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Abstract: The purpose of this study is to provide an overview of the development of the modern
low-speed marine two-stroke diesel engine from the point of view of the technical water cooling
plant, taking into account and starting from the market requirements for power and speed, with
information and design options relevant to the entire shipping industry. Thus, through the ideas
of this project, we analyze notions and relevant aspects of systems related to marine slow turning
engines, including the basic thermodynamic structure of the technical water system designed for a
marine engine. This study also presents the design criteria that define the size and design concept
of the engine structure components, with a focus on the technical water cooling installation. The
concepts for the main engine hot parts served by the technical water cooling installation play a vital
role in the marine technical water generator. The choices the engine designer must make regarding
basic auxiliary systems, such as fuel injection and exhaust valve actuation, are important factors to
keep in mind when installing a technical water generator onboard a ship. The automation and control
systems that govern the modern electronic engine, which drive the supply pump of the technical
water cooling system can provide a simplified view of the engine development process. In order to
point out the contributions of this study, it is important to focus on the calculations used to determine
the main parameters of a technical water generator especially designed for a midsized container ship.

Keywords: technical; desalination; marine; seawater; operation; generator

1. Introduction

The requirements for the hot components of marine main engines are diverse and
often conflict with each other. The temperatures of the components can reach values
of 600 ◦C and even above, and these factors presuppose the correct choice of material
and adequate cooling of these parts. Thermal stresses caused by temperature gradients
must be considered in the analysis of low cycle behavior [1]. The components around the
combustion space are bolted together with elastic pins, which are pre-tensioned so that
there is no leakage and no dynamic sliding between the components.

Finding the adequate cooling principle is one of the main challenges for the piston
designer. With the so-called jet cooling principle, which is applied to most marine main
engines, it is possible to keep temperatures below the limit on the side of the combustion
space as well as in the cooling holes. High temperatures (above expected values) for the
piston tip would lead to material loss due to corrosive attack generated by the combustion
gases. Excessive temperatures in the cooling space can lead to the accumulation of carbon
deposits in solid form, with negative consequences for the cooling efficiency of the piston.
For reliable engine operation, it is also necessary to maintain the temperatures around the
piston rings within a certain predefined range.
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It is important to keep in mind the basic knowledge regarding the cooling principles
of the main components of a marine engine, especially when the main cooling fluid is salt
water, which can damage sensitive parts built out of special materials and alloys. That is
why technical water generators play such a crucial role in the operation of marine engines
in an environment where fresh water is quite scarce. These systems have progressed in such
a manner that they can sustain the optimal operation of 15.000 kW to 20.000 kW marine
engines [2]. Technical water generators, also known as desalination systems/plants, have
been used in the marine industry for quite some time now, but companies always try to
improve their design and increase the degree of their usability [3].

Nevertheless, the authors would like to point out that the concept discussed in this
paper represents a generalized configuration, one that could be applied to many similar
systems that already exist in the technical water generating field as well as in the marine
domain. Thus, the analysis and reinterpretations tend towards a generalized system cus-
tomized for certain operating conditions onboard a commercial ship. That is why we have
based our concept on the dimensioning of a technical water generator using established
calculation principles to identify an optimal solution for a medium-sized container ship.

Similar concepts have also been addressed by other engineers, one patent relating
to a marine water tank, and more particularly, to a marine water tank comprising an
evaporation unit producing fresh water using the latent heat of steam [4]. This concept has
been proposed a Korean scientist, via the application PCT/KR2013/010944.

The well-known Japanese marine systems company Mitsubishi, through application
JP56164324A, developed a concept used to construct a water-making device for ships which
uses the heat of heating fluid without the need for any evacuating means by providing a
nozzle for ejecting supplied seawater directly toward the heat transfer tubes on the upper
stage side of a heater. The concept provides an evacuating means such as orifice to a
pipeline for supplying the seawater to said nozzle. This concept was used for a technical
water generator installed on an oil tanker in 1995 [5].

On a different level, in 2017 a Russian scientist applied (application RU2017100751A)
for a patent regarding an invention that relates to the field of machine building, in particular
to seawater desalination installations (desalination units). The proposed desalination
unit has at least two tanks to be filled with steam. Thermal compression of the steam in
these steam tanks is performed by electric heaters [6]. Compressed steam is directed to
the evaporator unit periodically from the first and second steam tanks. Removal of the
remaining steam from the tanks is carried out in the low-pressure steam supply pipeline,
using the heat of this steam to heat seawater. Supply, withdrawal and removal of steam
from the steam tanks is regulated by the control system with the help of locking bodies.

