 280231.28 414.03958 295.95203 2.1824994 1251.6753 0.3112 0.3112 0.4169 0.0000 0.0000 0.0000 0.3112 52.8709
305.15 112648.89 414.2061 301.05298 2.1824994 1251.6753 0.3063 0.3063 0.4169 0.0000 0.0000 0.0000 0.3063 59.1872
305.15 117715.555 414.36185 304.81546 2.1824994 1251.6753 0.3014 0.3014 0.4169 0.0000 0.0000 0.0000 0.3014 65.0655
305.15 125564.445 414.78757 307.15244 2.1824994 1251.6753 0.2965 0.2965 0.4169 0.0000 0.0000 0.0000 0.2965 70.6210

305.15 135697.78 415.38223 308.4362 2.1824994 1251.6753 0.2915 0.2915 0.4169 0.0000 0.0000 0.0000 0.2915 75.8536

305.15 194382.22 415.67084 309.55234 2.1824994 1251.6753 0.2871 0.2871 0.4169 0.0000 0.0000 0.0000 0.2871 80.4265

305.15 307235.56 415.99817 310.7829 2.1824994 1251.6753 0.2824 0.2824 0.4169 0.0000 0.0000 0.0000 0.2824 85.3687
305.15 428880 416.64465 311.66583 2.1824994 1251.6753 0.2772 0.2772 0.4169 0.0000 0.0000 0.0000 0.2772 85.5691
305.15 566675.56 417.55722 312.2289 2.1824994 1251.6753 0.2714 0.2714 0.4169 0.0000 0.0000 0.0000 0.2714 90.9372
305.15 710195.56 418.5749 312.72144 2.1824994 1251.6753 0.2653 0.2653 0.4169 0.0000 0.0000 0.0000 0.2653 96.5397

305.35712 867280 421.25397 313.51382 2.1824994 1251.6753 0.2583 0.2583 0.4169 0.0000 0.0000 0.0000 0.2583 102.4562
306.10733 1002320 429.84232 315.03888 2.1824994 1251.6753 0.2510 0.2510 0.4169 0.0000 0.0000 0.0000 0.2510 107.3503
300.56244 1273413.4 429.30212 315.03583 2.1824994 1251.6753 0.2428 0.2428 0.4169 0.0000 0.0000 0.0000 0.2428 115.1526
299.87445 1608044.5 427.79013 315.07913 2.1824994 1251.6753 0.2338 0.2338 0.4169 0.0000 0.0000 0.0000 0.2338 124.0198
300.9002 2017591.1 426.23526 315.03162 2.1824994 1251.6753 0.2238 0.2238 0.4169 0.0000 0.0000 0.0000 0.2238 133.1194
301.9998 2510897.8 424.86548 315.12686 2.1824994 1251.6753 0.2159 0.2159 0.4169 0.0000 0.0000 0.0000 0.2159 143.4042
303.15 2.80E+07 424.07028 315.276 2.1824994 1251.6753 0.2078 0.2078 0.4169 0.0000 0.0000 0.0000 0.2078 155.1883
305.15 800000 413.78015 282.72684 2.0858796 1253.1088 0.0000 0.0000 0.4695 0.0000 0.0000 0.0000 0.0000 28.9926
305.15 800000 413.78015 282.72662 2.8019965 1231.0753 0.0000 0.0000 0.2293 0.0000 0.0000 0.0000 0.0000 41.6994
305.15 800000 413.78015 282.72693 1.8006301 1257.9502 0.0000 0.0000 0.6472 0.0000 0.0000 0.0000 0.0000 336.1509
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Figure 70:2nd simulation scenario extended tables -A part  

 

m kn kW kW Kw kW kW kW kW kW kg/h

Condition ModelNum/Time Draft Vspeed PpropD Psgm MEload rSGPR PelD Psge AEload1 AEload2 AEload3 rSGEL mstD rSTME rSTAE rSTAB effME effAE eff_tot TPD_ME_LNG TPD_ME_PLT TPD_ME_LFO TPD_AE_LNG TPD_AE_PLT TPD_AE_LFO
0 21.62 15 16087 0 0.7149778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0311161 0 1.65E-06 0.58714104 0.31223315 0.55490816 51.63125 1.6300749 0 3.9433656 1.16E-01 7.388717
1 21.62 8 1800 0 0.08 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.43848768 0.31223315 0.46768695 6.579152 0.7548869 0 3.9433656 1.16E-01 7.388717
2 21.62 8.5 2587 0 0.11497778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.45262662 0.31223315 0.470622 9.273847 0.9207612 0 3.9433656 1.16E-01 7.388717
3 21.62 9 3375 0 0.15 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.46772754 0.31223315 0.47692174 11.861109 0.986765 0 3.9433656 1.16E-01 7.388717
4 21.62 9.5 4162 0 0.18497778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.47776932 0.31223315 0.48200354 14.426762 1.0681946 0 3.9433656 1.16E-01 7.388717
5 21.62 10 4949 0 0.21995555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.46164402 0 0.538356 0.5575596 0.31223315 0.5134346 16.974165 1.1282138 0 3.9433656 1.16E-01 7.388717
6 21.62 10.5 5699 0 0.2532889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.5238864 0 0.47611362 0.563392 0.31223315 0.5188092 19.401772 1.1757486 0 3.9433656 1.16E-01 7.388717
7 21.62 11 6511 0 0.28937778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.59390104 0 0.406099 0.56793576 0.31223315 0.5234293 22.054312 1.2312056 0 3.9433656 1.16E-01 7.388717
8 21.62 11.5 7423 0 0.3299111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.8183157 0 0.1816843 0.5867567 0.31223315 0.5345418 25.070715 1.286638 0 3.9433656 1.16E-01 7.388717
9 21.62 12 8388 0 0.3728 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.964968 0 0.035031985 0.59470344 0.31223315 0.54110867 28.222288 1.3400933 0 3.9433656 1.16E-01 7.388717
10 21.62 12.5 9456 0 0.42026666 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.986654 0 0.013346031 0.59139234 0.31223315 0.54243356 31.625776 1.3940148 0 3.9433656 1.16E-01 7.388717
11 21.62 13 10592 0 0.47075555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.9891421 0 0.010857906 0.590062 0.31223315 0.54518443 35.0641 1.4416507 0 3.9433656 1.16E-01 7.388717
12 21.62 13.5 11837 0 0.5260889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.9822902 0 0.0177098 0.59003246 0.31223315 0.54882795 38.713615 1.4873409 0 3.9433656 1.16E-01 7.388717

13 21.62 14 13137 0 0.58386666 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.97909975 0 0.020900229 0.58740336 0.31223315 0.5499022 42.733566 1.539652 0 3.9433656 1.16E-01 7.388717

14 21.62 14.5 14517 0 0.6452 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.98653287 0 0.013467159 0.59091187 0.31223315 0.5554678 46.59248 1.5758773 0 3.9433656 1.16E-01 7.388717

15 21.62 15 16087 0 0.7149778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0311161 0 1.65E-06 0.58714104 0.31223315 0.55490816 51.63125 1.6300749 0 3.9433656 1.16E-01 7.388717
16 21.62 15.5 17760 0 0.78933334 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.1235838 0 1.65E-06 0.5818786 0.31223315 0.5529349 57.144684 1.6702282 0 3.9433656 1.16E-01 7.388717
17 21.62 16 19516 0 0.86737776 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.2904258 0 1.65E-06 0.5701939 0.31223315 0.54504436 63.728012 1.7236642 0 3.9433656 1.16E-01 7.388717
18 9.25 8 853 0 0.03791111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.42704624 0.31223315 0.47265172 3.1692164 0.40416256 0 3.9433656 1.16E-01 7.388717
19 9.25 8.5 1423 0 0.06324445 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.43202296 0.31223315 0.46795028 5.2491035 0.64004064 0 3.9433656 1.16E-01 7.388717
20 9.25 9 1993 0 0.08857778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.44187266 0.31223315 0.46802 7.250226 0.80480975 0 3.9433656 1.16E-01 7.388717
21 9.25 9.5 2563 0 0.113911115 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.45218197 0.31223315 0.47047666 9.193307 0.91717947 0 3.9433656 1.16E-01 7.388717
22 9.25 10 3133 0 0.13924444 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.46298382 0.31223315 0.47469488 11.078346 0.97714984 0 3.9433656 1.16E-01 7.388717
23 9.25 10.5 3641 0 0.16182223 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.47107401 0.31223315 0.47848502 12.73675 1.0205778 0 3.9433656 1.16E-01 7.388717
24 9.25 11 4193 0 0.18635556 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.4781737 0.31223315 0.48223028 14.526274 1.0702512 0 3.9433656 1.16E-01 7.388717
25 9.25 11.5 4788 0 0.2128 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.44858354 0 0.55141646 0.5563644 0.31223315 0.5123152 16.449144 1.1144222 0 3.9433656 1.16E-01 7.388717
26 9.25 12 5462 0 0.24275556 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.5039669 0 0.4960331 0.5616368 0.31223315 0.51716727 18.634867 1.161882 0 3.9433656 1.16E-01 7.388717
27 9.25 12.5 6164 0 0.27395555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.5636529 0 0.43634713 0.56592447 0.31223315 0.52141964 20.924189 1.2109268 0 3.9433656 1.16E-01 7.388717
28 9.25 13 6983 0 0.31035554 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.68827164 0 0.31172836 0.57602936 0.31223315 0.5284222 23.60631 1.2592175 0 3.9433656 1.16E-01 7.388717
29 9.25 13.5 7827 0 0.34786665 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.93255043 0 0.06744956 0.5952163 0.31223315 0.5396837 26.4129 1.3063943 0 3.9433656 1.16E-01 7.388717
30 9.25 14 8773 0 0.38991112 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.9765124 0 0.023487655 0.5936664 0.31223315 0.54171145 29.454145 1.3595796 0 3.9433656 1.16E-01 7.388717
31 9.25 14.5 9815 0 0.43622223 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.9880402 0 0.011959817 0.59013957 0.31223315 0.54273003 32.7602 1.4104068 0 3.9433656 1.16E-01 7.388717
32 9.25 15 10969 0 0.4875111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.98819447 0 0.011805519 0.5909043 0.31223315 0.5469934 36.12168 1.4541998 0 3.9433656 1.16E-01 7.388717
33 9.25 15.5 12206 0 0.5424889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.9778475 0 0.022152502 0.5891203 0.31223315 0.5491244 39.847027 1.500807 0 3.9433656 1.16E-01 7.388717
34 9.25 16 13612 0 0.6049778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.98043025 0 0.019569764 0.5872556 0.31223315 0.5507765 44.162434 1.5562657 0 3.9433656 1.16E-01 7.388717

Harbour 35 9.25 0 0.01 0 0.00E+00 0 1122 0 0.3664207 0.36635238 7.03E-05 0 1542 0 0 1 0.42704624 0.29828885 0.44525653 3.72E-05 4.74E-06 0 3.7495902 1.17E-01 6.939967
Loading 36 21.62 0 0.01 0 0.00E+00 0 2010 0 0.6485679 0.64844924 1.26E-04 0 1542 0 0 1 0.42704624 0.37200192 0.46877828 3.72E-05 4.74E-06 0 5.096905 1.10E-01 10.0698185

