
ISSN 0040-6015, Thermal Engineering, 2020, Vol. 67, No. 5, pp. 271–281. © Pleiades Publishing, Inc., 2020.
Published in Russian in Teploenergetika.

NUCLEAR POWER PLANTS
Economic Assessment of the Possible Desalination Processes
for the First Unit of Bushehr Nuclear Power Plant

Kh. Sadeghia, *, S. H. Ghazaiea, E. D. Fedorovicha, E. A. Sokolovaa, and A. S. Shiranib

aPeter the Great St. Petersburg Polytechnic University, Higher School of Nuclear and Heat Power Engineering,
St. Petersburg, 195251 Russia

bShahid Beheshti University, Department of Atomic Engineering, Tehran, 1983969411 Iran
*e-mail: sadegi.h@edu.spbstu.ru

Received June 28, 2019; revised July 29, 2019; accepted September 25, 2019

Abstract—The problem of ensuring the continuously growing needs of people for freshwater is becoming
more acute in Iran. In order to resolve the serious water crisis in arid regions of the country near the Gulf,
several desalination units have been used. However, most of the installed units of seawater desalination are
based on fossil fuels consumption, which suffers from several disadvantages. According to the demand for
clean energy to provide water and electricity, nuclear technology is gaining higher attention as compared to
other energy sources. Bushehr NPP as the first commercial nuclear reactor in the country can be included
the establishment of a large-scale desalination plant. In this study, after reviewing pertinent aspects of com-
mercial desalination technologies, the history of seawater desalination in Iran is presented. This paper is
focused on economic assessment of coupling the Bushehr NPP with different types of desalination systems,
namely, Multiple Effect Desalination (MED), Multi-Stage Desalination (MSF), Reverse Osmosis (RO),
and RO + MSF, RO + MED (hybrid methods) by using the Desalination Economic Evaluation Program
(DEEP) package. By considering the obtained results and advantages of hybrid methods, RO + MED process
with thermal/RO ratio of 0.7 and the total capacity of 150000 m3/day is suggested.
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INTRODUCTION

Water is a limited valuable resource, which is the
basis of human existence and the essential aspect of
developing productions and economy. The demo-
graphic statistics have predicted that the population
growth in the world between 2011 and 2050 will
increase by 33% from 7.0 billion to 9.3 billion while the
natural water resources remain constant. Conse-
quently, by 2030 the global water demand is expected
to grow from 4500 to 6900 billion m3/year portraying
a 53% increase [1]. If it is not possible to significantly
reduce (and even better eliminate) this deficit, then
many countries of the world will be threatened by
growing food shortages, rising social tensions and
other difficulties, including war for water [2]. The res-
idential areas, which are extremely in the face of water
shortage and drought danger in future, are mostly
located around the Mediterranean, the Middle East,
western North America, eastern Australia, western
Asia, northern China, and Chile.

Currently, there is an effective way to solve this
problem, namely, large-scale (in amounts of about

one hundred thousandths of cubic meters per day or
more) seawater desalination, which can be imple-
mented in countries with territories, which are located
near the seas and oceans.

Developing the desalination technologies has
started since the mid-20th and principally, the coun-
tries located at the highest risk regions, such as the
Middle East and South Africa, expressed their interest
to use them. A number of countries in the Middle
East, which have great economic opportunities,
already utilize large and high-technology desalination
plants for producing freshwater. During the last two
decades, the rate of installing new desalination units
has increased quickly. Currently, more than 150 coun-
tries are trying to solve their freshwater shortages using
desalination options. Globally, at the end of 2015,
around 80 million m3 of potable water is being pro-
duced daily by more than 18000 desalination plants
and of these, 50% (40 million m3/day) are utilizing
seawater as the source [3]. Around half of this capacity
(37.32 million m3/day) is located in the Middle East
and North Africa [4]. Moreover, it is expected that the
global capacity of desalination plants constantly grows
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and from 21 million m3/day of desalinated water in
2007 reach 110 million m3/day by 2030 [5].

However, desalination is an energy-intensive pro-
cess. Most of the existing water desalination plants use
non-renewable fuels as their primary energy sources,
which is the major source of CO2 emission [6].

As stated in many reports, though solar energy is
often labelled as free energy and is environmentally
friendly, it’s not so simple to evaluate feasibility and
cost for solar desalination. The major disadvantages of
the solar water distiller are weather dependent, high
cost and requiring a large space [7].