More recently, Japanese scientists tried to invent and build a more complex system
consisting of plants characterised by more than one engine delivering power external to
the plant, the engines being driven by different fluids [7]. The engine cycles use thermally
coupled combustion heat from one cycle to heat the fluid in another cycle with exhaust
fluid of one cycle heating the fluid in another cycle. The potential of this concept has been
presented in the application JP2018513870A.

2. Materials and Methods

In the first part of this study, special attention will be paid to the targeted compro-
mise in terms of reliability, cost, manufacturability and maintainability of technical water
generators, these being the aspects that challenge an engine designer (so-called licensor)
to develop a competitive product to its customers, which are obviously shipowners, but
also (licensed) engine manufacturers and shipyards. In addition, the tools and methods
available for designing a technical water generator will be described in the context of the
development process.

Furthermore, in subsequent sections, a detailed analysis of technical water generators
is provided. Among the installations supporting the operation of a marine engine onboard
a medium-sized container ships, we choose to examine the technical water cooling installa-
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tion since it is not a very complex installation, but one that plays a crucial role in defining
the life span of the main engine [8].

The main technical water sources onboard ships are briefly described in the third part
of this study. It is important to underscore the fact that these systems have progressed,
allowing ships to use additional spaces onboard (such as tanks) for other purposes than
transporting fresh water.

Today, there are many types of technical water generators used in various industries.
Depending on the main application domain, they vary in operational complexity. A brief
classification is provided in the fourth section with a focus on the main processes used
onboard ships to generate technical water.

In order to determine the amount of technical water required for a main engine
onboard a medium-sized container ship, in the fifth section, we calculate the dimensioning
of technical water generator installation, starting from the premise that all the essential
data relating to engine power, vessel size, technical water requirements and other relevant
data are known. The container ship used is part of the Panamax category.

Assuming that the dimensioning calculation meets our objectives, we establish an
optimal model of a technical water generator which meets the requirements of the ship’s
main engine and which ensures its operation at the nominal parameters during a voyage of
normal duration. Afterwards, taking into account the dimensional and energy constraints
onboard the ship, in the final part of the study, we present a method to optimize the
operation of the technical water generator. In this way, a series of technologies suitable for
this type of system are identified after studying similar models already tested in the marine
market.

Seawater contains a high percentage of salts, which makes it unusable for the sanitary
installations on ships or as a heating agent in the power installations. Overall, seawater
salinity is defined as the weight of all ions contained in a liter of water and is expressed
in g/L [9]. Salinity depends on the geographical area; its average value can be considered
33–37 g/L.

Obtaining technical water or fresh water from seawater is carried out in complex in-
stallations based on various functional principles. The thermal installations for desalination
by distillation and by freezing have been known for a long time. For the purpose of This
study examines the operation of common commercial marine technical water generator
units which are mainly based on commercial thermal units, most of which can be found on
cargo ships and in other marine applications (e.g., oil rigs and passenger ships).

The desalination mechanism can be easily explained if we use a simplified representa-
tion of the composition of seawater that includes only water molecules, Na+ and Cl− ions.
Water molecules, considered as dipoles, surround the ions, forming a layer of molecules
attached to the ions by electrostatic forces. The ensemble formed by ions and attached
molecules is much larger than the free molecules, and for desalination the two parts must
be separated. For technical water to be usable, the salt content must be below 10 p.p.m.
(parts per million). When the salt concentration is 18–19 p.p.m. the water can be used for
cooling, and if this concentration is even lower (1. . . 3) p.p.m., the water can be used to feed
the boilers. Desalination of seawater, in order to use it as technical or drinking water, can
be carried out industrially through the following different processes [3,10,11]:

- Distillation;
- Freezing, which can be

- Direct freezing under vacuum, through vapor absorption;
- Direct freezing under vacuum, by vapor compression;
- Indirect freezing with secondary refrigerant (classical method);
- Indirect freezing with n-butane type secondary refrigerant.

- Reverse osmosis [12].

The conceptual process described in this study is designed to produce boiler feed
water with a salinity of <5 p.p.m. The first methods those listed above can be achieved by
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applying the phase-changing process, which involves high energy consumption and are
already considered classics. All processes related to desalination are based on the physical
and sometimes chemical properties of both pure water and aqueous solutions (electrolytes),
as seawater is considered to be an electrolytic solution.