Unloading 37 9.25 0 0.01 0 0.00E+00 0 5757 0 0.23189592 0.23157772 3.61E-04 0 61985 0 0 1 0.42704624 2.0185575 0.94017017 3.72E-05 4.74E-06 0 3.0176053 1.10E-01 5.2147603

Scantling

Ballast
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Figure 71:2nd simulation scenario extended tables -B part  

 

TPD_AB_LFO TPD_LNG TPD_PLT TPD_LFO EPD_ME EPD_AE EPD_AB EPD_LNG EPD_LFO EPD_tot TPD_CO2 ME_flow_GF ME_flow_exh ME_TaTC_exh
6.01E-06 55.574615 1.7462904 9.135014 722.2267 95.928314 7.12E-05 756.57574 61.579296 818.1551 181.27663 0.5975839 34.85565 468.15
3.637462 10.522517 0.87110245 11.897282 98.52044 95.928314 43.14475 143.25034 94.34318 237.5935 65.985054 0.07614759 11.084885 455
3.6374497 13.217213 1.0369768 12.063144 137.17267 95.928314 43.144608 179.93509 96.3105 276.24557 73.911964 0.10733619 11.717104 455
3.6374233 15.804474 1.1029805 12.129121 173.17773 95.928314 43.14429 215.15727 97.09308 312.25034 81.23238 0.13728136 13.148703 455
3.6373744 18.370127 1.1844102 12.210502 209.07161 95.928314 43.14371 250.08528 98.05835 348.14365 88.54135 0.1669764 13.948851 459.30228
1.9581747 20.91753 1.2444293 10.591321 244.46307 95.928314 23.226349 284.76486 78.85289 363.61774 90.504585 0.19646025 15.147652 462.74643
1.7317543 23.345137 1.2919642 10.412436 278.0756 95.928314 20.540726 317.81354 76.73109 394.54462 96.62345 0.22455755 16.5763 465.41312
1.4770683 25.997679 1.3474212 10.213206 314.84427 95.928314 17.519838 353.9244 74.36799 428.29242 103.29754 0.25525823 18.123375 468.30023
0.6607902 29.01408 1.4028535 9.452361 356.56613 95.928314 7.8377805 394.9888 65.34342 460.3322 109.22337 0.2901703 18.724707 490.686
0.12740786 32.165653 1.4563087 8.972434 400.10474 95.928314 1.5112132 437.89337 59.6509 497.54425 116.395706 0.32664686 20.027758 501.502
0.04853795 35.56914 1.5102303 8.947485 447.07834 95.928314 0.5757195 484.22742 59.354984 543.5824 125.67761 0.36603907 22.41444 493.90732
0.039488908 39.00746 1.5578663 8.986073 494.4516 95.928314 0.46838677 531.03564 59.81267 590.8483 135.25314 0.40583447 24.777275 486.24423
0.064408526 42.65698 1.6035564 9.056682 544.67694 95.928314 0.76396394 580.71906 60.650192 641.36926 145.5092 0.44807422 27.261023 479.01935

0.076011814 46.67693 1.6558676 9.120596 600.0238 95.928314 0.90159315 635.44543 61.408295 696.8537 156.76309 0.49460143 29.734821 473.44067

0.048978478 50.535843 1.6920929 9.129788 652.98755 95.928314 0.58094466 687.9795 61.517323 749.4968 167.40373 0.5392648 32.265503 469.438

6.01E-06 55.574615 1.7462904 9.135014 722.2267 95.928314 7.12E-05 756.57574 61.579296 818.1551 181.27663 0.5975839 34.85565 468.15
6.01E-06 61.088047 1.7864438 9.175167 797.76117 95.928314 7.12E-05 831.634 62.055565 893.6895 196.5636 0.6613968 37.990063 468.93668
6.01E-06 67.67138 1.8398798 9.228602 888.0184 95.928314 7.12E-05 921.2574 62.68938 983.9468 214.83415 0.73759276 41.117897 473.54022
3.637463 7.1125817 0.5203781 11.546558 47.938602 95.928314 43.144764 96.828514 90.18317 187.01167 55.515583 0.036680743 11.041359 455
3.6374624 9.19247 0.75625616 11.782435 79.05135 95.928314 43.144753 125.14346 92.980965 218.12442 61.969795 0.060753517 11.068161 455
3.6374617 11.193591 0.9210253 11.947204 108.24838 95.928314 43.144745 152.38612 94.93532 247.32144 67.98597 0.08391465 11.093229 455
3.6374505 13.136672 1.033395 12.059563 136.03372 95.928314 43.144615 178.83862 96.26803 275.10666 73.67933 0.106404014 11.673464 455
3.6374314 15.021711 1.0933654 12.1195135 162.4074 95.928314 43.144386 204.50098 96.979126 301.4801 79.04987 0.1282216 12.709309 455
3.6374066 16.680115 1.1367934 12.162917 185.49951 95.928314 43.144096 227.07797 97.49394 324.57193 83.74564 0.14741609 13.419317 456.45413
3.6373725 18.469639 1.1864668 12.212556 210.45073 95.928314 43.14369 251.44 98.082726 349.52274 88.82141 0.16812816 13.980337 459.47174
2.005686 20.39251 1.2306377 10.625041 237.15202 95.928314 23.78989 277.61737 79.252846 356.87024 89.16578 0.19038361 14.840882 462.174
1.8042152 22.578232 1.2780976 10.47103 267.4707 95.928314 21.4002 307.37314 77.42609 384.79922 94.69692 0.21568133 16.124863 464.57043
1.5870984 24.867556 1.3271424 10.302958 299.21857 95.928314 18.824928 338.53928 75.43255 413.97183 100.469185 0.24217811 17.462326 467.06644
1.1337976 27.549675 1.375433 9.897947 336.30493 95.928314 13.448228 375.05283 70.62863 445.68146 106.58382 0.27322116 18.629217 476.606
0.24530922 30.356266 1.4226099 9.056636 375.07257 95.928314 2.9096677 413.2609 60.649647 473.91055 111.6821 0.30570486 18.812292 503.614
0.08542205 33.39751 1.4757951 8.949934 417.106 95.928314 1.01321 454.66348 59.384033 514.04755 119.71325 0.34090447 20.932018 498.76422
0.043496437 36.703564 1.5266223 8.958836 462.71646 95.928314 0.515921 499.67108 59.489616 559.1607 128.83263 0.379169 23.161715 491.35443
0.042935275 40.06505 1.5704153 9.002068 508.9981 95.928314 0.5092649 545.4333 60.002396 605.43567 138.21132 0.41807503 25.560417 483.89844
0.08056621 43.790394 1.6170225 9.086306 560.2666 95.928314 0.9556139 596.149 61.001564 657.1506 148.71834 0.46119246 27.963097 477.05133
0.071173035 48.1058 1.6724813 9.132371 619.67303 95.928314 0.8441993 654.89764 61.54796 716.44556 160.72916 0.5111393 30.628263 471.85132

2.572922 3.75E+00 1.17E-01 9.62986 5.62E-04 90.27491 30.518003 51.046276 69.7472 120.79347 40.29886 4.30E-07 11.000001 455
2.572922 5.0969424 1.10E-01 12.752701 5.62E-04 129.67674 30.518003 69.388214 90.8071 160.19531 53.7285 4.30E-07 11.000001 455
103.42579 3.0176425 1.10E-01 108.750755 5.62E-04 68.448875 1226.7565 41.08126 1254.1246 1295.2058 346.94836 4.30E-07 11.000001 455
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Figure 72:2nd simulation scenario extended tables -C part  

 

ME_Tscav ME_Qcac Tpipe1_outlet Tpipipe1_dew_temp AE_mflow_exh AE_TaTC_exh TPD_CH4_ME TPD_CH4_ME_final TPD_CH4_AE1 TPD_CH4_AE1_final TPD_CH4_AE2 TPD_CH4_AE3 TPD_CH4_tot TPD_CO2_eq
304.44955 4215769 424.0159 315.64276 2.1824994 1251.6753 0.1935 0.1935 0.4169 0.4169 0.0000 0.0000 0.6105 198.3701

305.15 116000 414.31003 303.64462 2.1824994 1251.6753 0.3030 0.3030 0.4169 0.4169 0.0000 0.0000 0.7200 86.1448
305.15 125991.11 414.81403 307.2154 2.1824994 1251.6753 0.2962 0.2962 0.4169 0.4169 0.0000 0.0000 0.7132 93.8813
305.15 140000 415.61508 308.8692 2.1824994 1251.6753 0.2894 0.2894 0.4169 0.4169 0.0000 0.0000 0.7064 101.0111
305.15 300897.78 415.97345 310.71973 2.1824994 1251.6753 0.2826 0.2826 0.4169 0.4169 0.0000 0.0000 0.6996 108.1296
305.15 461795.56 416.85638 311.81418 2.1824994 1251.6753 0.2758 0.2758 0.4169 0.4169 0.0000 0.0000 0.6928 109.9025
305.15 615128.9 417.8935 312.40027 2.1824994 1251.6753 0.2694 0.2694 0.4169 0.4169 0.0000 0.0000 0.6863 115.8399
305.15 781137.75 419.09866 312.93143 2.1824994 1251.6753 0.2623 0.2623 0.4169 0.4169 0.0000 0.0000 0.6793 122.3176

305.74823 937680 425.4367 314.32886 2.1824994 1251.6753 0.2545 0.2545 0.4169 0.4169 0.0000 0.0000 0.6714 128.0228
302.958 1160480 429.78986 315.07306 2.1824994 1251.6753 0.2461 0.2461 0.4169 0.4169 0.0000 0.0000 0.6631 134.9616

299.55533 1489973.4 428.33163 315.05347 2.1824994 1251.6753 0.2369 0.2369 0.4169 0.4169 0.0000 0.0000 0.6538 143.9852
300.56512 1880195.5 426.72147 315.06387 2.1824994 1251.6753 0.2271 0.2271 0.4169 0.4169 0.0000 0.0000 0.6440 153.2859
301.67178 2360017.8 425.253 315.08362 2.1824994 1251.6753 0.2180 0.2180 0.4169 0.4169 0.0000 0.0000 0.6350 163.2881

302.82733 2.16E+07 424.29446 315.23605 2.1824994 1251.6753 0.2105 0.2105 0.4169 0.4169 0.0000 0.0000 0.6275 174.3323

303.15 6143520 423.78864 315.2796 2.1824994 1251.6753 0.2026 0.2026 0.4169 0.4169 0.0000 0.0000 0.6195 184.7504

304.44955 4215769 424.0159 315.64276 2.1824994 1251.6753 0.1935 0.1935 0.4169 0.4169 0.0000 0.0000 0.6105 198.3701
305.93668 5052000 424.84186 315.84695 2.1824994 1251.6753 0.1890 0.1890 0.4169 0.4169 0.0000 0.0000 0.6059 213.5300
307.49756 5928960 426.8292 316.28085 2.1824994 1251.6753 0.1890 0.1890 0.4169 0.4169 0.0000 0.0000 0.6059 231.8005