Between all types of energy sources, nuclear power
has the indisputable advantages over the others and in
this case can be quite competitive. The possibility of
developing the units of nuclear desalination depends
on the economic factors of the region. Technically,
any reactor type can be used for nuclear desalination,
although several types are identified as the most prac-
tical, beneficial and probable for this application.

In the literature, there are various types of nuclear
desalination systems in different countries, for exam-
ple, LMFR in Kazakhstan, PWR in Korea, Argentina,
Russia and India and BWR in Japan [8].

Similar to many countries in the west and west
south of Asia, Iran is also experiencing extreme water
shortages. Iran has a noticeable amount of gas turbine
plants and in their majority have been established in
the south, near the seashore region. By virtue of the
freshwater insufficiency in arid parts of Iran, these
power plants are used for supplying freshwater, which
generally uses an enormous amount of energy. How-
ever, the energy produced from fossil fuels is the dom-
inant source of CO2 emission and also the resources of
them are limited. Therefore, nuclear energy applica-
tions have a great role in Iran’s future energy strategies.

Numerous studies have been carried out on com-
bining nuclear reactors with desalination plants,
including technical aspects [9, 10], safety consider-
ation [11], and economic evaluation [12–14] of
nuclear desalination. Recently, Khalid et al. [15]
developed and analyzed two nuclear power station
(CANDU 6 and SFR) for the purpose of generating
electricity and freshwater. Park and Kim [16] consid-
ered a high-temperature reactor coupled with the for-
ward osmosis plant. They arrived at the conclusion
that the combination of a high-temperature reactor
with the forward osmosis unit is more profitable com-
pared to coupling with an MSF system.

Yong Hun Jung et al. [17] analyzed various aspects
of using nuclear desalination in the UAE (United Arab
Emirates). They believed that the most optimal choice
for generating the freshwater is linking a small nuclear
heat-only plant (SNHP) and a MED (Multiple Effect
Desalination) system. Nissan and Dadour [18] com-
pared economic aspects of four different nuclear
desalination systems with the purpose of supplying
freshwater. In their investigation suggests that reverse
osmosis is the most profitable compared to the other
three options. Alonso et al. [19] have explored five var-
ious ways of nuclear desalination. They fathomed out
that each method has its own merits and demerits.

The basic motivation of our research is to compare
the five different types of desalination systems namely
MED, RO, MSF, RO + MSF, and RO + MED, cou-
pling with Bushehr nuclear power plant located at the
northern east coast of Gulf in Iran, which could be
sustainable and at the same time economically viable.
The economic calculations presented at this paper are
based on the utilization of the Desalination economic
evaluation program (DEEP 5) software, developed by
the IAEA (International atomic energy agency).

A General Overview of Commercial
Desalination Technologies

Basically, the commercial desalination units are
classified into two major categories, which are called
thermal and membrane types. The thermal type is split
into two groups (MSF and MED) based on heating
and evaporating seawater, condensing the produced
steam and subsequently, obtaining freshwater. MSF
method was dominating from the 1980s to 1990s
because of the high quality operating and maximum
availability during the whole year [20]. In this method,
although the main type of energy required is thermal,
electrical energy is also used. The requirement thermal
energy for MSF varies from 191 to 290 MJ/m3 that is
equivalent to 15–25 KWelec/m3 at 30% power plant
efficiency [21]. These types of plants can treat very
salty water (to 70000 mg/L) to produce practically
pure water having about 5–25 ppm TDS. In 1928 the
first MSF plant was installed in Saudi Arabian with a
total capacity of 227 m3/day.

The first multiple effect desalination plant in the
world with the capability of producing about 500 m3/day
were constructed around the early 1960s. Multi-effect
distillation is based on evaporation and condensation
with decreasing ambient pressure, which takes place in
a sequence of equipment called ‘effects’ [22]. Analo-
gous to MSF, the MED plants also need electrical and
thermal energy to produce potable water. However,
their consumption energy has a considerable differ-
ence and commonly, MED is lower than MSF
(because of operating at lower top brine) [23].

The primary techniques of membrane processes are
reverse osmosis and electrodialysis, however, reverse
osmosis is more commercial on the industrial scale.

