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Abstract:

The significance of this study is rooted in the need to enhance the energy efficiency of seawater
desalination processes, which not only reduces costs but also benefits the environment. A key
component of this efficiency lies in understanding how brine boilers perform. The thermal efficiency of
these boilers is a pivotal element in the desalination of seawater, a process vital for addressing
freshwater shortages globally. The performance of desalination facilities heavily relies on the
efficiency of the boilers used. Critical factors include the thermal value of the energy and the
temperature of the gases produced during combustion. High thermal value energy can boost heat
production, thereby improving boiler efficiency. Additionally, the temperature of combustion gases
influences the heat recovery process, impacting the overall efficiency of desalination stages.

The thermal value of the energy and the temperature of the gases produced significantly affect the
efficiency of seawater desalination boilers. Utilizing high thermal value energy enhances the process
due to superior energy quality. Furthermore, elevated gas temperatures aid in the preheating of
seawater, thereby optimizing efficiency. In thermal desalination processes like Multi-Effect Distillation
with Thermal Vapor Compression (MED-TVC), considering ocean water temperature and salinity
conditions can further enhance energy efficiency and performance. Hence, advancements in energy
quality, gas temperature, and operational standards can profoundly influence the efficiency of
desalination facilities.

Calculating thermal efficiency is crucial for assessing boiler performance and its effectiveness in
converting and utilizing thermal energy. Consequently, examining the impact of the thermal value of
energy and gas temperature on the efficiency of the Zliten brine factory's boiler was essential.

The analysis of available data and the discussion of potential outcomes from applying the total
thermal value of energy and gas temperature were vital for achieving optimal boiler efficiency. The
efficiency of the brine boiler at the station was determined to be 82%, based on real data from the
facility, reflecting its actual performance. The relationship between boiler efficiency, the heat
generated by energy, and the combustion temperature was thoroughly examined. The findings
revealed that the calculated efficiency closely matched the actual efficiency, confirming the accuracy
of the methods and equations used. These results are invaluable for assessing and understanding
the factors influencing seawater boiler efficiency.

143 | The North African Journal of Scientific Publishing (NAJSP)


https://najsp.com/index.php/home/index
mailto:saad2015elburni@gmail.com

Keywords: Thermal Efficiency, Desalination of Sea Water, Efficiency of Steam Boilers, Energy
Efficiency, The Temperature of The Exhaust Gases.

uadlal)

Al Cppeen o KN (i aaliy Lea el elpe 4lat 8 48U aladi) 5lS (a5 )5 a8 Al Hall o3 dpaa] (aSS
Aglas 8 Lage Slale 35l 40060 &y ) jall 30l a5 lasnall o2 Allad 5 50lS 3 anliy Ay Jlad) ClDall 50l agd o
ol sl

Clasall 028 3ol aaiad allal) 3halie (o waall 8 Adall olaal) 5,00 dgal sl Jslall aal (pe jadl olae dlad Clldana a3
&_l\)\aj\ U\ﬁa\aﬁjaﬁjﬂm)\ﬂ\@\@ DM\MM@MM\ubMJM\ c‘d\]\éc‘).\ﬁds.uu
A_mSuA_\.U.:u\uSmmdbd\m)\_);.\\wd\ﬁJ}s)hu\g.u;ub):d\a&a;LqS.mgss\)uS\JJAM\P\meLJ\
bd\.’_\u\‘\_\l«:é& U\u\)\ﬂ\a‘)\‘)}u‘)d‘y}:cgﬁ\‘t@w MM\agLﬁS‘ssoJL:‘)bJ\ddyw M\b‘)\‘)ﬂ\
_QM\D;\ASL;L:)M\_.\AJSM@J.\}:\\AA w\wwm&\f&@\mbajﬂ\

2y aladinl a3y o oSy 3al gl il ) Bl e A ja s a8l 5l jall A e el elie dylad ddase 40U 3ol adind
Sl B ) s sy el celld ) ABLaYL | JeadY) AUl 53 sa e slual) Aulad lilee 30U (0 Aalle ) ja dad 0D
L) all ddal) cililee b Aalall 3l iy el slal Gaeal) cpdiall Adlall 5 jal) cilaja ) 5ad Cua lala 190
sl el 5l ey i) atbey of oSe ((MED-TVC) loall Slal biay el il samie st Jia
salaall s ) 35 s cla o 2@ B et i O (S ol A elaly 3elS et (8 A gl gl g
ol ole dglat Cildana 3 6S o € (S8 Al

