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Abstract 

As a result of the constantly increasing use of water in the world, countries have 

searched for alternatives to water resources and various studies have been carried out 

with the available opportunities. One of the studies carried out is the NEWater project 

on the treatment and reuse of wastewater in Singapore as drinking water. This project 

has been implemented in the country for 20 years and meets an average of 30% of 

the country's water needs. With this project, Singapore contributed to its 

transformation into a global hydroelectric power plant by pioneering innovative 

water treatment and technologies. However, in this model, the membranes used for 

wastewater treatment (forward, backward and pressure retarded osmosis and 

membrane bioreactors) are developed to use advanced oxidation processes, 

electrochemical methods to directly supply drinking water, especially in countries 

effort must be made.where water resources are insufficient, or to treat polluted water 

that causes disease and death. In this study, it is discussed through the NEWater 

application in Singapore that wastewater can be treated and reused with membrane 

technology. 
 

 
1. Introduction 

 

Membrane technologies play an important role in 

water and energy sustainability. Some are already 

implemented in large-scale industries. Examples 

include desalination with reverse osmosis (RO), 

wastewater treatment with membrane reactors 

(MBR), lithium-ion batteries, and membrane-based 

fuel cells. Membrane technologies meet sustainability 

criteria in terms of environmental impacts, land use, 

ease of use, flexibility and adaptability, as well as 

addressing water and energy scarcity. On the other 

hand, they need to be improved in terms of financial 

burden, affordability, energy consumption and 

expertise [12]. method should be given in detail and 

clearly in terms of reproducibility of the study. The 

methods used should be supported by previously 

published references. Changes that contribute to the 

method in the study should be described in detail [3], 

[4]. Membrane technology, which has grown greatly 
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in the last decade with the advantages it offers for 

treatment, offers various options in wastewater 

treatment [13]. Membrane technology has the 

potential to bridge the gap between affordability and 

sustainability, low or no chemical use, and eco-

friendliness and easy accessibility. Membrane 

technology has proven to be a more advantageous 

option in wastewater treatment processes [14]. 

Membrane technology, which is not a new 

technology, has been available since the 18th century 

and many improvements have been made to make 

membranes more suitable for many different 

applications [15]. The changing nature and 

complexity of wastewater lead to further 

improvements in efficiency, space requirements, 

energy, filter quality and technique. Again, there is a 

continuous modification of membrane modules and 

elements to reduce membrane fouling, which is a 

major challenge in membrane processes. The 

possibility of combining two or more membrane 
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processes with each other or with other forms of 

technology, such as coagulation or adsorption, in a 

hybrid fashion, is also being continuously explored, 

developed and implemented in many wastewater 

treatment plants [16].  

Characteristically, these membranes are 

classified as isotropic and anisotropic (Figure 1) [12]. 

Isotropic membranes are identical in composition and 

physical structure. The permeation fluxes in the 

microporous case are relatively high compared to the 

non-porous (dense) case, and their applications are 

rather limited due to their low permeation fluxes. 

Isotropic microporous membranes are widely applied 

in microfiltration membranes. Anisotropic 

membranes, on the other hand, are not uniform over 

the membrane area and consist of different layers with 

different structures and compositions. These 

membranes have a thin selective layer supported by a 

thicker and highly permeable layer. It is especially 

applied in reverse osmosis (RO) processes. [17]. 

 

 

Figure 1. Schematic illustration of various classes of 

membranes. 

 

In terms of membrane material structure, 

membranes are classified as organic or inorganic. 

Organic membranes are made from synthetic organic 

polymers. Often, membranes for pressure driven 

separation processes (microfiltration, ultrafiltration, 

nanofiltration and reverse osmosis) are made from 

synthetic organic polymers. These include 

polyethylene (PE), polytetrafluoroethylene (PTFE), 

polypropylene, and cellulose acetate, among others 

[18]. Inorganic membranes are made of materials 

such as ceramic, metal, zeolite or silica. They are 

chemically and thermally stable and are widely used 

in industrial applications such as hydrogen separation, 

ultrafiltration and microfiltration [17]. The structure 

of the membranes is shown below (Figure 2) [19]. 