Taking into account the low energy consumption and the easy maintenance of a
technical water generator (or the marine plant) that operates on the basis of reverse osmosis,
the quality of the water thus obtained will be reviewed [8,13].

Reverse osmosis is essentially a special process of ultrafiltration of a saline solution
using semipermeable synthetic membranes with an appropriate chemical constitution
instead of a filter with a porous structure. If appropriate pressure is applied to the saline
water in a vessel, which is in contact with such a membrane, the pure water will pass
through it, the hydrated ions being retained. Reverse osmosis has practical applications in
technical water generators used onboard ships [14].

The principle of reverse osmosis can be better understood if we know the phenomenon
of osmosis, which is explained as follows: when two aqueous solutions of unequal concen-
trations (one concentrated and the other diluted) or a solution and pure water are separated
by a membrane of a certain type, water molecules from pure water, or the dilute solution,
pass through the membrane into the concentrated solution [15,16].

The principle behind the operation of the electrodialysis process of a marine technical
water generator is shown in Figure 1:
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generator [drawn by the authors].

For many years, increasing interest has been shown in the conversion of seawater into
drinking or technical water. To meet the growing need for technical water both onshore and
onboard ships, much research has been conducted to find effective methods of removing
salt from seawater [17]. Maritime ships have a great need for drinking water, as well as
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for technical water for washing, for cooling the engines and for many other activities. In
the past, ships carried large quantities of fresh water in barrels or specially built tanks
because there was no source of fresh water when the ship was at sea except when it rained.
Nowadays, despite the fact that fresh water is produced onboard, ships still have to load
tons of fresh water. Although technological methods of converting seawater to fresh and
technical water exist, they cannot meet the needs onboard ships [18].

The potential lack of technical water is also due to the fact that it is very difficult to
control and limit consumption, and it is also impossible to avoid the consumption of this
vital element. Research has been conducted and several processes have been developed
to obtain technical water from seawater. These processes are distillation, electrodialysis,
reverse osmosis, direct freezing evaporation and vapor compression distillation [19,20].

The term reverse osmosis derives from a well-known process inspired by nature
itself. This means that if we put a concentrated and a diluted solution in two containers
separated by a very fine membrane, the system will try to balance itself in a natural manner
due to the fact that the diluted solution will pass through the membrane and mix with
the concentrated solution until the same concentration is reached in both containers. The
height of the liquid column in the container which holds the concentrated solution will
increase until the column becomes too high, and the pressure exerted by it will stop the
flow of the diluted solution. The balance point of the water column is called the osmotic
equilibrium. If a force is applied to this column, the direction of flow of the solution through
the membranes can be changed. This is actually reverse osmosis [21].

In Figure 2 below, the process of the reverse osmosis installation is shown. Seawater
is drawn in by a low-pressure pump which in turn feeds a high-pressure pump (with a
nominal pressure set over 60 bar). The high-pressure pump then circulates the seawater
into the membrane, and due to this process combined with high pressure and the density
of the seawater, the brine will be separated from the potable water, so at the other end of
the membrane, two circuits will be generated, one of fresh water and one of brine (that
will be pumped overboard). As seen in Figure 2, the installation can also be equipped with
sand filters and micron filters used to separate impurities from the water, needed to protect
the membranes [22].
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Figure 2. Diagram and model of a marine osmosis installation [drawn by the authors].

3. Results

As a general rule, water installations and sanitary installations (drinkable or technical),
installed onboard ships are similar. The only element that differs is the type of installation
chosen. The only types of ships for which stricter conditions are imposed are passenger
ships, which must meet a series of very demanding quality parameters, both in terms of
drinking water and ballast and wastewater. This can be an issue if the system is being
installed onboard a smaller ship because in order to keep potable water onboard in storage,
the ship must be equipped with at least two tanks [23].
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Onboard the ship, the water installation has three well-defined roles, namely: supply-
ing drinking water to the crew and passengers, supply technical water to power the power
units and cabins, and supply seawater to flush the toilets and use in washing machines.
Corresponding to the three roles, the water supply installation onboard the ship will be
composed of three installations that operate according to the same principle and have the
same common elements, with a few differences: the technical water installation can use
structural tanks not covered on the inside as storage tanks, and it includes a boiler for
heating domestic hot water; the seawater installation takes water directly from the seawater
main system in a similar concept as that drawn in Figure 3.
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The general technical water system contains the following elements in its composition:

