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ABSTRACT 

 

Desalination is one of the most successful procedures for freshwater supply from seawater in the 

world. Reverse osmosis (RO) is a major technology in the business of seawater desalination 

because of its ability to produce excellent potable water of highest quality from the seawater source 

with low energy consumption compared to other technologies. Freshwater is a prerequisite for life 

and procreation. Water as an essential commodity is used in every phase of human life, ranging 

from domestic activities such as drinking, cooking, washing, etc., to innumerable industrial and 

agricultural purposes such as power generation. Today's increasing demands for freshwater by the 

world population cannot be met by the available fresh water in our ecosystem. This is why 

numerous technologies for seawater desalination have been established and advanced over the 

years to augment/satisfy the ever-increasing global demand for freshwater. One such technological 

development is the use of computer-based modeling for the design and system analysis of the RO 

treatment process for optimum performance. The hands-on modeling of an efficient full-scale 

reverse osmosis (RO) system may be daunting work due to the RO systems’ operating conditions 

which continually fluctuate due to cyclical variations in seasons and progressive fouling of the 

membrane during long-term filtration. The RO plants design, the cost of capital estimation 

(CAPEX), and operation expenses (OPEX) for large projects have become important factors for 

potential investors and consulting engineers to bear in mind for pre-construction planning and 

proper evaluation.  

This study reviews existing seawater reverse osmosis (RO) desalination protocols, covering key 

areas such as pretreatment, RO treatment, and post-treatment of seawater desalination for best 

performance, with emphasis on solar energy powered RO systems for seawater desalination. This 

study also models an RO desalination plant using ultrafiltration and IX polishing for feed water 

pretreatment and post-treatment respectively using the W.A.V.E. software program for design 

efficiency. The success of seawater desalination using RO technology is predicated upon an 

efficient feed water pretreatment and post-treatment regime. The use of an ultrafiltration system 

in combination with filtration has been tested and adjudged to generate excellent quality feed water 

for the RO system, notwithstanding the quality of the raw seawater. The model framework 

depicted in this study can serve as a guide for design engineers in providing effective tools for the 

design of an efficient RO system while maintaining an acceptable balanced hydraulic performance 
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with considerable cost savings. For the experimental study, the physical experiment was conducted 

at the Victoria and Alfred (V & A) Waterfront Desalination Plant in Cape Town, South Africa. 

The experiment was aimed to investigate and quantify the effects of feed water temperature, 

pressure, salinity, and pH parameters on RO membrane elements. The raw data collected were 

processed and analyzed to establish the working principle of SWRO, and at the same time develop 

a relationship model based on the identified system parameters for a better understanding of 

SWRO operation. The modeling results are validated against the experimental result to evaluate 

RO system performance. This financial analysis covering capital expenditures CAPEX and 

operational expenditure (OPEX) of a traditional seawater reverse osmosis (SWRO) desalination 

plant was conducted. The key parameters involved in the determination of life cycle costs of 

seawater desalination were listed and analyzed. The parameters include water quality 

characteristics, production or plant capacity, location, energy consumption, materials, 

maintenance, operation, RO module costs, chemicals, and award year. For clarity, a 2 MGD 

SWRO plant was designed using WAVE software, and the design result was used to calculate the 

lifecycle cost of producing a unit (m3/d) of potable water in Lagos, Nigeria, deploying a curve fit 

approach and pertinent water economic analysis tools to develop a reliable life cycle cost for RO 

systems with acceptable levels of accuracy, based on verifiable and practical parameters. 

