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Preface

One of the key challenges associated with the wider implementation of seawater
desalination is its relatively high cost. This book provides engineering guidelines for
assessment of seawater desalination project construction, operation and maintenance
(O&M) costs, and presents practical approaches for cost management using state-of-
the-art technologies and equipment.

The book describes step-by-step desalination cost-estimating procedures and
practices. It clearly explains key factors impacting desalination costs and available
tools to manage such impacts. It also provides an overview of the main cost-sav-
ing features incorporated in some of the best-in-class seawater desalination plants
worldwide and shares lessons learned from the implementation of recent low- and
high-cost desalination projects. This book contains example construction, O&M and
water production cost estimates for a typical desalination project.

At present, membrane reverse osmosis (RO) desalination is the fastest growing
technology for the production of fresh water from saline water sources. Desalination
plants use less energy to produce the same volume of fresh water than thermal desal-
ination facilities. Therefore, this book focuses exclusively on the cost estimating of
reverse osmosis desalination projects.

Preparation of cost estimates for the construction, funding, and operation of
desalination plants is more complex and demanding than that for conventional water
treatment facilities in terms of professional skills, knowledge, and understanding
of treatment processes, technologies, and equipment employed in the desalination
processes. As the advances in desalination technology make desalination more com-
petitive to other alternative sources of water supply, preparation of accurate cost esti-
mates for the construction and operation of desalination projects becomes of critical
importance for identifying the size and role of desalination in the mix of alternatives
that provide sustainable and reliable water supply portfolio for municipal coastal
centers around the world.

This book provides detailed information on how to determine the costs associ-
ated with the implementation of seawater RO desalination plants. The book’s con-
tent covers practically all aspects of cost estimating: from fundamentals, to factors
impacting project costs; type and accuracy of cost estimates; overview of existing
cost models and their practical use; and detailed guidance for calculation of capital
costs, operation and maintenance (O&M) expenditures, and fresh water production
costs of desalination projects. The book also has capital and O&M cost curves for
key desalination facilities as well as examples for the preparation of cost estimates.

This book consists of eight chapters, which follow the process of determining all
desalination project cost components of capital, O&M and water production costs.
Each chapter includes essential knowledge, numerous practical tips, and rules-of-
thumb for the preparation of budgetary cost estimates. Moreover, this book contains
easy-to-use curves, which helps in preparing budgetary construction and O&M cost
estimates as a function of the desalination project size and the type of applied tech-
nology and equipment — from open intakes to clarification and filtration pretreatment

xiii
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systems; reverse osmosis facilities, membranes, and equipment; and post-treatment
facilities.

Chapter 1 (Project Cost Overview) contains background information on desalina-
tion project cost-related definitions and fundamentals needed to understand the pro-
cedures and calculations of key desalination project costs, as well as to learn about
the parameters used for cost comparison of desalination facilities and equipment.

Chapter 2 (Project Cost Factors) presents the key factors that have a significant
impact on the capital, O&M and desalinated water production costs of desalination
plants and provides indexes that quantify and compare the impact of these factors
on the expenditures for seawater reverse osmosis (SWRO) desalination projects with
different fresh water production capacity, source and product water qualities, design
availability, method of funding and delivery, concentrate disposal alternatives, proj-
ect risk profile, power supply source and tariff structure, and project risk profile.
This chapter addresses both cost factors that are within the control of the project
owner and can be adjusted to control costs, as well as factors that the owner cannot
influence directly, but have to consider and reflect into the project cost estimates.

Chapter 3 (Cost Estimates — Type and Accuracy) describes what key project
information is needed to prepare accurate conceptual, preliminary, budgetary, and
detailed cost estimates of desalination projects. This chapter also discusses the accu-
racy of the various types of cost estimates and the purposes for which such estimates
are used when planning and implementing desalination projects. Chapter 3 also con-
tains an overview of existing cost models widely used by desalination project plan-
ners and practitioners worldwide.