1. Technical water storage tank;
2. Water supply pumps;
3. Water pump for water (potable, technical, sea);
4. Retaining flap;
5. Pressure relay;
6. Technical water treatment module;
7. Technical water module cooling mode;
8. Temperature transducer;
9. Technical water consumption equalization tank;
10. Circulation pump;
11. Boiler (with steam);
12. Valve controlled by transducer for steam input;
13. Tank ventilation equipment;
14. Supply piping coming from the technical water generator;
15. The distribution network for cold technical water;
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16. The distribution network for hot technical water;
17. Main seawater supply;
18. Distribution network for seawater;
19. The main piping line of the compressed air installation;
20. Hydrophore safety valve;
21. The distribution network for technical water [24].

Regarding technical water, the installation and operation are similar with the differ-
ence that cold technical water is distributed to consumers through parallel pipes and hot
technical water through adjacent pipes. This principle has already been pointed out in
Figure 2, illustrating the process flow for a similar RO (reverse osmosis) unit. The water is
heated in the boiler, which can be with steam, hot water, burner or electric. Regardless of
the type of boiler, the installation includes: a circulation pump, an equalization tank and
a temperature transducer that controls the start/stop of the pump and the control of the
steam valve in order to obtain the preset temperature [25].

The flow rate of technical water pumps is determined as follows [25]:

Qp = ∑
i
(niαiqi) (1)

where n is the number of consumers of the same kind, α is the simultaneity coefficient
of the operation of consumers of the same type, and q is the consumption norm in [L/s]
specific to each type of consumer.

The values of the coefficient and the consumption norm depending on the type of
consumer are as it follows:

- For category 1 consumers: α = 0.3 and q = 0.07 L/s;
- For category 2 consumers: α = 0.2 and q = 0.2 L/s;
- For category 3 consumers: α = 0.4 and q = 0.15 L/s;
- For category 4 consumers: α = 0.5 and q = 0.3 L/s;
- For category 5 consumers: α = 0.25 and q = 0.2 L/s [25].

Therefore, according to the above values, we will consider:

α1 = 0.3; α2 = 0.2; α3 = 0.4; α4 = 0.5; α5 = 0.25
q1 = 0.07; q2 = 0.2; q3 = 0.15; q4 = 0.3; q5 = 0.2

The number of consumers are set as:

- For category 1 consumers: n1 = 55;
- For category 2 consumers: n2 = 48;
- For category 3 consumers: n3 = 5;
- For category 4 consumers: n4 = 4;
- For category 1 consumers: n5 = 4.

The required flow of the installation will be (Equation (3) [25] and Equation (5) [25]):

Qp = n1α1q1 + n2α2q2 + n3α3q3 + n4α4q4 + n5α5q5 (2)

Qp = 4.175
1
s

(3)

Q′p = Qp3.6 (4)

Q′p = 15.03
m3

h
(5)

The calculation of the working volume of the hydrophore is performed as follows: if
i = 7. . . 9 represents the number of starts per hour, we consider i = 8 for the calculation. Its
volume will be [25]:

V =
Q′p

i
→ V = 1.879 m3 (6)
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Calculation of hydraulic losses [7]:

h = λ
Ic

d
ρ

v2

2
(7)

where vrec = 1. . . 1,2 m
s is the recommended speed in the pipes v = vrec, thus v = 1 m

s .
Pipe diameter is calculated as [26]:

d′ =

√
4Qp

πvrec
[m]→ d′ = 0.0729 m (8)

The diameter is standardized, so the number of centimeters is [26]:

nrcent =
dmm

25.4
→ nrinch = 2.87 cm (9)

Thus, dm = d · 10−3.
The kinematic viscosity is [26]:

v = 1.287 · 10−6 m3

s
—at 12 ◦C (10)

The Reynolds number will be [26]:

Re =
vdm

υ
= 5.921 · 104 (11)

Welded, newly galvanized steel pipes with the height of roughness for this type of
piping is considered as [26]:

K = 0.1 . . . 0.2 mm and ε =
k

dmm
= 2.057 · 10−3 (12)

Altsul’s criterion is applied, and the next values will be calculated [26]:

Re1 =
10
ε

= 4.861 · 103 and Re2 =
500
ε

= 2.43 · 105 (13)

