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Abstract — Seawater holds immense potential as a water resource in the region; however, its high Total
Dissolved Solids (TDS) content—ranging from 35,000 to 45,000 ppm—renders it unsuitable for direct use.
According to the World Health Organization (WHO), potable water must have a TDS level below 500 ppm.
Consequently, desalination technologies have emerged to convert seawater into usable water. One such
method is Sea Water Reverse Osmosis (SWRO), which is implemented by a company located in the Badung
region of Bali. The SWRO initiative has received substantial support as a solution to address water scarcity,
prompting this study to analyze its operational performance as a reference for future developments. The
process begins with raw seawater undergoing pre-treatment, reverse osmosis, and post-treatment stages. A
process flow diagram is constructed to map the flow rate across components. The primary components of the
SWRO system are the High Pressure Pump (HPP) and the Reverse Osmosis (RO) membrane. The performance of
the HPP is evaluated based on the ratio between hydraulic energy output and electrical energy input, while the
Specific Energy Consumption (SEC) is calculated for the pump components throughout the process. For the RO
membrane, the focus is placed on recovery rate and reflux ratio. The results show that the HPP achieves an
efficiency of 74%, compared to the standard value of 78%. The system’s SEC is 2.58 kWh/m?, which lies within
the acceptable range of 2.5-4.0 kWh/m?3. The membrane demonstrates a recovery rate of 47%, aligning with
the standard range of 40-50%, and a reflux ratio of 1.06, slightly below the optimal range of 1.2—-1.5.
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1 Introduction ranging from 35,000 to 45,000 ppm—far exceeding the
World Health Organization (WHO) recommended limit
for drinking water, which is below 500 ppm. Consuming
untreated seawater poses significant health risks,
including cellular dehydration, kidney dysfunction, and
mineral toxicity [2].

Seawater desalination technologies have emerged as
a critical solution, with Reverse Osmosis (RO) being the
most widely adopted method, accounting for
approximately 65% of installed desalination systems. RO
works by applying external pressure to force seawater
through a semi-permeable membrane, which filters out
salts and other impurities [3]. In response to growing
demand, dedicated seawater desalination companies
utilizing Sea Water Reverse Osmosis (SWRO) systems

The demand for clean water continues to rise due to
population growth, industrialization, and climate
change, which exacerbates drought conditions in various
regions. Although approximately 70% of the Earth's
surface is covered by water, not all of it is suitable for
use. Earth's water resources consist of seawater, surface
water (such as lakes and rivers), and groundwater [1].
Seawater accounts for about 97% of the total water on
Earth, yet it is not directly consumable due to its high
Total Dissolved Solids (TDS) content.

TDS refers to the concentration of all dissolved
substances in water, including mineral ions, inorganic
salts, and dissolved organic matter. Seawater typically
contains a high salt concentration, with TDS values
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have been established.
1.1 Sea Water Reverse Osmosis (SWRO)

SWRO is a desalination unit system designed to purify
seawater through membrane-based filtration. Key
performance indicators for SWRO systems include the
feedwater pressure generated by the pump and the
pressure of the water entering the membrane module
[4].

In SWRO systems, seawater is pressurized and forced
through semi-permeable membranes that effectively
remove salts and contaminants. However, this process is
energy-intensive, with the High-Pressure Pump (HPP)
accounting for approximately 50-70% of the total energy
consumption [5]. Broadly, the SWRO process consists of
three main stages: pre-treatment, reverse osmosis, and
post-treatment.

OuTPUT

WASTE

Figure 1. lllustration of the process stages in the SWRO system

Pipping and Instrumentation Diagram for SWRO system

nthara SZS | Evaluasi Kinerja Pompa dan Intensitas Konsumsi Energi (IKE

st Sea Water Reverse Osm SWRO)

Figure 2. PNID Diagram of SWRO System

1.2 Pre-Treatment in SWRO

The pre-treatment stage encompasses the intake unit
system, which extracts seawater from wells and
performs initial filtration to remove large particulates
such as sand or shells that could damage equipment.
The water then flows into a multimedia filter, which
removes particles such as sand, silt, and sediment down
to sizes of 10-50 microns [6]. This is followed by a
cartridge filter, which further refines the filtration to 1-5
microns. At this point, the flow is divided, with a portion
directed to the Energy Recovery Devices (ERD) and the
rest to the High-Pressure Pump (HPP). The flow directed
to the ERD is used to drive a turbine that shares a shaft
with a recovery pump. Meanwhile, the flow directed to
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the HPP continues into the reverse osmosis stage.

1.3 Reverse Osmosis in SWRO

After being routed to the High-Pressure Pump (HPP),
the water is pressurized to exceed the osmotic pressure
required for membrane separation. This pressure
depends on factors such as temperature and TDS
concentration. According to the Van’t Hoff equation, the
osmotic pressure for water at 29.2°C with a TDS
concentration of 10,800 mg/L is approximately 4.3 bar.