Chapter 4 (Capital Costs) provides an overview of key components of capital
expenditures typically incorporated in desalination project cost estimates. The capi-
tal costs are divided into two main groups of expenditures — direct (construction)
costs and indirect (soft) costs. The construction cost components addressed in this
chapter are: plant site-related costs; intake and pretreatment costs; RO system expen-
ditures; post-treatment costs; concentrate disposal and waste and solids handling
costs; expenditures related to the installation of the electrical and instrumentation
system; building costs; and plant startup, commissioning, and acceptance testing
costs. The chapter also has guidance for the calculation of all indirect capital costs,
including: costs of project engineering services; project development costs, expen-
ditures associated with project funding and contingency provisions. Chapter 4 also
contains cost curves for all main plant facility and equipment components such as:
intake structures and piping and pump station; band, drum, and wedgewire screens;
microscreens (strainers); cartridge filtration systems; lamella settlers and dissolved
air flotation (DAF) clarifiers; granular media and membrane pretreatment filters;
single and two-pass SWRO systems; and lime and calcite post-treatment systems.
This chapter also illustrates the use of the cost curves for the preparation of a bud-
getary construction cost estimate for a 100,000 m3*/day SWRO desalination plant.

Chapter 5 (Operation and Maintenance Costs) defines the key components of
plant O&M costs and presents practical information of how to estimate such costs.
This chapter incorporates detailed information on cost estimating and control of
the following main direct O&M cost components: power; chemicals; labor; main-
tenance and repairs; membrane and cartridge filter replacement; desalination plant
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waste stream management; and environmental and performance monitoring of plant
operations. The chapter also features estimating of indirect O&M costs, such as staff
training, plant administration, laboratory services, contingencies, and insurance.
Chapter 5 also contains annual O&M cost curves for the same equipment and facili-
ties for which construction costs are provided in Chapter 4. In addition, this chapter
illustrates an estimate of the annual O&M costs for a 100,000 m3/day SWRO desali-
nation plant.

Chapter 6 (Water Production Cost) presents methodology for determining the cost
of production of desalinated water from seawater applying SWRO membrane sepa-
ration. The chapter discusses the calculation of the fixed and variable components of
the water production cost and explains how this cost varies with plant capacity and
availability factor. The chapter contains an example for the calculation of the cost of
water produced by a 100,000 m3/day SWRO desalination plant.

Chapter 7 (Project Implementation and Costs) is dedicated to cost impacts of
the commonly used methods for project delivery such as design-bid-build (DBB);
design-build-operate (DBO); and build-own-operate-transfer (BOOT). The chapter
emphasizes the key contractual structure provisions, advantages and disadvantages
of the alternative project delivery methods in terms of construction costs, annual
O&M expenditures, and water production costs and provides lessons learned from
the implementation of seawater desalination projects worldwide. The chapter gives
practical guidance of what project delivery and implementation features have been
incorporated in recent SWRO desalination projects that have yielded the lowest costs
of water production as well as what key project implementation factors have resulted
in high costs in plant construction and operation. Chapter 7 also discusses the impact
of the project delivery schedule on the plant construction costs and elaborates on the
typical causes for project delays and construction cost overruns.

Chapter 8 (Cost Management) presents an overview of the latest design approaches,
technologies and desalination process configurations widely used in practice for
management of the construction, and O&M and water production costs for seawater
reverse osmosis desalination projects. This chapter discusses cost and energy use
factors and trends, and describes specific technologies, equipment, and membranes
which have proven to be effective tools for desalination project cost management
such as: collocation of desalination and power plants; use of lower salinity source
water; higher productivity RO membrane elements; large-diameter membranes;
hybrid and split-permeate RO membrane configurations; and the use of pumps and
energy recovery devices of high energy efficiency. In addition, the chapter contains
information on future desalination technology advances and research directions,
which have the potential to yield significant further reduction of the costs for pro-
ducing fresh water from saline water resources.