e OIS Y oSy Lgalasiind 5 4y ) el 48Ul Jy a8 Lt liS aan s 401 o)l apil (5 55 i 4y )l 3L s
Ol Ayl il ) ddase (& A0 5l e Aaalil) ol Jldl Bl e A s 2585l & ) jad) dagll 0 Al ja (5 )5 el
L liS 3355 Anaall JASH olaV1 (ppaend 488 e 58 5w )Ll A0 36y ehal 8 Ylad T )50 (lnly OMalal)
31 om Aoy 285l AN Ay ) jall dadl) il gadad Alaiaall i) A8 5 Aabiall ULl Jald Jalad a2 Al
AR 5o lel) il gine e giatl Aaslill ¢l el

3elall 4y jlie dpill o 5 Agledll dlasall by alasiuly Tl ) %82 Ay ddasall 8 4Ll 400 5eliS s o
MM\ b;\ﬁSu.\.\Aﬁ)\ﬂ\ La;\} cdﬁ}\u‘za.ﬂ}‘d\ bJ‘JAj‘ A.LAS}M)\:J\ b;\ﬁSu.u‘\_‘.M\d.\S;.\(u M‘QMMM\
AS)J\.A.A w\uﬁm)\dw\achﬁ\w‘yﬁd&uu)ﬁgmw\achﬁ\u\@\_\ﬂ\uﬁb\ d\‘)ny‘a)\);%)dj
3eli€ Ao Jalgall sa il pedy Jilas 8 Tas sabe coluiaiall g Al oda () sSin Aardiuall Y aladl) g liluall 48
ol ol Alai dlana 400

Z\A.\Ld\ Q\J\.d\ EJ\); @JJ (aalal) 3.6 “\ﬁ)\;.\“ Q\JM\ 3l c);.)j\ ol:m :&:\l;.\ ‘Z\w\)ﬂ\ IAEN] _3,3;\33.41\ Glalsty

Introduction

Seawater desalination plants are among the most crucial engineering undertakings aimed at
addressing the scarcity of fresh water in many parts of the world. A key component of these plants is
the steam boiler, which heats water and converts it into saturated steam necessary for the
desalination process. Ensuring the plant's efficient and cost-effective operation hinges on accurately
calculating the thermal efficiency of the steam boiler. This efficiency is largely dependent on the
boilers' effective performance during the desalination process [1,2].

This research paper focuses on calculating the thermal efficiency of the boiler. It examines how the
total calorific value of the fuel used and the temperature of the resultant gases influence this efficiency
[3]. The paper also provides recommendations for enhancing boiler efficiency in the future.
Understanding the boiler's efficiency in transforming thermal energy into saturated steam is crucial for
determining the plant's overall effectiveness. Additionally, calculating thermal efficiency helps identify
factors affecting boiler performance and pinpoint areas for improvement to optimize the plant's energy
use [4].

Thermal efficiency pertains to the boiler's ability to convert thermal energy into mechanical energy.
Assessing thermal efficiency is essential for evaluating the boiler's performance and its proficiency in
utilizing thermal energy effectively [5]. The application of modern technology can substantially
improve the operational efficiency of these plants. For instance, a study published in the Journal of
Thermal Engineering in 2019 explored ways to enhance boiler efficiency in desalination plants using
various fuels. Similarly, researchers at the 2017 Environmental Engineering Conference found that
meticulous control of environmental conditions could significantly boost boiler performance in
desalination plants [6].

Components of a Water Tube Steam Boiler

Steam boilers are enclosed vessels where water is heated until it becomes steam at a specified
pressure. This transformation increases the water's volume by approximately 1600 times, generating
significant energy and rendering boilers potentially hazardous if not handled properly (Ortiz, 2011).
Since 200 B.C., numerous advancements have been made in classifying steam-generating boilers

144 | The North African Journal of Scientific Publishing (NAJSP)



efficiently. One classification method is based on the steam generation and consumption process.
Boilers commonly serve as industrial steam generators or power generation units. They can be further
classified into fire tube boilers and water tube boilers (Dworkin, 2006; Hasanuzzaman et al.).

Water tube boilers feature water-filled tubes and combustion-filled tubes, allowing them to operate at
higher steam generation rates (Patro, 2016). This type of boiler includes two main cylinders: the upper
steam cylinder and the lower mud cylinder, connected by a series of lower and upper tubes (Saidour
et al., 2010).