The condition Re1 < Re < Re2 is met. It follows that the pipe is hydraulic semi-rough,
and we will calculate the coefficient of hydrodynamic friction as follows [26]:

λ = 0.11(ε+
68
Re

)
0.25

= 0.026 (14)

The value of the calculation length lc and the equivalent length le is calculated accord-
ing to the technical specification for the tank type ship. For the calculated diameter of the
piping, we will consider the following equivalent lengths:

- lv = 25—for the check valve;
- lc = 5.2—for a bent;
- lt = 5.2—for normal tee conjunction;
- lct = 14—for sip;
- lCT = 0.55—for fully open valve [6].

The equivalent length is [26]:

l′e = 2lv + 7lc + 2lt + 1lct + 5lCT = 113.55 m (15)

The calculation length is [26]:

lc = (10 + 2 + 1 + 0.7) · 12 = 164.4 m (16)
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The pump load given by linear and local losses will be [26]:

h = (λ
lc

dm
+ λ

l′e
dm

)ρ
v2

2
= 4.774 · 104 Pa (17)

The total load of the installation is given by the sum of the losses on the piping and
the losses given by the height at which it discharges [26]:

Hi = ρgz + h = 1000 · 9.81 · 16.4 + 4.774 · 104 = 2.086 · 105 Pa (18)

The minimum pressure in the hydrophore is [26]:

p1 = Hi = 2.086 · 105 Pa (19)

The maximum pressure in the hydrophore is [26]:

p2 = αp1 = 1.6 · 2.086 · 105 = 3.755 · 105 Pa (20)

The pump load is equal to the maximum pressure in the tank [26]:

Hpump = P2 = 3.755 · 105 Pa (21)

H′pump =
Hpump

ρ · g =
3.755 · 105

1000 · 9.81
= 29.773 m water column (22)

The flow rate of the feed pump is [26]:

Qpump =
Q′p
0.85

= 17.682
m3

h
(23)

4. Discussions

According with the calculation at the end of the previous section, the main technical
characteristics of the water installation onboard the container ship were determined. The
data obtained through this calculation is essential to establish the component elements
within the system framework. Further, on the basis of the same calculation, the technical
water generator that serves this installation and for which the operation optimization study
will be carried out will be established.

The chosen concept of a technical water generator has an optimized operation, being
designed under the “start-and-forget” operational concept (“start it and forget it”) and
being easily arranged in compartments with machines that do not require constant hu-
man supervision. It can also be easily integrated into fully automated operations. This
technical water generator is specially designed for operation onboard ships or onboard oil
platforms. [27] The operating principle of the desalinator is based on a type of technology
unique to this market that uses 3-in-1 type plates that allow desalination to take place in a
single pack of plates without the need to install an external plate [27]. Evaporation, separa-
tion and condensation processes will all occur within this single plate pack, as represented
in Figure 4. The construction of the plates is optimized from the start by the nature of the
metal used for their construction, a titanium alloy.

Depending on the needs and configuration of the ship, it can be customized as any
type of project that involves the integration of a technical water generator with a wide
range of configurations [28].
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The figure above shows the technical water generator onboard the reference ship with
its main component elements as follows:

# 1—Suction of seawater/cooling water;
# 2—Ejector discharge/feed water;
# 3—Discharge of seawater/cooling water;
# 4—Ejector suction/feed water;
# 5—Brine discharge;
# 6—Suction heating medium (hot water or steam);
# 7—Discharge of heating medium (hot water or steam);
# 8—Freshwater discharge.

The equipment onboard the midsize container ship has the following additional
equipment intended to optimize its exploitation:

- Supply or ejector pipes;
- Technical water discharge bypass system;
- “Built-in” control panel;
- “Built-in” water treatment equipment. This is to support its three main roles;
- Special valves for manometers;
- Pressure gauges on the ejector, water pump and hot water pump;
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- Filling line with dosing system and counter-flanges;
- Protective cover for plates;
- Distance indicators on the fixing bolts;
- Hot water pump;
- Hot water loop for connecting an additional heat source;
- Self-cleaning unit (CIP);
- Spare parts kits;
- UV sterilization unit of the treated water;
- pH adjustment filter;
- Chlorination unit;
- Dechlorination unit;
- Sterilizer with silver ions;
- Additional mode for measuring the purity of technical water [29].