 

Keywords: Water, Seawater reverse osmosis (SWRO), Osmosis, Desalination, Seawater, 

Brackish water, RO membrane, WAVE, Ultrafiltration, Pretreatment, RO Model, Lifecycle cost, 

CAPEX, OPEX, TWC. 
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CHAPTER 1 INTRODUCTION 

 

1.1 BACKGROUND 

 

Water is an important factor in the sustenance of a healthy environment in today's society. About 

one-third of the earth's total surface area is occupied by water, and about 97% of all water comes 

from the sea (Ceribasi et al., 2018). Natural sources of water are categorized into surface and sub-

surface water. Surface waters such as lakes, rivers, etc., which account for the majority of global 

freshwater supply, have been seriously depleted due to below normal rainfall in recent years. Sub-

surface water sources which are supposed to be more reliable have also failed due to the shortage 

or gradual reduction in global annual rainfall (Pangarkar et al., 2011). Over 1 billion people are 

estimated to be without potable water, which has resulted in over five million deaths annually from 

water-borne diseases, of which four million are children (Pangarkar et al., 2011). Water supply has 

become a serious problem due to population growth and increasing water demand (Greenlee et al., 

2009; Pangarkar et al., 2010). Water is considered to be abundantly available, but freshwater 

cannot be reached easily in its unbounded cradle. Many countries globally today are suffering from 

immense scarcity of potable water. According to Ceribasi et al. (2018), the World Health 

Organization (WHO) reported that a quarter of the global population lives in regions that are not 

capable of accessing potable water due to a lack of the basic infrastructure needed to abstract and 

process this water for treatment from watercourses and underground natural reservoirs. Water 

scarcity is common around the world today, particularly in Africa and Arab countries which are 

the most affected regions of the world. This region is home to 6.3% of the world's total population, 

but contains only 1.4% of the world's renewable freshwater (World Health Organization). 

Desalination addresses the ceaseless problem of ever increasing potable water demand with limited 

supply. According to Karagiannis and Soldatos (2008), more than 67 % of the world’s populace 

may be exposed to a shortage of water by 2025, spanning all continents of the world, including the 

advanced and the under-developed countries alike, unless water demand is reduced and/or 

alternative/additional water sources are developed. The authors commented that considering the 

enormous volume of seawater available, the supply capacity of any desalination system seems to 

be without limits. Seawater requires thorough processing to make it suitable for human 
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consumption. Khawajia et al. (2008) estimated that more than 75 million of the world’s population 

presently has access to potable water through desalination of seawater and brackish awater. The 

IDA Desalting Inventory (2004) reported that the total number of seawater and brackish 

desalination plants globally at the end of the year 2002 was 17 348 with a daily capacity of 37.8 

mil/m3 of potable water. According to [Ioannis C et. al], water is considered one of the key 

commodities that support and nourish our lives on earth. Its availability improves life quality and 

enhances the economy of a community. However, while water is a natural resource that occupies 

three-quarters of the earth's surface, only about 3% of all available water sources are suitable for 

drinking. According to [Ceribasi G. et. al 2018], the growing cost of desalinating seawater and the 

need to find an efficient method of desalination has become a matter of great concern to the 

scientific community, and consequent upon this, many of recent researches in seawater 

desalination are concentrating on evolving cost-effective methods of producing freshwater for 

human consumption. [Azevedo, F. D. A. S. M. 2014] reported that even though data on water 

precipitation is readily obtainable, the river runoff and groundwater levels are challenging and 

costly to track. Figure A shows the actual state of renewable water resources in 2011 [Azevedo, F. 

D. A. S. M 2014]. Renewable water is the total quantity of surface water and groundwater of a 

country’s water resources generated through the hydrological cycle, while Non-renewable water 

resources are deep aquifers that have a negligible rate of recharge on the human time-scale (This 

data was collected from AQUASTAT - water information system, developed by the Land and Water 

Division of the United Nations) [Azevedo, F. D. A. S. M 2014] 
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Figure A: Actual renewable water resources (in m3) per capita and year, in 2011 

 

Reverse osmosis is the fastest evolving desalination method due to its high productivity, rejection 

of excessive salt (> 99.7%), and moderately inexpensive membranes (Tan et al., 2012).  In the 

design of a reverse osmosis systems, the feed flow is the feed water in gallons per minute (gpm) 

or cubic meters per hour (m3/h) supplied to the membrane element or system, while the permeate 

is a desalinated product water from the RO membrane system. Flux is the rate of permeate 

transmitted per unit of membrane area and is generally measured in gallons per square foot per 

day (gfd) or liters per square meter an hour (l/m2h) (Raju and Ravinder, 2018). Concentrate flow 