 

 

 

Figure 2. Structure of membrane. 

 

The movement of the medium through the 

dice is based on different driving forces. There are 

equilibrium-based membrane processes, non-

equilibrium membrane processes, pressure-driven 

and non-pressure-driven processes [20]. The 

schematic diagram below (Figure 3) shows a 

summary of some of these techniques according to 

their driving forces. These membrane techniques are 

discussed separately below. 

 

 

Figure 3. Schematic representation of some membrane 

processes  

 

Membrane technologies have gained great 

importance in the advanced treatment and recycling 

of wastewater in recent years. The reason for this is 

that water recovery has prevailed in parallel with the 

increase in water demand and membrane technologies 

have come to the fore in this regard both in terms of 

quality and quantity. There are also high-efficiency 

systems for the removal of primary pollutants such as 

membrane technologies, endocrine disrupting 

compounds for the recovery of domestic wastewater 

and pharmaceutical actives. It is possible to reach the 

desired output quality by choosing the membrane type 

in wastewater treatment or recovery. Wastewater 

treatment systems integrated with membranes have 

advantages and disadvantages depending on output 

quality, energy consumption and system complexity 

factors. In general, membrane systems are used 

together with physical, chemical and biological 

processes to provide the most efficient form of 

regeneration/advanced purification [21]. 
Membrane technology has started to be used 

in some areas with significant effects. For example, 

during the Sydney Olympic Games held in 2000, 
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membrane technology was used in the stormwater 

recycling system, which used polypropylene hollow 

fiber microfiltration (MF) membrane as a pre-

treatment to remove suspended pollutants and 

pathogens in rainwater, and then to desalinate with 

RO technique [22]. Later, the wastewater was 

chlorinated and used to flush toilets. With excellent 

processing efficiency, simple apparatus and easy 

integration with other processing facilities, membrane 

technology can be promising for emergency water 

supply. It has been proven that the quality of water 

treated with membrane technology, unlike 

conventional treatment methods, can reach or even 

exceed domestic or drinking water criteria [23]. 

Membrane bioreactor technology has become a 

promising technique for wastewater treatment using 

the use of activated sludge and membrane separation. 

The membrane bioreactor process has advantages 

over the traditional activated sludge process and 

provides stable and high effluent quality [24]. 

 

3. Examples of Membrane Technology in the 

World 

 

Although the water obtained from the recycling of 

domestic wastewater is mainly used for agricultural 

irrigation, some technologies allow this water to be 

used directly or indirectly as a drinking water source. 

In much of the world, there are more than 450 water 

recycling facilities in Japan and the USA, and more 

than 3,300 water recycling facilities in Australia and 

the European Union [25]. 

 

3.1. Example of Sulaibiya, Kuwait 

 

Sulaibiya is a wastewater recovery facility using the 

world's largest membrane technologies. The daily 

capacity of the facility is 375,000 m3/day. The water 

discharged from Sulaibiya is mixed with brackish 

water and used to improve existing brackish water 

distribution facilities. Following the biological 

wastewater treatment plant, the wastewater is treated 

at a secondary level and the effluent is treated in a 

recovery plant that includes UF (Ultrafiltration) and 

RO (Reverse Osmosis) processes. Thanks to the use 

of UF before RO, the life of RO membranes increases, 

operating pressures decrease, and chemical wash 

cycle time increases. The application of UF and RO 

together creates a quality water supply at drinking and 

utility water level, as well as the possibility of using 

water in agriculture and groundwater discharge. The 

effluent quality obtained from the facility is better 

than the drinking water standards set by WHO and is 

also used in agricultural irrigation as an alternative 

source [26]. 

3.2. Example of California, USA 

 

Wastewater recovery practices have long been 

popular in non-water-rich California. In addition, for 

Orange Country, a wastewater recovery facility was 

established in this region due to the cost of water 

supply from Northern California. In this established 

facility, recovery includes MF (Membrane Filtration), 

TO and hydrogen peroxide as advanced oxidation and 

UV (Ultravioye) treatment steps. The daily facility 

capacity is 270,000 m3/day and thanks to the 

membrane processes used, pharmaceuticals, 

pesticides and other harmful substances are removed 

before they are released into the receiving 

environment [27]. 