This book is intended for desalination project planners, engineers, and designers;
water utility professionals involved in the development of water resource manage-
ment plans; equipment and membrane developers; operation and troubleshooting
specialists; as well as for students and teachers in the desalination field. The book
contains need-to-know desalination project cost-estimating practices and informa-
tion, which would benefit practitioners, decision-makers, and scholars alike.
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Bar — unit for pressure, 1 bar=14.5 psi

cm — centimeter

°C — degrees Celsius — unit of temperature

d — day

GW - gigawatt — | GW =1 million kW

ha — hectare

hr — hour

Hp — horsepower (unit of power)

kg — kilogram

km — kilometer

kW — kilowatt (unit of power)

kWh — kilowatt-hour (unit of energy)

kWh/m? — kilowatt hours per cubic meter (measure of energy used to produce or
convey one cubic meter of fresh (desalinated) water
l or L — liter

Lmbh — liter per square meter per hour

m — meter

m? — square meter

m? — cubic meter

mm — millimeter

mg/L — milligrams per liter

m?/day — cubic meters per day

MW — megawatt — unit for power — 1 MW =1,000 kW
U — um or micrometer (one-millionth of a meter)
pg/L — microgram per liter

uS/cm — micro-Siemens per centimeter — unit of specific conductivity of water
psu — practical salinity units (1 psu=1,000 mg/L)
ppb — parts per billion (1 ppb=1 pg/L)

ppm — parts per million (1 ppm=1 mg/L)

ppt — parts per thousand (1 ppt=1,000 mg/L)

psi — Unit of pressure — pounds per square inch

s — second

yrI — year
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’I Project Cost Overview

1.1 INTRODUCTORY REMARKS

Desalination is gaining popularity as an alternative water supply resource as many
municipalities and utilities worldwide are facing increasing population growth pres-
sures, shortage of suitable local water resources, and more stringent water quality
regulations. Until recently, use of seawater desalination was limited to desert-climate
dominated regions. Recent technological advances and associated decreases in water
production costs and energy demand have expanded use of desalination in coastal
areas traditionally supplied with fresh water resources (Bazargan, 2018; Gude, 2018).

At present, more than 19,000 desalination plants worldwide produce a total of
99.8 million cubic meters per day (m?/day) of fresh water from seawater and brack-
ish water (GWI, 2017) and provide approximately 1% of the world’s drinking water
supply. The number and size of desalination projects worldwide have been growing
at a rate of 5%—6% per year since 2010, which corresponds to an addition of 3.0-4.0
million m3/day of newly installed desalination plant fresh water production capacity
every year.

This growth is due to a number of long-term global trends including: (1) steadily
increasing population growth and associated demand for fresh drinking water in
urbanized coastal areas; (2) prolonged drought in the arid and semi-arid coastal
areas of the world; and (3) limited availability of untapped traditional low-cost fresh
water resources in these areas. Arid and semi-arid coastal zones of the world are
inhabited by over 70% of the world’s population and are usually the fastest growing
and most urbanized areas.

In total, 18% of the existing desalination plants are large size (i.e., have fresh
water production capacity of over 100,000 m?/day) and 36% are medium size (i.e.,
have a production capacity of 10,000-100,000 m3/day). Medium and large size plants
contribute approximately 90% (86 million m3/day) of the existing total installed
desalination plant capacity worldwide.

A clear recent trend in seawater desalination is the construction of larger capac-
ity plants, which deliver an increasingly greater portion of the fresh water supply
of coastal cities around the globe. While most of the large desalination plants built
between 2000 and 2010 were typically designed to supply only 5%-10% of the
drinking water of large coastal urban centers, today most regional or national desali-
nation project programs in countries such as Spain, Australia, Israel, Algeria, and
Singapore aim to secure 25%-30% of their long-term drinking water needs with
desalinated seawater.

