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ABSTRACT: Water plays an important role in human life and is one of the first human needs for = Review History:

survival. Therefore, due to population growth and industrialization and therefore the lack of water  Received: Mar. 23, 2023
resources in the world especially in Iran, its supply needs special attention. Currently, 97.5% of the = Revised: Dec. 09, 2023

water resources on the planet cannot be used. The main purpose of this study is the economic study of  Accepted: Dec. 10, 2023

the use of fixed and floating freshwater in Makran beaches. One of the most important methods in this ~ Available Online: Jan. 16, 2024
field is the desalination and desalination processes of seawater. Given that for government projects, only
the final price or in other words the cost price is considered, the method of levelized cost of production
over the useful life has been chosen. According to the information of the Electricity and Energy Master
Planning Office of the Ministry of Energy, the results show that the desalination of seawater in the form
of building a factory (fixed desalination plant) is more economical compared to the floating desalination
plant, in such a way that the levelized cost of production in fixed desalination technology is 2000 and in
floating desalination technology is 9700 rials per cubic meter. Also, sensitivity analysis tests based on
the discount rate, production capacity coefficient, and escalation rate of fuel cost show that on one hand,
floating desalination technology is more sensitive to the above variables than fixed desalination, and on
the other hand, the change of this variable has no effect on changing the economic priority. The results
show that seawater desalination in the form of a factory (fixed desalination) is economical compared to
floating desalination.
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1- Introduction In Iran, considering the hot and dry climate, the issue of

The growth of the population and the increase in the
standard of living and the growth of urbanization along with
the expansion of the industrial and technological aspects of
life in the world have caused the optimal use of water and
water bodies in the world to move with better reflection and
planning.

The lack of access to fresh water sources and the growing
demand has intensified the need to use more non-conventional
water sources, especially in countries facing water crises, so
that today about 60% of the volume of desalinated water in
the world is in the Persian Gulf is concentrated.

Many solutions have been proposed to deal with this
problem, that desalination of seawater is considered as a
potential opportunity to supply fresh water, which, of course,
requires economic justification.

The number, size, and efficiency of desalination units in
the world are growing rapidly with the aim of compensating
for the water shortage, and only in the meantime, cost
reduction in desalination processes is considered as the main
challenge facing this industry.

*Corresponding author’s email: h.amiri@khu.ac.ir

the water crisis is of double importance compared to other
countries. It is expected that the volume of desalinated water
in this region will increase to 9 billion cubic meters by 2030
[1].

The purpose of this study is to investigate the economic use
of fixed and floating water desalination plants on the Makran
coast based on reverse osmosis method. Reverse osmosis is
generally the most economical process for producing fresh
water from seawater. It is also a more appropriate method
in terms of initial investment and energy and technology
consumption [2].

2- Methodology

There are various methods for the economic evaluation of
projects, including the present value method, annual value,
return on investment, internal rate of return, annual uniform
method, and levelized cost of production.

In the levelized cost of production (LCOP) method, costs
are converted into a uniform annual payment. In other words,
the cost is equal to the fixed amount of income per product unit
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Table 1. Information about fixed and floating desalina-
tion plants [5]

floating fixed
Variables desalination desalination
plants plants
Capital Cost 1.9 0.4
Depreciation Rate 5 4
Plant Cost 170140 50300
Construction Life 1 3
Discount Rate 14 14
Plant Life 20 25
Hours Per Year 7008 7884
Capacity Factor 70 85
O&M Cost 6100 6070
Total Of O&M 1.4 1.03
Cost
Escalation Rate 2 2
Of O&M Cost
Fuel Cost 24700 1010
Total of Fuel Cost 5.7 0.1
Escalation Rate of 5 5
Fuel Cost
Personnel costs 2600 2530
Total of Personnel 0.5 0.4
costs
Escalation Rate of 5 5
Personnel costs
Escalation Rate of 7 7
Exchange Rate
Levelized Cost of 9700 2000
Production

sale, which can cover all project expenses during the service
life. levelized cost is a method based on the calculation of the
present value of investment costs and production exploitation
during the life of the project, in which the production of one
liter of fresh water is calculated by dividing the present value
of the total costs incurred to produce produced freshwater [3].