Steam boilers feature a main body with a "bowl" and an "oven," as illustrated in figure 1-1. Within this
setup, gas and air are combusted to generate heat, which then heats the water in the drum to create
steam, producing energy. To prevent damage to turbines and ensure optimal performance, it's crucial
to meticulously control the water level, composition, and steam temperature within the drum. Steam
temperature control systems are vital for the safe and economical operation of the power plant, as
deviations in temperature can impact both safety and efficiency. The stability of the steam
temperature is a key indicator of the boiler's operational quality [7].

Given the high temperatures and pressures to which boiler tubes are exposed, selecting the right
materials is essential. This process involves mechanical property testing and material analysis to
ensure optimal performance. Furthermore, studying the effects of boiler load oscillation rates on the
effective pressure of the boiler pipes is necessary to prevent damage and maintain safe operation. In
essence, the steam boiler, with its "bowl" and "oven," burns gas and air to heat water in the drum,
generating steam and thus producing energy, as depicted in figure 1.

The water position, composition, and brume temperature within the barrel must be precisely controlled
to avoid damage to the turbine and insure effective operation. Brume temperature control systems are
critical to safe and provident operation, as high or low temperatures can affect the safety and
effectiveness of the power factory [8]. Superheated brume temperature is an important index of boiler
operating quality, and it's critical to keep it stable. Material selection for boiler tubes is critical because
boiler tubes are exposed to high temperatures and high pressures. The selection process includes
testing mechanical parcels and assaying accoutrements to gain optimal performance. In addition, the
effect of boiler cargo cycle rate on the effective pressure of barrel boiler tubes is studied to help
damage and insure safe operation [9].
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Figure 1: Steam Water Pipe Boiler Components.

Steam Water Pipe Boilers at Seawater Desalination Plant/Zliten:

The desalination plant of Zliten in the Zliten factory has three vertical water tube boilers produced by a
Japanese company. This type includes vertically placed water pipes, two pressure tanks, and a
regular water cycle. It also consumes two types of combustion fuel: natural gas and fuel oil. The walls
of the boiler are cooled by water pipes insulated by gas mode, compression ignition, fiberglass,
thermal stones, and metal plates. Each blade has a capacity of 90 tons per hour of hot steam at an
outlet temperature of 227-217 °C and pressure of 10 kg per square centimeter, with an efficiency of
82%. Most types of HDW boilers use straight steel pipes and are connected to water and steam
cylinders in two groups. Free water flows from the cylinder to the bottom complex, through straight
pipes to the top compound, and back to the cylinder, where the steam is separated from the water
and re-introduced. In this type of boiler, the bottom roll is roasted, as shown in figure 2.
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Figure 2: Vertical Water-Tube Boilers.

At the Zliten seawater desalination plant, the efficiency of the steam boiler is examined in relation to
fuel thermal value and gas temperature.

Results and discussion

The percentage of thermal energy produced by the boiler in comparison to the energy in the fuel to be
burned is used to calculate boiler efficiency. The majority of the heat generated during the combustion
process must be utilized in order to improve boiler efficiency. This means completely reducing heat
losses like those caused by fuel combustion exhaust emissions, improving heat transport through the
kettle's outer structure, and reducing heat losses from gases leaving the chimney [10]. This
comprises. Boiler efficiency and metering studies are essential procedures in desalination plants and
have a significant long-term impact on the plant's economics and performance. Desalination plants
measure boiler efficiency and other components in a variety of ways because of this.

1- Calculating the thermal efficiency of the boiler at the Zliten seawater desalination plant

For accurate calculations and to obtain high boiler efficiency, heat exchanger values are reduced
using horizontal finned anchors with tubes embedded in the boiler wall in front of the insulation
bricks and are part of the evaporator to aid in the evaporation process as most of the heat
transferred is absorbed through the outer boiler wall and the temperature difference is reduced
The temperature between the hot gas inside the boiler and the air outside the boiler ranges from
the gas temperature to 1150 degrees Celsius. Using excess air of about 20% helps the fuel fully
ignite and reduces the amount of unburned fuel [11]. This method depends on determining the
efficiency of steam generation (the amount of steam generated and the extent of its enthalpy)
using the following relationship

OUTPUT 100% g (hgg — hy) 100 .