4.1. Optimizing the Operation through the Installation Mode

The technical water generator is very easy to install, as Figure 5 demonstrates. Since
the time required for repairs or maintenance work is limited (and this is a positive aspect,
taking into account the limitations onboard ships), the installation is very compact. The
heating medium in which the still operates is hot water, such as water coming from the
main engine, but it can also be steam. The cooling liquid of the condenser is sucked directly
into the cooling system of the main engine, to which it is also returned after passing through
the distiller system. The feed water is sent by means of a pump or an ejector, this being
necessary for the evaporation process, as well as the water that must reach the ejector of
brine combined with air. This water can be drawn from the condenser discharge, or it can
come from an alternative source.
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Figure 5. The arrangement of the AQUA Blue S-type technical water generator in the framework of
the cooling water installation [drawn by the authors].

The technical water generated is pumped to a storage tank. The control panel provides
electrical power to the feed pump, to the ejector, to the water pump and to the metering
pump and also provides the control voltage to the hallometer and the drain valve. The
components of the diagram above are as follows:

# 1—Technical water generator;
# 2—Technical water pump;
# 3—Water supply pump;
# 4—Brine/air ejector;
# 5—The main engine of the ship;
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# 6—Cooling water system;
# 7—The central cooler of the main engine.

4.2. Optimization of Electricity and Water Consumption

The technical water generator has an optimized technology that allows it to convert a
higher percentage of technical water from salt water. More than that, it cuts the amount
of salt water needed for cooling in half. This means that a halved amount of electricity is
consumed for pumping, representing half of the electricity consumption dedicated to the
operation of the entire system. For cooling, it is possible to opt for the still to be cooled
directly by the open cooling circuit of the main engine, and this would further reduce
electricity consumption [30]. This difference is highlighted in the diagram in Figure 6.
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4.3. Optimization through the Use of Membranes with Special Construction

As mentioned, the system is composed of titanium plates with a 3-in-1 design, the
main differences between these plates being marked in Figure 7. They are provided with
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two types of gaskets, and the whole configuration allows evaporation, separation and
condensation in a single package uncovered by the plates. At the same time, this specific
configuration enhances the evaporation process and allows the conversion of a larger
amount of salt water.
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Figure 7. Model of titanium plates used in the configuration of the freshwater generator [drawn by
the authors].

In the figure above, the colors associated with the areas of the titanium plates denote
the following processes:

# Green—condensation;
# Gray—separation;
# Red—evaporation.

The constructive elements of the plates, as they are numbered in the figure above, are:

# 1—Saltwater supply;
# 2—Input of the heating medium;
# 3—Evacuation of the heating environment;
# 4—Suction of sea/cooling water;
# 5—Discharge of sea/cooling water;
# 6—Evaporated steam;
# 7—Evacuation of technical water;
# 8—Brine evacuation [31]

The salt water passes through the lower part of the plate pack, where it is evaporated
at a temperature of 40–60 ◦C in a vacuum process of 85–95% [32]. As the steam increases
its pressure and density between the plates, it passes through the separation zone, which
locks the brine and makes it fall into the pool at the base of the technical water generator.
Thus, only technical water vapor reaches the upper part, which is cooled and condensed
into fresh water. The result of the whole process is the generation of good quality water
with a maximum salinity of 5 ppm [33]. Due to the optimized flow distribution along the
plates, any form of calcareous deposit is avoided.

4.4. Optimizing by Ensuring Correct Exploitation and Compliance with the Installation
Maintenance Schedule

Although the technical water generator does not require a high level of maintenance,
its operation depends in many ways on the way the installation it serves is maintained. For
these reasons, the maintenance of these types of devices is closely related to the maintenance
technical water installation onboard the ship [34]. In general, the maintenance and upkeep
of the installations onboard ships must focus on the following directions:

- General visual check;
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- Checking pump operating parameters;
- Checking the degree of corrosion;
- Check/maneuver valves and taps;
- Checking connections;
- Checking the fixing supports of the component parts (especially in the case of the

hydrophore);
- Checking the water reserve and level;
- Verification of the expansion vessel;
- Checking of measuring and control devices;
- Check dashboards;
- Periodic function tests, especially when the installation is not turned on for long

periods of time;
- AMC metrological verification (measurement and control devices) of the installation;
- Checking the external/internal water tank and control and signaling devices, cleaning,

periodic repainting;
- Ensuring safety lighting in the spaces that serve such installations by checking the

electrical lighting installations and lighting fixtures [35].

