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available on earth contains salt. Only 2.3% contains no salt, and 99.5% of the amount
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is ice, groundwater, and the atmosphere. With a large percentage of seawater, water
needs for human survival can be met by using the desalination method. In this study
using a throttling valve and utilizing cold water (secondary product) as a refrigerant to
cool the room. This research will also discuss how specific energy consumption and
cooling heat are affected by compressor pressure and cyclone pressure to prove how
capable and efficient the renewable desalination method is in producing aquadest
water, which is expected to help water availability to meet water needs. The simulation
results obtained The optimum value of the system specific energy consumption is
287.90 kJ / kg with a compressor pressure value of 10 kPa and a cyclone temperature

Keywords: value of 4 °C. The optimal value of system cooling heat is 51.01 kW with a compressor
Energy; Desalination; Compressor; pressure value. At 10 kPa and a cyclone temperature value of 2 °C. The effect of the
Aquadest; Cyclone Separator; cooling heat value significantly affects the specific energy consumption required for
Refrigerant; Throttling this system.

1. Introduction

The high level of population development has caused a crisis in the availability of clean water.
Many countries will consume water that has been desalinated [1]. This scarcity occurs because 97.7%
of the water available on Earth contains salt. Only 2.3% do not contain salt, and even then, 99.5% of
the amount is ice, groundwater, and atmosphere [2]. The percentage of seawater is higher when
compared to the water requirements for humans. It's requires a process that can convert seawater
into freshwater, one of which is the desalination method. Desalination is the process of separating a
solution that has a lower concentration of dissolved salt (freshwater) and one that has a higher
concentration of dissolved salt (brine) [3]. Water is critically important for human life. However,
water demand is rapidly increasing due to population growth and uncontrolled human and industrial
use. About eight and a half billion gallons/day of water are desalinated worldwide [4]. This number
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expects to continue to increase due to the increasing population and industry. The desalination
process requires a large amount of energy, which is significantly higher than the energy requirements
of conventional surface water treatment processes [5]. This energy is usually supplied both in the
form of thermal and electrical energy. The energy-intensive nature of desalination processes places
concomitant demand for energy sources as well. This situation can be termed as water for oil [6].
While energy needs for the desalination process can meet from various energy sources, many
countries that lack water sources also lack conventional energy sources such as fossil fuels. This
situation creates a need for efficient use of available energy sources for other profitable processes
as well as a careful allocation of energy sources for freshwater production. This can be done by
efficient process design, energy conservation, techno-economic utilization and analysis, and
development of the systems under study. Although the first law of thermodynamics has been used
easily to measure the energy efficiency of a process, it does not give an accurate measure of the
efficiency of the process because the energy supplied to the system can never be recovered in its
original quality. Energy converts into other forms in the process of utilization.

The thermoelectric process mostly generates the energy used in the desalination process. This
process consumes a large amount of water for heat rejection to the thermodynamic cycle. It's
estimated that about 15% of the water is evaporated in the cooling tower with the required power.

Shahzad et al., [7] demonstrated and demonstrated that the desalination process consumes only
2.75% of the primary exergy fuel in a combined cycle setting. They also said that for future
sustainability, alternatives and new solutions are needed. Many scientists have researched a variety
of desalination methods. Among them, seawater desalination technology utilizes microbial
respiration [8]. There is also a seawater desalination technology that uses reverse osmosis methods
[8]. But this technology harms the face of marine organisms and the environment. Kosasih et al., [9]
also implements the process of strangling and using the remaining hot water from the condenser
steam power plant so as not to damage the environmental ecosystem. To follow up on the research
that has been done in producing water with the desalination method, this article will discuss the
purification of seawater into freshwater using the renewable desalination method. Kosasih et al., [10]
researched desalination systems by utilizing waste heat from a condenser steam power plant. The
effect of pressure on distilled water production is quite significant. The increase in mass flow is
directly proportional to the rise of aquadest production. The higher the mass flow rate, the greater
the aquadest produced. The effect of tank water pressure is inversely related to specific energy
consumption. Since they use a condenser steam power plant for their system, the specific energy
consumption value can be negative [11,12]. This paper describes a simulation to produce aquadest.
The method used is a thermodynamic simulation. The process in this research is an innovation by
utilizing cold water from the cyclone separator. This cold water can be used to cool the room, and
also the heat from cold water can be used in the condenser for the aquadest pre heater. The cold
water functions as a refrigerant in the air conditioning system.

