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Iran is located in the warm and dry region of the Middle East, where summer temperature ranges from
35 to 50 °C in the majority of the regions. Some critical factors including hot weather, population
growth, and reduction in water resources as a highly impressive factor in the recent decades, all have
underlined more efficient use of power plant in Iran, such that the existing power plants must function
properly in simultaneous generation. Thus, the current research presents a techno-economic analysis of
the function of a combined cycle unit under the condition of conversion into a water and power co-
generation system. In the system, both membrane and thermal water sweetener mechanisms are used in
parallel. The performance of the system in different conditions of water and power demand has been
investigated. The results show that when the Thermal and Revers Osmosi are in the system alone, they
can produce about 7,000 and 1,400,000 cubic meters of fresh water per day.Following the modelling of
the system, the economic analysis was also performed, and Changes in the price of water sales are
shown in each of the water desalination units with increased capacity. Finally, considering the average
water sale price as a objective function and combined cycle efficiency as another function, two-
objective optimization was performed, and the results are presented in the form of Pareto Graph, which
the highest efficiency and lowest sale price are 0.454 and 1.511, respectively.
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1 MSF(Multi Stage Flashing)
2 MED (Multi Effect Desalination)
% RO (Revers Osmosi)
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Table 2 Mass and energy equations in the thermal desalination system
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Fig.4 The effect of steam removal from the low-pressure boiler line on steam
turbine power and water generation in the thermal desalination unit
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Fig.8 The effect of the gas turbine power loss on the combined
cycle efficiency and water generation in the reverse osmosis
desalination unit

Clady ke 5 (oS 5 USem pledily 2 5B Gays Ols il 518 S
095 el S e O aly o

2.145 — 77—

2.14

2.135

213

2.125

Cost of water in RO($/m3)

212

L S . e e s s e e e B e
S S S B S S S S B R R

2.115 s s s s 1 s s s s 1 s
500000 1000000

Water produced(m3/day)
Fig.9 The variations in water cost in the reverse osmosis unit with an
increase in generation capacity

Adgs byl ol b weSae jeuwl alg 50 Ol e il s 9 S

1.500x10€

o

02 o plesis 18 095 1397 sl (e Sle (Swie

160 25000

WSl eam

—o—\Water produced

:

140

Wsteam(mW)
=
S

:

Water produced(mé/day)

100
5000
g s o
0 20 40 60

msteam,hp(kgls)
Fig.5 The effect of steam removal from the high-pressure boiler line on steam
turbine power and water generation in the thermal desalination unit

2 eladg aie gl g s ks A28 5 L 5l o 095 5 15 S8

> SSonmd Slasly

0.455

0.45

0.445

Efficiency(%)

0.44

04351 v v v s s s ey
0 5 10 15 20 25
Msteam, Ip (Kg/s)
Fig. 6 The effect of steam removal from low pressure boiler line on
combined cycle efficiency

55 S ol kg L2805 LS 5l o 08 gl 516 S

17

Efficiency
—o—Cost

-1.6

[ o

0.44 =

[ 115 &

£

—~ [a)]
S w
5 1 2
g 0.42 g
2 [ 413 £
= H
[NN) Y
(=]

B

Q

o

0.4l ' 12
ol |
.
| 1.1
L]
r |
0.38 I 1
0 20 40 60

Msteam, hp (kg's)
Fig.8 The effect of steam removal from high boiler line on combined cycle
efficiency and water cost in thermal desalination unit

Pl S g oS5 S oty » Jbgs Jlid s 5 s 0.8 )l 1T S
Sl oS ot ol ooty

30 b 48 el S ol 5 Sl et o o ST g U

198



oS 5255 (paely 9 938 pa0l Jazo

Olgi 9 =T lojad Sulgs dilobw &3 S )5 JSaww o9 15 Ja s 53Laidl 9 i (5 iwding 9 Riww Jasmiliy

Pareto Front
1.85r

1.8 B

175
Non Ideal Point

17 4

Cost($/m3)
N\

o
. »° \
1.6 e

A . ""

1551
.
000 ® -

15 c c c ¢ c c c c C
0.3 032 034 036 038 0.4 042 044 0.6

Efficiency(%)

Fig.10 Pareto graph of the combined cycle efficiency and water
sales price

DT 38 ensd 5 (omeS 5 S oy 5,4 Jloges 10 JSC

=5 5SS plewdly cn i IS el o ity a5 oul
o 6l a Yo 1511 U1 i, Censd (pyieS s 0.454
20,5 Ao CaSeyie

égli.n -7

[1] R. Salcedo, E. Antipova, D. Boer, L. Jimenez, G. Guillen Gosalbez, Multi-
objective optimization of solar Rankine cycles coupled with reverse osmosis
desalination  consideringeconomic and life cycle environmental concerns,
Desalination, Vol. 286, No. 8, pp. 358-371, 2012.