305.15 280231.28 414.03958 295.95206 2.1824994 1251.6753 0.3112 0.3112 0.4169 0.4169 0.0000 0.0000 0.7282 75.9044
305.15 112648.89 414.2061 301.05298 2.1824994 1251.6753 0.3063 0.3063 0.4169 0.4169 0.0000 0.0000 0.7232 82.2207
305.15 117715.555 414.36185 304.8155 2.1824994 1251.6753 0.3014 0.3014 0.4169 0.4169 0.0000 0.0000 0.7183 88.0990
305.15 125564.445 414.78757 307.15244 2.1824994 1251.6753 0.2965 0.2965 0.4169 0.4169 0.0000 0.0000 0.7134 93.6545
305.15 135697.78 415.38223 308.4362 2.1824994 1251.6753 0.2915 0.2915 0.4169 0.4169 0.0000 0.0000 0.7085 98.8871
305.15 194382.22 415.67084 309.55237 2.1824994 1251.6753 0.2871 0.2871 0.4169 0.4169 0.0000 0.0000 0.7041 103.4600
305.15 307235.56 415.99817 310.78293 2.1824994 1251.6753 0.2824 0.2824 0.4169 0.4169 0.0000 0.0000 0.6993 108.4022
305.15 428880 416.64465 311.66586 2.1824994 1251.6753 0.2772 0.2772 0.4169 0.4169 0.0000 0.0000 0.6942 108.6026
305.15 566675.56 417.55722 312.2289 2.1824994 1251.6753 0.2714 0.2714 0.4169 0.4169 0.0000 0.0000 0.6883 113.9707
305.15 710195.56 418.5749 312.72147 2.1824994 1251.6753 0.2653 0.2653 0.4169 0.4169 0.0000 0.0000 0.6823 119.5732

305.35712 867280 421.25397 313.51382 2.1824994 1251.6753 0.2583 0.2583 0.4169 0.4169 0.0000 0.0000 0.6752 125.4897
306.10733 1002320 429.84232 315.0389 2.1824994 1251.6753 0.2510 0.2510 0.4169 0.4169 0.0000 0.0000 0.6679 130.3838
300.56244 1273413.4 429.30212 315.03583 2.1824994 1251.6753 0.2428 0.2428 0.4169 0.4169 0.0000 0.0000 0.6597 138.1861
299.87445 1608044.5 427.79013 315.07913 2.1824994 1251.6753 0.2338 0.2338 0.4169 0.4169 0.0000 0.0000 0.6507 147.0534
300.9002 2017591.1 426.23526 315.03162 2.1824994 1251.6753 0.2238 0.2238 0.4169 0.4169 0.0000 0.0000 0.6408 156.1529
301.9998 2510897.8 424.86548 315.12686 2.1824994 1251.6753 0.2159 0.2159 0.4169 0.4169 0.0000 0.0000 0.6328 166.4377
303.15 2.80E+07 424.07028 315.27603 2.1824994 1251.6753 0.2078 0.2078 0.4169 0.4169 0.0000 0.0000 0.6247 178.2218
305.15 800000 413.78015 282.72684 2.0858796 1253.1088 0.0000 0.0000 0.4695 0.4695 0.0000 0.0000 0.4695 53.4460
305.15 800000 413.78015 282.72668 2.8019965 1231.0753 0.0000 0.0000 0.2293 0.2293 0.0000 0.0000 0.2293 60.1491
305.15 800000 413.78015 282.72693 1.8006301 1257.9502 0.0000 0.0000 0.6472 0.6472 0.0000 0.0000 0.6472 365.0712
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Figure 73:3rd simulation scenario extended tables -A part  

 

m kn kW kW Kw kW kW kW kW kW kg/h

Condition ModelNum/Time Draft Vspeed PpropD Psgm MEload rSGPR PelD Psge AEload1 AEload2 AEload3 rSGEL mstD rSTME rSTAE rSTAB effME effAE eff_tot TPD_ME_LNG TPD_ME_PLT TPD_ME_LFO TPD_AE_LNG TPD_AE_PLT TPD_AE_LFO
0 21.62 15 16087 0 0.7149778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.2043179 0 1.65E-06 0.5474783 0.34405228 0.5269241 0 0 65.30072 0 0 7.3395915
1 21.62 8 1800 0 0.08 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.41812307 0.34405228 0.47584534 0 0 8.710641 0 0 7.3395915
2 21.62 8.5 2587 0 0.11497778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.43131334 0.34405228 0.47421598 0 0 12.136271 0 0 7.3395915
3 21.62 9 3375 0 0.15 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.44538137 0.34405228 0.4772015 0 0 15.3328705 0 0 7.3395915

4 21.62 9.5 4162 0 0.18497778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.45463762 0.34405228 0.47957093 0 0 18.523304 0 0 7.3395915

5 21.62 10 4949 0 0.21995555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.524223 0 0.47577697 0.5394706 0.34405228 0.51198465 0 0 21.672615 0 0 7.3395915

6 21.62 10.5 5699 0 0.2532889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.5967669 0 0.4032331 0.54494935 0.34405228 0.5155782 0 0 24.665512 0 0 7.3395915
7 21.62 11 6511 0 0.28937778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.66882855 0 0.33117145 0.5483115 0.34405228 0.5181637 0 0 27.931335 0 0 7.3395915
8 21.62 11.5 7423 0 0.3299111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.8997927 0 0.10020735 0.56567264 0.34405228 0.52724403 0 0 31.642866 0 0 7.3395915
9 21.62 12 8388 0 0.3728 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0529797 0 1.65E-06 0.5679944 0.34405228 0.5296409 0 0 35.515644 0 0 7.3395915
10 21.62 12.5 9456 0 0.42026666 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0781746 0 1.65E-06 0.56253433 0.34405228 0.52844584 0 0 39.70186 0 0 7.3395915
11 21.62 13 10592 0 0.47075555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0824009 0 1.65E-06 0.5606509 0.34405228 0.52964634 0 0 43.935074 0 0 7.3395915
12 21.62 13.5 11837 0 0.5260889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0810171 0 1.65E-06 0.56077445 0.34405228 0.53224623 0 0 48.417633 0 0 7.3395915
13 21.62 14 13137 0 0.58386666 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0914111 0 1.65E-06 0.5585384 0.34405228 0.53258663 0 0 53.32093 0 0 7.3395915
14 21.62 14.5 14517 0 0.6452 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.117416 0 1.65E-06 0.56100065 0.34405228 0.5366547 0 0 58.064205 0 0 7.3395915
15 21.62 15 16087 0 0.7149778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.2043179 0 1.65E-06 0.5474783 0.34405228 0.5269241 0 0 65.30072 0 0 7.3395915
16 21.62 15.5 17760 0 0.78933334 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.3194172 0 1.65E-06 0.5420641 0.34405228 0.5237918 0 0 72.19772 0 0 7.3395915
17 21.62 16 19516 0 0.86737776 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.6967299 0 1.65E-06 0.53775865 0.34405228 0.52136457 0 0 79.382454 0 0 7.3395915
18 9.25 8 853 0 0.03791111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.40743622 0.34405228 0.4898468 0 0 4.2361484 0 0 7.3395915
19 9.25 8.5 1423 0 0.06324445 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.41208613 0.34405228 0.47903526 0 0 6.987127 0 0 7.3395915
20 9.25 9 1993 0 0.08857778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.42128256 0.34405228 0.47489676 0 0 9.572284 0 0 7.3395915
21 9.25 9.5 2563 0 0.113911115 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.43089882 0.34405228 0.47418752 0 0 12.035249 0 0 7.3395915
22 9.25 10 3133 0 0.13924444 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.4409643 0.34405228 0.47589794 0 0 14.37602 0 0 7.3395915
23 9.25 10.5 3641 0 0.16182223 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.44846746 0.34405228 0.47777995 0 0 16.4275 0 0 7.3395915

24 9.25 11 4193 0 0.18635556 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.4550101 0.34405228 0.4797021 0 0 18.645996 0 0 7.3395915

25 9.25 11.5 4788 0 0.2128 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.5088166 0 0.4911834 0.53832674 0.34405228 0.5112779 0 0 21.021925 0 0 7.3395915
26 9.25 12 5462 0 0.24275556 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.57418185 0 0.42581812 0.54337215 0.34405228 0.51449883 0 0 23.72155 0 0 7.3395915
27 9.25 12.5 6164 0 0.27395555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.6377126 0 0.36228737 0.54678094 0.34405228 0.5169842 0 0 26.543304 0 0 7.3395915
28 9.25 13 6983 0 0.31035554 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.7650553 0 0.23494469 0.5555751 0.34405228 0.522045 0 0 29.83945 0 0 7.3395915
29 9.25 13.5 7827 0 0.34786665 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0198246 0 1.65E-06 0.57185864 0.34405228 0.5307069 0 0 33.290714 0 0 7.3395915
30 9.25 14 8773 0 0.38991112 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0646293 0 1.65E-06 0.5658537 0.34405228 0.5291607 0 0 37.026684 0 0 7.3395915
31 9.25 14.5 9815 0 0.43622223 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0820959 0 1.65E-06 0.5610517 0.34405228 0.5281728 0 0 41.10148 0 0 7.3395915
32 9.25 15 10969 0 0.4875111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0787985 0 1.65E-06 0.561447 0.34405228 0.53109586 0 0 45.23145 0 0 7.3395915
33 9.25 15.5 12206 0 0.5424889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0833689 0 1.65E-06 0.56007046 0.34405228 0.5323285 0 0 49.8116 0 0 7.3395915
34 9.25 16 13612 0 0.6049778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0962585 0 1.65E-06 0.55837405 0.34405228 0.5331641 0 0 55.057888 0 0 7.3395915

Harbour 35 9.25 0 0.01 0 0.00E+00 0 1122 0 0.3664207 0.36635238 7.03E-05 0 1542 0 0 1 0.40743622 0.3369609 0.4870301 0 0 4.97E-05 0 0 6.7374425
Loading 36 21.62 0 0.01 0 0.00E+00 0 2010 0 0.6485679 0.64844924 1.26E-04 0 1542 0 0 1 0.40743622 0.37595138 0.47279924 0 0 4.97E-05 0 0 10.817979

Unloading 37 9.25 0 0.01 0 0.00E+00 0 5757 0 0.23189592 0.23157772 3.61E-04 0 61985 0 0 1 0.40743622 2.5757525 0.9510423 0 0 4.97E-05 0 0 4.522451

Scantling

Ballast
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Figure 74:3rd simulation scenario extended tables -B part  

TPD_AB_LFO TPD_LNG TPD_PLT TPD_LFO EPD_ME EPD_AE EPD_AB EPD_LNG EPD_LFO EPD_tot TPD_CO2 ME_flow_GF ME_flow_exh ME_TaTC_exh
6.01E-06 0 0 72.64032 774.5465 87.05653 7.12E-05 0 861.6031 861.6031 226.20195 0 37.435623 474.44955

3.6374815 0 0 19.687714 103.31886 87.05653 43.14498 0 233.52039 233.52039 61.30754 0 10.0508175 455
3.6374676 0 0 23.11333 143.95103 87.05653 43.144817 0 274.15237 274.15237 71.974915 0 10.77613 455
3.637437 0 0 26.309898 181.86661 87.05653 43.144455 0 312.0676 312.0676 81.92902 0 12.416401 455

3.6373465 0 0 29.500242 219.70906 87.05653 43.14338 0 349.90897 349.90897 91.863754 0 14.099075 462.80005

