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ABSTRACT

The global water shortage is getting more attention by global climate change. And water demand rapidly increases due
to industrialization and population growth. Desalination technology is being expected as an alternative water supply method.
Desalination technology requires low energy or maintenance costs, making it a competible next generation technology,
with examples such as forward osmosis (FO), membrane distillation (MD), capacitive deionization (CDI), and electrodialysis
(ED) to compete with reverse osmosis (RO). In order to identify recent research trends in desalination technologies (FO,
MD, RO, CDI, and ED) between 2000-2020, a bibliometric analysis was conducted in the current study. The number of
published papers in desalination technology have increased in Desalination and Journal of Membrane Science mainly. Moreover,
it was found that FO, MD, RO, CDI, and ED technologies have been applied in various research areas including electrochemical,
food processing and carbon-based material synthesis. Recent research topics according to the desalination technologies

were also identified.

Key words: Bibliometric analysis, Desalination, Next generation desalination technology, Research trend, Reverse osmosis
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Table 1. Keywords for trend analysis of the specific desalination technologies

Keywords

FO Concentration polarization, draw solution, high-salinity, ICP(internal concentration polarization),
layer-by-layer, low-pressure, osmotic- backwash, reverse solute diffusion, support layer, thermolytic solute

MD Configuration, de-wetting, heat-exchanger, heating, high-salinity, janus membrane, membrane restoration,
nanophotonic, omniphobic, phase Inversion, solar, superhydrophobic, waste heat, zero liquid discharge
CA (cellulose acetate), chlorine, energy recovery, feed spacer, intake, ion removal, layer-by-layer,

RO optimization, osmotic backwash, polyamide, PA (polyamide), pressure exchanger, support layer, surface
modification, zero liquid discharge

CDI Adsorption, AgCl, carbon, electrode, faradaic reaction, FCDI (flow-electrode capacitive deionization),
intercalation, ion removal, ion-exchange

ED Ammonia, EDI (electrodeionization), ion-exchange membrane, VFA (volatile fatty acids)
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Fig. 1. The annual and Total number of research and review
articles according to the desalination technologies from
2000 to 2020.
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Fig. 2. The number of published research and review papers according to journal from 2000 to 2020.
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Table 2. Keyword distribution according to the desalination processes from 2000 to 2020 (unit: %, AveKOF: The averages

of keywords occurance fractions (KOF, the number of observed that keywords over the number of the paper of
each desalination technology), SDkor: The standard deviations of keywords occurance fractions (KOF))