[2] R. K. Kamali, S. Mohebinia, Experience of design and optimization of multi-
effects desalination systems in Iran, Desalinatin, Vol. 222, pp. 639-64, 2008.

[3] R. K. Kamali, A. Abbassi, S. A. Sadough Vanini, M. Saffar Awval
Thermodynamic design and parametric study of MED-TVC, Desalination, Vol.
222, pp. 596-604, 2008.

[4] R. K. Kamali, A. Abbassia, S. A. Sadough Vanini, A simulation model and
parametric study of MED-TVC process, Desalination, Vol. 235, pp. 340-351,
2009.

[5] M. Ameri, S. S. Mohammadi, M. Hosseini, M. Seifi, Effect of design parameters
on multi-effect desalination system specifications, Desalination, Vol. 245, pp. 266-
283, 2009.

[6] S. R. Hosseini, M. Amidpour, A. Behbahaninia, Thermoeconomic analysis with
reliability consideration of a combined power and multi stage flash desalination
plant, Desalination, Vol. 278, pp. 424-433, 2011.

[7] S. M. Pourfatemi, R. Ahmadi, Thermo-economic analysis with reliability
consideration of a hybrid system of Gas Turbine, SOFC and multiple effect
desalination, Modares Mechanical Engineering, Vol. 17, No. 10, pp. 321-
332, 2017. (in Persian ~_4)

[8] B. O. Delgado, P. Palenzuela, D. Alarcon-Padilla, Paramertic study of a multi-
effect distillation plant with thermal vapor compression for its integration in to a
Rankine cycle power block, Desalination, \ol. 394, pp. 18-29, 2016.

[9] M. Salimi, M. Amidpour, Total site cogeneration and desalination system
integration assessment using R-curve, Modares Mechanical Engineering,
Vol. 17, No. 4, pp. 225-236, 2017. (in Persian _\4)

[10] E. El-Sayed, M. Abdel-Jawad, S. Ebrahim, A. Al-Saffar, Performance evaluation
of two RO membrane configurations in a MSF/RO hybrid system, Desalination,
Vol. 128, No. 3, pp. 231-245, 2000.

[11] M. G. Marcovecchio, S. F. Mussati, P. A. Aguirre, N. J. Scenna, Optimization of
hybrid desalination processes including multi stage flash and reverse osmosis
systems, Desalination, Vol. 182, No. 1-3, pp. 111-122, 2005.

[12] M. H. Khoshgoftar Manesh, H. Ghalami, M. Amidpour, M. H. Hamedi,
Optimal coupling of site utility steam network with MED-RO desalination
through total site analysis and exergoeconomic optimization, Desalination,
Vol. 316, pp. 42-52, 2013.

[13] W. Lianying, H. Yangdone, G. Congjie, Optimum design of cogeneration for
power and desalination to satisfy the demand of water and power, Desalination,
Vol. 324, pp. 111-117, 2013.

[14] Y. M. El-Sayed, the Thermoeconmics of Energy Conversions, Kidlington, UK, pp.
35-42, Elsevier, 2003.

[15] C. Liu, K. Rainwater, L. Song, Energy analysis and efficiency assessment of
reverse osmosis desalination process, Desalination, \ol. 276, pp. 352-358, 2011.

[16] Water Solution Fanniroo Company, Accessed on 17May 2017; http:/
www.fanniroogroup.com.

[17] Search Over 19,000 Desalination Plants & Projects, Accessed on 17
December 2017; https://www.desaldata.com.

[18] Messineo, F. Marchese, Performance evaluation of hybrid RO/MEE systems
powered by a WTE plant, Desalination, Vol. 229, No. 1-3, pp. 82-93,2008.