1.7305298 0 0 30.742735 257.06372 87.05653 20.526201 0 364.64648 364.64648 95.73288 0 15.861096 467.74643

1.4666437 0 0 33.47175 292.56317 87.05653 17.396189 0 397.0159 397.0159 104.23102 0 17.564556 470.41312
1.2045202 0 0 36.47545 331.29984 87.05653 14.287084 0 432.64346 432.64346 113.58454 0 19.083849 473.30023
0.3644497 0 0 39.34691 375.32312 87.05653 4.3228197 0 466.70248 466.70248 122.52627 0 19.773212 495.686
6.01E-06 0 0 42.85524 421.259 87.05653 7.12E-05 0 508.3156 508.3156 133.45122 0 21.123707 506.502
6.01E-06 0 0 47.041454 470.91263 87.05653 7.12E-05 0 557.96924 557.96924 146.48709 0 23.555899 498.90732
6.01E-06 0 0 51.27467 521.1237 87.05653 7.12E-05 0 608.18036 608.18036 159.66933 0 26.04159 490.8291
6.01E-06 0 0 55.75723 574.29236 87.05653 7.12E-05 0 661.349 661.349 173.62802 0 28.647213 483.5411
6.01E-06 0 0 60.660526 632.4515 87.05653 7.12E-05 0 719.5081 719.5081 188.89688 0 31.242002 478.44067
6.01E-06 0 0 65.4038 688.7125 87.05653 7.12E-05 0 775.76917 775.76917 203.66745 0 33.759186 475.342
6.01E-06 0 0 72.64032 774.5465 87.05653 7.12E-05 0 861.6031 861.6031 226.20195 0 37.435623 474.44955
6.01E-06 0 0 79.53732 856.3534 87.05653 7.12E-05 0 943.41 943.41 247.67923 0 40.67314 475.93668
6.00E-06 0 0 86.722046 941.573 87.05653 7.12E-05 0 1028.6296 1028.6296 270.05246 0 42.473824 494.01578
3.637483 0 0 15.2132225 50.245903 87.05653 43.144997 0 180.44743 180.44743 47.373974 0 9.999029 455
3.637482 0 0 17.964201 82.87588 87.05653 43.14499 0 213.07741 213.07741 55.94052 0 10.0308695 455
3.6374812 0 0 20.549356 113.539 87.05653 43.14498 0 243.74052 243.74052 63.990696 0 10.06079 455
3.6374686 0 0 23.012308 142.75278 87.05653 43.14483 0 272.95413 272.95413 71.66033 0 10.7261305 455
3.6374464 0 0 25.353058 170.5172 87.05653 43.144566 0 300.7183 300.7183 78.949425 0 11.9129505 455
3.6374066 0 0 27.4045 194.85027 87.05653 43.144093 0 325.0509 325.0509 85.33761 0 12.985321 457.63635

3.637343 0 0 29.622929 221.16432 87.05653 43.143337 0 351.3642 351.3642 92.245804 0 14.165322 463.1073

1.7865735 0 0 30.148088 249.34575 87.05653 21.190948 0 357.59323 357.59323 93.88115 0 15.488265 467.174
1.5487981 0 0 32.60994 281.3666 87.05653 18.370642 0 386.7938 386.7938 101.54735 0 17.04878 469.57043
1.317703 0 0 35.2006 314.8361 87.05653 15.62957 0 417.5222 417.5222 109.61467 0 18.434683 472.06644

0.85451007 0 0 38.03355 353.9324 87.05653 10.135535 0 451.12448 451.12448 118.43648 0 19.614815 481.606
6.01E-06 0 0 40.630314 394.86862 87.05653 7.12E-05 0 481.92523 481.92523 126.5228 0 19.918556 508.614
6.01E-06 0 0 44.36628 439.18176 87.05653 7.12E-05 0 526.2384 526.2384 138.1566 0 22.01506 503.76422
6.01E-06 0 0 48.44108 487.51385 87.05653 7.12E-05 0 574.57043 574.57043 150.84552 0 24.355158 496.35443
6.01E-06 0 0 52.571045 536.50037 87.05653 7.12E-05 0 623.55695 623.55695 163.70624 0 26.845676 488.14822
6.01E-06 0 0 57.151196 590.82654 87.05653 7.12E-05 0 677.8831 677.8831 177.96883 0 29.402925 481.90112
6.01E-06 0 0 62.397488 653.05396 87.05653 7.12E-05 0 740.11053 740.11053 194.30577 0 32.152077 476.9509

2.5729358 0 0 9.310428 5.89E-04 79.914314 30.51817 0 110.433075 110.433075 28.992674 0 9.950001 455
2.5729358 0 0 13.3909645 5.89E-04 128.31447 30.51817 0 158.83322 158.83322 41.699463 0 9.950001 455
103.42635 0 0 107.94885 5.89E-04 53.6418 1226.7631 0 1280.4055 1280.4055 336.1527 0 9.950001 455
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Figure 75:3rd simulation scenario extended tables -C part  

 

ME_Tscav ME_Qcac Tpipe1_outlet Tpipipe1_dew_temp AE_mflow_exh AE_TaTC_exh TPD_CH4_ME TPD_CH4_ME_final TPD_CH4_AE1 TPD_CH4_AE1_final TPD_CH4_AE2 TPD_CH4_AE3 TPD_CH4_tot TPD_CO2_eq
304.44955 4215769 425.87875 309.0488 2.1824994 1251.6753 0.1935 0.0000 0.4169 0.0000 0 0 0.0000 226.20195

305.15 116000 413.5609 300.38095 2.1824994 1251.6753 0.3030 0.0000 0.4169 0.0000 0 0 0.0000 61.30754
305.15 125991.11 414.11646 303.42758 2.1824994 1251.6753 0.2962 0.0000 0.4169 0.0000 0 0 0.0000 71.974915
305.15 140000 415.05826 304.56253 2.1824994 1251.6753 0.2894 0.0000 0.4169 0.0000 0 0 0.0000 81.92902

305.15 300897.78 415.9724 305.34323 2.1824994 1251.6753 0.2826 0.0000 0.4169 0.0000 0 0 0.0000 91.863754

305.15 461795.56 417.52423 305.84335 2.1824994 1251.6753 0.2758 0.0000 0.4169 0.0000 0 0 0.0000 95.73288

305.15 615128.9 418.83078 306.1934 2.1824994 1251.6753 0.2694 0.0000 0.4169 0.0000 0 0 0.0000 104.23102
305.15 781137.75 420.15417 306.73346 2.1824994 1251.6753 0.2623 0.0000 0.4169 0.0000 0 0 0.0000 113.58454

305.74823 937680 427.0026 307.9335 2.1824994 1251.6753 0.2545 0.0000 0.4169 0.0000 0 0 0.0000 122.52627
302.958 1160480 431.46262 308.60715 2.1824994 1251.6753 0.2461 0.0000 0.4169 0.0000 0 0 0.0000 133.45122

299.55533 1489973.4 429.94577 308.6305 2.1824994 1251.6753 0.2369 0.0000 0.4169 0.0000 0 0 0.0000 146.48709
300.56512 1880195.5 428.1443 308.6335 2.1824994 1251.6753 0.2271 0.0000 0.4169 0.0000 0 0 0.0000 159.66933
301.67178 2360017.8 426.58243 308.64706 2.1824994 1251.6753 0.2180 0.0000 0.4169 0.0000 0 0 0.0000 173.62802
302.82733 2.16E+07 425.69043 308.77133 2.1824994 1251.6753 0.2105 0.0000 0.4169 0.0000 0 0 0.0000 188.89688

303.15 6143520 425.35355 308.86807 2.1824994 1251.6753 0.2026 0.0000 0.4169 0.0000 0 0 0.0000 203.66745
304.44955 4215769 425.87875 309.0488 2.1824994 1251.6753 0.1935 0.0000 0.4169 0.0000 0 0 0.0000 226.20195
305.93668 5052000 426.99265 309.27963 2.1824994 1251.6753 0.1890 0.0000 0.4169 0.0000 0 0 0.0000 247.67923
307.49756 5928960 433.97443 310.0021 2.1824994 1251.6753 0.1890 0.0000 0.4169 0.0000 0 0 0.0000 270.05246

305.15 280231.28 413.34195 293.57043 2.1824994 1251.6753 0.3112 0.0000 0.4169 0.0000 0 0 0.0000 47.373974
305.15 112648.89 413.47702 298.0648 2.1824994 1251.6753 0.3063 0.0000 0.4169 0.0000 0 0 0.0000 55.94052
305.15 117715.555 413.60263 301.43362 2.1824994 1251.6753 0.3014 0.0000 0.4169 0.0000 0 0 0.0000 63.990696
305.15 125564.445 414.085 303.3826 2.1824994 1251.6753 0.2965 0.0000 0.4169 0.0000 0 0 0.0000 71.66033
305.15 135697.78 414.78647 304.27563 2.1824994 1251.6753 0.2915 0.0000 0.4169 0.0000 0 0 0.0000 78.949425
305.15 194382.22 415.18274 304.86548 2.1824994 1251.6753 0.2871 0.0000 0.4169 0.0000 0 0 0.0000 85.33761

305.15 307235.56 416.0363 305.36755 2.1824994 1251.6753 0.2824 0.0000 0.4169 0.0000 0 0 0.0000 92.245804

305.15 428880 417.2444 305.7579 2.1824994 1251.6753 0.2772 0.0000 0.4169 0.0000 0 0 0.0000 93.88115
305.15 566675.56 418.4241 306.0748 2.1824994 1251.6753 0.2714 0.0000 0.4169 0.0000 0 0 0.0000 101.54735
305.15 710195.56 419.58307 306.5193 2.1824994 1251.6753 0.2653 0.0000 0.4169 0.0000 0 0 0.0000 109.61467

