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Abstract— Lack of fresh drinking water in isolated communities
is one of the common problems around the world. The
availability of pure drinking water is only 0.5% of total
freshwater demand. The fresh drinking water situation in
Bangladesh is alarming especially in isolated regions. Most of the
isolated and rural regions are using underground water for
drinking and cooking. However, the majority of the underground
water TDS level is as high as 2000-7000 mg/l, which is really
harmful to human health as allowable limit is 1000 mg/l. To
address this issue, a small pure drinking water system is
proposed that uses available solar energy. The system is designed
with reverse osmosis process for rural or isolated communities to
facility he pure drinking water demand in the regions. The
renowned island Sandwip has been chosen to implement the
system as it is one the isolated region's in Bangladesh. It was that
the water purification cost of the scheme becomes as low as
$0.002/litre, which is cost-effective than present existing pure
drinking water system in Bangladesh. The cost of electricity
found to be as low as $0.13/kWh for evening lighting.
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I. INTRODUCTION

About 97% of the world's water is highly saline water [1] and
only 0.5% of the total global water is fresh drinking water.
Pure drinking water crisis is one of the major crisis in
Bangladesh, whereas it is in a very alarming condition for
coastal and isolated regions. About 45 million people are
living in those coastal and isolated regions. [2]. Majority of
the people in those areas drink underground water using tube-
well, which has TDS around 2000 to 5000 mg/l making the
under-ground water brackish saline water [1]. According to
the World Health Organization (WHO), the total dissolved
solids (TDS) limit is up-to 500 mg/1 for drinking water and for
special cases like coastal, isolated regions it may be allowed
up-to 1000mg/l [2]. To overcome the pure drinking water
crisis, several options are available all around the world such
as Membrane distillation (MD), Multi-stage flashing (MSF),
reverse osmosis and Multi-effect distillation (MED) [3].

Electricity and pure drinking water are very crucial basic
requirements for a human. Many countries are suffering from
the shortage of natural fresh drinking water along with
electricity for their remote regions. Increasing amounts of
fresh water demand will be required in future because of
rising of populations and enhanced living standards in
everywhere. Developing countries like Bangladesh is facing
this situation. On the other hand, the present power

generation situation in Bangladesh is not sustainable, about
80% of total population access electricity [4]. But most of
those populations are urban peoples, however rural or isolated
peoples didn’t access those facilities. Nowadays, the total
power generation in Bangladesh approximately 11,143MW [5]
which is not sufficient to fulfil the total demand. On the other
hand, most of the power generation stations are based on
fossil fuel [6] which are going to be diminished soon. So,
Renewable energy, especially the solar energy is the best
solution for the new electricity requirement.

Solar PV, Wind, biomass, biogas, hydro is suitable for
alternative energy. Solar PV is the most potential system for
Bangladesh because of the sunshine hours is about 6-8 hours
and solar radiation is approximately 4.67kWh/m?/day in
almost all areas in Bangladesh [7]. The reverse osmosis
purification system is the low cost, efficient system for water
purification. On the other hand, other systems are expensive
and difficult to maintain than reverse osmosis system [8].

In this work, a pure drinking water system is proposed using
solar energy which helps to fulfil the pure drinking water
requirement in isolated or rural region in anywhere in
Bangladesh. The Sandwip Island was chosen for the case
study.

II. PROPOSED PURE DRINKING WATER SYSTEM

A small pure drinking water system has been proposed that
includes a few parts. The details are discussed in the following
subsection.

A. Proposed System

To establish a pure drinking water system, Reverse osmosis
process is the most efficient system for isolated or rural
communities. Electricity is the prime requirement to operate
the system. Moreover, solar PV system is the most convenient
system for isolated regions power generations.