In practical applications, the system pressure is
typically set at 2-3 times the theoretical osmotic
pressure to ensure effective separation. For seawater
with 35,000 mg/L TDS, this would normally require
pressures between 30-50 bar. Given the actual TDS of
10,800 mg/L (around 30% of standard seawater), the
calculated pressure requirement becomes approximately
9.89 bar. However, the HPP still operates within the
standard range of 30-50 bar to ensure membrane
efficiency.

The pressurized feedwater is then passed through RO
membranes. These semi-permeable membranes used in
commercial systems are multilayered, consisting of a
thin active polymer layer (50-200 nm thick) supported
by a porous polysulfone-based substrate. The active
layer functions as a selective barrier, allowing water
molecules to pass through while effectively rejecting
dissolved ions [7].

The portion of the water that meets clean water
standards defines the recovery rate (the ratio of
freshwater output to seawater input). The membrane
output is divided into product water and stream for
further treatment. This subsequent treatment stage
determines the reflux ratio—the proportion of permeate
that is either sent to the ERD or discharged. Typically,
around 40% of the RO membrane output is discharged,
while the remainder is directed into a pump co-shafted
with a turbine, which is driven by the flow from the
cartridge filter outlet.

1.4 Post-Treatment in SWRO

The water exiting the Reverse Osmosis (RO) system
after desalination is referred to as brine or concentrated
saline water. This brine contains a significantly higher
salt concentration compared to the original seawater. A
brine injection system is employed to manage and
discharge this byproduct safely and in an
environmentally responsible manner, with the final
disposal typically directed back into the ocean.

Meanwhile, the product water—deemed suitable for
use—exhibits key characteristics aligned with potable
water standards, including a Total Dissolved Solids (TDS)
level below 500 ppm, in accordance with the World
Health Organization (WHO) guidelines for safe drinking
water. The treated water also maintains a pH level within
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the range of 6.5-8.5, ensuring a neutral profile that does

not cause irritation or unpleasant taste upon
consumption.
Additionally, the water is free from harmful

contaminants such as heavy metals (e.g., lead/Pb,
mercury/Hg, arsenic/As), pathogenic bacteria (e.g.,
Escherichia coli), and microparticles larger than 0.0001
pm, due to the ultra-fine filtration capabilities of the RO
membrane. The system is also equipped with dedicated
storage tanks and transfer pumps designed to preserve
the water’s quality during distribution and handling [8].

R

Figure 3. Isometric Diagram of SWRO System

2 Methodology and Scope

This study aims to serve as a reference to support the
development of Sea Water Reverse Osmosis (SWRO)
systems in response to increasing demands for clean
water. The key evaluation points include:

1. Pressure requirements of the SWRO system

2. Performance of the High-Pressure Pump (HPP),
including efficiency and Specific Energy
Consumption (SEC)

3. Performance of the Reverse Osmosis (RO)
membrane, focusing on recovery rate and
reflux ratio

The analysis was conducted through the following
stages:

1. Preliminary study

2. Field visit

3. Data collection and measurement of existing
conditions

4. Performance analysis

The scope of work covers:

1. Identification of the electrical system of the
pump

2. Measurement of flow rate, pressure, and
temperature

3. Data validation and verification

Pump evaluation was conducted using reference data
from the FEDCO MSS-40 model pump, which has a
nominal efficiency of up to 78%, and a Specific Energy
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Consumption (SEC) standard for SWRO systems
equipped with Energy Recovery Devices (ERD) ranging
from 2.5 to 4.0 kWh/m?3 [9]. For the RO membrane, the
standard recovery rate is 40-50% and the optimal reflux
ratio ranges from 1.2 to 1.5 [10].

2.1 Pump Performance Evaluation
The following parameters were measured to assess
pump performance:

1. Suction and discharge pressure (P) and flow
rate (Q)

2. Ambient temperature

3. Power consumption of the High-Pressure Pump
(HPP)

4. Total power consumption of the overall SWRO
pumping system

5. Type of suction and discharge pipes

6. Diameter of suction and discharge pipes (D)

7. Length of suction and discharge pipes (L)

8. Minor head loss coefficients for pipe fittings
and components

Further computations require the following

parameters:

1. Cross-sectional area of the pipe

2. Fluid flow velocity

3. Friction factor (Ff),
which is obtained by interpolation using the
Moody diagram, based on the relative pipe
roughness and Reynolds number [11].

4. Relative roughness (¢/D)
The relative roughness (¢/D) is a measure of the
internal surface roughness of the pipe relative
to its diameter and is obtained from the /D
diagram. This value is essential for determining
the friction factor (f), typically estimated
through interpolation on the Moody diagram,
based on both the relative roughness and the
Reynolds number [11].