2. Methodology

In the simulation process of this research, there are three input parameters. Each is given a
limitation as below.
(a) The heat exchanger outlet temperature 1, minimum 50 °C, and maximum 90 °C with an
interval of 10 °C.
(b) The pressure of the cyclone separator is a function of the temperature. The minimum
temperature value is 2 °C, and the maximum value is 4 °C (minimum value of the pressure is
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0.705988 kPa, and the maximum value is 0.813549 kPa). Among the temperature values,
inputs are given at intervals of 0.5 °C.

(c) The minimum value of the compressor 3 pressure is 10 kPa, and the maximum value is 50 kPa

with an interval of 10 kPa.

The simulation is using Microsoft Excel with ThermoTable Add-ins. Generally, the schematic
diagram for the desalination system is shown in Figure 1. The water from the environment (seawater)
will flow to the intercooler 1 and 2 before the pre-heating process. Then water continues to heat
exchanger 1 to continue the pre-heating process. In the pre-heating process, the temperature of the
seawater and its enthalpy will be increased. Next, the seawater through to the throttling valve and
the flow to the cyclone separator. The throttling valve controls the pressure in the cyclone separator.
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Fig. 1. Schematic Diagram of Desalination System

After reaching the desired pressure variable, the seawater is streamed to the cyclone separator.
On this cyclone separator, vapor and water are separated. The water vapor compressed to the first
compressor and passed the intercooler 1 to cooling down the water vapor. Then re-enters the second
compressor to be compressed and re-enter the intercooler 2. On the compressor 3, the pressure
variable is determined. The vapor from the compressor 3 is still at a high temperature. The high
temperature from the compressor 3 will be utilized to raise the temperature of the seawater at the
heat exchanger 1.

Water in the cyclone separator has a low temperature. Therefore, water with low temperature is
used as an air conditioner refrigerant. The cooling process will occur in the heat exchanger 2. At the
end of the process, the low temperature of the water will be utilized to condensed water vapor in a
condenser to produces aquadest. The water vapor that has condensed completely will be pumped
into the aquadest shelter. Meanwhile, the water will be discharged back into the sea with a low
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temperature so as not to damage the surrounding ecosystem. Below is an explanation of the
equation used for the theoretical calculations of the desalination systems.

In the pre-heating process, seawater will be flowed into intercooler 1, intercooler 2, and heat
exchanger 1 and can be formulated as the equation below.

CpWater (T4 - TS) = XVapor (hll - hlo) (1)
Cowater (T, —Ty) = XVapor (h; — he) (2)
Cowater (T3 -T,) = XVapor (hg — hs) (3)

Cpwater is @ water-specific heat capacity at constant pressure. The values of Ty, T2, T3, dan Ta are the
temperature in units of °C. The value of T4 is the temperature outlet of the heat exchanger 1, which
is variated in value. The temperature of seawater inlet (T1) assumes 32 °C. Xvapor is @ vapor phase
fraction of the steam. The value of the vapor phase fraction is the total value of mass flow being
reduced by the liquid phase fraction. The ratio of the vapor phase fraction to the liquid phase is
determined by the pressure in the cyclone separator.

After going through the throttling process, the water pressure will be drop 1 atm. In the throttling
process, the value of enthalpy when entering and exiting is the same. This condition can be stated in
the following equation.

hs = h (1 atm, T,) (4)

The pressure in the cyclone separator becomes a factor that changes the ratio between the
fraction of the vapor and liquid phases. The equation for the vapor and liquid phase fractions can be
written as follows

hs = XVapor ) h5,g + (1 - XVapor) ) h5,f (5)

hs 4 is a specific enthalpy for water vapor, the value of hg 4 is the the function of h,; (vapor enthalpy)
as a function of cyclone separator pressure. while hs r is a specific enthalpy for water, the value of
hs s is the function of h¢ (liquid enthalpy) as a function of cyclone separator pressure.