LCOP=C, +
iCO&M X(1+€pg) +§: ) i x(1+ep)
pn (I+r) = (I+r) = (+r)
r(l +r)PL
(14" -1
DRxTPC(1+ )"
C, =

HY

According to the above relations, the costs are discounted
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Fig. 1. Sensitivity of levelized cost of production under
discount rate

to the current year’s cost to calculate the present value of the
project. Multiplying the present value of maintenance and
repair cost variables, fuel cost and personnel cost with their
r(1+r)™*
1+r)™ -1

According to Table 1, based on the information of the
Electricity and Energy Planning Office of the Ministry
of Energy, the levelized cost of production of producing
two fixed and floating water desalination technologies has
been calculated as 2000 and 9700 Rials per cubic meter,
respectively. It should be noted that the calculation of the
levelized cost of production of two fixed and floating water
desalination technologies has been calculated with a nominal
currency of 28500 Tomans.

factor turns it into a levelized annual cost [4].

3- Discussion and Results

In Figures 1, 2, 3, and 4, sensitivity analysis is performed
based on the discount rate, production capacity coefficient,
escalation rate of fuel cost, and escalation rate of exchange
rate. As can be seen in Figure 4, the increase in the discount
rate causes an increase in the uniform cost of production.
As it can be seen, regarding fixed desalination technology,
with the increase of interest rate in a period of 20 years, the
changes in the levelized cost of production have increased
from 1.8 Rials per cubic meter in the first period to 2.26 Rials
per cubic meter.

With the increase in production capacity, the levelized
cost of production in fixed technology has decreased from
3.57 Rials per cubic meter to 2.55 Rials per cubic meter.

With the increase in the escalation rate of fuel cost, the
uniform cost of production in fixed technology has increased
from 3.55 to 7.67 and in floating technology from 9.5 to
17.52 rials per cubic meter.

With the increase in the escalation rate of the exchange
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Fig. 3. Sensitivity of levelized cost of production to
escalation rate of fuel cost

rate, the uniform cost of production in fixed technology has
increased from 19 to 35.4 and in floating technology from
5.325 to 11.505 rials per cubic meter.

4- Conclusions

With the investigations, it was concluded that water
desalination in the form of fixed facilities or the construction
of a factory in the target area (coasts of Makran) than water
desalination in the form of floating facilities or the ship
dedicated to desalination. Water is economically beneficial.

Therefore, according to the rich resources that our country
has in the field of water areas (both in the northern region
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Fig. 4. Sensitivity of levelized cost of production to
escalation of exchange rate

of the country and the southern region), such potential can
be used for the desalination of seawater, and by establishing
several factories in the north and south, the country can be
The category of water crisis was kept safe, especially in the
not so distant future and by creating warchouses in the whole
country as water bases, desalinated drinkable water can be
stored in those warehouses and as a result, drinking water can
be provided in every province or every country. The area is
divided according to an optimal pattern for the consumption
of the society.
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Table 3. Capacity of desalinated water in Iran (percentage) [1]
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4 Pebble-Bed Modular Reactor (PMMR)
5 Electrodialysis (ED)
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1 Desalination Economic Evaluation Program (DEEP)
2 Combined Cycle (CC)
3 Pressurized Water Reactor (PWR)

YeOu



VeEY BVYD dorao VYV Jlo QA ojladd DO 090 ¢ pusS yuol SOl uwins 4 puis

1L o palls b il 51 J el o0l 50 1L yhao
PSoeS bauja (Jab (551 &S Conl xe cpl 4 g 039 (oLl 0]g
el ool s 53] 5

NPV (i,n) = Z R ()

—~(+i)

@38 ol Ry g o g5 1 asab pbp 090 (1) doleo
Gl L2l

Taldle G55l b (<

D)1 oz Tl (351 Sl e i il (3] il
a5 5 gbel 6l byl soe e S ol Cando
52 oI5ty sy Ygans 48 Jlore el o311 S ) pg3 39500
O3l yites sl (55 ol eJbo o sl Y5 Mo Loy (513
logyie alto Lulul (b, ol Slogyie qpizad Cusl S5 L5
IV casl Jls U355) b,

o glate 35 3,18 Aoy 5 auslio ;3 Vgane Sl (5351 )
Sllls doo S @ Al S S a8 Slb e plad & cusl ol o)
e 4 bl ) Ngde i yee &z S g 55 ¢ Jobee oS,
9diee ol Jlo o lil 4 )Y Jed 5l (plassly cuns bl 5]
el S5 B 13l aan gl ol & e 3

oy Sk &5 ) (&

ssile 4 o canl (B35 TS 033h 25 b wloj cuiSSL £y
033 €5 3503 (Symsd 4 9o CEbp ply Eeo ool o caly
S Aoy fleo G jloads Jpog osile 4y a5 Cunl (S5 (3D
b Bl b By dheo BT & cusl (608 @ ol e g 0,5 00
IYA] 855 oy 835 1,135 3,90 oilo w0y olucis!