In the next 5 years, the largest investments in new desalination projects are pro-
jected to occur in the Middle East and North Africa (US$28.2 billion), East Asia
and the Pacific (US$9.6 billion), North America (US$5.1 billion), Latin America/
Caribbean (US$4.9 billion), and Western Europe (US$2.9 billion) (GWI, 2017).
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Since 2010, reverse osmosis (RO) desalination has been the main technology of
choice for production of fresh water from saline water worldwide (Figure 1.1).

The prevalence of this desalination technology is due to the fact that for most
saline sources and applications worldwide, it yields fresh water at overall energy use
and costs lower than those of thermal desalination technologies such as multi-effect
distillation (MED) and multi-stage flash distillation (MSF) — see Table 1.1.

At present, over 50% of the existing desalination plants are located in the Middle
East and North Africa (MENA) region. The majority of the plants built in this
region over the past 5 years employ seawater RO (SWRO) membrane desalina-
tion (Figure 1.2) for production of fresh water. The steady trend of increasing use
of SWRO membrane desalination in the MENA region is mainly attributed to the
lower energy use, high efficiency, and lower fresh water production costs associated

Technology

®RO " Thermal ™ ED ™ Other
3% 2%

22.0 million m¥day 17%
Thermal Desalination 77.8 million m3¥d

RO Desalination

FIGURE 1.1 Breakdown of installed desalination plants worldwide by technology (2017).

TABLE 1.1
Energy and Water Production Costs for Alternative Desalination
Technologies

Process/Energy Type MED MSF vC BWRO SWRO

Steam pressure (ata) 0.2-04 2.5-35 Notneeded Notneeded Notneeded

Electric energy 45-60  9.5-11.0 NA NA NA
equivalent (kWh/m?3)

Electricity consumption ~ 1.2-1.8 3.2-4.0 8.0-12.0 0.3-2.8 2.5-4.0
(kWh/m3)

Total energy use 57-7.8  12.7-15.0 8.0-12.0 0.3-2.8 2.5-4.0
(kWh/m3)

‘Water production costs 0.7-3.5 0.9-4.0 1.0-3.5 0.2-1.8 0.5-3.0
(US$/m)

Note: NA — Not applicable.
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Thermal Desalination RO Desalination

47%

FIGURE 1.2 Breakdown of installed desalination plants in MENA by technology (2017).

with this technology as compared to thermal desalination (Ghaffour et al., 2013;
Loutatidou et al., 2014).

The decline of thermal desalination is reflected in the recent decision of Saudi
Arabia’s government not to build any MSF plants in the future, after the construc-
tion of the largest hybrid (MSF and SWRO) desalination plant in the world in Ras
Al-Khair (WDR, 2017). This facility incorporates a 727,000 m3/day MSF plant and
310,000 m3/day SWRO plant. A similar trend toward preferential use of SWRO
desalination technology for future projects is observed in other Middle Eastern
countries such as Oman, Qatar, and the United Arab Emirates as well as in most
countries in North Africa (Caldera and Breyer, 2017; Shazhad et al., 2017).

Source water salinity is one of the most important factors determining desalina-
tion project design and costs (AW WA, 2007; Papapetrou et al., 2017). Based on the
salinity of the source water they process, desalination plants can be divided into
three broad categories: low-salinity and high-salinity brackish water desalination
plants, and seawater desalination plants.

Low-salinity brackish water (BW) desalination plants often have a relatively sim-
ple single-stage RO system configuration and are typically designed to treat water of
total dissolved solids (TDS) concentration between 500 and 2,500 mg/L. For such
plants, it is common that 5%-30% of the source water flow is bypassed and blended
with permeate produced by the RO system. Therefore, such facilities are relatively
less costly to build and operate.

Depending on the target water quality and method of concentrate disposal, low-
salinity BWRO plants may employ more than one RO stage in order to reduce con-
centrate volume and costs. For example, the majority of the BWRO plants in Florida
and Texas are low-salinity groundwater desalination plants. It should be pointed
out that the low-salinity surface water BWRO plants usually produce desalinated
water at 10%—20% higher cost, usually because of the more costly and complex
pretreatment.

