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Abstract

Generation of electrical energy requires water as well as water
conveyance and treatment to energy. For encounter to
challenges and uncertainty about the water and energy nexus,
requires to understand the nature of this linkage to identify,
approve and execute the appropriate policies. The aim of this
study is the evaluation of water and energy nexus at freshwater
production by SWRO desalination. For this purpose, assuming
that the electric power supplier for the desalination plant is a
thermal power plant with a cooling tower or once-through-
cooled, the specific water withdrawal in a thermal wet tower-
and once-through-cooled plants using S-GEM model and
specific energy consumption in RO plants using solution—
diffusion model was calculated. The results indicate in the
production energy sector, the practical power effect on fuel
consumption and consequently water withdrawal. Also, in the
desalination plant, the physio-chemical parameter, and
temperature of feed water, and ERD type effect on specific
energy consumption. Finally, the indirect volume of water
withdrawal, fuel and thermal energy consumption to produce a
cubic meter of desalting water was obtained which could be
used by effective institutions to better manage the supply and
demand of water and energy.
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Table 1- Some properties of main desalination technology at global level
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Technology The pgelr(;: Sglt Icez?/r;igzlty at Concerltrgz'jllc_); range Specific energy (KWh/m?®)
Reverse Osmosis (RO) 69 50-50,000 2-5
Multi Stage Flash (MSF) 18 20,000-100,000 5-6
Multi-Effect Distillation (MED) 7 20,000-100,000 3-4

Source Jones et al. (2019)

Clayton (2015) Ghalavand et al. (2014)
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Table 2- The understudied wet tower-cooled plants
axlllae 590 15 AT SCE & e by (51> (S0 g 50 - Y Jo>

Power plant

Number of units

Practical power (MW)

Ramin (Ahvaz)

Shahid Mofateh Hamedan
Esfahan (Eslam Abad)
Bokhari Tabriz

Bistoon

Montazerolghaem
Zarghan (Shahid Modhej)
Shahid Beheshti (Loshan)
Besat

Mashhad

Zarand

Shahid Firoozi (Tarasht))

6 1823
1000
830
650
640
548
255
240
216
133
46.75
40
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Table 3- The understudied thermal power plants with once-through cooling

Power plant Unit number Practical power (MW) Net production (MW/year)  Efficiency
Shahid salimi 1 122 548859 0.33
Combined cycle 2 122 553185 0.31
1 320 1379910 0.35
Bandar abbas 2 320 18915725 0.36
3 320 1513313.3 0.32
4 320 1684022.5 0.33
1 423.75 1985093 0.37
Shahid salimi (Neka) 2 423.75 2093820 0.38
3 423.75 2211923 0.37
4 423.75 2576528 0.37
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Table 4- The characteristics of used fuels in studied power plants
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Fuel I\l;:\l]_/':g Density (kg/m®) Source
Fuel oil 43.3 968 Mekkonen et al. (2015)
Gasoil 455 0.847 GREET 1.8 (USA)
Natural gas 43.9 0.777 NIGC Standardization (2014)
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for wet tower-cooled plants units
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Table 5- The calculated specific water and fuel consumption in power plants
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Cooling system

Specific water withdrawal (m*/MWh)

Specific fuel consumption (m*MWh)

Average Maximum Minimum Average Maximum Minimum
Wet tower cooling 2.529 4611 1.669 301.375 578.756 0.3672
Once-through cooling 4.938 5.716 4.283 201.985 336.551 137.229
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Table 6- The Specific water withdrawal and fuel consumption in 250 MW units
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_ Specific water Specific fuel consumption (m*/MWh) Specific energy
Cooling system withdrawal - - consumption
(M*/MWh) Fuel oil Natural gas Gasoil (MJ/MWh)
Wet tower cooling 1.898 0.265 268.94 305.26 11677.75
Once-through cooling 4.965 0.318 395.30 349.2 13458.35
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Table 7- The results of running 0, 1 & 2 tests for determined capacity
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Test0
SEC Cost

Capacity (m3/day)

Testl Test2
SEC Cost SEC Cost

100000 429 1.16

2.26 0.75 257 0.81

unit: (SEC) Specific Energy Consumption (kWh/m3) & Cost (USD/m?3)

Table 8- Withdrawal water and consumed fuel and thermal energy
Jols (1 5559 g Cd g B paan (ol 03549 padianmo ppf Cudld g1 —A Jgia

Cooling System Water withdrawal

Fuel consumption  Thermal energy consumption

(m®) (m°) (MJ)
Wet tower cooling 4.43x1073 0.443 26.39
Once-through cooling 11.568 x 108 0.479 29.15
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Table 9- Withdrawal water and energy versus desalinated water
PR LS PN R - 5 VRS J] U JUPI S FOVH] FYURL W) PRTS

Cooling System Water withdrawal

Fuel consumption  Thermal energy consumption

(m*) (m?) (MJ)
Wet tower cooling 1809.327 180932.782 10778365.94
Once-through cooling 4724673.633 195636.123 11905622.097

6- Ksens: The Fraction of Heat Load Rejected Through
Sensible Heat Transfer

7- HHVf. Higher Heating Value of Fuel

8- ERD: Energy Recovery Device

9- RO Element

10- Pressure Vessel

11- Train

1- SWRO: Seawater Reverse Osmoses

2- S-GEM: The System-Level Generic Model
3- lww: Intensity Withdrawal Water

4- Kos: The Fraction of Heat Lost to Other Sinks
5- ncc: Number of Cycle of Concentration
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