3 eajl 5 by (4

solaieds Al jho oy Lals S8 bj) o o &l By
(i dae) Ep g o0 03 JIB jao b ply (V) dbolee &l dewles
Cyume 0jan (1> (233l 55 cgBly > dolee el o 5l snelcunsay

20,5 0

2 Annual Worth
3 Present Worth
4 internal rate of return (IRR)

ye0)

OSee slagiy; Jl (S lgie 4 e pl 4 (5558 dngi )5S )
Gob 3l od Ol Sl @) car el ord il o8 St )
Sliol g b (2l casl p3Y Vb e )3 50d slac] gjlogn b
oo b ol U 395 (658 )54 508 ) Vb byl L slo S s
3 oobel e g ges )b pope g Slisl Kodpsan] [ calie
5 el sl s o @) 4 oladl bl 4 adlas oyl
sl 0 AiBy ugSas jeul (o) Slee (S Jolgw )3 jolid
ol iz S8 (65,1 4y dily Bdas ol ) (aldjSas ool
S (o0 Bpanl) (68 GG GEg) plo Cons i ugSas jousl ()
P9y 3 oS e Ol 5SS 4 oolatBl oyl pelato 4 (rizmen

ol 00 odlatwl Slls & lgss b))

oy g i Y

@593 Cr b pe b QB g ()l ey slaojy olal b))
S5 el 9 oo Cgmne Glojl y2 53 (6 S el £95 (Sl L
S Cwl Sl g e Glgiue mofgn > IS ale sl (ilaie
5 Sy 43y 5 5glse b olyer plojl Ce Vb Sl ol ol
@Bofan 2 S alesw lp GpSmeal 3wl )5S 5 Cless
(i G b drwg s Slas g g glassly bl b
bglas. 5 (Sl § OV pdle (30l ¢ into slasoly (508
2o lejon S0l g Mg g Slesd seel (905 08 sy
il g 3] ol sy oo a5 4y (908 0sial 3 b g b Ll
35 Sl ]y 059 cnpdbatl 5 ol pbol cds b wl ) oladl
O3] gy dlex jlmogs s (3Ll (b))l sl (Al slashg, (VO]
SISy Uhgy BB o3k €5 lo o cuiSl g5 el (35 Sl
s Dpge 4aldl )3 &5 315 3929 Mg (C319i5) Sl e g g AL
S )3

LoAls b 35 g, (I

S i)l gle g cwl b b3 lapasls alea 1 jadls oy
loaty 3o g ool > 48 L i) o] @bl alls Jlo (55 (b9, 4 052
Jo b3 laie Sl sl Jslis 1 g 08 Las Sl G5yl )
) 5Ses pals (b a5 ST IYE] 5yl s 4 ) ilie alls

1 Net Present Worth



VoY BV FD dbo MYV JL.: A D)LM PAIA 0y9d ;)....5).:.91 «&u&n L;""'“\“‘Q(" A_v).u.u

g S eyl 4 delyy ol e s auja 50 ol 4
Slasi e Jgo 21y s clbie plas dgige oS Gy
3 Ao (e (Bg) cjliten b CHlESy dija my by
sl 0590 yoo Jsbo )3 M 6)d 0 s 9 IS wlep slaaiyia ab
Slosizjn JS leb 555 s ) e o ) Sy g ol 0 o8
9 (¥) aoleo [YA] 345 o0 Ao (cag5 oy pu Ol W5 (6l osbplo]

PL t
LCOP =C, +[y Sou (X\ S:;"&M)
_l_i Cra ¥ +epy) +iCP x(\+e,) ] (¥)
P O+r) ~  (\+r)
r(v+r)*
(O+7r)™* =

_ DRxTPC(1+r)*
HY

Cx

b ond)S hss ools Jlo ange @ bagie (598 kly) sk
s lo e Jb (55 ()5 @ 9d Al 09 Jl (5))
) Gy a3 5 (Cy) o9 ausp (Cogy ) Slesi 5 )1
a5 sl a1, aim 4l gl ZOHDT e,
OV+r)" = Y] 5 e

b Ay calese auje d9de ond Y daly )3 &5 £l
R (IR g Slyasd lojw sab e ggeme 4l p g
Joro Mg CAliSy abze o bl 08 jasuie Cosw dije g
095520 jan] s S jos 4852 10 (b Ol g A (5503l
e 0)S d)ly (olad A so duwles 3 1) badiy 5o plod sl o 1 el
g Sllos sapiahl Jod I SleMbl 4 bajiall cpl aslxe
el g olatdl (M sl el 5 )ik sl el dpl 5 cale anje
S35 Jby g @ g CAlESs auja dbles sla el ¥ Jgan )
ol 0l (B yme

