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Abstract 
Chronic Kidney Disease with unknown etiology (CKDu) is one of the crucial 
health issues in North Central, Uva, North Western, North, Central, and 
Eastern Provinces of Sri Lanka and incapacitates the kidney function. The 
main source for the CKDu has not yet been identified, though many scientists 
believed that the number of certain drinking water quality parameters is 
changed due to the contamination of water sources by agricultural activities. 
Hence, the government of Sri Lanka introduces electrically driven Brackish 
Water Reverse Osmosis (BWRO) plants with a capacity of 10 tones/day to 
supply safe drinking water for the impacted community though it is an ener-
gy-intensive process. Concurrently, a smaller version of an electrically driven 
BWRO plant was introduced to the rural farming community for their do-
mestic use. However, it was not practically worked out due to various reasons 
such as high cost, unavailability of electrical power supply for those villages. 
In this study, an economical air operated domestic use BWRO plant with ze-
ro-emission was designed. This anticipated system significantly reduces the 
government expenditures to subsidize the water purification cost by 50% of 
the existing expenses. Besides, simple payback time was found to be 2.5 years, 
and the benefit-cost ratio to be more than 1. Evaluating the performance with 
the conventional values, it comprehends with more sustainable and econom-
ically viable system compared to the existing method of water purification. 
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Unknown Aetiology, Safe Drinking Water, Sri Lanka 

 

1. Introduction 

The honored history of Sri Lanka reveals that the nation is very strong and 
healthy at all times, with maintaining a spirit of traditional life style and 
self-sufficient economy. Though, today a society becomes complex and the life 
style is deteriorating due to various health hazards such as communicable dis-
eases and non-communicable diseases. The Chronic Kidney Disease of unknown 
etiology (CKDu) is one of the major non-communicable diseases in health sector 
that is prevalent in North Central, Uva, North Western, North, Central and East-
ern Provinces of Sri Lanka [1]. In addition, some of the CKDu cases have been 
recorded in Hambanthota district of Southern Province (Figure 1). The significant 
root for the CKDu has not yet been recognized [2]. However, it is believed  
 

 
Figure 1. Chronic kidney disease of unknown etiology impacted areas. (lankaweb.com, 
2016). 
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that changes in certain number of drinking water quality parameters due to 
contamination of water sources by agricultural activities can be one of the roots 
for the CKDu [3]. Thus, the government of Sri Lanka realized the importance of 
supplying safe drinking water as an appropriate method to curtail the spread of 
the disease.  

Brackish Water Reverse Osmosis (BWRO) is an advanced water filtration 
method which utilizes for purification of brackish water into safe drinking water. 
The wide-ranging BWRO plants are encompassed with pre-treatment process, 
membrane filtration technique, post treatment process and cleaning cycle to 
provide safe drinking water. At present 1800 electrically driven BWRO plants 
with an individual capacity of 10 tons per day (10 TPD) have been established in 
CKDu impacted villages to supply safe drinking water by Sri Lanka Navy (SLN) 
and National Water Board, Sri Lanka. However, a major drawback of these ex-
isting BWRO plants is that the recovery ratio of purified water is limited to 50% 
and it is insufficient as compared to availability of ground water yield at a dry 
zone of the country. Further, distribution of safe drinking water is restricted to 
20 liters per day per family and therefore, in some cases they may have to walk 
longer distance to access the BWRO water. Moreover, a smaller version of do-
mestic use electrically driven BWRO plant was also introduced to the rural far-
mer community for their domestic use. However, it did not practically work out 
due to various reasons such as high cost, unavailability of electrical power supply 
for those villages [4]. 

Energy consumption is one of the major cost components of existing BWRO 
purification processes. Therefore, a wide variety of experimental investigations 
have been carried out during this study to introduce renewable energy based 
BWRO applications to eliminate the dependence on fossil fuels and simulta-
neously to reduce the operational cost [5].  

