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1. INDRUCTION

At the time of the ongoing development of technology, first and foremost in industry and automation,
attempts are made to devise increasingly innovative, environment-friendly technical solutions. The
improvement of manufacturing processes allowed the use of natural gas as an energy carrier, currently the most
valuable raw material. LNG is created from gaseous state in the process of liquefaction. This change in the state
of matter allows the volume of gas to be reduced 600 times so that it can be profitably transported over long
distances. In global trade, a quarter of natural gas is transported in a liquefied state. The process of gas
liquefaction entails very thorough purification of the gas, separating compounds harmful to health and the
natural environment. LNG is a very clean and safe fuel, characterized by, inter alia, complete elimination of
moisture.

LNG use in sea shipping is reflected in the developments of the global maritime fleet. The projections of
the growth of LNG-powered fleet are very optimistic [3]. Due to the numerous regulatory instruments to protect
the environment, areas of strict sulphur emissions control (SECA) may in the future become areas crisscrossed
mainly by ships using LNG as their primary fuel. There will be significant increase in the demand for natural
gas [6], [8], [9]. This raw material can be effectively used to meet the energy needs of areas located away from
the gas infrastructure, which will result in dynamic development of low sulphur fuel trade.

2. LNG DEMAND

Global maritime trade is presently facing low freight rates and high fuel costs. The use of liquefied natural
gas for the propulsion of ocean-going vessels was one of the steps in finding ways to satisfy the requirements
of the 'Sulphur Directive'. For shipowners, LNG is an ideal solution to the problem of excessive sulphur content
in marine fuels and to the needs of modern society. The developing global LNG market enables the continuous
expansion of many accompanying industrial sectors that have a measurable share in each link of the supply
chain. This phenomenon is also affected by increasing use of this fuel in various areas of the global economy.
Gas distribution plays a major role, whose importance is constantly increasing due to LNG introduction into
SECA areas.
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It is assumed that 15 million tonnes of LNG can be used by the maritime industry within five to seven years,
and this level will be growing to reach 30 million tonnes in 2030 [13]. The estimated number of sea-going
vessels powered by LNG will increase from 100 in 2018 to 1000 in 2020 [14].

The demand for low sulphur bunker fuel is observed to grow. The projections for sea-going vessel bunkering
are varied, ranging from 0.1% to 3% of global LNG production. As presented in the chart below (Fig. 1),
showing average values of global LNG production in 2012, the bunker gas fuel demand was estimated at about
100,000 tonnes. In 2025, there will be an increasing trend, reaching a level of between 2.5 and 15 million tonnes,
(the averaged value of 7.5 million tonnes [7]).
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Fig. 1. The global LNG production forecast in 2012-2025 and demand for bunker
fuel for ships - mean value.
Source: own elaboration based on [3]

The process of growing LNG use is related to the large number of long-term investment
projects that will bring to investors continuous and dynamic development of the maritime industry. Figure 2
below presents the rate of introducing LNG at sea.
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Fig. 2. The rate of LNG use growth.
Source:[3]

According to the data of the DNV GL classification society, currently 77 sea-going vessels are run on LNG
fuel worldwide, while 85 LNG-powered vessels have been ordered. By 2020, LNG-powered fleet will consist
of 400 to 600 vessels. Vessels providing their services in the Baltic Sea area are up to 40 years old. The 25%
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replacement of the fleet will take up to 10 years. If the propulsion fuel is to be changed, the shipowners, apart
from choosing newbuildings with LNG powered engines, may consider converting the existing engine
installations. 10% to 15% of the newbuildings put in operation by 2020 will be powered by liquefied natural
gas (Fig. 3. The global LNG-powered vessels forecast by 2025.), i.e. approximately 1000 vessels. In the next
six years, more than one ship out of ten newbuildings will be equipped with an LNG-fuelled engine. [3]
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Fig. 3. The global LNG-powered vessels forecast by 2025.
Source: own elaboration based on [3]

According to the statistics of the European Union Statistics Office, based in Luxembourg, in the second
guarters of the years 2014—2016 the mean price of natural gas was 41.3 €/ MWh for households. For the industry,
the price was 70.7€/MWh (2016 gas got cheaper [5]). In the examined period, the industry witnessed an average
decrease in the prices by 7%, while for the households until 2008 increased prices were noted, then, in the years
2014 to 2016 gas got cheaper [5].

In the years to come the factor critical for the use of low sulphur fuels will be the ratio of LNG and MGO
prices. This also applies to the prices of marine fuels in the years 2014 to 2025. Liquid fuels are particularly
susceptible to changes, the effect of considerable fluctuations of crude oil prices. Favourable economic
conditions for the supply of LNG to Poland will, inter alia, result from LNG technology cost that tends to
decrease on a continuous basis. National energy investment projects will have a major impact on the price. By
diversifying the supply sources through the LNG Terminal in Swinoujécie, Poland will become less dependent
on gas supply from Russia and will be competitive in the gas market. The LNG price at the Polish Power
Exchange in Warsaw is 69 zt/MWh. The average cost of US delivered LNG is at present 113 zt/MWh. The
price includes the margin of the US exporter - Cheniere Energy and the costs associated with the liquefaction
and regasification in Poland [5].

3. LNG DISTRIBUTION AND GENETIC ALGORITHMS.

Three ports are efficiently operated in the Baltic Sea area in terms of LNG bunkering of vessels - Stockholm,
Klaipeda and Turku. The adaptation to new regulations affecting sea-going vessels will lead to the emergence
of systems and installations adapted for ship bunkering in areas under strict sulphur emission control. The
availability of LNG for sea-going vessels in the area of land infrastructure (along the whole Baltic Sea shoreline)
and in the high seas will solve the problems of the lack of the bunkering availability.