TABLE 1. SYSTEM COMPONENT SPECIFICATION

Items Capacity
PV Panel 400Wp
Battery 2kAh
Charge Controller 500W
HP Pump (DC) 125W
RO Membrane 1
Pre-treatment filter 3

Post- treatment filter 2
Storage Tank 200litre
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The proposed system consists of Solar panel, Battery bank,
charge controller, high pressure (HP) pump, 3 pre-carbon
filter, RO membrane, 2 post-carbon filter and a storage of pure
drinking water in which is represented in Table 1. Fig. 1
shows the system block diagram.
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Fig. 1 Block diagram of the pure drinking water system.

B. Proposed Water Demand Profile

At the initial stage, Twenty (20) families selected for
designing the system. All family has five (5) members in
averages. Therefore, the system is mainly for 100 persons.
World health organization (WHO) told that a person required
2 litre water in a day for drinking [3]. Therefore, the projected
demand will be 200litre of water per day. The proposed
system is produced 20 litre per hour. The operational time of
the system is 10hr per day. In the proposed system, the require
HP pump power is 125W, and the operating time is 10
hours/day. So, daily electricity demand is 1.3kW/day which
will briefly discussed in Section IV.

C. Site Selection for the Study

Sandwip is one of the isolated islands in Bangladesh which is
totally isolated from the mainstream, however, belongs to
Chittagong district [9]. It is located at a coastal area of

Bangladesh being in 22.28' 04" north latitude and 91.27' 22"
east longitude [10]. Fig. 2 illustrates the proposed location of
Sandwip. The communities of this island have not access to
electricity, pure drinking water and other basic amenities.

Santoshpur

ST IFAF

Amanullah

. Gasua
Kalapania

Bauria

Haramia ?
Sandwip

Musapur

Sandwip

Rahmatpur
Mangrove
Forest

Azimpur

ITI.SIMULATION & OPTIMIZATION OF THE SYSTEM

Magdhara
Maitbhanga

Sarikait

Fig. 2 Proposed location in sandwip

For design, simulation, optimization and calculation, two
software have been used. These are HOMER for solar PV
system and Cost calculation and the other one is Toray for RO
purification system optimization [11-12].

A. Reverse Osmosis purification System Design

The reverse osmosis process is the most common and cost-
efficient process for saline water purification because it can
recover approximately 30-70% saline-water [13]. The
proposed region’s water (TDS) is 3887mg/l. The initial
simulation parameters of RO system present in Table 2. which
may recover 60% of input water.

TABLE 2. RO PURIFICATION SYSTEM INPUT SPECIFICATION

Supply Water 33.34litre/hr
TDS 3887mg/l
Temperature 25°C
Recovery Rate 60%
PH 6.5-8.5

A. Solar PV System Design

Solar energy is the most economical and alternative electricity
generation system for remote or isolated communities. Solar
panel converts sunlight into electricity as a direct current
power and the power is stored in battery as a supplementary
source. The electricity will be mainly used to fulfil the
requirement of electricity for underground tube-wall water
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purification. The proposed PV system model and system
specification are represented in Fig. 3 and in Table 3.

TABLE 3. PV CELL SPECIFICATION

Solar Panel 0.4kW,
Panel Lifetime 25 years
De-rating factor 80%
Slope 23°
Ground reflectance 20.0%

HP Pump
1.3 kwhid
125 peak

OC

Fig. 3 Solar PV system model
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Fig. 4 Solar radiation by NASA for Sandwip
According to NASA'’s reports, the monthly average solar

radiation in Sandwip is about 4.76kWh/m?/day and average
clearness index is 0.510 [14] which showed in Fig. 4

IV. RESULTS AND DISCUSSIONS OF THE SYSTEM

The section has two subsections such as RO purification
system and solar system output subsection.