High-salinity BWRO plants are configured to process brackish source waters
with TDS content in a range of 2,500-10,000 mg/L, usually treat the entire source



4 Desalination Project Cost Estimating and Management

water flow, and as a minimum incorporate a two-stage RO system. Typically, fresh
water production costs of high-salinity desalination plants are 15%-35% higher than
those of low-salinity desalination projects. The main cost differences originate from
the higher energy use associated with the elevated source water salinity, the more
complex RO system configuration, and the lower fresh water recovery at which such
plants typically operate.

Seawater desalination projects are designed to process source water of salinity
between 15,000 and 46,000 mg/L. Usually such plants are configured as multi-pass,
multi-stage RO systems, which operate at significantly lower recoveries and have
higher energy use than brackish water desalination plants. In addition, SWRO mem-
brane elements and vessels are more costly because they are designed to withstand
higher pressures. As a result, the costs for desalinating seawater are usually measur-
ably higher than those for producing the same quality of fresh water by brackish
water desalination.

Depending on the target product water quality and site-specific conditions such
as energy costs and concentration of other source water constituents besides sodium
and chloride, saline waters of TDS concentration between 10,000 and 15,000 mg/L
could be processed by both seawater and brackish water desalination systems.

While brackish water desalination plants are less costly to build and operate,
often brackish water sources are not readily available and usually are fairly limited
in volume and extraction rate. Seawater reverse osmosis desalination is the most
widely used membrane salt separation technology at present, because it allows tap-
ping into the largest natural source of water on the planet — the seawater contained
in the oceans and seas.

Approximately 75% (1.6 million m3/day) of the new globally installed desalina-
tion plant capacity for the period of June 2016 to July 2017 (2.14 million m*/day) was
for seawater desalination and only 15% (0.32 million m?/day) was for brackish water
desalination (GWI, 2017). The remaining 10% (0.32 million m?/day) of the desalina-
tion plants have applied other water treatment technologies such as electrodialysis
reversal (EDR), ion exchange (IX), forward osmosis (FO), and capacitive deioniza-
tion (CDI).

This trend is expected to continue in the future with an overall slowdown of
the construction of new brackish water desalination plants, because most of the
known brackish water aquifers near large urbanized centers worldwide are already
tapped in, and brackish water in general is of limited availability. Only 1.1% of the
worldwide water resources are located in brackish water aquifers while 97.5% of the
planet’s water is in the oceans and seas. Therefore, this book focuses mainly on cost
estimating of seawater reverse osmosis projects.

1.2 PROJECT COST DEFINITIONS
The key economic parameters of seawater reverse osmosis desalination projects are:
» Capital costs;

e Operation and maintenance costs;
e Cost of water production.
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1.2.1  CaritaL CosTs

Capital costs include all expenditures associated with desalination project imple-
mentation: from the time of conceptual development, through design, permitting,
financing, construction, commissioning, and acceptance testing for continuous oper-
ation. Construction costs encompass all direct expenditures needed to build plant
source water intake and concentrate discharge systems and all project-related struc-
tures; procure and install all facility equipment; install and connect plant piping and
service utilities; and deliver desalinated water to final user(s). Because of their direct
association with the construction of physical facilities, construction costs are also
referred to as “direct” or “hard” capital costs. Construction costs of seawater desali-
nation plants are typically 50%—-85% of the total capital costs.

The remaining 15%-50% of capital costs are often referred to as “indirect” or
“soft” costs. These costs are associated with all engineering, administrative, permit-
ting, and funding efforts necessary to bring the project to fruition. In addition, indi-
rect capital costs incorporate expenditures needed to procure contractors for design,
construction, and operation of the desalination project.

Total project capital costs are typically presented in monetary units (e.g., US$)
and are estimated either for the year when project construction is initiated or are ref-
erenced to the middle of the construction period. Depending on the type, length, and
term of project funding, capital costs are often converted to monetary units per year
and referred to as amortized or annualized costs (US$/yr). In addition, both capital
and construction costs are sometimes presented as expenditures per unit of desalina-
tion project fresh water production capacity (e.g., US$/m?day or US$/1,000 gallons).