is the flow rate of the impermeable feed water which is formed in the membrane element. The 

concentrate contains some of the solutes initially introduced into the membrane element from the 

feed source. In membrane desalination processes, one of the biggest problems encountered is 

scaling and polluting the membranes. Polluting occurs due to insufficient pre-treatment operations 

to reduce particulate, colloidal, or organic substances to a bearable level, and due to biological 

growth in the membrane pressure vessels. Scale formation stems from the precipitation of poorly 

dissolved salts in the system and tends to be less of a problem with desalination of seawater than 
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in brackish water systems, which operate at higher recoveries. Compounds, such as silicate, 

calcium sulfate, calcium carbonate, barium sulfate, and strontium sulfate in the feedwater can limit 

the rescue of the RO process. The addition of scale/acid inhibitors (also known as antiscalants) 

will diminish the alkalinity and prevent scale formation, thereby paving way for higher recovery 

than would otherwise be possible. Because of the aerobic state of seawater and the high presence 

of particulates, any SWRO system will need extensive pretreatment and feed water chemical 

conditioning for an efficacious operation (American Water Works Association, 2011). The reverse 

osmosis (RO) feed water pretreatment system eliminates all suspended solids or flocs to prevent 

salt rain or microbial growth from taking place in the membranes. Pre-treatment may involve 

orthodox methods like coagulation/flocculation/sedimentation and sand filtration or membrane 

processes like ultrafiltration (UF). Ultrafiltration has been adjudged to be more efficient and 

effective when compared to the conventional system of RO feed water pretreatment. Post-

treatment systems occur after the desalination operation to polish the desalinated water from the 

RO system and increase the water quality characteristics of the throughput so that it is suitable for 

drinking. This process may involve refinement of the pH and water disinfection to achieve the best 

water quality.  

 

1.2 PROBLEM STATEMENT 

Water withdrawal can be defined as the overall volume of water exploited from a river, lake, or 

any aquifer for any reason, while water consumption is defined as the segment of withdrawn water 

which disappears due to the activity of vaporization, absorption, or chemical conversion, 

transmission, or made inaccessible for additional purposes due to human usage (Azevedo, 2014). 

Presently, agricultural activities account for almost 70 % of global clean water withdrawals, 

whereas the commercial and domestic sectors are responsible for 20 % and 10 % respectively 

(United Nations, 2014). Industry accounts for a much larger percentage of freshwater withdrawals 

in developed countries, while agriculture takes the lead in water consumption in less-developed 

countries, accounting for over 90% of their freshwater withdrawals. Most of the statistics on 

freshwater withdrawal and consumption are founded on estimations rather than real measurements; 

according to OECD, global water withdrawals are anticipated to rise by 55 % as a result of the 

upsurge in manufacturing demand (400 % growth), domestic use (130 %) and thermal electricity 
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generation (140 %) (United Nations, 2014). Currently, about 2.8 billion people around the world 

live in areas affected by water scarcity, and of this figure, 1.2 billion reside in parts that are already 

suffering physically from water scarcity, while half a billion people are fast closing in on this 

situation. The remaining 1.1 billion people going through water scarcity are suffering from 

commercial water scarcity. This population of people lives in parts of the globe where water is 

naturally accessible but their access to it is limited by infrastructural distribution, institutional or 

financial issues, even though the available water deposit is sufficient to satisfy their water demand. 

This is the case in sub-Saharan Africa. Physical water scarcity arises when a water deposit in a 

particular locality or community is inadequate to cope with the demand of such a community, and 

this type of water scarcity is common in arid regions. Scarcity in other areas which are going 

through human-made physical water scarcity as a result of over-advance in their water withdrawal, 

which in turn leads to ecological degradation e.g. of groundwater tables and rivers.   

This thesis seeks to enhance the overall performance of the RO system through experimentation 

and optimization of the plants that are already in use.  