5. Reynold Number (Rn)
The Reynolds number is a dimensionless value
used to determine the flow regime of a fluid—
whether it is laminar (smooth and orderly) or
turbulent (chaotic and mixed).

6. Kinematic Viscosity
The kinematic viscosity of seawater is obtained
from thermodynamic water property tables,
with adjustments made based on the TDS (Total
Dissolved Solids) concentration of the
seawater.

7. Major Head Loss

Major head losses arise from friction along the
length of the pipe. The key influencing variables
include pipe material (roughness), pipe length,
pipe diameter, and fluid viscosity [12]. The
major head loss is calculated using the Darcy-
Weisbach equation:
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Hlmayor D2g

Where:

f = friction factor

L = pipe length (m)

v = fluid velocity (m/s)

D = pipe diameter (m)

g = gravitational acceleration (m/s?)

Minor Head Loss

Minor losses result from flow disturbances due
to fittings, valves, bends, and other
components in the piping system [13]. These

losses are computed using:

2

2g

Hlinor = (2)
Where:

k component loss coefficient (specific to
fittings and valves)

v = flow velocity (m/s) [13]

Effective Head of Pump Installation

The total effective head required by the pump
installation incorporates pressure differences,
elevation differences, velocity changes, and
total head losses:

Pg—Ps
+hg +
” 9

vd?-vs?
29

Hopp = + Y HI (3)
Where:

P4 = discharge pressure (Pa)

Ps = suction pressure (Pa)

y = specific weight of the fluid (N/m3)

Hg = elevation difference between suction and
discharge points (m)

V4 = velocity at discharge (m/s)

Vs = velocity at suction (m/s)

SHi=sum of major and minor head losses (m)

2.2 Key Pump Performance Calculation Parameters

1. Hydrolic Energy
W =yxQxHgys (1)
2. High-Pressure Pump Efficieny
— _YxQxHerr
n_ﬁxVxIxcos(D @
3. Specific Energy Consumption (SEC)

Input Energi Listrik (kWh)
Output Produk (m3/hr)

IKE (kWh) —

m3

2.3 Key Performance Evaluation RO Membrane
Recovery Rate

(4)

te water (1)
ermeate water (—.
(” AT ) x100%

feed water (%)
Reflux Ratio

. m3
Recycle brine water (F)

. om3
Wasted brine (F)
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3 Tables and Result

3.1 Measurement and Calculation Data
Table 1. Existing Pipe Profile Data

Pipe D Am? L(m) V(mls)
(inch)
Suction 3 0,004558 24 2,53
Discharge 3,14 0,005024 0,8 2,30

This table presents measurements focused on the
pipe segments connected to the pump. The suction side
uses PVC piping, while the discharge side is constructed
from duplex stainless steel (DUPLEX SS).

Table 2. Minor Head Loss Component Data

Components  Coefficient Pcs Value
Gate valve 0,15 2 0,3
Elbow 0,75 1 0,75
Flange 0,20 1 0,2
Tee 0,15 3 0,45
Total 1,7

The data was obtained through visual inspection
along the pipeline, analyzing losses caused by individual
components.

Table 3. Interpolated Data for Supporting Parameters

Pipe e/D V Rn Fr
(x10% (x107)  (x10%

Suction 5 9,38 20,5950 0,013

Discharge 59 9,38 29,5988 0,02

These values were obtained by approximating the
available data using standard diagrams and tables,
including the Moody diagram, thermodynamic property
tables, and engineering tolerances.

Table 4. Measured Data of the SWRO System
Date: 05 November 2024

Input P (bar) 2,55 2,55 2,56
HPP Q(m¥hr) 416 425 40,3
Output P (bar) 31,9 317 31,8
HPP Q(m¥hr) 416 425 40,3
Rec. P (bar) 21,9 219 21,9
RO Q(m¥hr) 416 425 40,3
Output P (bar) 306 314 30,5
ERD  Q(m¥%hr) 21,3 195 20,8
Water P (bar) 14 14 1,4
output  Q (m%¥hr) 21,6 20,9 22,5
Waste P (bar) 1,10 1,10 1,10
Brine Q (m%hr) 20,3 23,0 19,5
Pump kw 46,3 46,4 46,3
E.

System MWh 1192, 1192,73 1192,77
E. 68

The actual data were collected five times per day,
recorded on an hourly basis. Only the initial and average
values are presented here. This dataset focuses on fluid
pressure and flow rate, as well as electrical power
consumption of the pump. These are referred to as
primary data, which will be used to derive secondary
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data through calculations.

Secondary data are calculated from the primary data
and serve as input to obtain more accurate insights. The
final results, referred to as tertiary data, represent
performance indicators that determine the overall
effectiveness of the system components.