2. Methodology 

This study is comprised of four major components which include assessment of 
the water consumption by CKDu impacted community and cost, calculation of 
manufacturing and maintaining the cost of hand pump integrated air operated 
domestic use BWRO plant (Figure 2), electrically driven BWRO plant with ca-
pacity of 10 tones/day (Figure 3(a)), and electrically driven domestic use BWRO 
(Figure 3(b)). 

2.1. Designing of an Air Operated Domestic Brackish Water  
Reverse Osmosis Plant (AO-BWRO) 

This prototype AO-BWRO plant is comprised of carbon filter, sand filter, car-
tridge filter, membrane, stock tank, gate valves, non-return valve, tap and pres-
sure gauge. In addition, the AO-BWRO system is encompassed with a specially 
made raw water tank with a capacity of 25 L that is pressurized by a hand oper-
ated air pump. The experiments were conducted at the ambient temperature of 
35˚C with a fully operational mode to produce safe drinking water. The AO-BWRO  
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Figure 2. Air operated domestic use brackish water reverse osmosis plant.  

 

 
Figure 3. (a) Electrically driven brackish water reverse osmosis plant (10 TPD), (b) Do-
mestic use electrically driven brackish water reverse osmosis plant installed in KDU. 
 
system was comprehended with poly vinyl chloride (PVC) flexible pipes which is 
able to sustain with 10 bar pressure. A separate stock tank with a 7 L capacity 
was fixed to the newly designed AO-BWRO system for the storage of purified 
water. A flow restrictor was incorporated with the BWRO membrane to optim-
ize the system pressure. A stainless-steel tap was amalgamated with stock tank 
by PVC flexible pipes (Figure 2). 

2.2. Operational Procedure of the AO-BWRO 

According to Figure 4, all gate valves should be closed except the filling valve no 
1 to ensure the feed water flow through the cartridge filter, sand filter and car-
bon filter finally to fill the newly designed raw water tank no 6 with a maximum 
20 L of water as in the first step. A conventional pretreatment procedure was 
adopted to this filtration system and maintained less than 1 bar pressure dur-
ing feed water operation. Then, all the filling valves of raw water tank were 
closed and only the air filling valve no 9 was kept open. Air pumping up  
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Figure 4. Schematic of air operated BWRO plant. 

 
to 4 bar was done by the hand pump. Subsequently, the outlet valves no 12 of 
pressure tank was opened to allow the feed water to flow through a membrane to 
stock tank. Finally, safe drinking water can be accessed through a separate tap. 
In this experiment, a number of feed water samples were tested through this 
novel AO-BWRO plant. The obtained outcome of the drinking water quality was 
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met with Sri Lanka Standards (SLS) requirements. This air operated domestic 
BWRO plant is sufficed with a capacity of 50 L per day.  

2.3. Cost Analysis 

The comprehensive cost and financial analyses were carried out based on the net 
present value (NPV), simple payback period (SPP), and internal rate of return 
(IRR) of the project. 

( )0NPV
1

n t
tt

R
i=

=
+

∑                          (1) 

where, Rt—Net cash inflow-outflow during single period t; 
i—discount rate or return that could be earned per unit of time on an invest-

ment with similar risk; 
t—number of time periods. 

3. Results 

Feasibility and benefits of the novel AO-BWRO design were evaluated base on 
the following criteria; cost for manufacturing and shelter, maintenance, water 
recovery ratio, cost for product water, simple payback period. The cost of prod-
uct water from all three BWRO plants was calculated and compared to recognize 
the viability of the proposed AO-BWRO system for the rural community in 
CKDu impacted areas for the supply of safe drinking water to combat disease 
prevalence. Results of the cost analysis showed that AO-BWRO plant has low 
cost for the manufacturing the plant, cost of product water and shorter SPP as 
compared to that of Electrically driven BERO plant with the similar capacity of 
annual water consumption (Table 1).  

Quality of seven major parameters in water samples obtained from 10 TPD 
BWRO Plant, electrically driven BWRO Plant and AO-BWRO plant were ana-
lysed based on SLS 614. Results of water quality parameters of water samples 
from 10 TPD Electrically BWRO Plant and electrically driven domestic use 
BWRO Plant are presented in Table 2 and Table 3 respectively.  