9 8x 0N Gyl by SleMbl ulul p # 50 Jod> sillae

O o Ol (65518 95 W55 (C319S) jliien i a9y & )ljg 655

. . R
NPV(z,n):z(\H)t =

aulie dnols (D ol g laine 235L F5 b odelcuna (adjl #)
D)5 o Lasiie (dlaiBl A gl pae b d g L g

Sl eSS o, (a

@lasl ol ) e B9y S b 551 B9y WSl g,
odlaiBl aulio 95,8 0 Solw Jdd 4 gy oyl Cuenl .Cnla 039y
089y opl 0 el Wofgp Mbe yos (il LS (9 0fgn N2 b g
cBlpSs e 4 ( Jlo anT)d oams LS claan e g ol a8
5l ojle (alb Slle caleSy o5, Wedb o Joas Aldle

T oAl alle calgss 55,0 = Yol c8less sl (v)
— Wl caleSs au e

310 g (NAW 2+ ) ojgn oloal :dll ol 09 bl Ll
ool (NAW <) 039,

Caol 6395 93 o wlbd Bua adllas oyl &S pla s L b
ool Sy D90 @ g9d90 93 2 2 & i Sl (S0 (B Sl
Cuogd) sl o)l )3 xSt Jlim Vel 4 b O g8
by 515 b5 93,5 0 s 3l bawgi b O ooy g3
2ol Ceand 335 oy Clgd bausgs (b O 90 4y o o e 1y 5
alg el oSonpd ol Oygo 4 & gsge 93 0 )3 Wl cSlS,
@ logoo (Bl 2y90 93 (nl 3 &S (FoliS o (el LSy H5lid & y90
Sllls COlpSy anjp )35 o p oS 235 e dllls COIpS, anje
oAb Gl clgiSy 5] aome ) Al g8 059 93 cul 5l Pl e
35 a0l 58 3550 0390 o Caltd )3 9 22 Amlss ity

g (G819 Slyen ansa (s

ol (Jed (j05)) wldie 3,509, Mg CEES abge g 5

Kgd oo o Al cSleish ca by 4 bau e by ool )5 Ded o

1 Levelized Cost of Production (LCOP)

yeov



VeEY BVYD dorao VYV Jlo QA ojladd DO 090 ¢ pusS yuol SOl uwins 4 puis

[F)] s 1535 g 3o lao (sl il ly iy 5 F Jpan

Table 4. Define the parameters of levelized cost of production equation [31]

& S o5lail aslg U yicio
o 2ol g 'Sl iy 30
KW Sl 5
Syl ol Tesle ane
J fesls Oley e
oy " ey
cels Tl 55 (s Slebs slass
o el logs YIS 5 Dlyass ainza
so LI 5 st 430 Sl
Ju Tree b
S el ol Vg an e
Qoo ‘\&w@pbuuy
cSa il lags T i a5
% Tt 4 Sl
% i e blog
Toman/ m ol LSy an e

I Capital Cost (Ck)

2 Depreciation Rate (DR)
3 Plant Cost (TPC)

4 Construction Life (CL)
5 Discount Rate (R)

¢ Hours Per Year (HY)

70&M Cost (Cpg )

¥ Escalation Rate Of O&M Cost (€5, )
° Plant Life (PL)
10 Fuel Cost ( CFuel )

! Escalation Rate of Fuel Cost ( €, )
12 personnel costs (C p)
13 Escalation Rate of Personnel costs (€p)

14 Escalation of Exchange Rate ( £/ £x)
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Table 5. Define the parameters of levelized cost of production equation [31]
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Fig. 1. Comparison of levelized cost of production by two fixed and floating seawater
desalination production technologies
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Fig. 2. The share of each cost from the total cost of seawater desalination production from fixed technology

Ye00




VeEY 1 FD dois AFY Jlo A oyled B 053 S prol SlSin pusies 4y s

9l S et

%

-

S gl anie B ol Olpesianie S CSgwanie T ey auge

39U (5398 51 (o2 pd O g o olod iy 32 51 1 iy 32 51 Gy i Y UK

Fig. 3. The share of each cost from the total cost of seawater desalination production from floating technology
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Fig. 4. Sensitivity of levelized cost of production under discount rate
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Fig. 5. Sensitivity of levelized cost of production under production capacity factor
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