In this method, freshwater permeates under high
pressure through semi-permeable membranes leaving
behind highly concentrated brine solution. The
needed energy for high-pressure pumps of RO units is
influenced by total dissolved solids and a part of this
energy can be supplied by recovering energy of brine
water. RO specific energy usage and the value of CO2
THERMAL ENGINEERING  Vol. 67  No. 5  2020
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Table 1. Operational and performance parameters of most common desalination technologies

Parameters
Technology

MSF MED RO

Operating temperature, °С 90–110 65–70 Ambient

Thermal energy, (kW h)th/m3 53–70 40–65 Not applicable

Electric energy, (kW h)elec/m3 2.5-5.0 2.0–2.5 4.0–6.0

Performance ratio (PR) Up to 10 Up to 10 –
GOR 8–16 8–10 –
Technology growth trend Moderate High High

CO2 emission, kg/m3 15.6–25.0 7.0–17.6 1.7–2.8

Ton of seawater required per ton of water production 8–10 5–8 2–4
Plant life, years 25–40 15–25 10–15

Max capacity per unit/train, m3/day 37850 78700 240000

Operational simplicity Low Lowest Higher
emission has a minimum volume among all desalina-
tion methods. RO units easily adapt to environmental
conditions and the plant size can be expanded as
needed [24].

According to the reports [9, 10] in 2016, 65% of the
total world capacity was constituted by membrane
desalination and 27% by thermal (the remaining 8%
belongs to other desalination methods). Furthermore,
by the year to 2017 greater than 90% of total capacity
in new contracts is based on membrane process. For
selecting among desalination processes, especially in
countries with moderate technology, should be taken
consideration several mainly factors such as; total
capacity, design, material, feed water quality, energy
consumption and gain output ratio. Estimating the
energy consumption of various desalination methods
is a function of numerous parameters, such as tem-
perature, the f low rate of desalination and salinity of
seawater. The feed concentration does not influence
thermal energy usage, but it impresses the energy con-
sumption of membrane systems. Table 1 summaries
the operational and performance parameters of vari-
ous desalination schemes [24–30].

Seawater Desalination in Iran
Iran is a wide country, which is covering an area of

1648195 square kilometers of the Middle East with an
estimated population of about 82 million. With regard
to the significance of water in Iran, producing fresh-
water has become an important issue for the govern-
ment of Iran and gave a strong motivation to install
desalination units [30, 31]. The total border of Iran is
equal to 8 731 kilometers, which about 30% of this,
constitutes water border (Gulf and Sea of Oman).
Hence the seawater desalination can be easily consid-
ered as a safe and permanent water supply for coastal
communities. Already several desalination units have
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been built in the south of the country, near the sea-
shore region where there is located sources of oil and
gas. But, nevertheless, Iran is not a country with a
large number of installed desalination plants in com-
parison to other countries in the Middle East. In asso-
ciation with the technology, the desalination plants
which have been installed in Iran, mostly use hybrid
processes while the RO method has become dominate
the thermal technologies.

The major source of the supplying required energy
for desalination units in the world are fossil power
plants. However, the combustion of fossil fuels emits a
considerable amount of greenhouse gas and raises
environmental concerns, including the threat of a
gradual climate change. In addition to environmental
emissions, fossil fuels resources are limited and their
use in other industries have remarkably increased the
price of fossil fuels. Therefore, as a consequence of
these concerns over fossil fuel, other alternative energy
sources have been developed for future desalination
needs, including nuclear energy.

The possibility of using nuclear reactors as a ther-
mal or electrical energy source in desalination plants
was studied by IAEA in the 1950s. Iran is a country
with a huge number of underground reserves, such as
coal, natural gas, oil, and heavy oil. In the last decade,
an increase (about 50%) in primary total energy con-
sumption has appeared in Iran, and it’s clear that fossil
resources are the main source of supplying this
amount of energy. The enormous toll exacted by using
fossil fuels as well as a high increase in the demand for
energy led the government to consider alternative
resources energy. Currently, Iran is the member state
of International Atomic Energy Agency and has
expressed his interest in nuclear desalination resulting
from increasing population and a growing economy.
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Iran’s original Bushehr-I facility has introduced as
the first profitable power reactor in the Middle East.
This power plant is based on a VVER 1000 MWe light-
water reactor, which is designed by the Russian Feder-
ation and started to add the nuclear electricity to the
capacity of power grid at the year of 2013. Currently,
the plant is operating by Iranian staff with the assis-
tance of Russian specialists.

The possibility of coupling large-scale desalination
units was predicted during building the first phase. On
the grounds of this feasibility, the Atomic Energy
Organization of Iran (AEOI) has planned to generate
about 200 thousand m3 of potable water per day. How-
ever, to supply the internal demands of freshwater in
the Bushehr nuclear power plant, already producing
5000 m3 per day is achievable.