 

1.3 RESEARCH MOTIVATION 

Today's increasing demand for freshwater by the world population cannot be met by the available 

fresh water in our ecosystem. This is why numerous technologies for seawater desalination have 

been established and advanced over the years to augment/satisfy the ever-increasing global 

demand for freshwater. Water scarcity depends largely on the rate of global water withdrawal and 

water consumption. It was recorded by Azevedo (2014) that water scarcity is related to local 

requirements, which differ globally depending on the location. Ceribasi et al. (2018) reported that 

nearly 80 % of the world’s population may be affected by water scarcity as shown in figure 1. 

According to Karagiannis and Soldatos (2008), about 25 % of the worldwide population is faced 

with serious water scarcity problems, and this is expected to result in many not having access to 

potable water. Desertification, global warming, and drought are expected to aggravate the problem 

to the extent that even countries that are not currently facing water scarcity may be faced with 

scarcity of potable water shortly. It was further established, according to the Worldwatch Institute, 

more than 67% of the global's community could be affected by water scarcity by 2025, including 

developed countries, with more than 80 countries projected to be affected, unless there is a 
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reduction in the average daily water usage/demand and/or more water sources are developed. 

Pangarkar et al. (2011) argued that the difference between global water demand and supply has 

widened to the extent that in some areas this has become a severe threat to human existence. 

Pangarkar et al. (2010) explained that the problem of freshwater scarcity is an emerging problem 

globally as just a minor percentage of the total water on earth is of non-saline water origin, and 

suitable for human consumption. Similarly, Greenlee et al. (2009) reported that a geological survey 

in the United States established that 96.5 % of the global water source is precipitated in seas and 

ocean, while only 1.7 % is contained in the ice. The residual percentage is constituted by 

groundwater in salty aquifers, brackish water, and weakly saline water. Ceribasi et al. (2018) 

concluded that owing to the overwhelming presence of saline water in over 97% of the global 

water which is distributed in seas, oceans, and other saline sources, desalination of seawater has 

gained prominence and found acceptance as a viable substitute source of water in countries where 

freshwater sources are inadequate or overused. Global freshwater demand is at the top of the 

international agenda for the critical issues facing the world. 

1.4 AIM AND OBJECTIVES 

This project aimed to study, extract data and develop a model and simulations of an RO system. It 

also aimed to develop a life cycle cost (LCC) and optimize an SWRO desalination plant through 

experimentation on an already existing plant. 

The objectives of this research are: 

1. To develop a stable predictive model for the all-encompassing seawater reverse osmosis 

(SWRO) membrane desalination system  

2. To presents financial analysis on CAPEX and OPEX, and estimate/calculate the unit cost 

of producing potable water from seawater by RO desalination process 

3. To carry out an experimental study on an existing SWRO plant; 

4. To recommend effective design/for best performance parameters values for an SWRO 

plant with optimum conditions for potable water production. 
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1.5 THESIS STRUCTURE 

This thesis contains eight chapters that are in line with the aims and objectives of the research 

conducted. Most of the chapters are in the form of journal articles and publications through various 

publishing houses. The thesis comprises seven chapters. 

 

Chapter 1: The Introduction: The chapter provides a background of the research, the research 

significance, aim and objectives, problem statement, outline, and scope of the thesis. 

 

Chapter 2: A review of seawater membrane desalination: This chapter provides a critical 

review of the desalination process using RO. 

 

Chapter 3: A review of renewable energy powered reverse osmosis system for seawater  

Desalination: The chapter provides a critical review of the renewable energy-powered RO 

desalination process. 

 

Chapter 4: Modelling and simulation for a Seawater Reverse Osmosis System using WAVE: 

Provides modeling and simulation results for several correlations of specific energy and input 

temperature, feed temperature and permeate temperature, feed and permeate TDS. 

 

Chapter 5: Lifecycle Cost (LCC) Analysis and Evaluation of the economics of Seawater 

Reverse Osmosis Desalination: Current and future challenges for better water supply 

sustainability, financial analysis on CAPEX and OPEX, and estimate/calculation of the unit cost 

of producing potable water from seawater by RO desalination process are presented in this chapter. 