 

3.3. Example of Australian  

At the facility where 18 million m3 of wastewater is 

recycled annually, tertiary treated wastewater from 

three different wastewater treatment plants is 

processed and recycled. The treated wastewater 

coming to the facility first comes to a balancing tank 

and passes through the mechanical filter. Then UF is 

passed through the membrane and suspended solids, 

bacteria, viruses, and some of the organic matter are 

removed. In the next stage, RO membranes are used, 

and advanced separation is carried out, and the 

purified water is passed through the decarbonator and 

then pH adjusted and given to Penrith tea [28]. 

 

4. Singapore and NEWater Project 

 

One of the countries working in the field of water 

recycling is the NEWater project, which purifies the 

sewage water of Singapore and turns it back into clean 

drinking water. In this system, the waste water 

coming out of the sewage system is purified by 

microfiltration and reverse osmosis methods and 

brought to drinkable quality. This water is then 

transported by the municipalities to the cities of the 

city and to the industries that need clean water at a 

high rate [29]. 

Singapore has been using raw water imported 

from Johor (Malaysia) for many years as its primary 

water source, which meets around 40% of the 

country's water needs (250 Mm3 per year). The 

Singapore government's aim is to minimize the 

amount of water supplied from this source by 2061 

[30]. 

The second water source of the country is the 

rain water, which is formed with approximately 2400 

mm of precipitation per year. For this purpose, some 

major urban planning (reconstruction of parts of the 

city and relocation of houses and industries to 

improve water collection) has been taken, as well as 



M. Yeniçeri, K. Tortum Yeniçeri / BEU Fen Bilimleri Dergisi 12 (2), 478-484, 2023 

481 
 

measures such as water tanks built to harvest 

rainwater in a large basin. With the addition of some 

settlements recently, it is aimed to increase the 

amount of water provided from rain water to 150 

Mm3 per year and to collect 90% of the water 

collection area [31]. 

Third water source by desalination of sea 

water. In 2005 and 2013, two purification plants using 

microfiltration and reverse osmosis were built with a 

water production capacity of 50 Mm3 and 115 

Mm3/year, respectively. These plants, which 

consume large amounts of energy in the desalination 

process, are mostly used as backup plants to meet the 

spikes in demand [32]. 

The fourth water source is water called 

NEWater, which consists of water produced by the 

combination of microfiltration, reverse osmosis and 

UV treatment of wastewater. Annual production of 

110 Mm3 NEWater in 2012 met 18% of the total 

water needs, while meeting 32% of industrial and 

commercial needs. 2% of the recovered water is sent 

to rainwater tanks to be treated in drinking water 

standards. Urban wastewater (at a rate of 25 Mm3 per 

year) is reused especially for the petrochemical 

industry on Jurong Island [33]. 

Replacing part of the activated sludge process 

(aeration and post-treatment) and RO pre-treatment 

process (microfiltration or ultrafiltration) in the 

NEWater production process with a membrane 

bioreactor (MBR) will reduce the energy requirement 

of wastewater treatment. Current research on ways to 

improve the wastewater system and sludge digestion 

process are also factors that will help the wastewater 

sector reduce its energy needs [34]. 

Within the scope of the NEWater project, 

water reuse in the country is to meet the water needs 

of the city by re-purifying the wastewater with 

membrane systems and to use it as drinking water in 

the form of bottled water and to reuse the recycled 

wastewater in industrial processes.With the NEWater 

project, which was commissioned in 2003, 

wastewater treatment in effluent quality in 

accordance with EPA and WHO standards can be 

realized at a level that can be used both indirectly and 

for direct use. While the water recovered in indirect 

use can be used as process water in silicon wafer 

production, power generation, petrochemical industry 

and cooling towers, treated water in direct use 

applications is discharged to reservoirs and rainwater 

channels and reaches drinking water treatment plants 

[25].  

Utilizing a traction solution to naturally drive 

the osmotic process in the NEWater project, FO 

(Forward Osmosis) provides substantially lower 

energy consumption and contamination tendency 

compared to RO (Reverse Osmosis); however, the FO 

product is not NEWater, but a diluted extraction 

solution that requires secondary treatment. This 

means that FO and RO may not be mutually exclusive 

and can be combined for energy optimization with RO 

concentrate, which is actually used as a draw solution 

for FO (Figure 4) [11]. 