Economic Evaluation
Recently, various attempts have been made to

decrease the cost of nuclear desalination in both
industrial and developed country. For example, in the
eighties, the cost of a 1 m3 of distilled water with the
MSF process varied between 6 and 7 $/m3. But cur-
rently, the international cost is between 0.52 and
1.75 $/m3. Especially in Iran, as a developed country
the economic aspects of installing a nuclear desalina-
tion unit is rather more important than the other
parameters. Hence before designing a desalination
unit in the country, it seems to be necessary to con-
sider all possible options of nuclear desalination and
compare them in the case of the economic, to select
the best case. The main factors, which are affecting the
cost of the desalination unit’s productions are the total
water capacity, the salinity and quality of sea water and
energy consumption. Moreover, by increasing the
temperature of the RO inlet with preheating or
increasing the recovery ratio, the total cost of the
desalination will decreases. The IAEA DEEP is a
comprehensive software in the field of analyzing the
economic aspects of desalination units which, has
become an acceptable tool to evaluate and estimate the
price of different desalination technologies (thermal
or electrical), based on various energy sources
(nuclear, fossil-fueled or renewable).

Main factors affecting the total cost of the desali-
nated water are discussed below.

Interest rate. The time value of money is one of the
most important parameters in the economic evalua-
tion during a period of time. This concept is that the
money available at the present time is worth more than
the identical sum in the future due to its potential
earning capacity and. Generally, inflation and interest
rates affect the time of money. The interest rate is the
rate of return of investment banking across a time
period. The interest rate is a specific value for each
country, which can be changed by the economic con-
ditions and policy. For example, in Iran, the interest
rate of the country increased between the years of 2009
to 2015 and after that, this value is decreased, sharply.
The maximum and minimum value of the interest rate
in the past 20 years is about 22 and 6% respectively.
Furthermore, the average value of interest rate in
10 years ago and 20 years ago is about 15 and 10%,
respectively. The economic evaluation of the pro-
duced freshwater with respect to changing the interest
rate is indicated in the result section.

Preheating the feed water for RO unit. The preheat-
ing of feed-water of RO systems is a useful and possible
method to reduce the specific power consumption of
desalination and consequently, decrease the total cost
of the freshwater. The permeability of seawater in the
membranes is inversely proportional to feed water vis-
cosity. In the other hand, by increasing the tempera-
ture, the viscosity decreases and as a result, the RO
membrane becomes more permeable [32]. The best
way to preheating of feed water is to use the waste heat
generated in the nuclear power plant. By mixing the
treated water from the UF unit with the hot stream
from the outlet of the condenser, or outlet stream from
the thermal desalination unit, the preheating of inlet
water for RO unit can be implemented.

In Fig. 1 the simple scheme of the second cycle of
Bushehr nuclear power plant is drawn. In this scheme,
three possible streams are suggested to use as the pre-
heating the feed water. The first pipeline, which is
indicated by L2 is the basic case and the feed water
from the sea is pumped to the RO unit with out of pre-
heating. The second possible pipeline of RO feed
water, which can be considered in the Bushehr
nuclear power plant is marked by L5. The inlet feed
water of the RO unit, in this case, is a hot stream from
the condenser. The temperature of the outlet stream
from the low-pressure turbine in the Bushehr NPP is
about 40°C. Hence, removing waste heat from the
condenser in order to use for preheating the inlet feed
water of the RO unit can be carried out, easily. The
last scheme of preheating is using the heated water
from the last effect of the MED unit, which is con-
sidered as the waste heat (removing the waste heat
from both MED and MSF units are possible. But in
the drawn scheme just the MED unit is indicated).
The effect of increasing the temperature of the RO
inlet is indicated in the results section.

Feed water quality. One of the main factors to
choose desalination technology is the salinity of inlet
water to the desalination equipment. The salinity of
feed water of RO units depends on the regional loca-
tion and the type of water source. The Persian Gulf is
among the most saline locations on Earth. The salinity
of this gulf is different from one part to another part. For
example, the average salinity of the Arabic parts is about
45000, while this parameter for the north part of the
gulf, which ends to coasts of Iran, is about 40000 ppm.
This high value has forced the Gulf countries to
THERMAL ENGINEERING  Vol. 67  No. 5  2020
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Fig. 1. The schematic view of the Bushehr NPP coupling a hybrid desalination unit (RO + MED). 1—Steam generator; 2—high
pressure turbine; 3—low pressure turbine; 4—generator; 5—condenser; 6—med unit; 7—ro unit; 8—pump; 9—preheater; L1 and
L2—intake sea water; L3—the line of produced freshwater; L4—the line of the brine water; L5—the feedwater of RO plant from
condenser; L6—line of water between MED unit and RO unit.
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develop the desalination units based on the thermal
methods.