—_— = %k

INPUT " T« HCV +w )

A fine relationship (1) can be inferred from the former formula to come the equation of calculating

effectiveness directly as follows

‘r’:

[I‘i‘ls(h3 - hl) + rhczcczAta]
,(GCV)

Ny = (2)

The data in Table 1 show readings attained from brume tables, as well as information relating to
the desalination factory of seawater in Zliten. These readings and data aim to understand the
effectiveness of the station's brume boiler calculated.

Table 1 Analysis of readings from steam tables and seawater desalination plant in Zliten

Unit Value Description Symbol
kgls (13.889) Steam generation rate g
kJ/kg (2717) Specific enthalpy of roasted steam (enthalpy) at 127C°h3
kJ/kg (535.46) Specific enthalpy of feed water at 27C°h1
kgls (18) The rate of air fI_ow required for the ,
combustion process
kJ/kg.C* 1.089 Specific heat with constant pressure for air Cq
c 230 Increased air temperature during the air At,
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convector

kgls

6.667

Fuel consumption rate h,

kJ/kg

6368.37

Fuel calorific value {fyyv} GCV

Neutralize in equation 2 using the values specified in Table 1 and from the desalination factory of
seawater in Zliten, the thermal effectiveness of the boiler is equal to,n_b = 82

2- Relationship between total thermal value of GCV fuel and boiler efficiency

The thermal value of the fuel (GCV) is an important factor in determining the efficiency of the
boiler. The value of GCV directly affects the amount of heat generated by combustion, which
affects the efficiency of the boiler.

One of the main factors influencing efficiency is the fuel specifications. The higher hydrogen
content of gaseous fuels generates more water vapor during combustion. One of the most
important fuel parameters is the total heat value (GCV), which shows the amount of heat
produced by combustion under constant and standard conditions [12].

Table 2 Test data between the thermal efficiency of the boiler and the total thermal value of

the fuel.
Total thermal value of fuel | Thermal efficiency of boiler
0 0
10 20
15 30
30 60
36 70
50 82
55 80
60 75
65 70
70 65
90
80 /\
70 I Ay
60
Thermal /'
efficiency 50 7
of boiler 40 /
30 /
20 /
10
0 T T T 1
0 20 40 60 80
Total thermal value of fuel (GCV)-(MJ/KG)

Figure 3: Relationship between GCV fuel thermal value and boiler efficiency.
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The inverse relationship between boiler efficiency and total heating value of "natural gas" fuel is
shown in Figure 3. This suggests that as the overall fuel temperature increases, the boiler efficiency
decreases. This result is due to the high temperature of the effluent gases, which increases the heat
losses throughout the boiler heat exchange process, making it almost four times more efficient [13]. It
has also been demonstrated that fuels with higher heating value increase the temperature of the
effluent gases, thereby increasing the amount of heat generated during fuel combustion, improving
heat transfer to the seawater, and ultimately increasing the process efficiency.

The figure shows the direct impact of the heat value on the kettle's efficiency, as it is clear that
increasing the heat value is associated with increasing the kettle's efficiency. In the given example,
the efficiency of the kettle was approximately 81% when using a fuel quantity of 6000 kJ.

Recent studies have highlighted an interesting connection between the heat value of fuel and the
efficiency of boilers. It appears that as the heat value of the fuel increases, so does the temperature of
the gases produced during combustion. This rise in temperature has a negative impact on the
efficiency of the boiler, as the increased heat in the gases leads to energy losses.

Conversely, lower heat value in fuel results in lower temperatures of the emitted gases, thus
improving the efficiency of the boiler. This allows for a more effective use of combustion heat to create
the desired energy output with minimal losses.

These findings underscore the significance of closely monitoring and controlling the total heat value of
fuel to enhance the efficiency of boilers at thermal stations. This, in turn, contributes to their long-term
economic viability and overall effectiveness [14].

According to research, there is a negative correlation between the boiler's efficiency and the fuel's
total heat value. The temperature of the gases released by the combustion process rises when the
fuel's total heat value is high. The warming of gases has the potential to significantly reduce the
kettle's efficiency because the primary source of power generation in the kettle is combustion heat.

On the other hand, when the total fuel heat value is low, the temperature of the gases that are
released goes down, which makes the boiler work better. This advances more prominent utilization of
intensity from ignition to create wanted energy without critical misfortunes.
As part of ongoing efforts to improve the efficiency of boilers at thermal stations, these findings
demonstrate the significance of monitoring and regulating the fuel's total temperature value to their
long-term economic and overall efficiency.
The boiler's thermal efficiency and plant productivity both rise in tandem with the fuel's higher calorific
value.
3- The relationship between the temperature of the resulting gases and the efficiency of the
boiler
The effect of gas temperature resulting from the combustion process is also an important factor in
the kettle efficiency. High gas temperature can lead to higher heat loss, reducing the kettle
efficiency.