The control and checks of the installation have a permanent character, being part
of the current follow-up regarding the technical condition of the construction, which,
correlated with the maintenance and repair activity, has as its objective the maintenance of
the installation at the designed parameters. The control and verification of the installation
is performed by the operating personnel on the basis of a program. The program will
include provisions regarding the entire installation, the categories of installation elements
and functional operations, recorded in the operating instructions of the installation.

5. Conclusions

Desalination of ocean water requires a huge amount of energy and of course produces
greenhouse gases. Moreover, desalination plants endanger marine ecosystems. In a report
dedicated to ocean water desalination plants, representatives of the environmental organi-
zation WWF were quite concerned about this issue. Seawater desalination is far from the
ideal solution. This technology is a potential threat to the environment and will only make
climate change worse [36]. The recourse to these new technologies, which are increasingly
accessible, will not remain without consequences for the environment.

Technical water systems or plants can also have a negative impact on coastal areas,
amplifying the destruction of marine ecosystems specific to these areas. In addition, the risk
of disturbing the balance of these wetlands and the purification and protection functions
against catastrophes increases greatly.

Specialists in marine pollution and ecotoxicology have also sounded the alarm about
the dire consequences that could occur after the commissioning of the desalination unit
onboard the ships [37]. The process of desalination and drinking water production plays
a critical role when it comes to navigation and making long-distance and long-duration
journeys.

At the same time, the desalination process plays an important role in many other
fields, totally different from maritime transport. Many countries in arid areas use seawater
as a source of drinking water for their coastal cities, subjecting it to expensive desalination
processes. Obviously, the oldest and largest desalination plant is nature itself through
evaporation from the seas. More than 30 water desalination processes are known, including
condensation, freezing, extraction, electrodialysis, reverse osmosis, ion exchangers, etc.
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15. Kralj, P.; Martinović, D.; Tudor, M. Analysis of thermodynamic and technological basics of the marine fresh water generator

model. Desalination Water Treat. 2017, 95, 180–185. [CrossRef]
16. Lior, N. Measurements and Control in Water Desalination; Elsevier: Amsterdam, The Netherlands, 1986.
17. Bahar, R.; Hawlader, M.N.A. Desalination: Conversion of Seawater to Freshwater. In Proceedings of the 2nd International

Conference on Mechanical, Automotive and Aerospace Engineering, Kuala Lumpur, Malaysia, 2–4 July 2013.
18. Faităr, C. Concepte de Modernizare Energetică a unui VLCC de 305,000 t.d.w. Calculul şi Proiectarea Sistemelor Energetice

Auxiliare. Master’s Thesis, Maritime University of Constant,a, Constant,a, Romania, 2016.
19. Sanchez Rosario, R.; Hildenbrand, Z.L. Produced water treatment and valorization: A tehno-economical review. Energies 2022, 15, 4619.

[CrossRef]
20. Alkinani, S.S.; El-Amin, M.F. Numerical modeling and analysis of harvesting atmospheric water using porous materials.

Separations 2022, 9, 364. [CrossRef]
21. Date, A.; Traiask, O.; Ward, M.; Rupakheti, E.; Hu, E. Experimental and theoretical study on mechanical performance of a

sustainable method of simultaneously generate power and fresh water. Sustainability 2022, 14, 14039. [CrossRef]
22. Keriwala, N.; Patel, A. Innovative roadmap for smart cities: A global perspective. Mater. Proc. 2022, 10, 1.
23. ISO 19458:2006; Water Quality (Calitatea apei)—Mostre Pentru Analiza Microbiologică. International Organization for Standard-

ization: Geneva, Switzerland, 2006.
24. ISO 15748-1:2002; Ships and marine Technology (Nave s, i tehnologii marine)—Alimentarea cu apă potabilă a navei s, i Structurilor

Navale. International Organization for Standardization: Geneva, Switzerland, 2006.