Energy consumption. As discussed in the last sec-
tions, each desalination method has a certain value of
energy consumption. However, by applying the high-
technologies methods, which are recently developed
such as pre-heating, energy recovery devices (ERD)
and using the waste water from condenser can be
decreased the energy consumption, considerably. On
the other hand, the type of energy source can affect
the total cost of freshwater. The energy cost is different
for various countries. For example in GCC countries,
due to the fact that they are the main oil-exporting
governments in the world, the cost of fossil fuels in
these countries is less. One of the common difficulties
in conducting economic calculations is the compari-
son of economic parameters and fossil energy.
Nuclear power plants usually have a low capital cost
with longer construction times and relatively low fuel
cycle cost. About the Bushehr nuclear power plant, it
is necessary to note that the first block of this plant
already has been constructed and is operating.

Wastewater reuse. Recently, the environmental
concerns of the desalination plants such as emission of
pollutants into the atmosphere, noise, and produced
pollution by the discharge of concentrates have been
considered as one of the major issues of using the
water plant, which should be investigated before
designing the desalination options. In regard to this
matter, the environmental impact assessment (EIA)
should be developed to consider all the critical envi-
THERMAL ENGINEERING  Vol. 67  No. 5  2020
ronmental parameters and estimate potential impacts
on air, land, and marine environments. The main four
aspects to the impact of water plants on the environ-
ment and the economic effects are listed by following:

1. Turning the tourist areas into the industrial centers
and desalination plants: Most of the desalination plants
in the world have been established close to the seas and
oceans, which are the main tourist areas, and conse-
quently, the rejected water from desalination plants
impresses the environmental of these regions. Hence,
the economic benefits of installing a water plant instead
of recreation centers should be taken into account
before the detailed study of a water plant project.

2. Leakage from the pipes and consequently, pene-
tration of saltwater to the environmental: to prevent
this difficulty, the additional coasts of the sealing and
insulation the main pipelines passing through the
earth should be considered.

3. Destructive impacts on the marine environment. In
the result of the high concentrated water evacuation to
the sea, the specific weight of the marine ingredients
leads to produce the deposited materials on the sea-
bed. The cost of eliminating the produced layers
should be added to the calculated total cost.

4. Noise effects. The produced noise from the vari-
ous equipment of the power plant and the coupled
water plant such as high pressure pump of the RO
units, should be considered. The desalination plants
located near to the residential areas or animal loca-
tions should spend extra money to decrease the
impacts of the noise.
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Fig. 2. Output economic factors of the desalination unit. 1—Base plantovernight EPC; 2—heat; 3—electricity; 4—operation and
maintenance; 5—other.
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The technologies of concentrate disposal such as
deep well injection, land application, evaporation
ponds, brine concentrators, and zero liquid discharge
(ZLD) technologies have been developed to reduce
the environmental impact of the desalination plant.
The economic assessment of applying these options
should be carried out in the calculation of the pro-
duced water. In this study, the economic aspects of
considering the concentrate disposal have been
assumed in the terms of the pre-post treatment.

RESULTS AND DISCUSSION

The purpose of our work is to analyze and compare
the possible desalination options for Bushehr nuclear
power plant using the DEEP under the specific condi-
tions in terms of cost. In this section, firstly, the cou-
pling of Bushehr NPP with 5 possible scenarios of sea-
water desalination, which has been described in pre-
views sections is presented. The initial total capacity of
the desalination unit (for all methods) is suggested being
150000 m3/day. Notwithstanding, the optimum total
capacity in terms of cost can be estimated within the
range of 50000 to 200000 m3/day. In the same way, sev-
eral parameters such as discount rate and the ratio of the
flow rate obtained by the thermal method of desalinated
water to the total capacity of the desalination plant
(thermal/RO ratio) are considered as variable parame-
ters in order to demonstrate the behavior of outputs.
With the purpose of making analyze simpler, except for
the particular properties of Bushehr NPP, all other
technical and economic input parameters were assumed
to be the same as the default of DEEP database. The
main desalination parameters at the Bushehr nuclear
power plant considered in this study are as follows:

Results of Desalination Cost Calculations
Table 2 is listed all the important economic output

parameters for different desalination methods by cou-
pling of the Bushehr nuclear power plant. The sum-
maries of tabulated numerical values about the cost
parameters for each scenario are visualized in Fig. 2.
The obtained results are based on the total capacity of
150000 m3/day. Output economic parameters include:

• The capital costs of the desalination unit
• Energy costs
• Operating and maintenance costs

Total dissolved solids, ppm 40000
Feed water inlet temperature for reverse 
osmosis, °С

25

The lifetime of the desalination system, 
year

20

Interest rate, % 4
Discount rate, % 5
Electricity selling price, $/(MW h) 100

Water selling price, $/m3 1.9
THERMAL ENGINEERING  Vol. 67  No. 5  2020
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Table 2. Output parameters of different desalination methods by coupling of Bushehr nuclear power plant

Parameter
Desalination methods

RO MED MSF RO+MED RO+MSF

Capital costs of the desalination plant
Construction cost, $/(m3 day) 1177 1177 1177 1123 1123
Intermediate loop cost, $/(m3 day) 0.0 159 159 48 48
Water plant owners cost, $/(m3 day) 59 67 67 59 59
Water plant contingency cost, $/(m3 day) 124 140 140 123 123
Interest during construction, $/(m3 day) 27 131 131 57 57
Total capital cost, $/(m3 day) 1463 1751 1751 1486 1486
Annualized capital cost, M$ 17 20 20 17 17
Sp. annualized cap cost, $/m3 0.34 0.45 0.45 0.35 0.35

Energy costs
Heat cost, $/m3 0.0 0.34 0.75 0.09 0.22
Backup heat cost, $/m3 0.0 0.0 0.0 0.0 0.0
Electricity cost, $/m3 0.22 0.12 0.17 0.19 0.20
Purchased electricity cost, $/m3 0.03 0.0 0.0 0.02 0.02

Total energy costs, $/m3 0.25 0.46 0.91 0.31 0.44
Operation and maintenance costs (O&M)

Management cost, $/m3 0.0 0.0 0.0 0.0 0.0
Labor cost, $/m3 0.02 0.02 0.02 0.02 0.02
Material cost, $/m3 0.17 0.07 0.07 0.14 0.14
Insurance cost, $/m3 0.02 0.03 0.03 0.02 0.02

Total cost, $/m3 0.21 0.12 0.12 0.18 0.18

Total operating costs (energy + O&M), $/m3 0.46 0.58 1.03 0.49 0.62
Total annual cost, M$ 39.28 45.69 65.82 40.39 46.43
Water production cost, $/m3 0.797 1.030 1.484 0.845 0.971
Water transport cost, $/m3 0.0 0.0 0.0 0.0 0.0
Total water cost, $/m3 0.797 1.030 1.484 0.845 0.971
One of the most remarkable results to emerge from
Fig. 2 is that the MSF method is the highest-priced
option. According to the given details, the main cost
differences between the possible scenarios are total
energy costs, which include heat costs and electricity
costs. It is apparent from data that the heat cost covers
almost more than half of the MSF water production
cost, while RO has zero heat cost because it does not
require any heat. On the other hand, the total water
cost of MSF is approximately 0.44% more than the
MED price. As it was expected the RO technology has
the lowest total cost. However, according to different
reports, it seems that the most usable method in
nuclear desalination units, which are coupled with
PWR reactors is the hybrid method. There are several
logical and economic reasons to implement a hybrid
complex for a dual-purpose unit such as:

• the intake seawater of the desalination plant is
typically smaller than the single technology and can be
shared in different units;
THERMAL ENGINEERING  Vol. 67  No. 5  2020
• it’s possible to use the seasonal surplus of idle
power and diversify steam/power allocations;

• by using the RO plant with one of the thermal
methods, because of the less energy consuming RO,
the fuel costs will be decreased compared with using
just thermal methods;

• the cost of concentrate and cooling water dis-
charge will be reduced;

• it’s possible to combine the higher-salinity RO
product with the better quality product of a thermal
desalination unit in order to eliminate the problem of
high-quality water requirement in the first cycle of the
nuclear reactor.

In the hybrid case of this study, the amount of total
capacity has been divided into two parts, in which the
thermal/RO ratio is considered 30%. The thermal
method could be either MED or MSF, contingent
upon the economic aspects. By considering the
obtained outputs of DEEP for Bushehr nuclear desali-
nation plant, and the advantages of using hybrid meth-
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Fig. 3. The variation of total water cost with different total
capacities. Thermal/RO ration, %: 1—80; 2—70; 3—60.
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ods, it seems that the RO + MEDprocess can be
selected as the best choice in terms of costs, among the
suggested scenarios. Nonetheless, it is conceivable
that our suggested scheme faces a number of industrial
limitations of the country, which analyzing them are
beyond the scope of this study.