1.2.2  OPERATION AND MAINTENANCE COSTS

Operation and maintenance costs are all expenditures associated with desalination
plant operations (power, chemicals, labor, and replacement of consumables, such
as membranes and cartridge filters); with maintenance of plant equipment, build-
ings, grounds and utilities; and with compliance with all plant operation and envi-
ronmental permits, and other pertinent regulatory requirements. The operation and
maintenance costs associated with a given project are typically expressed as the all-
inclusive operational expenditures for a period of one year (e.g., US$/yr) or as opera-
tional costs for the production of unit volume of desalinated water (e.g., US$/m3).

Operation and maintenance (O&M) costs may be divided into two main catego-
ries: fixed and variable. Fixed O&M costs are annual expenditures that are not a
function of the actual amount of fresh water produced by the desalination plant. Such
O&M expenditures include labor costs (staff wages and fringe benefits), costs for
routine preventive equipment maintenance, environmental and performance moni-
toring, operational insurance, administrative costs, and other miscellaneous over-
head expenses.

Variable O&M costs are typically proportional to the actual volume of desali-
nated water produced by the desalination plant and include expenditures for power;
chemicals; replacement of RO membranes, pretreatment membranes (if membrane
pretreatment is used), and cartridge filters; as well as expenditures for disposal of
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waste (screenings, spent membrane cleaning chemicals, spent backwash water, dis-
posal of dewatered residuals if pretreatment backwash is treated before, and pumping
costs for conveyance and disposal of plant concentrate and other liquid discharges).
Typically variable costs are 50%—-85% of the total annual O&M costs of SWRO
desalination plants, while the fixed costs are 15%—50% of these expenditures.

1.2.3 Cost oF WATER PRODUCTION

Cost of water is an economic parameter that incorporates all project capital and
annual O&M expenditures associated with water production. Typically this cost
parameter is expressed in monetary units per unit volume of desalinated water
(e.g., US$/m3). The total cost of fresh water production (cost of water) is calculated
by dividing the sum of the amortized (annualized) capital costs (e.g., US$/yr) and
the annual O&M costs (e.g., US$/yr) by the total actual or projected annual volume
of fresh water produced by the desalination plant, expressed in m3¥yr. For a typical
SWRO plant, the amortized capital costs and the O&M costs are usually in a range
of 40%—-60% of the total cost of water, each.

1.2.3.1 Water Production Costs of BWRO Desalination Plants

Table 1.2 provides a summary of the costs of fresh water production of low-salinity
and high-salinity brackish water desalination plants. The cost summary presented
in this table is based on comparative analysis of over 40 brackish water desalina-
tion plants worldwide. The actual costs of the individual projects used to generate
Table 1.2 were adjusted for time scale, scope, and location to provide a common base
for comparison.

Review of Table 1.2 indicates that at present (i.e., year 2018) the industry-wide
average cost for production of fresh water by low-salinity and high-salinity BWRO
plants is US$0.7/m? and US$0.9/m3, respectively. As anticipated, use of low-salinity
brackish water yields lower fresh water production costs. However, it is interesting to
note that the cost difference is not proportional to salinity.

Often, low-salinity sources may contain additional contaminants such as silica,
cyanide, iron, manganese, or large quantities of organics and dissolved gases that
have a profound impact on plant construction costs because their removal usually

TABLE 1.2
Water Production Costs of Medium and Large Size BWRO
Desalination Plants

Cost of Water (US$/m?3)

Classification Low-Salinity BWRO Plants  High-Salinity BWRO Plants

Low-end bracket 0.2-0.4 0.3-0.6
Medium range 0.5-0.8 0.7-1.0
High-end bracket 1.0-1.5 1.3-1.8

Average 0.7 0.9
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requires additional treatment steps and expenditures. In addition, typically both low-
salinity and high-salinity brackish water plants use the same type of RO membrane
elements, vessels, and pumps, which have the same unit costs per processed capacity
(i.e., their costs are mainly determined by plant production flow and recovery, and
are not as significantly impacted by source water salinity as they are by production
flow).