Results of the water quality parameters of product water sample obtained from 
AO-BWRO Plant are given in Table 4. Further, three types of BWRO plants 
 

Table 1. Comparison of the cost for manufacturing and maintenance of three different brackish water reverse osmosis (BWRO) 
plants.  

Types of BWRO 
plant 

Manufacturing 
cost and shelter 

cost (US$) 

Annual maintain 
cost (US$) 

Annual electrical 
power consumption 

cost (US$) 

Product water 
recovery 

Annual water  
consumption (L) 

Cost for product 
water (L) (US$) 

SPP (Yrs) 

10 TPD  
Electrically driven 

8400 650 500 50% 
547,500 (consumed 

by 250 families) 
0.017 9 

Smaller version  
electrically driven 

215 40 60 55% 10 950 0.029 4.5 

Air operated 100 40 0 55% 10 950 0.013 2.5 

SPP: simple payback period. 
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Table 2. Evaluation of water quality parameters in product water of brackish water re-
verse osmosis plant (10 Ton/day). 

Parameters Feed water 
Product water 

(Permeate) at 3 bar 
Permeate  
at 5.0 bar 

Permeate  
at 8 bar 

Standard value for 
safe drinking water 

pH 7.5 7.0 7.0 7.0 6.5 - 8.5 

Electrical conductivity 
(μS/cm) 

707 90 65 28 500 

TDS (mg/L) 707 90 65 28 500 

Turbidity (NTU) 1 1 1 1 2 (Max) 

Total hardness (mg/L 
CaCO3) 

403 106 58 42 250 

Ca2+ (mg/L) 78 60 32 32 100 

Mg2+ (mg/L) 50 14 14 14 30 

 
Table 3. Evaluation of water quality parameters in product water of electrically driven 
brackish water reverse osmosis plant. 

Parameters 
Feed 
water 

Permeate 
at 2 bar 

Permeate  
at 3.0 bar 

Permeate  
at 3.5 bar 

Standard value for 
safe drinking water 

pH 7.5 7.0 7.0 7.0 6.5 - 8.5 

Electrical conductivity (μS/cm) 707 112 46 46 500 

TDS (mg/L) 707 112 46 46 500 

Turbidity (NTU) 1 1 1 1 2 (Max) 

Total hardness (mg/L CaCO3) 403 140 65 65 250 

Ca2+ (mg/L) 78 78 48 48 100 

Mg2+ (mg/L) 50 22 22 20 30 

 
Table 4. Evaluation of water quality parameters of in product water from air operated 
brackish water reverse osmosis plant. 

Parameters 
Feed 
water 

Permeate 
at 2 bar 

Permeate  
at 3.0 bar 

Permeate  
at 3.5 bar 

Standard value for 
safe drinking water 

pH 7.5 7.0 7.0 7.0 6.5 - 8.5 

Electrical conductivity (μS/cm) 707 112 46 46 500 

TDS (mg/L) 707 112 46 46 500 

Turbidity (NTU) 1 1 1 1 2 (Max) 

Total hardness (mg/L CaCO3) 403 140 65 65 250 

Ca2+ (mg/L) 78 78 48 48 100 

Mg2+ (mg/L) 50 28 23 18 30 

 
are compared in terms of power consumption (Table 5). Results of the compar-
ison showed that approximately 3.72 KW power is required to operate 10 
TPD-BWRO while electrical driven BWRO needs 40 W. However, the newly de-
signed air-operated BWRO plant consumed zero electricity which also leads to 
the drastic reduction in Greenhouse Gas (GHG emission).  
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Table 5. Comparison of pump capacities in three different brackish water reverse osmosis 
(BWRO) plant.  

Major Components 
10 Tons/day  
BWRO Plant 

Electrical Driven  
BWRO Plant 

Air Operated  
BWRO Plant 

High pressure pump 2.22 KW 40 W  

Feed pump 0.75 KW   

Dosing pump 0.75 KW   

Hand pump   Manual operation 

 
Time taken to generate purified water in each BWRO plant was compared and 

results were shown in Table 6. In this electrically driven pump integrated 
BWRO plant operations, a fixed recovery (7 L) was stored at stock tank and 
measured the time by clock. Subsequently, rejected water was collected in a 20 L 
Can and measured by one-litter bottle. This process was carried out on four sep-
arate occasions with four different feed water samples. Then, an air-operated 
BWRO plant was operated in similar manner and gathered data in Table 6. 