According to Iranian standards and the lifestyle of
residents, the average daily consumption of water var-
ies in different cities from 150 to more than 300 liters.
The total water consumption of Bushehr city
extremely depends upon climate conditions. Bushehr
is one of the warmest cities in Iran. The average daily
high temperature is about 30°С and consequently, the
demand water of the region is relatively more than
other cities of the country. Initially, the total capacity
of producing freshwater can be considered up to
150000 m3/day. By considering the population of city
in 2020 (about 350000), average daily consumption
(about 300 liters per person) and the industrial con-
sumption of power plant, this amount of water, as a
safe water source, not only is sufficient for demand of
potable water in Bushehr city, but also it can be trans-
ferred to neighbor villages of the city in order to work
out the dilemma of water deficit. It can be predicted
that the potable water demand in Bushehr and neigh-
boring villages of the city will increase to reach around
250000 m3/day in future, which can be supplied by
means of the second unit of Bushehr nuclear power
plant. In Fig. 3 the varying of total water cost with dif-
ferent total capacities for each scenario is demon-
strated.

In a recent study1 of the best hybrid plant combina-
tion (RO + MED and RO + MSF), a ratio of 2 : 1 in
RO plant to thermal plant product capacity was found

1 IAEA, Economics of Nuclear Desalination: New Developments
and Site-Specific Studies. IAEA, Vienna, 2007.
to be optimal in terms of overall system cost. Thereby
in our suggested process (RO + MED), the MED por-
tion is considered to comprise 30% of the total capac-
ity for supplying the demands of high-quality water in
plant and future development of the site.

In our study, the effect of changes in input values
and assumptions made in DEEP and justifying the
weight of importance of parameters during the com-
putation of the water cost has been evaluated. The
main approach of the sensitivity analysis2 is to choose
a base case scenario of input values and to perturb each
input variable by a given percentage away from the
base value while keeping all other input variables con-
stant. In Fig. 4 some of the input variables for RO,
MED, RO + MED and RO + MSF methods are
adjusted by ±10% and are sorted by their influence on
the results. According to Fig. 4, the costs have high
sensitivity to the interest rate, power plant availability,
lifetime and power plant cost rate.

The comparison between the water cost of nuclear
energy and fossil fuels for Bushehr desalination unit is
carried out. The considered energy sources for this
analysis are Oil-steam cycle, Coal-steam cycle, Gas
turbine, Combined Cycle (Steam Turbine) and the
VVER-1000 power plant. The calculations have been
carried out for various total capacity and interest rate
and are listed in Table 3.

From Table 3 you can see the following conclu-
sions.

1. The best case of the thermal scenario is corre-
sponding to MED method with total capacity of
150000 m3/day and interest rate of 5%, which is
obtained by the nuclear energy and is always better
than the best case of thermal desalination with fossil
fuels (Coal power plant–MED method with total
capacity of 150000 m3/day and interest rate of 5%).
Furthermore, it is obvious that the MSF method gen-
erally, is not a suitable process, compared to all the
thermal, electrical and hybrids systems.

2. In the RO method, the best case again is
obtained by nuclear energy. However, the total costs of
the produced water with the coal power plant and the
combined cycle is approximately close to the VVER
case. But results show that the oil power plant abso-
lutely is not a beneficent case to produce freshwater by
the RO method in the case of the cost.

3. The best variant within the nuclear options is
always better than the best variant within the fossil fuel
options for hybrid systems. The worth case of the
MED-RO for VVER [0.89 $/(m3 day)] is better than
the best case of fossil fuels with the hybrid process
[0.90 $/(m3 day)].

The economic evaluation is repeated with consid-
ering the changing of the interest rate for 5 possible

2 Sensitive analysis—analysis of the sensitivity of models to
changes in their parameters.
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Fig. 4. Sensitivity analysis of desalination plant model. Desalination method: а—RO; b—MED; c—RO + MED; d—RO + MSF;
cost components: I—management salary; II—lead time; III—discount rate; IV—specific fuel cost; V—power construction rate;
VI—life time; VII—power plant availably; VIII—interest rate. 
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options of desalination and the details are indicated in
the Fig. 5. As can be seen, the maximum effect of
changing the interest rate belongs to the thermal
method and the RO method has the minimum sensi-
tivity among all processes.