 

Chapter 6: Experimental and data analytical study of a Reverse Osmosis Desalination plant: 

presents experimental and data analytical findings from work conducted at the Victoria and Alfred 

(V&A) Waterfront desalination unit, a seawater desalination plant located in Cape Town, South 

Africa, a city on the Atlantic Ocean. Extracted data from experiments were collected and 

statistically analyzed using Microsoft Excel and different relationships of parameters were plotted. 
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Chapter 7: Discussions: Presents the discussions of the thesis. 

 

Chapter 8: Conclusion and Recommendation: provides a summary of the research and 

recommendations. 

1.6 SCOPE 

This thesis covers work related to modeling and simulation, lifecycle cost, and optimization of an 

SWRO desalination plant. 
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This chapter provides a critical review of the research carried out by other researchers and 

scientists in the field of Seawater membrane desalination. The article was accepted for publication 

in the International Journal of Mechanical and Production Engineering Research and Development 

(IJMPERD). 
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CHAPTER 3: A REVIEW OF RENEWABLE ENERGY POWERED REVERSE 

OSMOSIS SYSTEM FOR SEAWATER DESALINATION 

 

This chapter provides a critical review of the research carried out by other researchers and 

scientists in the field of Renewable energy powered reverse osmosis seawater desalination. The 

article was published in the International Journal of Mechanical and Production Engineering 

Research and Development (IJMPERD). 
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CHAPTER 4: MODELING AND SIMULATION FOR A SEAWATER REVERSE 

OSMOSIS SYSTEM 

 

In this chapter, Water Application Value Engine (WAVE) water solution modeling tool was used 

to develop a predictive model for a seawater reverse osmosis (SWRO) membrane desalination 

system comprising: the UF pretreatment, RO membrane desalination, and IX polishing post-

treatment processes. The modeling result presented an extensive result of the simulation, tied to 

operational variables and the system key performance parameters. The modeling and simulation 

adopted the basic principles and equations of productive SWRO design. Profiles of feed pressure, 

feed concentration and feed velocity along with the UF membranes, RO membranes, and resins 

were modeled for these operations together with the relationship between recovery rate, pH, 

temperature, and feed pressure. The article was accepted for publication in the International 

Journal of Mechanical and Production Engineering Research and Development (IJMPERD). 
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CHAPTER 5: LIFECYCLE COST (LCC) ANALYSIS AND EVALUATION OF THE 

ECONOMICS OF SEAWATER REVERSE OSMOSIS DESALINATION: CURRENT 

AND FUTURE CHALLENGES FOR BETTER WATER SUPPLY SUSTAINABILITY 

 

This chapter presents a financial analysis of the CAPEX and operational expenditure (OPEX) of 

traditional seawater reverse osmosis (SWRO) desalination plant and discusses some important 

parameters to take into account when calculating the life cycle costs of a seawater desalination 

plant. Water Application Value Engine (WAVE) water solution modeling tool was used in 

simulating a 2 MGD SWRO plant and the design result was used to calculate the lifecycle cost of 

producing a unit (m3/d) of potable water in Lagos, Nigeria deploying a curve fit approach and 

pertinent water economic analysis tools. The article was accepted for publication in the 

International Journal of Mechanical and Production Engineering Research and Development 

(IJMPERD). 
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CHAPTER 6: EXPERIMENTAL AND DATA ANALYTICAL STUDY OF A REVERSE 

OSMOSIS DESALINATION PLANT 

 

This chapter investigates and evaluates the plant’s performance parameters and how they are 

influenced by the variable operational parameters such as feedwater TDS, feedwater temperature, 

feedwater pH, and feedwater pressure. The effect of these variable parameters on RO membrane 

performance and system productivity were plotted into graphs and analyzed. The data used for this 

experimental study was extracted from the SW100-10 train of the V & A desalination plant and 

were statistically analyzed using Microsoft Excel. The article was accepted for publication in the 

International Journal of Mechanical and Production Engineering Research and Development 

(IJMPERD). 
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CHAPTER 7: DISCUSSIONS 

 

The study work on modeling and simulation was used to develop a stable predictive model for the 

all-encompassing seawater reverse osmosis (SWRO) membrane desalination system. The 

modeling and simulation exercise adopted the basic principles and equations of productive SWRO 

design, and the optimal design was carried out with the Water Application Value Engine (WAVE) 

water solution modeling tool to model the UF pretreatment, RO membrane desalination, and IX 

polishing post-treatment processes. Modeling the three processes produced extensive results in the 

simulation, tied to operational variables and the system key performance parameters. Profiles of 

feed pressure, feed concentration and feed velocity along with the UF membranes, RO membranes, 

and resins were modeled for these operations together with the relationship between recovery rate, 

pH, temperature, and feed pressure.  