After the steam passes through the cyclone separator, it will be compressed to increase its
pressure. The goal is that when the temperature is condensed, it doesn't need to be too high. In this
desalination method, the compressor is combined with an intercooler so that the power required to
run the compressor is not too high. The intercooler here gets cooling from the seawater process,
which will be processed into aquadest. As a result of this intercooler, the compression ratio of the
value can be written with the equation

1

/3
P1o P1o [ 4] Ps
<—) = === = Rk,N (6)
Pcyc Do p7 DPcyc

Rk is the compression ratio value. N is the level of compression used so that in this case, 3 is used
because it uses 3 compressors. All of the pressure values in the equation below will be used to find
the enthalpy and entropy values needed to calculate the compressor power.

After obtaining all the values of enthalpy and entropy, the power of the compressor can be known
by using equations
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Pcomp 1= XVapor (hﬁ - h5,g) (7)
Pcomp 2 = XVapor (h8 - h7) (8)
Pcomp 3= XVapor (h1o — ho) (9)

The value of cooling heat is one of the factors that determine the value of specific energy
consumption. The cooling heat here is assumed as a magnitude to calculate how much heat is given
to cool a room. The value of the cooling heat is assumed using equations.

Qcooling = (1 - XVapor) * Chwater * (Ty5 — Tha) (10)

In the heat exchanger here, it is assumed to use heat exchangers, and the environmental air rises
following the heat given by water (refrigerant).

The first pump on this system was used to drain water from a cyclone separator to a heat
exchanger 2.

Ppump 1=(1-= XVapor) ’ (h14 - hS,f) (11)
Ppump 2 = XVapor (h13 - h12) (12)

The specific energy consumption (SEC) is an energy that is required per unit of mass to produce
the aquadest. The specific energy consumption here also takes into account the energy given to cool
the room as the excess of this desalination method. Assuming the COP value is worth 3.5, the SEC
can be known through the following equation.

Qcooling
(Pcomp 1+Pcomp 2+Pcomp 3+ Ppump 1+Ppump 2=—cop )

SEC =

(13)

XVapor
3. Results

The data obtained from the simulation results are processed into two graphical categories. Figure
2 shows the graphs of compressor pressure and cyclone pressure at certain energy consumption. The
specific energy consumption value is the total of all necessary power and heat supplied to cool the
room per unit mass of flowing water. All of the charts vary between compressor pressure, cyclone
pressure, and exit temperature of the first heat exchanger. On each graph, there are five curves
where each curve shows the variation in cyclon pressure. The cyclone pressure here is indicated by
temperature. This is done to make it easier to determine variations.

Figure 2(a), it can be seen that the value of specific energy consumption has an average of 508.45
k) / kg. The minimum specific energy consumption value is 324.92 kJ / kg by setting the compressor
pressure of 10 kPa, and the cyclone temperature of 2 °C. Meanwhile, the maximum specific energy
consumption value is 639.10 kJ / kg by setting the compressor pressure of 50 kPa, and a cyclone
temperature of 4 °C. The specific energy consumption values are seen to increase with cyclone
pressure and compressor pressure. Figure 2(b), the specific energy consumption value indicated has
an average value of 472.41 kJ / kg. The minimum specific energy consumption value is 287.90 kJ / kg
by setting the compressor pressure of 10 kPa, and the cyclone temperature of 4 °C. Meanwhile, the
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maximum specific energy consumption value is 606.45 kJ / kg by setting the compressor pressure of
50 kPa, and the cyclone temperature of 2 °C. The specific energy consumption value increases when
the compressor pressure value also increases. However, the energy consumption value decreases
when the cyclonic pressure value increases.
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Fig. 2. (a) Graph of Specific Energy Consumption Changes to 3™ Compressor Pressure and Cyclone Pressure
at T4 = 50 °C. (b) Graph of Specific Energy Consumption Changes to 3@ Compressor Pressure and Cyclone
Pressure at T4 =90 °C

It can be seen in the two graphs; the specific energy consumption value is always increased with
the increase in the compressor pressure value. However, the specific energy consumption value
decreases with the increase in the value of the cyclonic pressure. From all of these graphs, the lowest
consumption value is 287.90 kJ / kg, and the highest is 639.10 kJ / kg. So, it can be concluded that the
optimum value of this system is 287.90 kJ / kg, and the specific energy consumption value increases
with the increase in the compressor pressure value and decreases with the increase in cyclone
pressure and the first heat exchanger outlet temperature.