Backwash Brackish Challenge | Cleaning COF Concen.trate Cost Desalinati | Driving
water or Brine on force
FO 2.8 4.2 8.2 15.3 0.2 13.5 11.5 32.0 5.5
MD 0.2 1.9 6.0 8.1 0.0 18.1 13.2 36.8 3.6
RO 1.4 9.2 5.8 10.4 0.1 19.8 17.6 41.4 1.7
CDI 0.2 12.0 5.5 2.2 0.0 4.0 13.9 60.9 0.4
ED 0.1 7.3 3.7 4.8 0.0 21.7 12.5 26.1 1.3
Avexor 0.9 6.9 5.8 8.2 0.1 15.4 13.7 39.4 2.5
SDxor 1.2 4.0 1.6 5.0 0.1 7.1 2.3 13.3 2.0
Electro-spun | Energy Energy. Fal.)n F:ou In-.SItl.l Lab Mechanism Mem
consumption | cation ling | monitoring brane
FO 0.1 27.8 9.5 6.4 34.6 0.3 2.7 11.7 91.7
MD 0.3 36.9 11.0 5.1 16.4 0.4 2.6 9.3 100.0
RO 0.0 27.5 10.7 2.4 24.5 0.6 2.6 9.6 73.4
CDI 0.1 34.3 15.8 4.9 3.0 0.1 1.3 12.0 27.9
ED 0.0 37.8 204 1.4 11.4 0.1 3.2 7.6 77.2
Avexor 0.1 32.9 13.5 4.0 18.0 0.3 2.5 10.0 74.0
SDxkor 0.1 4.9 4.5 2.1 12.1 0.2 0.7 1.8 28.0
e e Nano . . Polari
Modification | Module MOF . Nanotube | Off-grid | Performance Pilot .
materials zation
FO 7.1 7.9 0.9 1.4 2.8 0.1 59.0 2.8 21.5
MD 0.6 21.2 0.2 0.7 2.3 0.3 49.4 4.3 9.8
RO 6.1 8.7 0.4 0.7 1.3 0.5 39.2 8.7 8.0
CDI 4.3 1.2 0.7 1.8 8.4 0.0 64.6 1.0 3.4
ED 5.7 2.5 0.1 0.3 0.5 0.5 34.0 5.7 6.1
Avexor 4.8 8.3 0.4 1.0 3.1 0.3 49.2 4.5 9.8
SDxor 2.5 7.9 0.4 0.6 3.1 0.2 12.9 2.9 7.0
Pre-treatment Proc'ess Recovery | Rejection | Renewable | Seawater | Selectivity Sustain Sys
design able tem
FO 3.9 9.4 26.7 27.4 2.2 16.4 15.1 9.6 31.3
MD 2.0 15.1 20.1 18.9 3.9 12.2 8.8 7.7 35.0
RO 5.5 9.4 21.1 22.8 5.3 23.1 8.1 6.1 39.1
CDI 1.3 6.2 14.8 1.2 2.4 4.3 14.3 5.5 30.1
ED 2.6 8.8 25.4 2.2 5.3 10.3 18.0 6.1 31.5
Avexor 3.1 9.8 21.6 14.5 3.8 13.2 12.9 7.0 33.4
SDxor 1.7 3.3 4.7 12.1 1.5 7.0 4.3 1.7 3.7
Titania | Treatment | Visualization | Washing | Wastewater Water Water In-s1t1% mo.mto.rmg -
flux reuse Visualization
FO 0.1 32.8 0.9 0.5 29.4 66.8 10.4 1.1
MD 0.3 23.1 0.6 0.7 12.6 39.1 3.3 1.0
RO 0.1 35.2 0.7 1.0 19.4 25.7 9.5 1.3
CDI 1.2 23.9 0.4 0.7 8.9 0.4 1.5 0.6
ED 0.0 25.3 0.4 0.9 12.7 5.4 7.2 0.5
Avexor 0.3 28.0 0.6 0.8 16.6 27.5 6.4 0.9
SDxor 0.5 5.5 0.2 0.2 8.1 26.9 3.9 0.3
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Fig. 3. The distributed graphes ((a) and (b)) using the averages
(Avexor) and standard deviations (SDkor) of keywords
occurance fractions (KOF, the number of observed that
keywords over the number of the paper of each
desalination technology) on the searched papers in the
title, abstract and keywords on each desalination
technology from 2000 to 2020 (the group of keywords
‘a)” having - 0.5 < CV. < 0.5, ‘b)’ having CV.< -1
or CV. > 1, ‘¢ having 0.5 < CV. < Tor -1 <
CV. < -05, and “d)’ having Avexor < 1) (CV.(Coefficient
of variation) = SD of the KOF/average of the KOF).

FO 7149] 4%, FO 7% wWAUZ, A% 9 34
#al | YEEo] A5 AN FO 15 HAYZ
I #HHE 7= daw
ICP(Internal ~ concentration ploarization),
reverse solute diffusion, thermolytic solute, layer-by-layer,
support layer ©]¢it}. £3]|, draw solution 7| ¥ E=+= 714+
2 NEE PAE F8 7|YE=9th layer-by-layer,
support layer 7] 9J=0] A%, WA ZT ool Aup
W el 2 e AToE FEEE 9ol
FO 7149 2§ 2A% paAg 9o A9 b
9] =Fo| low pressure 12|31l high-salinity 7| =&
EFshal Il FO 7]&9] 343 =l 7|9 =e
osmotic backwasho] ] Th

MD 7|9 7, wetting, 578 574, A, oy A A
AHEE W 7|9 ESo] A AME AT Wetting 7}
AAE 7)== wetting, de-wetting, membrane restoration
o[ Atk Wetting 7] =7} 7H 2 RlE2 HAE =
o], wetting> B} 3 olli= WAYSHA] Y= S0l A4t

o], MD Ha|dtof wettingo] BHAYEH= AS v}

solution, concentration

polarization,

Table 3. Keyword distribution of the b group according to the desalination processes from 2000 to 2020 (unit: %, Avegor:
The averages of keywords occurance fractions (KOF, the number of observed that keywords over the number of
the paper of each desalination technology), SDkor: The standard deviations of keywords occurance fractions (KOF))

Mem Polari Water
Backwash | Fouling Module . Rejection | Seawater | Wastewater
brane zation flux
FO 2.8 34.6 91.7 7.9 21.5 27.4 16.4 29.4 66.8
MD 0.2 16.4 100 21.2 9.8 18.9 12.2 12.6 39.1
RO 1.4 24.5 73.4 8.7 8.0 22.8 23.1 19.4 25.7
CDI 0.2 3.0 27.9 1.2 3.4 1.2 4.3 8.9 0.4
ED 0.1 11.4 77.2 2.5 6.1 2.2 10.3 12.7 5.4
Average 0.9 18.0 74.0 8.3 9.8 14.5 13.2 16.6 27.5
Standard
c . 1.2 12.1 28.0 7.9 7.0 12.1 7.0 8.1 26.9
deviations
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