The experimental study in this research was carried out in Victoria and Alfred (V&A) lakeside 

desalination plant in Cape Town, in January 2019 during a normal operational hour of the treatment 

facility. The outcome of the experimental study confirmed the result of the modeling and 

simulation study on the relationship of key operational parameters to the productivity and 

membrane performance of the RO system. It also investigates and evaluates the plant’s 

performance parameters and how they are influenced by the variable operational parameters such 

as feedwater TDS, feedwater temperature, feedwater pH, and feedwater pressure. The effect of 

these variable parameters on RO membrane performance and system productivity were plotted 

into graphs and analyzed. The data used for this experimental study was extracted from the 

SW100-10 train of the V & A desalination plant and was statistically analyzed using Microsoft 

Excel. The production capacity (permeate flux) of the plant was put at 2 MLD / 2000 m3/d. The 

plant explores water from the Atlantic Ocean as source works and is powered by the national 

electrical power network. The plant’s main system is made up of the following; the intake, low-

pressure pump, pretreatment filtration component which are two types; media filter and casing 

strainer, high-pressure pump, pressure vessels housing RO membranes, and energy recovery 

system.  

The average recorded operational specifications of the plant are presented below 
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Table 6:  Recorded Average System Operational Specification 

DESCRIPTION RECORDED AVERAGE SYSTEM OPERATIONAL 

SPECIFICATION 

Recovery Ratio 31% 

Feedwater Pressure 55 bar 

Feedwater Temperature 16oC 

Feedwater pH 7.2 

Permeate TDS 490 mg/l 

Permeate Flow 20 m3/h 

 

The feedwater TDS has a great impact on the permeate TDS. The graph of feedwater TDS against 

permeate TDS showed that an increase in the feedwater TDS causes a linear increase in permeate 

TDS. A general increase in feedwater TDS causes fouling and scaling of the membrane surface, 

which will bring about a decrease in the effective area of the membrane, ultimately reducing the 

membrane permeate flow and increasing the permeate TDS and conductivity. Similarly, increases 

in the feedwater TDS cause a decrease in permeate flow. The result of the study showed that 

increasing the feedwater salinity reduces the permeate flow due to an increase in the salt rejection 

and increase in the resistance of the membrane vapor permeation. Similarly, increased feedwater 

TDS increases the system osmotic pressure, thereby decreasing the net dynamic pressure and as a 

result, reducing the permeate flow rate. On the other hand, increasing the feedwater TDS reduces 

the recovery rate and consequently raises the amount of energy used. The graph also showed that 

increasing the feedwater TDS increases the system energy consumption due to high feed pumping 

pressure which is required in overcoming the high osmotic pressure developed in the system which 

causes the feedwater dynamic pressure to be equipoised. Plotted graph and analysis of the effect 

of feedwater pH on permeate TDS, permeate flow, and energy consumption showed that as the 

feedwater pH increases, the permeate TDS also increases. The feedwater pH demonstrates an 
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insignificant influence on the permeate TDS when the pH is recorded to be overly basic or acidic. 