https://iopscience.iop.org/article/10.1088/1757-899X/1182/1/012024/meta
https://iopscience.iop.org/article/10.1088/1757-899X/1182/1/012024/meta
https://iopscience.iop.org/article/10.1088/1757-899X/1182/1/012023/meta
https://www.gup.ugal.ro/ugaljournals/index.php/mtd/article/view/4028
https://www.gup.ugal.ro/ugaljournals/index.php/mtd/article/view/4028
https://www.gup.ugal.ro/ugaljournals/index.php/mtd/article/view/4028
https://www.gup.ugal.ro/ugaljournals/index.php/mtd/article/view/4028
http://engine.od.ua/man-90mc
http://www.machineryspaces.com/cooling.html/
https://patents.google.com/patent/WO2015016432A1/en
https://patents.google.com/patent/RU2652369C1/en
https://patents.google.com/patent/JPS5867390A/en
https://patents.google.com/patent/JP6746692B2/en
http://doi.org/10.1080/15435070701193068
http://doi.org/10.1115/1.2825923
http://doi.org/10.1205/026387602753582105
http://doi.org/10.5004/dwt.2017.21522
http://doi.org/10.3390/en15134619
http://doi.org/10.3390/separations9110364
http://doi.org/10.3390/su142114039


Inventions 2023, 8, 22 16 of 16

25. Scupi, A.A.; Dinu, D. Fluid Mechanics. Numerical Approach; Nautica Publishing: Constant,a, Romania, 2015.
26. Dinu, D. Mas, ini Hidraulice s, i Pneumatice Utilizate în Domeniul Naval; Nautica Publishing: Constant,a, Romania, 2019.
27. Micale, G.; Rizzuti, L.; Cipollina, A. (Eds.) Seawater Desalination: Conventional and Renewable Energy Processes; Springer Science &

Business Media: Berlin/Heidelberg, Germany, 2009.
28. Foldrage, R.A. Economics of Desalination Concentrate Disposal Methods in Inland Regions: Deep-Well Injection, Evaporation

Ponds, and Salinity Gradient Solar Ponds. Bachelor’s Thesis, New Mexico University, Los Cruces, NM, USA, 2017.
29. Khordagui, H. Environmental Aspects of Brine Reject from Desalination Industry in the ESCWA Region; ESCWA: Beirut, Lebanon, 2017.
30. Svensson, M. Desalination and the environment: Options and considerations for brine disposal in inland and coastal locations.

Ph.D. Thesis, Swedish University of Agricultural Sciences, Uppsala, Sweden, 2015.
31. Leijon, J.; Boström, C. Freshwater Production from the Motion of Ocean Waves—A review. Desalination 2018, 435, 161–171.

[CrossRef]
32. MJ12-FW Generator (Including Instruction Book); Mitsubishi Heavy Industry Ltd.: Tokyo, Japan, 2012.
33. Cieslinski, J.T.; Fiuk, A.; Typinski, K.; Siemienczuk, B. Heat transfer in plate heat exchanger channels: Experimental validation of

selected correlation equations. Arch. Thermodyn. 2016, 37, 19–29. [CrossRef]
34. Soto, J.A.; Martinez, M.T.; Magana, J.L. Theoretical-experimental study of the effect of the external plates on the thermal

performance of a plate heat exchanger. Chem. Eng. Sci. 2015, 3, 12–18.
35. Stan, L.C. Seas and Oceans, Suppliers of the New and Innovative Renewable Energy; Constant,a Maritime University Annals; Constant,a

Maritime University: Constant,a, Romania, 2015; Volume 24.
36. ACCES (Arctic Climate Change, Economy and Society). Calculation of FW Water Consumption for Various Ship Types and

Ice Conditions in Past, Present and Future. Collaborative Project. 2011. Available online: https://nanopdf.com/download/
calculation-of-fuel-consumption-per-mile-for-various-ship-types-and_pdf (accessed on 15 December 2022).

37. Available online: https://www.academia.edu/central-cooling-system-lt-with-low/high-temperature (accessed on 12 December 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.desal.2017.10.049
http://doi.org/10.1515/aoter-2016-0017
https://nanopdf.com/download/calculation-of-fuel-consumption-per-mile-for-various-ship-types-and_pdf
https://nanopdf.com/download/calculation-of-fuel-consumption-per-mile-for-various-ship-types-and_pdf
https://www.academia.edu/central-cooling-system-lt-with-low/high-temperature

	Introduction 
	Materials and Methods 
	Results 
	Discussions 
	Optimizing the Operation through the Installation Mode 
	Optimization of Electricity and Water Consumption 
	Optimization through the Use of Membranes with Special Construction 
	Optimizing by Ensuring Correct Exploitation and Compliance with the Installation Maintenance Schedule 

	Conclusions 
	References

