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Abstract  : New approaches need to be taken into account in adopting the configuration of residual heat recovery 

systems, design, operation and control and to consider equipment and the energy conversion process in the perspective 

of integrated systems in order to increase measurable energy efficiency in existing marine energy systems as well as 

other new systems. 

The way of improving energy efficiency is strongly promoted by the largest companies, which produce marine 

equipment and main engines for ships. 

Residual heat recovery systems are promising solutions for efficient, cost-effective, ecological power and propulsion 

onboard ocean ships. 
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1. INTRODUCTION 

To cover the needs of the propulsion, loading-

unloading manoeuvres, freshwater production, space 

heating, cooling, passenger comforts are needed on 

board many forms of energy. 

2. FORMS OF ENERGY COMING ON BOARD

SHIPS 

The greatest interest in reducing emissions and 

reducing ship operating costs are shipping companies. 

This requires taking measures to ensure the optimal 

use of the fuel used for the main ship engines on the 

ships. 

Usually, energy systems on the ship transforms 

chemical fuel energy - primary energy source - in those 

forms that are needed on board ships. 

The ships are autonomous resource factories that 

sail at sea and incorporate a plurality of components and 

systems. 

The energy autonomy of the ship is a reality 

because all resources, including different forms of 

energy, required during a voyage, must be stored or 

produced aboard the ship. 

In general, there are a number of energy conversion 

processes based on the transformation of a primary 

energy source (today fuel, in the past wind, renewable 

sources in the future) in heat, in kinetic energy, 

electricity and ultimately to the required propulsion 

force. 

Figure 1 Energy forms found on board ships 
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A multitude of other energy conversion processes is 

carried out to cover the needs of the ship for electricity, 

heat and all other forms of energy.  

All these types of energies are the energy 

conversion system on the ship. 

Steam boilers or gas turbines convert fuel energy, 

auxiliary machines, internal combustion engines turn 

fuel or steam energy into mechanical energy. 

Propulsion facilities take over energy and convert 

in energy to overcome ship resistance and ship 

movement on the desired route at a desired speed. 

There are also energy distribution systems for 

consumers on board the ship. 

In other news, the efficiency of the main engines 

has increased and the energy efficiency of fuel is about 

50%, which has led to a lower temperature 

corresponding to the exhaust gas after turbochargers. 

The main objective for the ship owner is to reduce 

the operational costs of the ship and to a further 

reduction in CO2 emissions.[6] 

3. RESIDUAL HEAT RECOVERY SYSTEMS

(WHRS) 

Residual Heat Recovery Systems (WHRS) are a 

revolutionary energy saving system that recovers and 

reuses the energy of the main engine exhaust gases. 

WHRS optimizes thermal efficiency by 

automatically adjusting power depending on on-board 

electricity demand. 

The residual heat recovery system increases the 

possibilities for producing electricity from exhaust gases 

and an improvement in total efficiency, as well as a 

slight reduction in main engine efficiency. 

At a speed engine, the low speed of the exhaust gas 

flows through the main turbocharger of the engine 

through an exhaust gas bypass. 

The main engine exhaust gas is one of the most 

important of the heat sources, the waste of a ship due to 

heat and temperature flow. 

The main source of the residual heat of a main 

engine is the dissipation of the heat of exhaust gas, 

which represents about half of the total residual heat, or 

about 25% of the total fuel energy.[4] 

The waste heat recovery system (WHRS) on a main 

engine ship is similar for buildings that use cogeneration 

units. 

Figure 2 Waste heat recovery systems 

The Energy Efficiency Design Index aims to 

promote much more efficient use of energy [5]: 

          
         

    
 

        

                  
         1) 

where: 

CF- conversion between fuel and CO2; 

SFC-Specific fuel consumption; 

fi-the capacity factor; 

fw-a non-dimensional coefficient that indicates the 

decrease in speed in high conditions represented by wave 

height, the frequency and speed of the wind; 

P,      and capacity -a consistent set of 75% of the main 

engine power and the corresponding speed, when the 

ship carry to its full capacity in calm weather; 

The numerator of this function includes the sum of 

the main engine emissions, auxiliary motor and the 

motor axle generator, minus emission reductions in 

efficient technologies; 

                              
                          (2) 

X – EEDI requested reduction factor, compared to EEDI 

's reference line. 

Reference line values are calculated as follows: 
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              (3) 

where: 

a, b and c - parameters that appear for different types of 

ships. 

The EEDI formula consists of four terms that 

address different ship design criteria. 

Emissions CO2, Main Engine: 
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Emission reduction CO2, thanks to innovative 

technology: 
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Electricity efficiency: 
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where: 

fj- correction factor to account for ship-specific design 

elements, if design elements are not installed, the factor 

is set to 1. 

5. CONCLUSIONS 

Currently, indincessing energy efficiency of the 

ship only provides information on emissions of CO2 

emissions in fuel consumption, then resulting in energy 

but not how much energy is used. [1] 

This situation of EEDI is similar to EPC energy 

performance certificates of buildings 

A strategy for Naval Energy Efficiency is welcome 

but regulation only monitors fuel consumption instead of 

this direct reduction, and covers CO2 and not 

atmospheric pollutants such as    , or    . [2] 

A simple analogy with the European Ecological 

Design or Energy Performance of Buildings indicates the 

lack of ecological labels of ships. 

All types of ships can use clean fuel (gas or 

hydrogen) in the future and is expected to obtain the 

green ship by using the efficient use of renewable 

technologies. 

The use of renewable energy technologies is not a 

common practice.[7] 

Even if the market can provide adequate 

technologies nor the obligation is unsuccessful, neither 

the operations of simulating the growth and use of 

renewable energy fails in particular hydrogen technology 

for new ships. 

In the future of shipping considered to be green, the 

widespread use of wind, solar and electrical energy will 

be encountered to help propel ships and power vessels of 

all sizes. 

Eventually, EEDI is a non-prescriptive, 

performance-based mechanism that allows the choice of 

technologies to be used on a ship to be the specific 

industry responsibility. 

As long as the level required by energy efficiency is 

achieved, ship designers and shipbuilders are free to use 

the most cost-effective solutions for ships and comply 

with the rules. 
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