The result also showed that permeate flow decreased with an increase in the feedwater indicating 

that the feedwater pH interacts and influences the membrane separation performance by a direct 

effect on the membrane hydration and absorption ability to absorb solutions, and demonstrated 

steady permeate flow and higher salt rejection at low pH, while the total permeates flow remains 

higher at high pH. An increase in feedwater pH increased the energy consumption and causes a 

decrease in recovery ratio which leads to an increase in energy consumption. The study also 

showed the impact of feedwater temperature on the permeate TDS, permeate flow, and energy 

consumption of the system. An increase in feedwater temperature increased the permeate TDS, 

permeate flow, and decrease energy consumption. The increase in the feedwater temperature 

increases the membrane’s permeability coefficient of the salt and water which in turn results in a 

reduction in viscosity of water, permeate flow escalation, and membrane permeability. This result 

showed that as the feedwater temperature increases, the permeate salinity and flow rate increase, 

so also is the recovery rate and the mechanical energy consumption which brought about a 

reduction in the efficiency of the high-pressure pump and energy recovery. The result showed that 

an increase in feedwater temperature also leads to an upsurge in power usage/energy consumption 

and the system’s rate of recovery. The feedwater pressure graph plotted against the permeate TDS, 

permeate flow, and energy consumption showed that increasing the feedwater pressure increases 

the permeate flow and energy consumption, but decreases the permeate TDS and brine flow rate. 

The solvent dynamic force escalated by pressure increase leading to a reduction in osmotic 

pressure and a high salt rejection rate when extra water was allowed to flow through the membrane, 

and the mass transfer and surface concentration formed on the membrane surface as a result of the 

salt rejection collection led to low permeate flow as a result of an increase in concentration 

polarization. Similarly, The permeate flow increased linearly with an increase in feedwater 

pressure as a result of the direct relationship between the membrane’s water flow rate and the 

membrane’s net dynamic pressure differential which causes the membrane’s water permeability 

coefficient to diminish as the feedwater increased in a situation termed membrane compaction. 

The experimental result indicated an increase in feedwater pressure and increased energy 

consumption. Increasing the feedwater pressure together with the feedwater TDS also increased 

the energy consumption of SWRO. The above result implied that when the feedwater pressure 

increases, it will increase the energy consumption and shorten the membrane life which tends to 
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adversely affect the energy consumption pattern of the system. Consequentially, this will have an 

undesirable impact on the system recovery, which drops as the feedwater pressure decreases.  

Effects of investigated variable parameters (feedwater TDS, feedwater temperature, feedwater pH, 

and feedwater pressure) on the energy consumption showed that increasing the feedwater TDS, 

feedwater pH and feedwater pressure directly increased the energy consumption. 

The study on lifecycle cost presented a financial analysis of the CAPEX and operational 

expenditure (OPEX) of a traditional seawater reverse osmosis (SWRO) desalination plant based 

on renewable energy sources. It also lists and discusses important parameters to take into account 

when determining the life cycle costs of seawater desalination, namely, water quality 

characteristics, production or plant capacity, location, energy consumption, materials, 

maintenance, operation, and RO module costs, chemicals, and award year. In this research study, 

a 2 MGD SWRO plant was designed using WAVE, and the design result was used to calculate the 

lifecycle cost of producing a unit (m3/d) of potable water in Lagos, Nigeria, deploying a curve fit 

approach and pertinent water economic analysis tools.  

The CAPEX, OPEX, and TWC play a significant role in the selection of an appropriate 

desalination method. The accuracy of the cost estimates derived from this study depended on the 

adoption of efficient, transparent, and first-class evaluation tools. This study used a systematic 

approach to estimate the life cycle cost of desalination plants. This included a literature review in 

terms of global trends, real-world data from RO desalination plants, industry reports, and 

commercial products to present accurate and practical life cycle costs for RO plants operating on 

sustainable energy sources.  The production capacity of the SWRO is 9000 m3/d with a total 

recovery rate of 70 %. The study analysis showed that the cost of water produced from desalination 

systems with a conventional source of energy (gas, oil, electricity) is much lower when compared 

to the RES source at the construction stage consumes enormous operational expenses (OPEX) 

during plant operation. On the other hand, desalination powered by a RES involves a massive 

capital investment (CAPEX) at the construction stage but saves huge OPEX on power 

consumption during plant operation. The study also showed that the introduction of RES and the 

geographical location of the treatment plant increased the total production cost, but building a 

facility around a RES will initially overwhelm the CAPEX at construction, but will lessen or 

completely remove the OPEX on energy consumption and flatten the curve during operation. The 
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TWC analysis showed that Chemical with 69% represented the highest cost center in the lifecycle 

cost RES powered desalination plant, followed by CAPEX – 19%, maintenance – 10%, manpower 

– 1.7%, membrane replacement at 1%, and lastly, the land use charge with 0.2% been the least. 