When using equations, they should be 

numbered sequentially. The equation numbers should 

be enclosed by parentheses and located at the right-

hand side of the page [8].  In addition, equations 

should be prepared with Word or other equation 

editors and should not be in picture format [9], [10]. 

 

 

Figure 4. Integrating FO and RO methods for energy 

optimization. The RO brine would play the role of the 

draw solution in that NEWater production scheme. 

 

The NEWater product meets the drinking 

water standard of both the World Health Organization 

and the US Environmental Protection Agency. The 

Health Effect Testing Program (HETP) has also 

shown no health effects from consuming NEWater. In 

fact, NEWater is cleaner and purer than a raw 

freshwater source (Figure 5) [35]. 

 

 

Figure 5. Organic Substance Comparison, Suspended 

Particle Comparison and Color Comparison. 

 

4.1. NEWater Technology Stage 

 

NEWater production process occurs a few stage. 

Stage 1–The first stage of the NEWater production 

process is known as Microfiltration (MF). In this 

process, the treated used water is passed through 

membranes to filter out and retained on the membrane 

surface suspended solids, colloidal particles, disease- 

causing bacteria, some viruses and protozoan cysts. 
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The filtered water that goes through the membrane 

contains only dissolved salts and organic molecules. 

Stage 2–Reverse Osmosis The second stage of the 

NEWater production process is known as Reverse 

Osmosis (RO). In RO, a semi-permeable membrane 

is used. The semi-permeable membrane has very 

small pores which only allow very small molecules 

like water molecules to pass through. Consequently, 

undesirable contaminants such as bacteria, viruses, 

heavy metals, nitrate, chloride, sulphate, disinfection 

by-products, aromatic hydrocarbons, pesticides etc, 

cannot pass through the membrane. Hence, NEWater 

is RO water and is free from viruses, bacteria and 

contains negligible amount of salts and organic 

matters. Stage 3–UV Disinfection At this stage, the 

water is already of a high grade water quality. The 

third stage of the NEWater production process really 

acts as a further safety back-up to the RO. In this 

stage, ultraviolet or UV disinfection is used to ensure 

that all organisms are inactivated and the purity of the 

product water guaranteed.  

Before Storing NEWater in Water Tanks–

Balance the pH in NEWater With the addition of 

some alkaline chemicals to restore the acid-alkali or 

pH balance, the NEWater is now ready to be piped off 

to its wide range of applications (Figure 6) [36]. 

 

 

Figure 6.  NEWater technology in Singapore 

 

5. Conclusion and Suggestions 

 

Water resources are depleted due to the 

rapidly increasing need for water in the world and the 

unconscious use of water in domestic, industrial and 

agricultural irrigation. It is beneficial in many factors, 

such as increasing the recycling and reuse of 

wastewater, reducing water scarcity and pollution, 

improving soil quality and reducing production costs. 

For this reason, most of the countries take measures 

for water and use the water treated in wastewater 

treatment plants in various areas as drinking water. 

Membrane technology is a system with significant 

potential in wastewater treatment. This technology 

stands out with its advantages over other treatment 

processes, especially in domestic and industrial 

wastewater treatment. Membrane systems are 

systems that can remove organic matter, pathogenic 

microorganisms and nutrients from wastewater with 

high efficiency. The number of treatment systems 

using this technology is increasing. Some of the 

obstacles to the implementation of these systems, 

which are advantageous for the treatment of 

wastewater of small settlements and factories, are the 

cost of membranes and the resulting operational 

pollution problems. 

The use of wastewater as drinking water with 

the NEWater application in Singapore is a very 

important study in terms of preventing a possible 

water shortage in the world in the future. In addition, 

membrane technology will still occupy an important 

position in the future development trend. This article 

has attempted to summarize some membrane-related 

areas such as fouling and module structures, along 

with application examples, advantages and 

disadvantages. We hope this article will be useful in 

providing good information for further research on 

membrane technology applications in wastewater 

treatment. 
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