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Reverse osmosis is the leading technology for desalination of brackish water and seawater, important for solving

the growing problems of fresh water supply.

seawater reverse 0SMosis renewable energy specific energy consumption integration

hybridization

| 1. Introduction

Although about 70% of the Earth’s surface is covered by water, just 2.5% is fresh water (I, and it is estimated that
only 1% of this is easily accessible . 40% of the world population currently lives in arid areas or islands where
fresh water is scarce B, Additionally, an increase of droughts worldwide, resilience reduction to climate change
from conventional water resources, and overexploitation have increased dependence on desalination technologies,
whose implementation is affected by economic, environmental, technical, social, and political factors 4. Recent
inclusion of water in the stock market is an example of the challenges to be faced in the 21st century. It is
estimated that by 2025 two thirds of the world population will face shortages of this resource & for which
governments must establish functional policies addressing social concerns on water access by the poorest

communities 8, while guaranteeing the resource for industrial and household purposes.

The 2030 agenda of the United Nations seeks to: “guarantee availability and sustainable management of water and
sanitation for all” [, Different water management strategies, along with decarbonized desalination and
improvement of irrigation systems, are key elements to achieving this goal of sustainable development . There is
a wide diversity of technologies for desalination and treatment operations for distinct water types. Energy
consumption is shown in Table 1 according to the used type of source. Reducing energy consumption is one of the

focuses of researchers 2.

Table 1. Energy consumption for different water sources.

Energy Use

Water Supply Alternative Technology (KWhim3) Reference
Conventional treatment of surface Physical treatments; coagulation 0.2-0.4 (101
water
Water reclamation -- 0.5-1.0 (19]
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. Energy Use
Water Supply Alternative Technology (kw?1)I,m3) Reference
Wastewater treatment F|Itrat|_on, c_oagulat|on and /or 0.2-0.67 (L1
biological treatments
Indirect potable reuse - 1.5-2.0 (101
Brackish water desalination BWRO 0.8-2.5 [L2)
Water Desalination of Pacific SWRO 25-40 [10]
Ocean Water

Seawater SWRO 2.58-8.5 [L3]
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in the 1960s. Then, in the 1970s, Cadotte et al. 3 developed a new membrane, composed of a thin film composite
3EAceRneh RONSPRIAY PeSRANAISF ARRYNRERIZRERRRY NERNS/RN AaMRLhRMRIBP GRRIDMer ReRew
typ«;s%f- éo?@@béﬁ&r%%bﬂé\% called the thin film nanocomposite membrane (TFN) has been consolidated [24],

AOERAGHBET. Bre BURRSEAINES. 124 EBhP RUSCIE A SNEBIF SEET ANHRRMPIAM i WSS SREN Bkl the
mosLpapLahL shasrd %FHBgaﬁg_aﬁj@%‘waﬁg;ﬁﬁ%ﬁfégcggiggg_in which nanofillers are embedded within the

polyamide (PA) layer during the IP process. The second technique is based on the coating or deposition of the

3rRRlR Ml AR15S s aRNANPRRIUASS hEELR G BRGFE Tt 28R aHST A RS TR es

hast rt])geaﬁrhg%\éi%vrvth%en?aarlliﬂ]f%gﬁ)fr]ezo %ghc‘}fﬁpefslg‘leljl;l\} membranes 22!,

35. Ng, Z.C.; Lau, W.J.; Matsuura, T.; Ismail, A.F. Thin film nanocomposite RO membranes: Review
They REIRELNBIEELIR G RN (PSR dP R SRR T OIS SRIMREBE S D Al RS RROIYBR B8sTDS) .
hovgeNgit Eﬁ@??@?ﬁ)ég‘?%? j_(ggp%s_fggdggltural, industrial, and human consumption applications. RO can

remove all colloidal material and dissolved solids with a size greater than 1.0 nm from a liquid solution. The
300K e PRURIR I MR s ARG A CRIGIR B § ST HIG e pepne-based
desalination technologies replace reverse osmosis? Desalination 2021, 500, 114844.
IMKREICHAIRIK CYISHG PHOR  ISHIRR) A8S KB PYEM AP IRMRAIRIW D PEA IR ESRYIRR St operating
C°@@%@F‘}%ﬁ?éré@@sﬁﬁ‘&%%%%&i&aHi‘fhé?ﬁs?%ﬁﬁﬁ”énér‘@@lfﬁ@ié? 35K H/gEsyhile the cost of fresh

water can vary between 0.26 US $/m3 up to 1.72 US $/m?3 @][2—7]._ According to thermodynamic theory, the minimum
3BinSidSion For ReSaHNAIAN AL U AR 50N PP ISl AR CHE Rt RRISRE BMEn UBIIBSS: and

ass%%:lLr?g %8%82&]0931%, is 1.1 kWh/m3. The company Affordable Desalination Collaboration (ADC) achieved