Figures 1.3 and 1.4 show a breakdown of the water production costs of low-
salinity and high-salinity BWRO plants by main components: direct (construction)
and indirect capital costs; and power and other O&M costs. For low-salinity desali-
nation plants, construction costs (i.e., direct capital costs) are typically the largest
component of the water production costs. The wide range of these costs is mainly
attributed to the economy of scale, and differences in intake and concentrate dis-
posal cost components.

FIGURE 1.3  Typical cost of water breakdown for low-salinity BWRO plants.

Indirect
Capital Costs
10 to 15%

FIGURE 1.4 Typical cost of water breakdown for high-salinity BWRO plants.
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Comparative analysis of Figures 1.3 and 1.4 indicates that in high-salinity BWRO
plants power expenditures are a slightly larger portion of the total water production
costs (typically because of the higher source water salinity). However, the energy cost
component is not directly proportional to the salinity because high-salinity BWRO
plants often apply energy recovery devices, which typically are not cost attractive
for low-salinity BWRO plants, and also operate at lower recoveries, which results in
elevated construction costs and lower energy use.

1.2.3.2 Cost of Water Produced by SWRO Desalination Plants

Table 1.3 presents the range of water production costs of medium and large size sea-
water reverse osmosis desalination projects. Information for this table is compiled
based on comparative review of over 50 desalination projects in the United States,
Australia, Europe, the Middle East, the Caribbean, and other parts of the world.
As seen in Table 1.3, at present (in 2018 USS$) the average industry-wide cost of pro-
duction of desalinated water by reverse osmosis is approximately US$1.1/m3.

Comparison of Tables 1.2 and 1.3 reveals that on average seawater desalination
production costs are 1.2-1.6 times higher than those for producing fresh water
by high-salinity and low-salinity brackish water desalination, respectively. When
comparing some individual projects however, this difference could be significantly
higher.

For example, the cost of water production of a low-salinity BWRO project in the
low-end cost bracket (i.e., US$0.2—0.4 m3/day) could be over 10 times higher than the
water production cost of a SWRO desalination project in the high-end cost bracket
(US$1.6-3.0/m?). While factually accurate, such comparisons are misleading if they
are taken out of context of the site-specific project conditions, which may differ very
significantly from one project to another.

Figure 1.5 depicts a typical breakdown of the fresh water production costs of
medium and large size seawater reverse osmosis desalination projects. Although
the ratio between the key cost components varies from project to project, the larg-
est pieces of the “cost pie” are usually the plant construction expenditures (i.e., the
direct capital costs), power, and the other O&M costs (i.e., maintenance, chemicals,
membranes, etc.). The indirect capital costs, which mainly include expenditures for
project engineering, development, and finance, are also a measurable portion (typi-
cally 10%—-20%) of the water production costs.

TABLE 1.3
Water Production Costs of Medium and
Large Size SWRO Desalination Plants

Classification Cost of Water (US$/m?)
Low-end bracket 0.5-0.8
Medium range 0.9-1.5
High-end bracket 1.6-3.0

Average 1.1
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Indirect
Capital Costs
10 to 20 %

FIGURE 1.5 Seawater reverse osmosis plant — cost of water breakdown.

Comparison of Figures 1.3 through 1.5 indicates that capital costs for BWRO
facilities are usually a higher portion of the total water production expenditures
than those for SWRO plants (45%—76% vs. 40%—60%). In BWRO projects, energy
contributes 10%—-30% of the total costs, as compared to SWRO projects where the
energy contribution is usually in a range of 20%—-35%, and in extreme conditions for
remote plant locations with high unit energy costs, energy expenditures for SWRO
desalination could exceed 50% of the total costs of water production.
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