305.35712 867280 422.56564 307.24783 2.1824994 1251.6753 0.2583 0.0000 0.4169 0.0000 0 0 0.0000 118.43648
306.10733 1002320 431.5469 308.52997 2.1824994 1251.6753 0.2510 0.0000 0.4169 0.0000 0 0 0.0000 126.5228
300.56244 1273413.4 430.9429 308.6079 2.1824994 1251.6753 0.2428 0.0000 0.4169 0.0000 0 0 0.0000 138.1566
299.87445 1608044.5 429.39426 308.64474 2.1824994 1251.6753 0.2338 0.0000 0.4169 0.0000 0 0 0.0000 150.84552
300.9002 2017591.1 427.5214 308.6116 2.1824994 1251.6753 0.2238 0.0000 0.4169 0.0000 0 0 0.0000 163.70624
301.9998 2510897.8 426.27774 308.67633 2.1824994 1251.6753 0.2159 0.0000 0.4169 0.0000 0 0 0.0000 177.96883
303.15 2.80E+07 425.46118 308.8139 2.1824994 1251.6753 0.2078 0.0000 0.4169 0.0000 0 0 0.0000 194.30577
305.15 800000 413.13107 282.73035 2.0858796 1253.1088 0.0000 0.0000 0.4695 0.0000 0 0 0.0000 28.992674
305.15 800000 413.13107 282.73013 2.8019965 1231.0753 0.0000 0.0000 0.2293 0.0000 0 0 0.0000 41.699463
305.15 800000 413.13107 282.73044 1.8006301 1257.9502 0.0000 0.0000 0.6472 0.0000 0 0 0.0000 336.1527
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Figure 76:4th  simulation scenario extended tables -A part  

m kn kW kW Kw kW kW kW kW kW kg/h

Condition ModelNum/Time Draft Vspeed PpropD Psgm MEload rSGPR PelD Psge AEload1 AEload2 AEload3 rSGEL mstD rSTME rSTAE rSTAB effME effAE eff_tot TPD_ME_LNG TPD_ME_PLT TPD_ME_LFO TPD_AE_LNG TPD_AE_PLT TPD_AE_LFO
0 21.62 15 16087 0 0.7149778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.2043179 0 1.65E-06 0.5474783 0.31223315 0.52155375 0 0 65.30072 3.9433656 1.16E-01 7.388717
1 21.62 8 1800 0 0.08 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.41812307 0.31223315 0.45842895 0 0 8.710641 3.9433656 1.16E-01 7.388717
2 21.62 8.5 2587 0 0.11497778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.43131334 0.31223315 0.45935103 0 0 12.136271 3.9433656 1.16E-01 7.388717
3 21.62 9 3375 0 0.15 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.44538137 0.31223315 0.46401012 0 0 15.3328705 3.9433656 1.16E-01 7.388717
4 21.62 9.5 4162 0 0.18497778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.45463762 0.31223315 0.4677123 0 0 18.523304 3.9433656 1.16E-01 7.388717
5 21.62 10 4949 0 0.21995555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.524223 0 0.47577697 0.5394706 0.31223315 0.49982402 0 0 21.672615 3.9433656 1.16E-01 7.388717
6 21.62 10.5 5699 0 0.2532889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.5967669 0 0.4032331 0.54494935 0.31223315 0.5043089 0 0 24.665512 3.9433656 1.16E-01 7.388717
7 21.62 11 6511 0 0.28937778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.66882855 0 0.33117145 0.5483115 0.31223315 0.50775176 0 0 27.931335 3.9433656 1.16E-01 7.388717
8 21.62 11.5 7423 0 0.3299111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.8997927 0 0.10020735 0.56567264 0.31223315 0.5174084 0 0 31.642866 3.9433656 1.16E-01 7.388717
9 21.62 12 8388 0 0.3728 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0529797 0 1.65E-06 0.5679944 0.31223315 0.5205555 0 0 35.515644 3.9433656 1.16E-01 7.388717
10 21.62 12.5 9456 0 0.42026666 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0781746 0 1.65E-06 0.56253433 0.31223315 0.52017504 0 0 39.70186 3.9433656 1.16E-01 7.388717
11 21.62 13 10592 0 0.47075555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0824009 0 1.65E-06 0.5606509 0.31223315 0.52203125 0 0 43.935074 3.9433656 1.16E-01 7.388717
12 21.62 13.5 11837 0 0.5260889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0810171 0 1.65E-06 0.56077445 0.31223315 0.52520084 0 0 48.417633 3.9433656 1.16E-01 7.388717
13 21.62 14 13137 0 0.58386666 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0914111 0 1.65E-06 0.5585384 0.31223315 0.5260997 0 0 53.32093 3.9433656 1.16E-01 7.388717
14 21.62 14.5 14517 0 0.6452 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.117416 0 1.65E-06 0.56100065 0.31223315 0.5305869 0 0 58.064205 3.9433656 1.16E-01 7.388717
15 21.62 15 16087 0 0.7149778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.2043179 0 1.65E-06 0.5474783 0.31223315 0.52155375 0 0 65.30072 3.9433656 1.16E-01 7.388717
16 21.62 15.5 17760 0 0.78933334 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.3194172 0 1.65E-06 0.5420641 0.31223315 0.51891196 0 0 72.19772 3.9433656 1.16E-01 7.388717
17 21.62 16 19516 0 0.86737776 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.6967299 0 1.65E-06 0.53775865 0.31223315 0.5169063 0 0 79.382454 3.9433656 1.16E-01 7.388717
18 9.25 8 853 0 0.03791111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.40743622 0.31223315 0.46689186 0 0 4.2361484 3.9433656 1.16E-01 7.388717
19 9.25 8.5 1423 0 0.06324445 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.41208613 0.31223315 0.4598872 0 0 6.987127 3.9433656 1.16E-01 7.388717
20 9.25 9 1993 0 0.08857778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.42128256 0.31223315 0.45821834 0 0 9.572284 3.9433656 1.16E-01 7.388717
21 9.25 9.5 2563 0 0.113911115 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.43089882 0.31223315 0.45926028 0 0 12.035249 3.9433656 1.16E-01 7.388717
22 9.25 10 3133 0 0.13924444 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.4409643 0.31223315 0.46226034 0 0 14.37602 3.9433656 1.16E-01 7.388717
23 9.25 10.5 3641 0 0.16182223 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.44846746 0.31223315 0.46508613 0 0 16.4275 3.9433656 1.16E-01 7.388717
24 9.25 11 4193 0 0.18635556 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.4550101 0.31223315 0.46788812 0 0 18.645996 3.9433656 1.16E-01 7.388717
25 9.25 11.5 4788 0 0.2128 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.5088166 0 0.4911834 0.53832674 0.31223315 0.49890035 0 0 21.021925 3.9433656 1.16E-01 7.388717
26 9.25 12 5462 0 0.24275556 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.57418185 0 0.42581812 0.54337215 0.31223315 0.5029625 0 0 23.72155 3.9433656 1.16E-01 7.388717
27 9.25 12.5 6164 0 0.27395555 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.6377126 0 0.36228737 0.54678094 0.31223315 0.5062276 0 0 26.543304 3.9433656 1.16E-01 7.388717
28 9.25 13 6983 0 0.31035554 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0.7650553 0 0.23494469 0.5555751 0.31223315 0.51197654 0 0 29.83945 3.9433656 1.16E-01 7.388717
29 9.25 13.5 7827 0 0.34786665 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0198246 0 1.65E-06 0.57185864 0.31223315 0.5211137 0 0 33.290714 3.9433656 1.16E-01 7.388717
30 9.25 14 8773 0 0.38991112 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0646293 0 1.65E-06 0.5658537 0.31223315 0.52038753 0 0 37.026684 3.9433656 1.16E-01 7.388717
31 9.25 14.5 9815 0 0.43622223 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0820959 0 1.65E-06 0.5610517 0.31223315 0.5201415 0 0 41.10148 3.9433656 1.16E-01 7.388717
32 9.25 15 10969 0 0.4875111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0787985 0 1.65E-06 0.561447 0.31223315 0.5236456 0 0 45.23145 3.9433656 1.16E-01 7.388717
33 9.25 15.5 12206 0 0.5424889 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0833689 0 1.65E-06 0.56007046 0.31223315 0.5254516 0 0 49.8116 3.9433656 1.16E-01 7.388717
34 9.25 16 13612 0 0.6049778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0962585 0 1.65E-06 0.55837405 0.31223315 0.5268487 0 0 55.057888 3.9433656 1.16E-01 7.388717

Harbour 35 9.25 0 0.01 0 0.00E+00 0 1122 0 0.3664207 0.36635238 7.03E-05 0 1542 0 0 1 0.40743622 0.29828885 0.445257 0 0 4.97E-05 3.7495902 1.17E-01 6.939967
Loading 36 21.62 0 0.01 0 0.00E+00 0 2010 0 0.6485679 0.64844924 1.26E-04 0 1542 0 0 1 0.40743622 0.37200192 0.46877864 0 0 4.97E-05 5.096905 1.10E-01 10.0698185

Unloading 37 9.25 0 0.01 0 0.00E+00 0 5757 0 0.23189592 0.23157772 3.61E-04 0 61985 0 0 1 0.40743622 2.0185575 0.9401698 0 0 4.97E-05 3.0176053 1.10E-01 5.2147603

Scantling

Ballast
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Figure 77:4th  simulation scenario extended tables -B part  

TPD_AB_LFO TPD_LNG TPD_PLT TPD_LFO EPD_ME EPD_AE EPD_AB EPD_LNG EPD_LFO EPD_tot TPD_CO2 ME_flow_GF ME_flow_exh ME_TaTC_exh
6.01E-06 3.94E+00 1.16E-01 72.805664 774.5465 95.928314 7.12E-05 53.68377 816.7911 870.47485 237.56108 0 37.435623 474.44955

3.6374815 3.94E+00 1.16E-01 19.853056 103.31886 95.928314 43.14498 53.68377 188.70839 242.39217 72.66667 0 10.0508175 455
3.6374676 3.94E+00 1.16E-01 23.278671 143.95103 95.928314 43.144817 53.68377 229.3404 283.02417 83.33404 0 10.77613 455
3.637437 3.94E+00 1.16E-01 26.47524 181.86661 95.928314 43.144455 53.68377 267.2556 320.9394 93.288155 0 12.416401 455
3.6373465 3.94E+00 1.16E-01 29.665583 219.70906 95.928314 43.14338 53.68377 305.097 358.78076 103.22288 0 14.099075 462.80005
1.7305298 3.94E+00 1.16E-01 30.908077 257.06372 95.928314 20.526201 53.68377 319.83447 373.51825 107.09201 0 15.861096 467.74643
1.4666437 3.94E+00 1.16E-01 33.63709 292.56317 95.928314 17.396189 53.68377 352.2039 405.88766 115.59015 0 17.564556 470.41312
1.2045202 3.94E+00 1.16E-01 36.64079 331.29984 95.928314 14.287084 53.68377 387.83145 441.51523 124.94367 0 19.083849 473.30023
0.3644497 3.94E+00 1.16E-01 39.51225 375.32312 95.928314 4.3228197 53.68377 421.89047 475.57425 133.88539 0 19.773212 495.686
6.01E-06 3.94E+00 1.16E-01 43.02058 421.259 95.928314 7.12E-05 53.68377 463.5036 517.1874 144.81035 0 21.123707 506.502
6.01E-06 3.94E+00 1.16E-01 47.206795 470.91263 95.928314 7.12E-05 53.68377 513.1572 566.841 157.84622 0 23.555899 498.90732
6.01E-06 3.94E+00 1.16E-01 51.44001 521.1237 95.928314 7.12E-05 53.68377 563.36835 617.0521 171.02844 0 26.04159 490.8291
6.01E-06 3.94E+00 1.16E-01 55.922573 574.29236 95.928314 7.12E-05 53.68377 616.537 670.22076 184.98714 0 28.647213 483.5411
6.01E-06 3.94E+00 1.16E-01 60.82587 632.4515 95.928314 7.12E-05 53.68377 674.6961 728.3799 200.25601 0 31.242002 478.44067
6.01E-06 3.94E+00 1.16E-01 65.569145 688.7125 95.928314 7.12E-05 53.68377 730.95715 784.6409 215.02657 0 33.759186 475.342
6.01E-06 3.94E+00 1.16E-01 72.805664 774.5465 95.928314 7.12E-05 53.68377 816.7911 870.47485 237.56108 0 37.435623 474.44955
6.01E-06 3.94E+00 1.16E-01 79.70267 856.3534 95.928314 7.12E-05 53.68377 898.598 952.2818 259.03836 0 40.67314 475.93668
6.00E-06 3.94E+00 1.16E-01 86.88739 941.573 95.928314 7.12E-05 53.68377 983.8176 1037.5013 281.4116 0 42.473824 494.01578
3.637483 3.94E+00 1.16E-01 15.378564 50.245903 95.928314 43.144997 53.68377 135.63544 189.31921 58.7331 0 9.999029 455
3.637482 3.94E+00 1.16E-01 18.129541 82.87588 95.928314 43.14499 53.68377 168.26541 221.94917 67.299644 0 10.0308695 455
3.6374812 3.94E+00 1.16E-01 20.714697 113.539 95.928314 43.14498 53.68377 198.92853 252.61229 75.34982 0 10.06079 455
3.6374686 3.94E+00 1.16E-01 23.17765 142.75278 95.928314 43.14483 53.68377 228.14215 281.82593 83.019455 0 10.7261305 455
3.6374464 3.94E+00 1.16E-01 25.5184 170.5172 95.928314 43.144566 53.68377 255.90631 309.5901 90.30855 0 11.9129505 455
3.6374066 3.94E+00 1.16E-01 27.56984 194.85027 95.928314 43.144093 53.68377 280.2389 333.92267 96.69674 0 12.985321 457.63635
3.637343 3.94E+00 1.16E-01 29.78827 221.16432 95.928314 43.143337 53.68377 306.55222 360.23596 103.60493 0 14.165322 463.1073
1.7865735 3.94E+00 1.16E-01 30.31343 249.34575 95.928314 21.190948 53.68377 312.78125 366.46503 105.24028 0 15.488265 467.174
1.5487981 3.94E+00 1.16E-01 32.77528 281.3666 95.928314 18.370642 53.68377 341.9818 395.66556 112.90648 0 17.04878 469.57043
1.317703 3.94E+00 1.16E-01 35.36594 314.8361 95.928314 15.62957 53.68377 372.7102 426.39395 120.97379 0 18.434683 472.06644