Figure 3 shows the effect of compressor pressure and cyclone pressure on cooling heat. The
cooling calorific value is the heat provided by the system to cool the room. All of the above variations
vary between compressor pressure, cyclone pressure, and exit temperature of the first heat
exchanger. The X-axis shows the compressor pressure in kilopascals, while the Y-axis shows the value
of cooling heat in kilowatts. On each graph, there are 5 curves where each curve shows the variation
in cyclonic pressure. The cyclone pressure here is indicated by temperature. Figure 3(a) it can be seen
that the heat value of the coolant has an average of 15.13 kW. The minimum value of cooling heat is
10.41 kW by setting the compressor pressure of 50 kPa, and the cyclone temperature of 4 °C. While
the maximum cooling heat value is 20.10 kW with a compressor pressure of 10 kPa and a cyclone
temperature of 2 °C. For each node, the value the cooling heat continues to decrease for the value
of cyclone pressure and compressor pressure. Figure 3(b), it can be seen that the average cooling
calorific value is 45.88 kW. The minimum cooling heat value is 41.14 kW by setting the compressor
pressure of 50 kPa, and the cyclone temperature of 4 °C. While the maximum cooling heat value is
51.01 kW with a compressor pressure of 10 kPa and a cyclone temperature of 2 °C. For each node,
the value the cooling heat continues to decrease for the value of cyclonic pressure and compressor
pressure. Seen in Figure 3, the value of cooling heat always decreases with the value of cyclone
pressure and stress. However, compared to the exit temperature of the first heat exchanger, the
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cooling rate always increases. The lowest cooling rate is 10.41 kW at a heat exchanger temperature
of 50 °C. While the highest cooling rate is 51.01 kW at a heat exchanger temperature of 90 °C. So that
the value of the cooling rate increases when the heat exchanger temperature increases.
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Fig. 3. (a) Graph of Cooling Heat Changes to 3™ Compressor Pressure and Cyclone Pressure at T4 = 50 °C.
(b) Graph of Cooling Heat Changes to 3™ Compressor Pressure and Cyclone Pressure at T4 = 90 °C

The optimal cooling heat value is at the compressor pressure value of 10 kPa, cyclone
temperature of 2 ° C, and the first heat exchanger temperature of 90 ° C of 51.01 kW. The trend of
changes in specific energy consumption is different from changes in the cooling rate. The change in
specific energy consumption tends to increase as the compressor pressure value increases and
decreases when the value of the cyclone pressure and the heat exchanger 1 heat outlet temperature
increases. Whereas the cooling change tends to fall as the cyclonic and compressor pressure values
increase, it increases with the increase in the first heat exchanger temperature value.

4. Conclusions

Overall, Based on the chapter results and the discussion, the desalination method can produce
the aquadest with low energy consumption. The renewable desalination method can produce the
aquadest and also cool the room by using cold water as a refrigerant. Cyclone pressure affects specific
energy consumption and cooling heat. The higher the cyclone pressure then the required specific
energy consumption tends to be lower, and the cooling heat is getting lower. The pressure of the
compressor also affects the specific energy consumption and cooling heat. The higher the cyclone
pressure then the required specific energy consumption is higher as well, but the cooling heat
obtained is lower. The optimum value of the specific energy consumption is 287.90 kJ / kg at a
compressor pressure value of 10 kPa, and a cyclone temperature value of 4 °C. The optimum value
of the system cooling heat, is 51.01 kW at a compressor pressure value of 10 kPa and a cyclone
temperature value of 2 °C. The effect of the cooling heat value significantly affects the specific energy
consumption required for this system.
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