The plotted graph analyzing the relationship between elements of the total cost of water (TWC) 

confirmed that the total savings of a RES desalination system with the OPEX are calculated 

annually will increase, eventually reaching a break-even point within the little period and 

shortening the time frame for capitalizing OPEX savings.  

Conclusively, the study estimated the unit cost to produce 1 m3/d of desalinated potable water 

as 1.11 USD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 8: CONCLUSION AND RECOMMENDATIONS 
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8.1 CONCLUSION 

The main aim of this thesis was to extract data via literature review and used the extracted data to 

model and simulate an SWRO system, and then carry out an experimental study on an existing 

SWRO plant to establish the parameters that influence productivity for system optimization and 

determine the cost components in estimating the total cost of saline water desalination using a 

renewable energy source. The thesis result and conclusion have been discussed in chapter 7 above. 

The decision to build a seawater desalination facility involves many steps such as feasibility study, 

business plan, business case study, environmental impact, funding, and product market to mention 

a few, but of utmost importance is a business case study because it involves many of the other 

items. Lifecycle cost as discussed in this thesis presents a working tool and basic principle of a 

business case study for the construction and operation of a viable seawater desalination project. 

Similarly, to achieve a greater sustainable, cost-effective, improved performance and eco-friendly 

desalination process, the variable operational parameters such as feedwater flow, feed water 

pressure, and feedwater temperature must be prioritized and optimized as outlined in this thesis 

for the best result. 

 

8.2 RECOMMENDATIONS 

Improved productivity and membrane performance is the key objective of any SWRO system. 

Therefore, there is a need to implement the variations in the input operational variable parameters 

as outlined in the experimental result on a real plant for feasibility studies and system optimization.  

Similarly, a higher recovery rate saves seawater treatment production costs.  Implementing the 

variations in the input operational variable parameters will reduce the membrane scaling and 

improve the recovery rate of the system. One of the biggest problems encountered in membrane 

desalination processes is the scaling of the membranes. Scale formation stems from the 

precipitation of poorly dissolved salts in the system.  

The lifecycle cost aims to present accurate and practical life cycle costs for RO plants operating 

on sustainable energy sources. If the study result is implemented correctly, it will lead to optimum 

working conditions for all the system components and consequently reduce the corrective 
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maintenance practice, thereby improving the output while at the same time reducing the costs of 

operation. It will also be an attractive solution in terms of reduced environmental impact due to 

lower conventional energy consumption and lower gas emissions, and also lessen or completely 

remove the OPEX on energy consumption and flatten the curve during operation while increasing 

the total savings on TWC which will eventually reduce the break-even point and shortening the 

time frame for capitalizing OPEX savings 

The calculated unit cost to produce 1 m3/d of desalinated potable water is 1.11 USD, These cost 

evaluations are required most times for project development, project budgeting, and feasibility 

studies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 



- 122 - 

 

 

APPENDIX 1 

 



- 123 - 

 

 



- 124 - 

 

 

 



- 125 - 

 

 

 



- 126 - 

 

 

 



- 127 - 

 

 

 



- 128 - 

 

 

 



- 129 - 

 

 

 



- 130 - 

 

 

 



- 131 - 

 

 

 



- 132 - 

 

 

 



- 133 - 

 

 

 



- 134 - 

 

 

 



- 135 - 

 

 

 



- 136 - 

 

 

 



- 137 - 

 

 

 



- 138 - 

 

 

 



- 139 - 

 

 

 



- 140 - 

 

 

 



- 141 - 

 

 

 



- 142 - 

 

 

 



- 143 - 

 

 

 



- 144 - 

 

 

 



- 145 - 

 

 

 



- 146 - 

 

 

 



- 147 - 

 

APPENDIX 2 

 

 



- 148 - 

 

 



- 149 - 

 

 



- 150 - 

 

 

 