0.85451007 3.94E+00 1.16E-01 38.198895 353.9324 95.928314 10.135535 53.68377 406.31247 459.99625 129.79561 0 19.614815 481.606
6.01E-06 3.94E+00 1.16E-01 40.795654 394.86862 95.928314 7.12E-05 53.68377 437.11325 490.79703 137.88193 0 19.918556 508.614
6.01E-06 3.94E+00 1.16E-01 44.53162 439.18176 95.928314 7.12E-05 53.68377 481.4264 535.11017 149.51572 0 22.01506 503.76422
6.01E-06 3.94E+00 1.16E-01 48.60642 487.51385 95.928314 7.12E-05 53.68377 529.7585 583.44226 162.20464 0 24.355158 496.35443
6.01E-06 3.94E+00 1.16E-01 52.736385 536.50037 95.928314 7.12E-05 53.68377 578.74493 632.4287 175.06537 0 26.845676 488.14822
6.01E-06 3.94E+00 1.16E-01 57.316536 590.82654 95.928314 7.12E-05 53.68377 633.07117 686.7549 189.32796 0 29.402925 481.90112
6.01E-06 3.94E+00 1.16E-01 62.562828 653.05396 95.928314 7.12E-05 53.68377 695.2986 748.98236 205.6649 0 32.152077 476.9509

2.5729358 3.75E+00 1.17E-01 9.629919 5.89E-04 90.27491 30.51817 51.045773 69.747894 120.79367 40.298943 0 9.950001 455
2.5729358 5.096905 1.10E-01 12.752759 5.89E-04 129.67674 30.51817 69.3877 90.8078 160.19551 53.72858 0 9.950001 455
103.42635 3.0176053 1.10E-01 108.751366 5.89E-04 68.448875 1226.7631 41.080753 1254.1318 1295.2125 346.95016 0 9.950001 455
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Figure 78:4th  simulation scenario extended tables -C part  

ME_Tscav ME_Qcac Tpipe1_outlet Tpipipe1_dew_temp AE_mflow_exh AE_TaTC_exh TPD_CH4_ME TPD_CH4_ME_final TPD_CH4_AE1 TPD_CH4_AE1_final TPD_CH4_AE2 TPD_CH4_AE3 TPD_CH4_tot TPD_CO2_eq
304.44955 4215769 425.87875 309.0488 2.1824994 1251.6753 0.1935 0.0000 0.4169 0.416941606 0 0 0.4169 249.235445

305.15 116000 413.5609 300.38095 2.1824994 1251.6753 0.3030 0.0000 0.4169 0.416941606 0 0 0.4169 84.34103496
305.15 125991.11 414.11646 303.4276 2.1824994 1251.6753 0.2962 0.0000 0.4169 0.416941606 0 0 0.4169 95.00840496
305.15 140000 415.05826 304.56256 2.1824994 1251.6753 0.2894 0.0000 0.4169 0.416941606 0 0 0.4169 104.96252
305.15 300897.78 415.9724 305.34323 2.1824994 1251.6753 0.2826 0.0000 0.4169 0.416941606 0 0 0.4169 114.897245
305.15 461795.56 417.52423 305.84335 2.1824994 1251.6753 0.2758 0.0000 0.4169 0.416941606 0 0 0.4169 118.766375
305.15 615128.9 418.83078 306.1934 2.1824994 1251.6753 0.2694 0.0000 0.4169 0.416941606 0 0 0.4169 127.264515
305.15 781137.75 420.15417 306.7335 2.1824994 1251.6753 0.2623 0.0000 0.4169 0.416941606 0 0 0.4169 136.618035

305.74823 937680 427.0026 307.9335 2.1824994 1251.6753 0.2545 0.0000 0.4169 0.416941606 0 0 0.4169 145.559755
302.958 1160480 431.46262 308.60715 2.1824994 1251.6753 0.2461 0.0000 0.4169 0.416941606 0 0 0.4169 156.484715

299.55533 1489973.4 429.94577 308.6305 2.1824994 1251.6753 0.2369 0.0000 0.4169 0.416941606 0 0 0.4169 169.520585
300.56512 1880195.5 428.1443 308.63354 2.1824994 1251.6753 0.2271 0.0000 0.4169 0.416941606 0 0 0.4169 182.702805
301.67178 2360017.8 426.58243 308.64706 2.1824994 1251.6753 0.2180 0.0000 0.4169 0.416941606 0 0 0.4169 196.661505
302.82733 2.16E+07 425.69043 308.77136 2.1824994 1251.6753 0.2105 0.0000 0.4169 0.416941606 0 0 0.4169 211.930375

303.15 6143520 425.35355 308.86807 2.1824994 1251.6753 0.2026 0.0000 0.4169 0.416941606 0 0 0.4169 226.700935
304.44955 4215769 425.87875 309.0488 2.1824994 1251.6753 0.1935 0.0000 0.4169 0.416941606 0 0 0.4169 249.235445
305.93668 5052000 426.99265 309.27963 2.1824994 1251.6753 0.1890 0.0000 0.4169 0.416941606 0 0 0.4169 270.712725
307.49756 5928960 433.97443 310.0021 2.1824994 1251.6753 0.1890 0.0000 0.4169 0.416941606 0 0 0.4169 293.085965

305.15 280231.28 413.34195 293.57047 2.1824994 1251.6753 0.3112 0.0000 0.4169 0.416941606 0 0 0.4169 70.40746496
305.15 112648.89 413.47702 298.0648 2.1824994 1251.6753 0.3063 0.0000 0.4169 0.416941606 0 0 0.4169 78.97400896
305.15 117715.555 413.60263 301.43362 2.1824994 1251.6753 0.3014 0.0000 0.4169 0.416941606 0 0 0.4169 87.02418496
305.15 125564.445 414.085 303.3826 2.1824994 1251.6753 0.2965 0.0000 0.4169 0.416941606 0 0 0.4169 94.69381996
305.15 135697.78 414.78647 304.27567 2.1824994 1251.6753 0.2915 0.0000 0.4169 0.416941606 0 0 0.4169 101.982915
305.15 194382.22 415.18274 304.86548 2.1824994 1251.6753 0.2871 0.0000 0.4169 0.416941606 0 0 0.4169 108.371105
305.15 307235.56 416.0363 305.36755 2.1824994 1251.6753 0.2824 0.0000 0.4169 0.416941606 0 0 0.4169 115.279295
305.15 428880 417.2444 305.7579 2.1824994 1251.6753 0.2772 0.0000 0.4169 0.416941606 0 0 0.4169 116.914645
305.15 566675.56 418.4241 306.0748 2.1824994 1251.6753 0.2714 0.0000 0.4169 0.416941606 0 0 0.4169 124.580845
305.15 710195.56 419.58307 306.5193 2.1824994 1251.6753 0.2653 0.0000 0.4169 0.416941606 0 0 0.4169 132.648155

305.35712 867280 422.56564 307.24786 2.1824994 1251.6753 0.2583 0.0000 0.4169 0.416941606 0 0 0.4169 141.469975
306.10733 1002320 431.5469 308.53 2.1824994 1251.6753 0.2510 0.0000 0.4169 0.416941606 0 0 0.4169 149.556295
300.56244 1273413.4 430.9429 308.60794 2.1824994 1251.6753 0.2428 0.0000 0.4169 0.416941606 0 0 0.4169 161.190085
299.87445 1608044.5 429.39426 308.64478 2.1824994 1251.6753 0.2338 0.0000 0.4169 0.416941606 0 0 0.4169 173.879005
300.9002 2017591.1 427.5214 308.6116 2.1824994 1251.6753 0.2238 0.0000 0.4169 0.416941606 0 0 0.4169 186.739735
301.9998 2510897.8 426.27774 308.67633 2.1824994 1251.6753 0.2159 0.0000 0.4169 0.416941606 0 0 0.4169 201.002325
303.15 2.80E+07 425.46118 308.81393 2.1824994 1251.6753 0.2078 0.0000 0.4169 0.416941606 0 0 0.4169 217.339265
305.15 800000 413.13107 282.73035 2.0858796 1253.1088 0.0000 0.0000 0.4695 0.469540912 0 0 0.4695 53.44608854
305.15 800000 413.13107 282.73016 2.8019965 1231.0753 0.0000 0.0000 0.2293 0.229306018 0 0 0.2293 60.1491485
305.15 800000 413.13107 282.7304 1.8006301 1257.9502 0.0000 0.0000 0.6472 0.647242766 0 0 0.6472 365.0729574
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Figure 79:5th  simulation scenario extended tables -A part  