The effects of changing the feedwater temperature
on the total costs are reported for the Bushehr nuclear
power plant. Calculations are repeated for several val-
THERMAL ENGINEERING  Vol. 67  No. 5  2020

Table 3. Output parameters of different desalination method

Energy 
source

Total 
capacity, 
m3/day

Total water costs of variou

RO MED

5% 7% 9% 5% 7% 9%
VVER 90000 0.81 0.82 0.83 1.06 1.09 1.12 1

120000 0.80 0.81 0.82 1.05 1.08 1.11 1
150000 0.79 0.81 0.82 1.04 1.07 1.10 1

Oil 90000 1.34 1.35 1.35 2.06 2.08 2.11 3
120000 1.33 1.34 1.35 2.05 2.08 2.10 3
150000 1.32 1.33 1.34 2.04 2.07 2.09 3

Coal 90000 0.86 0.87 0.88 1.09 1.12 1.14 1
120000 0.85 0.86 0.87 1.08 1.11 1.14 1
150000 0.85 0.86 0.87 1.08 1.11 1.13 1

CC 90000 0.88 0.89 0.90 1.13 1.15 1.17 1
120000 0.87 0.88 0.89 1.13 1.14 1.16 1
150000 0.87 0.88 0.88 1.12 1.14 1.16 1
ues of feed temperature and the results are indicated in
Fig. 6 for processes with RO technology.

CONCLUSIONS
(1) It was evident that using nuclear energy to sup-

ply the required freshwater of the Bushehr city is more
beneficial than the utilization of fossil fuels such as oil
and coal.
s by coupling of Bushehr nuclear power plant

s strategies with different interest rates, $/m3

MSF RO + MED RO + MSF

5% 7% 9% 5% 7% 9% 5% 7% 9%

.52 1.56 1.61 0.86 0.88 0.89 0.99 1.01 1.03

.51 1.55 1.60 0.85 0.87 0.88 0.98 1.004 1.02

.51 1.54 1.59 0.84 0.86 0.87 0.98 1.001 1.01
.55 3.58 3.61 1.51 1.53 1.54 1.91 1.92 1.94
.54 3.57 3.60 1.50 1.52 1.53 1.90 1.91 1.93
.53 3.56 3.59 1.50 1.52 1.52 1.90 1.91 1.92
.61 1.65 1.69 0.91 0.92 0.93 1.05 1.06 1.06
.61 1.64 1.68 0.90 0.91 0.92 1.04 1.05 1.07
.60 1.64 1.68 0.90 0.91 0.92 1.04 1.05 1.07
.70 1.72 1.74 0.93 0.94 0.95 1.08 1.09 1.10
.69 1.71 1.73 0.93 0.93 0.94 1.07 1.08 1.09
.69 1.71 1.73 0.92 0.93 0.94 1.07 1.08 1.09
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Fig. 5. The effect of changing the interest rate in water cost.
interest rate, %: 1—6; 2—8; 3—10; 4—15; 5—18. 
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Fig. 6. The effects of changing the feedwater temperature
on the total costs. Method: 1—RO; 2—RO + MED; 3—
RO + MSF. 
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(2) Due to the several advantages of using the pre-
heat systems for the inlet of feed water for the RO unit,
the effects of this option on the total cost of produced
freshwater evaluated. This analysis showed that by
using the waste heat released from different parts of
the power plant and using them as the pre-heater, the
total cost of the produced water can be decreased.

(3) The general desalination schemes with the total
capacity of the 150000 m3/day, various desalination
methods and standards input parameters presented.
According to the obtained results, the MSF method is
the highest-priced option, while the RO method is the
lowest-priced. By comparison of their total costs,
finally, the hybrid scheme of RO+MED with ther-
mal/RO ration of 0.7 suggested.
(4) The effects of the exact value of interest rate on
the total costs for Iran assessed and it was obvious that
the maximum effect of changing the interest rate
belongs to the thermal method, MSF and MED and
the RO method has the minimum sensitivity among
all processes.

(5) The produced freshwater in the Busher plant
can be increased in the next years by installing the sec-
ond and third blocks of Bushehr NPP, which already
are under the contract. We propose that further
research should be undertaken in the optimizing the
new desalination units for second and third blocks of
Bushehr NPP, in case of the cost. In addition, future
work should focus on analyzing and optimizing of
thermodynamic aspects of Bushehr nuclear power
plant desalination, analyzing the possible options of
reusing brine water and also considering the safety
aspects of coupling the water plant to the nuclear
power plant in the case of the Bushehr NPP.
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