4. Discussion 

Deterioration of water quality parameters is believed to be significantly contri-
buting to the prevailing CKDu in North Central, Uva, North Western, North, 
Central, Eastern Provinces and Hambanthota District of Sri Lanka [1]. Hence, 
supply of safe drinking water is one of the major concerns to eliminate the 
CKDu from those affected areas. Currently, 10TPD electrically driven BWRO 
plants are used to provide safe drinking water. However, high power consump-
tion is the main drawback of the use of this application [6]. In addition, benefi-
ciaries have to walk a longer distance to access safe drinking water as the 10 TPD 
BWRO plant is set up in a central location in each village. Installation of several 
smaller versions of electrically driven BWRO plants was also attempted, but due 
to high initial & maintenance cost, and the unavailability of power supply in ru-
ral areas, the mission was unsuccessful. Therefore, this study reports a novel de-
sign of domestic use AO-BWRO plant to overcome the above-mentioned draw-
backs.  

As shown in Table 1, the manufacturing cost of domestic use AO-BWRO is 
very less compared to the other two applications. Further, the annual maintenance 
cost of this domestic use AO-BWRO plant was very low and zero power con-
sumption due hand operated air pump. The water recovery is slightly improved 
in domestic use AO-BWRO plant due to optimization of the flow restrictor dur-
ing reject water management process. Moreover, a product water cost and SPP 
of domestic use AO-BWRO plant is very low when compared to the other two 
BWRO techniques. Further, it has been shown that the AO-BWRO purification 
process was met with SLS 614 standards. Further, it was showed that the low op-
eration pressures of 3 to 4 bar are sufficed to function smaller version of BWRO  
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Table 6. Comparison of water input, recovery and time taken to fill the stock tank be-
tween electrically driven brackish water reverse osmosis (BWRO) plant and vs air oper-
ated BWRO plant. 

Types of BWRO 
Plant 

Water 
input (L) 

Product water 
recovery (L) 

Time taken to fill product water in stock tank 

1 2 3 4 

Electrically driven 10 5.5 39 min 40 s 40 min 10 s 39 min 55 s 40 min 14 s 

Air operated 10 5.5 50 min 20 s 53 min 12 s 46 min 26 s 43 min 18 s 

 
plants with membrane surface area of 0.0358 m2. In addition, there is no electricity 
used during this purification process. Furthermore, a newly designed domestic 
use AO-BWRO application was operated by hand air filling pump and therefore 
it contributed to the zero GHG emission to the environment. The efficiency of 
the domestic use AO-BWRO plants is almost equal to the domestic use electri-
cally driven BWRO plant. However, hand operated air pumping technique can-
not be applied to the large scale BWRO plant as it could not generate sufficient 
pressure.  

5. Conclusion  

The newly designed domestic use AO-BWRO plant is significantly reduced the 
government expenditures to subsidize the water purification cost up to 50% of 
the existing expenses. In addition, simple payback time was 2.5 years and the 
benefit-cost ratio to be more than 1. Evaluating the performance with the 
conventional values, it comprehends with more sustainable and economically 
viable system compared to the current method of water purification. If the air 
operated domestic use BWRO plant is provided for every household in CKDu 
affected areas, approximately 7.2 MW capacity of electricity can be saved by re-
moving 10 TPD BWRO plants in operation. Further, we can protect the envi-
ronment by reducing the GHG emission. The new technology in renewable 
energy and an innovative plant design is validated, to greater use of BWRO 
plants to provide safe drinking water for villagers with affordable cost. The au-
thor believes this demonstrated system is the start of new era for future devel-
opment of AO-BWRO plants to provide purified water for CKDu impacted 
community in Sri Lanka. 
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