199

LS o 2l plowsly A dais B3k 4y C 5l a8 o 5 b oo a3l e
Lol (85 Hla o b il ange Jo b ples aSepl @ azg
g dilaie o b calite O (i9 5wy cuad 5 (oSl g gl

25 lB Ohlspo e a8 )90 wlgioe Lulph 51 G e ol Cslew

S 5 4ol -6
5 Jelos il of 5 (S G5l 4 e welyz Sl a4z L
Coesl Pl plojer adgi bl 4 laolSy s ho Lulyd (gileange
oS 5 S o855 Ky i oolatdl 5 8 Lyl allie ol o o]
5 5o oS5 bl 185 ks 0 b olg g ol plojes adg bl 4
Cod g CEF JIE ey 0y9e 2liE 5 Syl Sened Ol g8
03,5 Ll Bas 1l g0 lgie a4 olF g8 leasly 5 O (39,8 Sile
By iludoe 10 Wad S ane plojen adas 9o iluanee bs
el (293 0lg o Sles S (o p jskite 4 (o5 5SS
0 08l ekt LS S 5 USems oS5 o lolins b gl Joe
3l
e 59, 2 2bib she o e oS gl glite ls
Pl S5 S 08kes 5 Gyl St Sl 5o ol Wy
bz jlre lou doyonn 0,5 7,5 a5 (5,9 4 cunl Coonl
oledily 30,0 1.5 5 7 cdl el sy 4 Hlad o5 4 jlidy
@ Sile e anld g0 5o il plejen jeb sl G 0 Y
byl oS Joe cpl o a8 cenl oad colaul (g3l jge
FH W B W) u.’).uu u-‘ ).n)La.c MLO.A Lv | J.b.m.c ..\>l5f(b
axly oage @ ol ady Lol (isw o5 ab sanlie plojpe oy
ot ol a5 Jo o cawl 008 odg ppd ol cafe
Iy ol caSeyio o 25 sgas 093 Cl> aiiin o >
el o oS 3 S ey (o0 15 Tsgas 2l
T by Censd 5 438,5 plowl JLa3 5 50 ailolis o golazdl Jolow v/
oanlice 00,5 dwlows e O y90 0 S 0w o Slaaly o
Sl Gl b M e 5 S S s 43S
39az 4 Yo 1.6 sg0 5l Ol 59,8 Coasd e Jlade b oy
o sl e Yo 221 4 eeSae ewsl 9=y o 5 ¥e 1.09
ol 48l galS oo 1 e O caxSe e
B Ceasd (Silea (310,18 5 e b i sloinge 5 V)
Oy 4 Gl s alie slaanly o ol (B9)8 cad a5 O
o Ban ol plsie & oS5 S et 5 Bas b
o & Ay BB acgerme 5 485 bl Glojen (55luainge

Olyeds 090 3 (5 jlwainge sl yiin 5 Jouar
Table 5 Optimization variables and limits of variations

Ay PSRN ES e oLy
kgls 0-16500 RO o Olads cud b 1
i S il B oo lade
kgls 0-60 T~ ./ DLt RT P 2
oy s

02 oplosts 18 0951397 dnas)l (I3 SHlle (Swiue


http://www.fanniroogroup.com/
https://www.desaldata.com/

oS 5295 (1ol 9 )gake M0l S0

Olgi 9 =T lojad Sulgs dilobw &3 S )5 JSaww o9 15 Ja s 53Laidl 9 i (5 wding 9 SRiww Jasmiliy

[21] K. Atashkari, N. Nariman-Zadeh, A. Pilechi, A. Jamali, X. Yao, Thermodynamic
Pareto optimization of turbojet engines using multi-objective genetic algorithms,
Thermal Sciences, VVol. 44, No. 746, pp. 1061-71, 2005.

[22] N. Nariman-Zadeh, K. Atashkari, A. Jamili, A. Pilechi, X. Yao, Inverse modelling of
multi-objective thermodynamically optimized turbojet engines using GMDH- type
neural networks and evolutionary algorithms, Engineering Optimization, Vol. 37, pp.
437-62, 2005

02 o plesis 18 095 1397 sl (e Sle (Swie

[19] P. Roosen, S. Uhlenbruck, K. Lucas, K. Pareto, Optimization of a combined
system as a decision support tool for trading off investment vs. operating costs,
Thermal Sciences, Vol. 44, pp. 553-560, 2003.

[20] S. Khanmohammadi, K. Atashkari, R. Kouhikamali, Performance assessment and
multi-objective optimization of a trigeneration system with a modified biomass
gasification model, Modares Mechanical Engineering, Vol. 15, No. 9, pp.
209-222, 2015. (in Persian ~_4)

200