A. RO Purification System Output

The projected target of the system is to produce 20L/hr fresh
drinking water and total 200L water in a day. After simulating
and optimizing all the parameters, the purified water has TDS
of 233mg/l which comply WHO and Bangladesh drinking
water standard [3, 15]. It has been found that pump size is
0.125kW with total power consumption of 5.8kWh/m?. Fig. 5
and Table 4 shown the system flow diagram and output water
quality respectively.
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Fig. 5 RO purification system flow diagram

TABLE 4. RO PURIFICATION SYSTEM RESULT

Raw water 33.34L/hr
Target water 20L/hr
Concentrate water 13.33L/hr
Raw water TDS 3887mg/l
Fresh water TDS 233mg/1

Concentrate water TDS 11935.80mg/1

Required HP Pump (DC) 0.125kW

Total Pump Consumption 5.8kWh/m?*

A. Solar System Output

It was fund that the required high pressure (HP) pump size is
0.125kW and the operation time of the system is about 10
hours/day. After details calculation, it was found that 400W,
solar panel is needed to operate the system properly. The
mean electricity production of the system is 1.65kWh/day and
total electricity production is 602kWh/year which is
represented in Fig. 6 and Table 5. The system has satisfied the
power requirement of the system which is 1.3kWh/day
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Fig. 6 Monthly electricity production from PV system

TABLE 5. SOLAR POWER OUTPUT

PV Panel capacity 0.4kW,

Average Electricity 0.07kW
Mean Electricity 1.65kWh/d

Capacity factor 17.4%

Total Electricity 602kWh/yr
Electricity Consumption 474kWh/yr
Excess Electricity 95.7kWh/yr
Total operation Hours 4372hrs/yr
Levelized cost 0.05$/kWh

B. Cost Analysis of the System

The initial cost (capital cost) of the system is high compared
to present existing water purification system. However, the
initial cost is $940 for 25 years and the replacement cost of the
system is about $1183 (app.). Every 5 years, the battery will
be replaced and RO Membrane needs replacement in 18-24
months duration. Moreover, the pre and post-treatment filters
need replacement in 3-6 months. The total cost of the system
is $2384 and unit cost of energy and water details are shown
in Table 6 and 7 and in Fig. 7. The total maintenance cost of
the system is $7.8/yr. and the cost of water is $2.06/m?, which
is much cheaper than the other counterparts [16].

TABLE 6. TOTAL COST OF THE SYSTEM [17]

Items Capital | Replacement | Maintenance

PV Panel $280 $75 $50

Battery $260 $308 $50

Charge Controller $40 $00 $00

Pump $100 $00 $00

RO Membrane & $240 $800 $95
filters

Water Storage $20 $00 $00
Tank

Total $940 $1183 $195

Fig. 7 Cost analysis for 25 years

The electricity cost of the system is $0.13/kWh (or
10.4BDT/kWh) which is cost-effective than quick rental
power (HFO) plants (around $0.33/kWh or 26.57BDT/kWh),
Wind power plant (around 70BDT/kWh or $0.88/kWh) and
Diesel power plants (around $0.39/kWh or 31.03BDT/kWh)
in Bangladesh according to the latest Bangladesh power
development board annual reports in 2016-17 [18].

TABLE 7. OVERALL SYSTEM SUMMARY

Net Presents Cost $2384
Levelized Cost of Electricity $0.13/kWh
Levelized Cost of Fresh Water $2.06/m?
Operating Cost of the System $7.8/yr

V. CONCLUSIONS

In this work, investigation of the underground water
purification system that uses reverse osmosis process with the
help of solar photovoltaic energy for isolated communities in
Bangladesh has been executed upon optimization in both
HOMER and Toray Software. The main target of this work is
to bring out a cost-efficient system for fulfilling the isolated
communities pure drinking water demand. It has been clearly
identified that most of the coastal and isolated region's
underground water in Bangladesh is brackish, which has 2000
up-to 5000mg/l salinity. The predicted water has 233mg/l
salinity that fulfils the national and international (WHO,
Bangladesh standard) drinking water standard. In this
simulation, the water purification cost was found $0.002/litre
(or 0.016BDT/litre), which is really low compared to the
bottled water system that are around $0.025/litre or
2.0BDT/litre in Bangladesh. Moreover, the electricity cost of
the system was found to be $0.13/kWh from the solar system,
which accredits it as an economically viable solution as
compared to other power generation systems available in the
region.
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