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Using Life Cycle Assessment (LCA) in
Comparing the Environmental Impacts of
Seawater Reverse Osmosis Desalination Plants
with Open Intake and Beach Wells Intake in
Chabahar and Kangan Desalination Plants
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Abstract

Increasing water demand and limitation of accessing to
freshwater resources have been caused using of seawater
desalination in most countries, especially arid and semiarid
regions. Due to the importance of environmental impacts of
desalination plants, the present study carried out to comparing
the environmental impacts of Chabahar and Kangan
desalination plants. Desalting method is reverse osmosis in
both plants. The extraction of the raw seawater in the Kangan
plant is beach well intake which supplying indirectly from
Persian Gulf and in Chabahar plant is open intake and
supplying directly from Oman Seawater. Therefore, the Life
Cycle Assessment (LCA) method was used. After preparing a
complete inventory of materials and energy at all stages of
freshwater production, the environmental impacts of all
seawater desalting processes on different environmental
impact classes were evaluated using Impact 2002+ version
(2.15) and SimaPro9 software. According to the results, the
greatest impact on both plants were climate change and
reduction of primary resources. So that, equivalent 3.224 and
3.627 Kg carbon dioxide has been released and reduced 55.035
and 61.928 MJ in primary sources, in Kangan and Chabahar
plants, respectively, as producing 1 m3 of desalinated water.
Therefore, it seems that using beach wells intake to extracting
seawater in desalination plants is more appropriate.

Keywords: Life Cycle Assessment, Oman Sea, Persian Gulf,
LCA, Desalination, Environmental Impacts.
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Table 1- Input data of desalination plants to produce 1 m?® of desalinated water

EXWOPE LN T PP OYCAR BEW /S JUNYS

8Ll 3590 LS 35 Connd - Jgo

Parameter Unit process Chemical Unit Amount for 1m® of
formula desalinated water
Sea water (Raw material) Extraction - m? 2.56
Chlorination Pre-treatment NaOCl ppm 2-3
Coagulation Pre-treatment FeCls ppm 10-20
Membrane Desalination operation - Kg 16-25
Water pass through membrane Desalination operation - m 3day 1 145
Dechlorination Desalination operation Na2S20s ppm 1-2
Anti-scalant Desalination operation - ppm 3-4
Disinfection post-treatment NaOCl ppm 1
pH adjustment post-treatment Ca (OH)2 ppm 15-20
Wastewater to sea End of operation - M3 1.56
Energy Electricity supply - MJ 16.4(Kangan)
18.4(Chabahar)

Table 2- Properties of the input raw seawater and wastewater discharged of desalination plants
212 gaailobw 51 (29,5 Ol 9 (53955 P O A S5 - Jgoa

Parameter Unit Seawater Wastewater
Kangan Chabahar Kangan Chabahar
Cr ppm 21023 22500 32369 40718
Na* ppm 11200 11625 18240 16000
SO4* ppm 2930 3400 5329 4432
Mg?* ppm 5697 5900 8772 8000
Ca?* ppm 1608 1228 2879 2000
K* ppm 584 542 798 -
HCOs ppm - 122 136 -
Br ppm 55 77 - -
Nos ppm 2 1.18 5 111
Pos> ppm 0.009 - 0.2 0.3
TDS ppm 40300 43300 60500 67600
EC Slem 70780 63900 103900 117200
pH 1:1 7.3 8.1 7.5 7.7
Temperature °C Environment Environment Environment Environment
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Table 3- Results of environmental impact categories
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Impact category Unit Beach well intake Direct intake
Carcinogens kg C2H3Cl eq 0.214544 0.241420
Non-carcinogens kg C2H3Cl eq 0.021574 0.0242758
Respiratory inorganics kg PM2.5 eq 0.001947 0.0021910
lonizing radiation Bq C-14 eq 14.86086 16.722343
Ozone layer depletion kg CFC-11 eq 1.23E-06 1.28E-06
Respiratory organics kg C2H4 eq 0.00077 0.00087
Agquatic ecotoxicity kg TEG water 153.0888 172.2631
Terrestrial ecotoxicity kg TEG soil 21.66398 24.37689
Terrestrial acid/nutria kg SO2 eq 0.040907 0.046032
Land occupation m2org.arable 0.004343 0.004886
Aquatic acidification kg SO2 eq 0.012624 0.014205
Aquatic eutrophication kg PO4 P-lim 0.0004407 0.0003986
Global warming kg CO2 eq 3.223744 3.627291
Non-renewable energy MJ primary 55.0234 61.9159
Mineral extraction MJ surplus 0.011433 0.012864

Table 4- Comparison of the normalization Results in the SWRO plants
SWRO sbaiblw 43 g5lwboys & bas po gl dmslio —F Joua

Impact category

Beach well intake

Direct intake

Carcinogens 8.47021E-05 9.53E-05
Non-carcinogens 8.51759E-06 9.58E-06
Respiratory inorganics 0.000192177 0.000216
lonizing radiation 4.4003E-07 4.95E-07
Ozone layer depletion 1.81979E-07 1.89E-07
Respiratory organics 2.31222E-07 2.6E-07
Aquatic ecotoxicity 5.61009E-07 6.31E-07
Terrestrial ecotoxicity 1.25094E-05 1.41E-05
Terrestrial acid/nutri 3.10569E-06 3.49E-06
Land occupation 3.45533E-07 3.89E-07
Aquatic acidification 0 0
Aquatic eutrophication 0 0
Global warming 0.000325598 0.000366
Non-renewable energy 0.000362054 0.000407
Mineral extraction 7.52291E-08 8.46E-08
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Fig. 3- The contribution of process stages on environmental impact indicators in SWRO with beach well
intake
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Fig. 4- The contribution of process stages on environmental impact indicators in SWRO with open intake
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Table 5- Comparison of the weighting impacts in the SWRO plants
axllls 3,90 SWRO sladilolu 43 sl (230939 1 (B 2Ll duglio -0 Jgu>

Impact category

Beach well intake

Weighting (puPt)

Open intake

Weighting (uPt)

Carcinogens
Non-carcinogens
Respiratory inorganics
lonizing radiation
Ozone layer depletion
Respiratory organics
Aquatic ecotoxicity
Terrestrial ecotoxicity
Terrestrial acid/nutri
Land occupation
Aquatic acidification
Aquatic eutrophication
Global warming
Non-renewable energy
Mineral extraction
Total

84.702
8.517
192.177
0.440
0.182
0.231
0.561
12.509
3.106
0.345
0
0
325.598
362.054
0.075
990.499

95.313
9.584
216.249
0.495
0.189
0.260
0.631
14.076
3.495
0.389
0
0
366.356
407.407
0.085
1114.528
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Table 6- Comparison of the contribution of different process stages in total environmental impacts
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Impact category Unit Total reverse chemlgal wastewater Electricity, high
0Smosis material to sea voltage
Beach well intake MPt 990.499 0.409 0.0288 0 990.060
Open intake uPt 1114.528 0.410 0.0289 0 1114.089

Table 7- Comparison of the different damage categories in the SWRO plants
3512590 Sl 3 2 cum GRS LS (l5ae aamlie -V Jgu

Damage category Unit Beach well intake Open intake
Human health DALY 2.03E-06 2.28E-06
Ecosystem quality PDF*m2*yr 0.226 0.255
Climate change kg CO2 eq 3.224 3.627
Resources MJ primary 55.035 61.928
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3- Multi-Stage Flash Distillation
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6- Characterization

7- Normalization
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9- Electric Submersible Pump
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