m kn kW kW Kw kW kW kW kW kW kg/h

Condition ModelNum/Time Draft Vspeed PpropD Psgm MEload rSGPR PelD Psge AEload1 AEload2 AEload3 rSGEL mstD rSTME rSTAE rSTAB effME effAE eff_tot TPD_ME_LNG TPD_ME_PLT TPD_ME_LFO TPD_AE_LNG TPD_AE_PLT TPD_AE_LFO
0 21.62 15 16087 0 0.7149778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 1.0311161 0 1.65E-06 0.58714104 0.34405228 0.56099135 51.63125 1.6300749 0 0 0 7.3395915
1 21.62 8 1800 0 0.08 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.43848768 0.34405228 0.48582783 6.579152 0.7548869 0 0 0 7.3395915
2 21.62 8.5 2587 0 0.11497778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.45262662 0.34405228 0.4862378 9.273847 0.9207612 0 0 0 7.3395915
3 21.62 9 3375 770.8333 0.18425922 0.22839506 1248 693.75 0.18236953 0.18233676 3.47E-05 0.5558894 2180 0 0 1 0.47755867 0.30787992 0.5053219 14.374817 1.0670875 0 0 0 3.6425545
4 21.62 9.5 4162 899.4792 0.22495459 0.21611705 1248 809.53125 0.14338231 0.14335686 2.75E-05 0.64866287 2180 0.47083142 0 0.52916855 0.55842 0.3040826 0.5466316 17.339872 1.1369348 0 0 0 2.9176204
5 21.62 10 4949 1011.9792 0.26493236 0.20448154 1248 910.78125 0.10912258 0.109103374 2.11E-05 0.72979265 2180 0.54618216 0 0.4538178 0.5647941 0.30239016 0.5550413 20.260618 1.1966952 0 0 0 2.2564504
6 21.62 10.5 5699 1108.8541 0.30257124 0.19456996 1248 997.96875 0.07978146 0.07976745 1.57E-05 0.7996544 2180 0.63362 0 0.36638 0.57111007 0.3019613 0.56251526 23.022627 1.2465897 0 0 0 1.675424
7 21.62 11 6511 1204.6875 0.34291938 0.18502343 1248 1084.2188 0.05124926 0.051240228 1.03E-05 0.868765 2180 0.90140224 0 0.09859777 0.5929886 0.30314577 0.5789683 26.04332 1.3014688 0 0 0 1.0931869
8 21.62 11.5 7423 1303.125 0.38782772 0.17555234 1248 1172.8125 0.02289957 0.022895481 4.71E-06 0.9397536 2180 0.9752331 0 0.02476695 0.5937905 0.3067298 0.583102 29.304457 1.3574042 0 0 0 0.4959883
9 21.62 12 8388 1386.6665 0.43442956 0.16531552 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 0.98797816 0 0.012021867 0.59027755 0.31203082 0.58339167 32.632984 1.4086983 0 0 0 6.48E-07
10 21.62 12.5 9456 1386.6665 0.48189622 0.1466441 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 0.9887235 0 0.011276506 0.590616 0.31203082 0.5843001 35.768738 1.4502914 0 0 0 6.48E-07
11 21.62 13 10592 1386.6665 0.5323851 0.1309164 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 0.9807666 0 0.019233402 0.58967805 0.31203082 0.58408046 39.149277 1.492746 0 0 0 6.48E-07
12 21.62 13.5 11837 1386.6665 0.5877184 0.11714679 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 0.9792543 0 0.020745719 0.58726215 0.31203082 0.58219117 43.002136 1.5430076 0 0 0 6.48E-07
13 21.62 14 13137 1386.6665 0.64549625 0.10555428 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 0.9865607 0 0.013439313 0.5909397 0.31203082 0.5861059 46.61014 1.5759829 0 0 0 6.48E-07
14 21.62 14.5 14517 1386.6665 0.70682955 0.09552018 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 1.0235853 0 1.65E-06 0.5877755 0.31203082 0.5831142 51.02938 1.6240251 0 0 0 6.48E-07
15 21.62 15 16087 1386.6665 0.77660733 0.08619796 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 1.1040211 0 1.65E-06 0.5827198 0.31203082 0.5784793 56.198105 1.6653411 0 0 0 6.48E-07
16 21.62 15.5 17760 1386.6665 0.8509629 0.07807807 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 1.2487218 0 1.65E-06 0.5721588 0.31203082 0.5683312 62.376534 1.7116364 0 0 0 6.48E-07
17 21.62 16 19516 1386.6665 0.92900735 0.07105281 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 1.4675746 0 1.65E-06 0.5628947 0.31203082 0.55942315 68.88339 1.7617317 0 0 0 6.48E-07
18 9.25 8 853 0 0.03791111 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.42704624 0.34405228 0.49619088 3.1692164 0.40416256 0 0 0 `
19 9.25 8.5 1423 0 0.06324445 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.43202296 0.34405228 0.48779017 5.2491035 0.64004064 0 0 0 7.3395915
20 9.25 9 1993 0 0.08857778 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.44187266 0.34405228 0.48543316 7.250226 0.80480975 0 0 0 7.3395915
21 9.25 9.5 2563 0 0.113911115 0 1248 0 0.4062397 0.406164 7.81E-05 0 2180 0 0 1 0.45218197 0.34405228 0.4861544 9.193307 0.91717947 0 0 0 7.3395915
22 9.25 10 3133 727.6042 0.17158237 0.2322388 1248 654.84375 0.19537127 0.19533601 3.71E-05 0.5247145 2180 0 0 1 0.4738731 0.30950272 0.5027328 13.453141 1.0436527 0 0 0 3.8778086
23 9.25 10.5 3641 816.6667 0.19811848 0.22429736 1248 735 0.1685239 0.16849376 3.21E-05 0.5889423 2180 0 0 1 0.4816542 0.3063355 0.5084334 15.371082 1.0842576 0 0 0 3.3884554
24 9.25 11 4193 903.6458 0.22651756 0.21551296 1248 813.28125 0.14211424 0.14208904 2.72E-05 0.65166765 2180 0.47371453 0 0.52628547 0.55869305 0.30398977 0.5469621 17.45403 1.139507 0 0 0 2.8935509
25 9.25 11.5 4788 990.1042 0.2568046 0.20678867 1248 891.09375 0.115780614 0.115760215 2.23E-05 0.71401745 2180 0.530589 0 0.46941102 0.56380826 0.30257723 0.55360955 19.661404 1.18238 0 0 0 2.3867102
26 9.25 12 5462 1079.1666 0.29071847 0.1975772 1248 971.25 0.08873738 0.08872181 1.73E-05 0.7782452 2180 0.5965536 0 0.40344638 0.56811506 0.30198923 0.5596371 22.152317 1.2327273 0 0 0 1.8542912
27 9.25 12.5 6164 1165.1041 0.32573792 0.18901755 1248 1048.5938 0.06294948 0.062938415 1.25E-05 0.8402194 2180 0.79119176 0 0.20880823 0.5846234 0.3024062 0.57242 24.758436 1.281303 0 0 0 1.3342273
28 9.25 13 6983 1256.7709 0.36621198 0.17997578 1248 1131.0938 0.036096215 0.03608982 7.32E-06 0.9063251 2180 0.95989424 0 0.040105734 0.5951142 0.3047128 0.5822643 27.74652 1.3316073 0 0 0 0.7762985
29 9.25 13.5 7827 1344.2709 0.40761197 0.17174791 1248 1209.8438 0.011463433 0.011461368 2.39E-06 0.9694261 2180 0.98422897 0 0.01577103 0.59242886 0.30905774 0.5835978 30.722595 1.3791136 0 0 0 0.24980883
30 9.25 14 8773 1386.6665 0.45154068 0.1580607 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 0.9879206 0 0.012079417 0.5891682 0.31203082 0.5825234 33.835167 1.4239799 0 0 0 6.48E-07
31 9.25 14.5 9815 1386.6665 0.4978518 0.14128034 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 0.9866555 0 0.013344532 0.5914501 0.31203082 0.5853514 36.767838 1.4606148 0 0 0 6.48E-07
32 9.25 15 10969 1386.6665 0.5491407 0.12641686 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 0.9756021 0 0.024397923 0.5887599 0.31203082 0.58343685 40.30547 1.5057018 0 0 0 6.48E-07
33 9.25 15.5 12206 1386.6665 0.60411847 0.11360532 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 0.98025024 0 0.01974975 0.5871804 0.31203082 0.58221346 44.10983 1.5557327 0 0 0 6.48E-07
34 9.25 16 13612 1386.6665 0.6666073 0.10187089 1248 1247.9999 2.96E-08 2.96E-08 6.26E-12 0.99999994 2180 0.9972611 0 0.002738922 0.5906338 0.31203082 0.5857445 48.088917 1.5924777 0 0 0 6.48E-07

Harbour 35 9.25 0 0.01 0 0.00E+00 0 1122 0 0.3664207 0.36635238 7.03E-05 0 1542 0 0 1 0.42704624 0.3369609 0.4870296 3.72E-05 4.74E-06 0 0 0 6.7374425
Loading 36 21.62 0 0.01 0 0.00E+00 0 2010 0 0.6485679 0.64844924 1.26E-04 0 1542 0 0 1 0.42704624 0.37595138 0.47279888 3.72E-05 4.74E-06 0 0 0 10.817979

Unloading 37 9.25 0 0.01 0 0.00E+00 0 5757 0 0.23189592 0.23157772 3.61E-04 0 61985 0 0 1 0.42704624 2.5757525 0.95104265 3.72E-05 4.74E-06 0 0 0 4.522451

Scantling

Ballast
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Figure 80:5th  simulation scenario extended tables -B part  

TPD_AB_LFO TPD_LNG TPD_PLT TPD_LFO EPD_ME EPD_AE EPD_AB EPD_LNG EPD_LFO EPD_tot TPD_CO2 ME_flow_GF ME_flow_exh ME_TaTC_exh
6.01E-06 51.63125 1.6300749 8.969672 722.2267 87.05653 7.12E-05 702.892 106.39129 809.28326 169.9175 0.5975839 34.85565 468.15
3.637462 6.579152 0.7548869 11.73194 98.52044 87.05653 43.14475 89.56656 139.15517 228.72173 54.62593 0.07614759 11.084885 455
3.6374497 9.273847 0.9207612 11.897802 137.17267 87.05653 43.144608 126.25131 141.1225 267.3738 62.552837 0.10733619 11.717104 455
3.6373754 14.374817 1.0670875 8.347017 208.35132 43.205154 43.143723 195.69435 99.005844 294.7002 65.52336 0.1663752 13.932428 459.2139
1.9247531 17.339872 1.1369348 5.979308 249.54515 34.60655 22.829927 236.05971 70.92191 306.98163 66.304214 0.20069297 15.361945 463.14636
1.65065 20.260618 1.1966952 5.1037955 290.0161 26.764263 19.57873 275.82184 60.537262 336.3591 71.60992 0.23449789 17.075508 466.34457

1.3325897 23.022627 1.2465897 4.2546034 328.20905 19.87258 15.806146 313.42297 50.4648 363.8878 76.56106 0.26646557 18.591179 471.0013
0.3585956 26.04332 1.3014688 2.7532513 369.9828 12.966534 4.2533827 354.54578 32.65693 387.2027 80.19276 0.3014273 18.788168 500.05197

0.090074725 29.304457 1.3574042 1.9434673 415.0424 5.8830285 1.0683964 398.9419 23.0519 421.9938 86.63921 0.33917198 20.821924 499.09756
0.043722104 32.632984 1.4086983 1.4524211 460.96436 7.69E-06 0.51859766 444.25546 17.227491 461.48294 94.26355 0.3776966 23.07776 491.64127
0.041011307 35.768738 1.4502914 1.4913033 504.14688 7.69E-06 0.4864443 486.94464 17.688683 504.63333 103.00795 0.41399002 25.298002 484.68454
0.06994972 39.149277 1.492746 1.5626963 550.67206 7.69E-06 0.82968926 532.96625 18.535492 551.5017 112.52674 0.45311663 27.53057 478.2638
0.07544988 43.002136 1.5430076 1.6184582 603.71985 7.69E-06 0.89492786 585.4179 19.196894 604.6148 123.295746 0.4977099 29.899744 473.13254
0.048877202 46.61014 1.5759829 1.6248609 653.22925 7.69E-06 0.57974344 634.5362 19.272839 653.809 133.2377 0.53946924 32.277557 469.42023