3@rearktin Kim58 KWham’, iR, redoveyieS. ofdRUrdschflows endyy biivater rovense, odrbgie-treatment,
distdestidimgivhppkitite Amevienansnthpkieas etie ) durdddsib e op istumetdine ot darge Bcke miaNtS cAPD2@50 %)
valugsgaween 3.5 and 4.5 kwh /m3 B2,

https://encyclopedia.pub/entry/12320 4/6



Reverse Osmosis | Encyclopedia.pub

400 (ke A hjsEdam IHiY alstidnatetbinkispsts Miewdea perthasied poaveragey esationgtiomaseavewaO plants
builtreettmentiedddess| Teloa gowssssdtd foCukrainmTzed te gnscBatplens efzehogiioentaanig¢Bimgidered
to idesnbrapasity-igfol) A00LNaB asileshA . wEids pratietimr). Amstgrdansuiipaddetbieraunes, O26cpp5 to
4092 39 +26e IS BAD ¢8s0- 12 FAB gydedn consumes 71% of the energy of the entire plant, so these values must

A% BRORSEAT ePre ”e‘?}mf%”t RILKAE TR PLOS HE %‘é’ SUIHTRVAG: eV AEERNOIBGY e and
Wa‘&af’ésg'r?g faid3 9 I e consumption of Q‘F“trsé%{t"’r‘ﬁ Cs'“;}'s IS A R e ie s RO 6%)

2749-2761.
Table 1. Typical costs and energy use of desalination systems. Taken from 19,
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Classification Cost of Water (US $/m?3) Energy Use (kWh/m?3) r
Low-end bracket 0.5-0.8 25-2.8
4 Medium range 0.9-1.5 2.9-3.2 flow
High-end bracket 1.6-3.0 3.3-4.0 8, 12—
Average 1.1 3.1
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Seawater desalination costs in the large capacity plants currently installed in the world vary between 0.35 and 1.87

US $/m3, and in the case of brackish water it is between 0.35 and 1.53 US $/m3 24l |n an average SWRO plant,

44% of the costs are associated with energy use (€. Efficiency of the older plants can only be 10% while the more
modern ones reach values of 50%. Motors, pumps and separation systems are the units that contribute the most to
system inefficiency [8l. Furthermore, RO membranes have made important advances in the last two decades,
achieving water production from seawater and other water at reasonable costs [22. Since the operating pressures
for SWRO are between 49.34 and 67.11 atm 49 the high-pressure pump is responsible for up to 68% of the
desalination energy consumption by RO 11, Advanced exergy analyzes performed on a BWRO desalination plant
in the Canary Islands, Spain, found exergy destructions (usable energy), 92.94% in the feed pump, 70.61% in the
high-pressure pump, and 7.83% in the RO system. About 198.78 kW of exergy is inevitably lost 421,

Use of Energy Recovery Devices (ERD) has allowed a significant reduction in energy consumption of the RO
thanks to the transfer of hydraulic energy from the brine to the feed, reducing consumption of high-pressure
pumps. Francis turbines were the first to be used followed by Pelton turbines. Efficiency of these devices is

reduced by the conversion of hydraulic energy from the brine to mechanical energy in the device and the new

https://encyclopedia.pub/entry/12320 5/6



Reverse Osmosis | Encyclopedia.pub

conversion to hydraulic energy in the water 7. In the 1980s, the development of positive displacement devices,
known as isobaric chambers, achieved a considerable increase in the energy transfer efficiency. The DWEER TM
from Calder, SalTec DT from KSB company, OSMOREC, and RO-KINETIC are some examples of ERDs based on
positive displacement, while the Pressure Exchanger (PX) from Energy Recovery Inc., and the iSave ERD from
Danfoss are examples of commercial isobaric chambers based on rotary displacement technologies used in large-
scale plants 43, PX devices have been reported to have energy efficiencies greater than 95% 7. There is little
research on the development of ERD devices for small-scale plants (production less than 50 m3/day). A study
carried out with a new HPP-ERD device showed that with an additional investment of 6.3% in this type of device, it
is possible to reduce the fresh water cost produced between 17.8 and 21.9%, as well as reduce the capital
recovery period by 12.3%, using ERD devices designed for these low fresh water productions 4!,

https://encyclopedia.pub/entry/12320 6/6