Table 3 Test data between the thermal efficiency of the boiler and the temperature of the
resulting gases.

Temperature of the resulting gases | Thermal efficiency of boiler

0 0
50 20
75 30
120 50
180 75
200 82
250 80
300 75
350 70
400 65
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Figure 4: The relationship between the temperature of the gases produced and the efficiency
of the boiler.

Figure 4 appears that the higher the temperature of the coming about gasses, the more prominent the
proficiency of the evaporator semi-linearly, and that the higher the temperature of the gasses
progresses the exchange of warm to seawater, which increments the effectiveness of desalination.
But there is a greatest temperature required. The lower the temperature of the gasses created by the
combustion handle, the higher the productivity of the evaporator and the superior the plant's
efficiency. That's since lower temperatures cruel warmer is exchanged to the water to be desalinated.
The temperature of the gasses transmitted by the evaporator influences the proficiency of the
desalination prepare. Overheating gasses leads to expanded warm exchange productivity to
seawater, which moves forward the proficiency of the prepare [15].

Conclusion

From the analytical study of the two relationships between the total fuel heat value and the efficiency
of the boiler, and between the temperature of the gases produced and the efficiency of the boiler, it is
clear that there is a direct and adverse effect between these factors and the efficiency of the boiler
respectively. These analyses will contribute to understanding how these factors affect the efficiency of
the steam boiler at the Zliten seawater desalination plant and identify the processes needed to
improve the plant's performance [16].

1- Figure 3 shows the inverse relationship between the "natural gas" fuel heat value and the
efficiency of the boiler. This indicates that increased fuel heat value results in reduced
boiler efficiency. This effect is attributable to the high temperature of the emitted gases,
which causes an increase in heat loss during heat exchange in the boiler, thereby
reducing its efficiency almost linear. The fuel heat value is also shown to increase the
temperature of the emitted gases, increasing the amount of heat produced during fuel
combustion, improving heat transmission to seawater and thus increasing the process
efficiency[17].

The figure shows the direct impact of fuel heat value on boiler efficiency, as it is clear that

increased fuel heat value is associated with increased boiler efficiency. In the given example,

the efficiency of the boiler was approximately 81% when using a fuel quantity of 6000 kJ.

Hence, there is an inverse correlation between the fuel temperature value and the boiler

efficiency, as the fuel temperature rise increases the temperature of the emitted gases and

thus reduces the boiler efficiency, and vice versa when the heat value decreases. The higher
the thermal value of the fuel used in the kettle, the greater the thermal efficiency of the boiler
and the better the plant's productivity.

2- The relationship between the temperature of the resulting gases and the efficiency of
the boiler, figure (4) shows that the warming of the gases leads to an increase in the
efficiency of heat transfer to seawater, which improves the overall efficiency of the
thermal process. This effect shows a near-linear improvement in kettle efficiency with
increased gas temperature.
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Based on the results presented, it can be argued that understanding fuel specifications and
their impact on combustion processes is vital to improving the efficiency of boilers, thereby
improving the productivity of the thermal plant. The direct and reverse effect of fuel heat value
and resulting gas temperature indicates the importance of temperature control and
improvement of thermal processes for maximum efficiency and productivity. When looking at
the combined effect of the heat value of the fuel and the temperature of the gases, there is a
positive enhancement of the efficiency of the boiler and the rise of both the heat value and the
resulting heat leads to a significant increase in the desalination plant efficiency

Summary

Based on its analytical study, in addition to previous calculations showing that boiler efficiency
is equal to 82%, the following results can be achieved: understanding fuel specifications and
their impact on combustion processes is vital to improving boiler efficiency and thereby
improving thermal plant productivity. The direct and reverse impact of fuel temperature value
and resulting gas temperature underscores the importance of temperature control and
improving thermal processes for maximum efficiency and productivity.

Direct and reverse effects of fuel heating value and gas temperature production show that
temperature control and thermal process improvement are important for maximum efficiency
and productivity. Given the combined effect of fuel heating value and gas temperature, we
see a positive improvement in boiler efficiency, indicating that an increase in both the heating
value and the resulting heat can lead to a significant increase in boiler efficiency at
desalination plants.
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