6.01E-06 51.02938 1.6240251 1.6240317 713.9613 7.69E-06 7.12E-05 694.69836 19.263004 713.96136 145.38803 0.59061784 34.55528 468.15
6.01E-06 56.198105 1.6653411 1.6653478 784.8168 7.69E-06 7.12E-05 765.0638 19.753063 784.8169 159.73068 0.65044105 37.393654 468.68216
6.01E-06 62.376534 1.7116364 1.7116431 869.4771 7.69E-06 7.12E-05 849.17505 20.302181 869.4772 176.86552 0.72195065 40.47835 472.22702
6.01E-06 68.88339 1.7617317 1.7617384 958.6536 7.69E-06 7.12E-05 937.7573 20.896374 958.65375 194.91537 0.7972614 43.345886 479.6309
3.637463 3.1692164 0.40416256 11.381217 47.938602 87.05653 43.144764 43.14474 134.99516 178.13991 44.156456 0.036680743 11.041359 455
3.6374624 5.2491035 0.64004064 11.617094 79.05135 87.05653 43.144753 71.459694 137.79295 209.25264 50.61067 0.060753517 11.068161 455
3.6374617 7.250226 0.80480975 11.781862 108.24838 87.05653 43.144745 98.702354 139.74731 238.44966 56.626842 0.08391465 11.093229 455
3.6374505 9.193307 0.91717947 11.894221 136.03372 87.05653 43.144615 125.15486 141.08002 266.2349 62.320198 0.106404014 11.673464 455
3.637393 13.453141 1.0436527 8.558854 195.52594 45.995556 43.143932 183.14694 101.518486 284.66544 63.64841 0.15570766 13.642599 457.65463
3.637356 15.371082 1.0842576 8.110069 222.11783 40.191227 43.143494 209.2572 96.19534 305.45255 67.52523 0.17790604 14.249062 460.91858
1.914265 17.45403 1.139507 5.947323 251.12975 34.321056 22.705526 237.6138 70.54253 308.1563 66.51854 0.20201422 15.42894 463.2714
1.7073725 19.661404 1.18238 5.2764626 281.68878 28.309303 20.251528 267.6643 62.585304 330.2496 70.49976 0.22756253 16.72704 465.69437
1.4674194 22.152317 1.2327273 4.554438 316.1965 21.994164 17.40539 301.57483 54.021206 355.59604 75.10139 0.25639254 18.180836 468.40747
0.75944537 24.758436 1.281303 3.3749757 352.2516 15.825569 9.007952 337.05377 40.03134 377.0851 78.595375 0.28655598 18.704338 487.6813
0.14586076 27.74652 1.3316073 2.2537665 393.5271 9.20785 1.730087 377.7326 26.73243 404.46506 83.32116 0.3211403 19.679575 502.5561
0.057357416 30.722595 1.3791136 1.6862799 434.606 2.9630384 0.68032914 418.248 20.001343 438.24933 89.73821 0.3555856 21.8217 495.9321
0.04393141 33.835167 1.4239799 1.467912 477.51175 7.69E-06 0.52108026 460.6216 17.411232 478.03284 97.61779 0.39161074 23.878963 488.9343
0.048532493 36.767838 1.4606148 1.5091479 517.8708 7.69E-06 0.5756548 500.54608 17.900341 518.4464 105.81104 0.42555368 26.043642 482.45074
0.08873261 40.30547 1.5057018 1.5944351 566.5658 7.69E-06 1.0524774 548.70636 18.911951 567.6183 115.805115 0.4664985 28.247833 476.2531
0.07182763 44.10983 1.5557327 1.627561 618.9506 7.69E-06 0.8519635 600.4977 19.304865 619.80255 126.370255 0.5105304 30.593275 471.9029
0.009961114 48.088917 1.5924777 1.6024394 673.5565 7.69E-06 0.11815101 654.6678 19.006893 673.6747 137.23451 0.55658466 33.07288 468.81784

2.572922 3.72E-05 4.74E-06 9.3103695 5.62E-04 79.914314 30.518003 5.06E-04 110.43237 110.43288 28.992592 4.30E-07 11.000001 455
2.572922 3.72E-05 4.74E-06 13.390905 5.62E-04 128.31447 30.518003 5.06E-04 158.83252 158.83304 41.699383 4.30E-07 11.000001 455
103.42579 3.72E-05 4.74E-06 107.94824 5.62E-04 53.6418 1226.7565 5.06E-04 1280.3983 1280.3988 336.15094 4.30E-07 11.000001 455
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Figure 81:5th  simulation scenario extended tables -C part  

ME_Tscav ME_Qcac Tpipe1_outlet Tpipipe1_dew_temp AE_mflow_exh AE_TaTC_exh TPD_CH4_ME TPD_CH4_ME_final TPD_CH4_AE1 TPD_CH4_AE1_final TPD_CH4_AE2 TPD_CH4_AE3 TPD_CH4_tot TPD_CO2_eq
304.44955 4215769 424.0159 315.64276 2.1824994 1251.6753 0.1935 0.193538877 0.4169 0 0 0 0.193538877 175.3365886

305.15 116000 414.31003 303.64462 2.1824994 1251.6753 0.3030 0.303048 0.4169 0 0 0 0.303048 63.111274
305.15 125991.11 414.81403 307.2154 2.1824994 1251.6753 0.2962 0.29624832 0.4169 0 0 0 0.29624832 70.84778995
305.15 297592.44 415.96085 310.68668 1.7957813 1259.7346 0.2828 0.282780008 0.7127 0 0 0 0.282780008 73.44120021
305.15 484791.12 417.00677 311.91257 1.7917484 1261.1382 0.2749 0.274868828 0.7642 0 0 0 0.274868828 74.00054118
305.15 668688.9 418.27435 312.5875 1.7880398 1262.3715 0.2671 0.267097149 0.8094 0 0 0 0.267097149 79.08864018

305.20142 839256.5 419.8718 313.1766 1.784741 1263.4279 0.2598 0.259780151 0.8482 0 0 0 0.259780151 83.83490423
306.0084 984509.8 428.58838 314.847 1.7814249 1264.455 0.2519 0.251936473 0.8859 0 0 0 0.251936473 87.24698123
300.85413 1259663 429.36298 315.0407 1.7780241 1265.4756 0.2432 0.243206291 0.9233 0 0 0 0.243206291 93.44898615
299.8386 1594778.8 427.85147 315.07678 1.7752 1266.3 0.2341 0.234146894 0.9536 0 0 0 0.234146894 100.819663
300.78793 1971549.1 426.39865 315.04318 1.7752 1266.3 0.2249 0.224919375 0.9536 0 0 0 0.224919375 109.3056925
301.7977 2417943 425.10394 315.10104 1.7752 1266.3 0.2172 0.217202891 0.9536 0 0 0 0.217202891 118.6084209
302.90436 2.38E+07 424.2491 315.24567 1.7752 1266.3 0.2100 0.210031695 0.9536 0 0 0 0.210031695 129.1766335

303.15 5982843.5 423.78653 315.27982 1.7752 1266.3 0.2025 0.202543686 0.9536 0 0 0 0.202543686 138.9089232
304.2866 4131027.5 423.95258 315.59897 1.7752 1266.3 0.1946 0.19459489 0.9536 0 0 0 0.19459489 150.8366869
305.68216 4899288 424.661 315.83972 1.7752 1266.3 0.1890 0.189 0.9536 0 0 0 0.189 165.02268
307.16925 5722132.5 426.29367 316.19736 1.7752 1266.3 0.1890 0.189 0.9536 0 0 0 0.189 182.15752
308.73013 6653279.5 429.3265 316.65097 1.7752 1266.3 0.1890 0.189 0.9536 0 0 0 0.189 200.20737

305.15 280231.28 414.03958 295.95203 2.1824994 1251.6753 0.3112 0.31123008 0.4169 0 0 0 0.31123008 52.87089825
305.15 112648.89 414.2061 301.05298 2.1824994 1251.6753 0.3063 0.306305279 0.4169 0 0 0 0.306305279 59.18721781
305.15 117715.555 414.36185 304.81546 2.1824994 1251.6753 0.3014 0.30138048 0.4169 0 0 0 0.30138048 65.06549543
305.15 125564.445 414.78757 307.15244 2.1824994 1251.6753 0.2965 0.296455679 0.4169 0 0 0 0.296455679 70.62095702
305.15 239278.94 415.77063 310.07004 1.7970818 1259.2666 0.2852 0.285244387 0.6955 0 0 0 0.285244387 71.63525284
305.15 361345.03 416.2349 311.29733 1.794372 1260.233 0.2801 0.280085767 0.7310 0 0 0 0.280085767 75.36763149
305.15 491980.75 417.05417 311.94238 1.7916138 1261.1838 0.2746 0.274564986 0.7658 0 0 0 0.274564986 74.20635962
305.15 631301.1 418.00763 312.4587 1.7887726 1262.1318 0.2687 0.268677186 0.8006 0 0 0 0.268677186 78.0227212
305.15 787305 419.14478 312.94888 1.7857599 1263.1053 0.2621 0.262084329 0.8363 0 0 0 0.262084329 82.43975122

305.66476 922656.5 424.479 314.15897 1.7827977 1264.0338 0.2553 0.255276548 0.8704 0 0 0 0.255276548 85.74311835
303.8803 1116999.1 429.9697 315.0874 1.7796202 1265.0005 0.2474 0.247408391 0.9059 0 0 0 0.247408391 90.24859495
299.30225 1396328.6 428.75287 315.0298 1.7766223 1265.8873 0.2394 0.239360233 0.9384 0 0 0 0.239360233 96.44029652
300.18082 1722633.5 427.2717 315.0956 1.7752 1266.3 0.2308 0.230820492 0.9536 0 0 0 0.230820492 104.0807638
301.10703 2102384.8 425.93362 315.00992 1.7752 1266.3 0.2218 0.22181761 0.9536 0 0 0 0.22181761 112.0219331
302.1328 2572094.2 424.70917 315.1434 1.7752 1266.3 0.2150 0.215031365 0.9536 0 0 0 0.215031365 121.8259932
303.15 2.84E+07 424.0762 315.27594 1.7752 1266.3 0.2079 0.207906246 0.9536 0 0 0 0.207906246 132.1916299

303.48215 3712716.2 423.8061 315.37674 1.7752 1266.3 0.1998 0.199807694 0.9536 0 0 0 0.199807694 142.8291254
305.15 800000 413.78015 282.72684 2.0858796 1253.1088 0.0000 0 0.4695 0 0 0 0 28.992592
305.15 800000 413.78015 282.72662 2.8019965 1231.0753 0.0000 0 0.2293 0 0 0 0 41.699383
305.15 800000 413.78015 282.72693 1.8006301 1257.9502 0.0000 0 0.6472 0 0 0 0 336.15094
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Figure 82:6th  simulation scenario extended tables -A part  


