Genetic algorithms are used to solve the classic problem, i.e. combination of two interdependent quantities:
routing and the availability of distribution facilities. The solution to the routing problem of LNG-powered
vessels will enable the formulation of tasks, being the modification of the original task. The essential advantage
of genetic algorithms is that there is no need to make changes (except for stating the objective function) , in
the general originally written algorithm. The appropriately defined objective function can be solved for
problems referring to:
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o time of LNG storage;

e length of the route;

e determination of initial and final points;

e additional LNG bunker ships and auxiliary LNG storage facilities;

e determination of the frequency of bunkering th LNG-powered vessels;

e time windows;

e possibility of handling one LNG-powered ship by a few LNG bunker vessels;
e determination of the order of bunkering LNG-powered vessels;

e the costs.

There are many methods of solving the problem of vehicle routing. The basic division is into accurate
and approximate (heuristic) methods. Taking into account the basic characteristics of the accurate methods
(work intensity and long time of searching for an optimal solution), the capability of these methods manisfests
itself when tasks with a low number of points are considered. In the case of heuristic methods, the solution to
a given problem is close to an optimal one (and acceptable) from the viewpoint of the time of its achievement.
The solving time is much shorter than that for the accurate methods. However, it should be noted that the
approximate methods do not provide the certainty of getting an optimal solution. Heuristic methods can be
classified as follows [1], [2]:

a) constructive methods - where at the same time the recipients are assigned to the specific points and the
sequence of visiting them by given vehicle is determined, e.g.:
a. Clark-Wright savings algorithm,
b. H. Paessens method,
c. R.H Mole and S.R. Jamison algorithm;
b) decomposition methods - separate determination of the delivery area (adjusting the points to the
relevant vessels) and the sequence of visiting these points, e.g.:
a. sweep algorithm of B.E. Gillett and L.R. Miller,
b. BF-WOT A. Calczynski’s algorithm;
c) growth methods (local optimization methods) - strategy of seeking an optimal solution by replacing the

given solution with a new better one.

4. EVOLUTION PROCESS OF THE VEHICLE ROUTING
The concept of genetic algorithms is to imitate processes observed in nature in the artificial environment

(selection of individuals, evolution of species, reproductive mechanisms, inheritance of the characteristics)
[10], [11], [12]. The theory of genetic algorithm, belonging to the group of non-deterministic methods
indicating optimal solutions, is based on the theory of evolution. The idea was developed by John Henry
Holland in the 1960s and 1970s [4]. The characteristic feature of the algorithms is modelling based on the

theory of natural selection and evolution - inspired by biological analogies. Therefore, genetic algorithm is the
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term defining optimization methods derived from biological evolution processes. The optimization process is
the search of an area of possible solutions in order to find the best outcome. The area of potential results in
real use is extremely large and the verification of all solutions for getting the best outcome is impossible.
Therefore, it is justified to use probabilistic techniques using the random choice as the tool of the search
process. In comparison to the environment, the algorithm enables the acquisition of increasingly better
solutions. The fact that genetic algorithms can solve optimization problems results from the biological process
of the evolution , where only the fittest individuals are able to survive, and create new, correct solutions. In the
natural environment, individuals that will not be able to maintain themselves will become extinct. The strongest
individuals, in contrast, will transmit the good genes to the next generations by reproduction. In the long run,
strong individuals carrying genetically correct combination take the lead in the population. Throughout the
process of evolution taking place in nature an accidental change in genes may occur. Modifications that bring
extra benefits in the struggle for survival lead to transformation of the created individuals. Incorrect
modification is excluded by nature itself.

The genetic algorithm starts from the preliminary phase - initialization. The first stage consists in the
formation of a population of possible solutions (individuals) represented by chromosomes having genetic
information about individuals. Basic parameters of the algorithm are established: length of chromosome,
population size, factor determining the probability of selecting chromosomes (the principle of elitism), factor
determining the probability of a crossover, a factor determining the probability of mutation.

In each evolutionary step, chromosomes are decoded and analysed according to the assumed criteria of
fitness quality - the objective function. The weakest, least fit individuals are eliminated through a selection.
On the other hand, highly fit individuals are subject to the process of mutation and recombination using the
crossover operator. The evolutionary process resulting from the actions of crossover and mutation operator
creates solutions from which the next generation population is built. The condition for termination of the
selection of the best-fit chromosome of the evolution process is either reaching the defined number of
generations or a satisfactory fitness level.

According to the principle of elitism, one of the best equipped chromosomes is copied to the new population.
To ensure that the each subsequent population fits better, it is assumed that chromosomes from the previous
population with the highest values of the fitness function have the greatest impact on a new population. The
greatest probability of evolution comprises solutions with the highest degree of fitness, defined by the value
of the fitness function (objective function of the optimization task). The genetic algorithm is an convenient
tool that is widely used in solving complex decision making processes, e.g. routing of bunker ships using LNG
propulsion and for the location of LNG storage facilities.

The particular feature of genetic algorithms, the most important for solving the given task of LNG
distribution, is that the objective function is easily transformed to find a set of minor acceptable solutions in
the examined population. The ability to search synchronically various spaces enables solving complex

problems with several objective functions.
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5. SUMMARY

Programming methods, such as dynamic heuristic search or search and limit techniques are used for solving

the problems of routing. Many of the problems to be solved require huge computing effort, some of them are

NP-hard. Other optimization algorithms that may be used for solving vehicle routing problems are methods

based on genetic algorithms, neural networks and ant algorithms.

The problem of LNG distribution system is closely related to the problem of route planning. These problems

are characterised by a simple definition of the problem, unlike finding the solution. Finding the optimal

outcome for a great number of points is a hard and work-consuming task. Genetic algorithms are an alternative

for the methods most often used so far.
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