3.2 Data Result

Table 5. Calculated Pump Performance Data

Head Loss Mayor

Suction 0,013 m
Discharge 0,054 m
Head Effective Installation Pump
292,87 Meter
Pump Hydrolic Energy

33.987,35 Kg.m?/s?
Pump Efficiency

73,04 %
Specific Energy Consumption (SEC)
2,58 kWh/m?®

These values represent the final results analyzed to
evaluate the component performance in accordance
with the study objectives.

4 Report and Analysis

The pump used as the High-Pressure Pump (HPP) is
the FEDCO-MSS-40. According to its specifications, it can
achieve an efficiency of up to 78%, whereas the
calculated efficiency in this study was 73.04%, indicating
a decrease of approximately 4.96%. This performance
level aligns with the pump’s operating flow rate, where
the average measured flow is 41.59 m3/hr—within the
pump’s specified range of 20-50 m3/hr.

Based on the ASME PTC 8.2-1990 industry standard
for centrifugal pumps, an efficiency drop of less than 5%
is generally still considered acceptable. Therefore,
immediate corrective action on the pump is not deemed
necessary [14].

The SEC (Specific Energy Consumption) value of 2.58
kWh/m?3 indicates the amount of electrical energy used
to produce each cubic meter of permeate water from
the SWRO system. This value is relatively high,
considering that efficient SWRO systems typically have
SEC values ranging from 2 to 4 kWh/m3, depending on
the design, operating pressure, pump efficiency, and the
use of Energy Recovery Devices (ERDs). In utility-scale
systems, the SEC typically approaches 2 kWh/m? due to
higher demands for clean water [15].

This SEC value is based on electricity consumption by
the pumps involved in the process. A total of six pumps
are used, with one of them—part of the ERD—not
included in the SEC calculation. The pumps consuming
electricity include the intake pump, cartridge pump,
High Pressure Pump, booster pump, and product pump.
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Figure 4. Flow Distribution in the SWRO System

The figure illustrates the actual flow distribution at
each stage of the SWRO system. The data accompanied
by pressure values were obtained from direct
measurements, while the rest are based on theoretical
calculations. To simplify the illustration, the values are
presented in the following percentages:
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Figure 5. Flow Distribution in Percentage

The figure shows that when seawater first enters the
High-Pressure Pump (HPP), it is not at maximum flow
rate. The maximum flow is achieved when the flow from
the HPP combines with the flow resulting from the
recovery rate—after the booster pump.

A recovery rate of 47% in the SWRO system is
considered normal and aligns with standard design
values. For seawater, recovery is typically maintained
between 35% and 50% due to the following reasons:

1. High Salt Concentration
Higher recovery leads to increased salt
concentration in the brine, which can raise
osmotic pressure and heighten the risk of
membrane fouling or scaling.

2. Membrane Protection
Keeping recovery below 50% helps extend the
lifespan of RO membranes and prevents
damage from excessive pressure and ion
concentration.

3. System Efficiency

A 47% recovery rate indicates that the system
operates efficiently without overburdening
performance, which could lead to high
operational costs.

The reflux ratio of 1:2.06 means that for every 1 part
of product extracted from the system, approximately
2.06 parts are returned into the process. In the context
of distillation or separation systems, this is considered
moderate and indicates reasonably good efficiency [15].
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Adequate reflux helps increase product purity, but it
also adds to energy demand and circulation load. The
value of 2.06 reflects a balance between separation
efficiency and energy consumption, making it acceptable
and suitable for many industrial separation systems such
as desalination or chemical purification.

5 Conclusion

1.

3]

(4]

The minimum pressure required for the SWRO
system to operate is 9.89 bar, while the actual
operating pressure reaches 30 bar. This indicates
the system’s effectiveness in reducing TDS levels
and other dissolved substances. With an initial
flow rate of 50 m3/hr—which decreases as it
passes through system components—the
resulting recovery rate is 47%, aligning with the
design standard range of 40-50%. The reflux
ratio is 1:2.06, which is slightly below the optimal
range of 1.2-1.5, but still within acceptable
limits.

The High-Pressure Pump (HPP), as one of the
system’s core components, has a specified
efficiency of 78%, while the measured efficiency
is 74%. Although this shows a slight reduction, it
remains within the acceptable tolerance range.
The HPP accounts for approximately half of the
system’s total electricity consumption—4.6 kWh
out of 5.5 kWh. As a result, the Specific Energy
Consumption (SEC) is 2.58 kWh/m3, which falls
within the standard range of 2.5-4.0 kWh/m? for
SWRO systems equipped with Energy Recovery
Devices (ERD). The calculated SEC focuses on the
five electrically powered pumps, excluding the
one pump that operates via ERD assistance.
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